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PREFACE. .’

" THE main’ object of this work is to further the general
" adoption in chemical instyuction of the Unitary System of
‘notation, by fll]']lif«}_.}iﬂg the laboratory student with a manual
of analysis. in which this nqt‘%tmll is adopted throughout.
This system, first proposed b:,r Gerhardt some sixteen years
ago, and consistently advocated by Laurent, Williamson,
- Brodie, and other eminent chemists, has been gradually but
surely gaining ground: until, at the present time, the only
obstacle to its almost universal adoption in chemical schools
is the want of books in which this system of notation is em-
ployed. This want will be supplied in the theoretical and
descriptive branches of the science by the forthcoming
Handbook of Chemistry by Dr. Odling: the present manual
is designed to supply the same want in the analytical branch.
I may add that the work was undertaken with Dr. Odling’s
knowledge and concurrence: and, in order to ensure umi-
formity between the two books on all essential points, the
greater part of these sheets has been submitted to his inspec-
tion.

Independently, however, of the main object with which
this work has been executed, I believe that there is room in
English chemical literature for a text-book which aims at
comprising the best and latest methods of analysis within a
moderate compass, In German chemical literature this place

is filled by the last edition of Dr. H. Will’s Anleitung zur
A3
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Chemischen Analyse; a work which, beyond any other with
which I am acquainted, combines the qualities of completeness
and compactness. Those who are familiar only with the first
edition of this book which was published in England some
twelve years ago, can form no idea of the comprehensiveness
and eminent practical utility of the later edition. Convinced
that it was impossible to select a better model for a manual
of analysis, I lost no time in communicating my design to
Dr. Will, and soliciting his consent to its being carried out.
This consent he at once granted: and I take this opportunity
of acknowledging how fully his work is the foundation of mine.
In fact, my first idea was simply to translate his book, merely
making such alterations as were necessitated by the adoption
of the new system of notation. But I found it advisable to
make so many changes, both in the way of general arrange-
ment, and of the introduction of fresh matter, that I aban-
doned this design, and resolved to take his book rather as a
basis than as a strict model. These changes have been made
principally in the two first parts of the work: in the remain-
ing parts Dr. Will’s book has been more closely adhered to,
although in these also a considerable amount of fresh matter
has been introduced. The Analytical Tables, especially, are
little more than translations of those which accompany Dr.
Will’s manual. The last table, however, which gives the
behaviour with acids of the majority of silicates, is entirely
new: it has been compiled with great care from the works of
Rammelsberg, Naumann, Brooke and Miller, Dana, and
other authorities on mineralogy, in the belief that it will be
found of service to students engaged in silicate analysis. In
short, my object has been to produce a book which, while it
possesses all the advantages of that on which it is based,
presents the additional one of incorporating the best methods




PREFACE. vil

of analysis which have been introduced since the appearance
of Dr. Will’s work.

It would be out of place, in a purely practical manual, to
enter into any explanation of the differences, or discussion of
the respective claims, of the old system of notation and of
that employed in this book. I shall confine myself to a simple
statement of the changes which have been rendered necessary
by the adoption of the new system. These consist mainly in
doubling the atomic weights of ten of the elementary bodies,
viz.,, oxygen, sulphur, selenium, tellurium, carbon, boron,
silicon, tantalum, titanium, and tin. A corresponding change
in the formule of all compounds in which any of these ten
elements is combined with any of the remaining elementary
bodies, follows as a necessary consequence; either the coeffi-
cient of the latter is doubled, or that of the former is halved.
Thus water and nitric acid, which, under the old system, are
expressed by the formule HO and NOSHO, respectively,
become, in the new system, H?0 and NO3*H. Further, the
adoption of that view of the constitution of salts, which
regards them as acids in which the hydrogen is wholly or
partially replaced by another metal, instead of that which
represents them as compounds of an anhydrous acid with a
metallic oxide, induces a change in the arrangement of the
symbols by which these bodies are expressed. Thus, nitrate
of silver is written NO®Ag, not NO? AgO.

As this book is designed solely as a laboratory companion,
and in no way aims at superseding the necessity of a teacher,
I have not introduced into it any of that detail which belongs
properly to works intended for self-instruction. Deseription
of apparatus, directions for the preparation of reagents, &c.,

have been generally excluded: these are points on which the
Ad
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student will learn far more by a few days’ practice in the
laboratory than could be taught him by pages of written
instruction. Besides, books already exist in which these and
similar points are fully treated: and it has been my object
throughout to keep the bulk of this volume within the
narrowest possible limits. I have, however, thought it well
to follow Dr. Will’s example in not confining the work to
qualitative analysis only. In the section which treats of
quantitative analysis by weight, I have derived great assistance
from Wohler’s Handbook of Inorganic Analysis. In the
almost total absence of any English work on that branch of
analysis, I hope that the few pages devoted to the very
important subject of Volumetric Analysis will be found espe-
cially useful.

With a view of directing the student’s attention in the first
instance only to those elements which there is a reasonable
chance of his meeting with in the ordinary course of analysis,
I have printed in small type the sections relating to those
elements which are of comparatively rare occurrence. I should
recommend the beginner to confine his attention exclusively
to that portion of the book which is printed in large type.
It is of no use for him to burden his memory with the reac-
tions of the rarer elements, until he is at least tolerably
familiar with those of the bodies which he is likely to meet
with at the commencement of his analytical practice.

In conclusion, I wish to record my acknowledgments to my
friend Mr. G. C. Foster, of University College, to whose
cooperation I have been indebted for most valuable assistance
during the whole of the preparation of the book.

F.T. CONINGTON.

Loxpox : December, 1858,




CONTENTS.

IxTRODUCTION, 1.

PART I

Reactions of the non-metallic elements, and their most important
compounds, Acids, 5.

1. Oxygen, (.

2, Witrogen, 7 ; detection in organic compounds, 7. a. Nitric acid, 7 ;
estimation of, 9. b, Peroxide of nitrogen ; Nitrous anhydride,9. c. Nitrous
acid, 10. d. Nitrie oxide, 11. e. Nitrous oxide, 11.

3. carbon, 11. a. Carbonic anhydride, 12 ; separation from other
gases, 13. b, Carbonic acid, 12 ; estimation of, 13. ¢, Carbenic oxide, 14.
Hyprocarsvons, 14. a. Olefiant gas, 14, b, Marsh-gas, 14.

4. Sulphur, 15. a. Hydrosulphuric acid and metallic sulphides, 15 ;
estimation of, 17. b. Sulphuric anhydride, 17. c. Sulphuric acid, 18,
estimation of, 18. d. Sulphurous anhydride, 20. e. Sulphurons acid, 20 ;
estimation of, 21. f. Hyposulphurous (dithionous) acid, 22. g. Hypo-
sulphuric (dithionic) acid, 23. h. Polythionic acids, 23. Detection of
sulphur in dry way, 24; in organic compounds, 24.

3. Chlorine, 24. Chlorine-water, 25. a. Hydrochloric acid and
metallic chlorides, 25 ; blowpipe reactions of, 26. b. Perchloric acid, 26.
¢. Chlorie acid, 27 ; distinetion from perchloric acid, 27. . Peroxide of
ehlorine, 28. e, Chlorous anhydride,28. f, Chlorous acid,28. g. Hypo-
chlorous anhydride, 28. h. Hypochlorous acid, 28. Distinction of chlo-
rates from nitrates, hypochlorites, and chlorides, 29, 30. Detection and
estimation of chlorine in organic compounds, 30,




X CONTENTS.

6. Bromine, 30. a. Hydrobromic acid and metallic bromides, 30 ; blow-
pipe reactions of, 32 ; distinction from chlorides, 32. b. Bromic acid, 32 ;
distinction from chloric acid, 33. Detection of romine in organic com-

pounds, 33.

7. Xodine, 33. a. Hydriodic acid and metallic iodides, 33 ; blowpipe
reactions of, 35. b. Periodic acid, 35. c. Iodic acid, 36; detection in
presence of todides, 36. Detection of iodine in organic compounds, 37,
Separation and estimation of chlorine, bromine, and todine, 37.

8. Cyanogen, 38. a. Hydrocyanic (prussic) acid, 38; estimation of, 257.
b. Cyanic acid, 41. ¢. Fulminic and cyanuric acids, 42. d. Sulphocyanic
acid, 42. Double cyanides, 43: of iron and potassium (ferro- and ferri-
cyanide of potassium), 43. Nitroprussides, 44. Cyanide of cobalt and
potassium (cobalticyanide ), 44.

9. Fluorine, 45. Hydrofluoric acid and metallic fluorides, 45, Blowpipe
reactions, 47. Separation and estimation of ffuorine, 47.

10. Boron, 47. a. Boric anhydride, 47. b. Boric acid, 47. Estima-
tion of boron, 49.

11. silicon, 49, a. Silicic anhydride, 50. b. Silicie acid, 50. DBlow-
pipe reactions, 51. Analysis of silicates, 52, e¢. Fluosilicic acid, 55.

12. Phosphorus, 56. a. Phosphide of hydrogen and metallic phos-
phides, 56. b. Phosphoric anhydride, 57. e¢. Ordinary (tribasic) phos-
phoric acid, 57 ; separation and estimation of, 61. d. Metaphosphoric
acid, 62 ; blowpipe reactions of, 63. e. Pyrophosphoric acid, 63. Fleit-
mann and Henneberg's acids, 63. f. Phosphorous anhydride, 64.
g. Phosphorous acid, 64. h. Hypophosphorous acid, 65. Determination
of phosphorus in organic compounds, 65.

13. organic acids, 65; distinetion into wvelatile and non-volatile
acids, 66. VoratiLe: a. Acetic acid, 66; detection of, by fractional
saturation, 67. b. Formic acid, 68. c¢. Benzoie acid, 69. d. Succinic
acid, 69. NoN-voLATILE: a. Ozalic aeid, 70. b. Tartaric acid, T1;
racemic acid, 72. e¢. Citric acid, 72. d. Malic acid, 72, e. Meconic
acid, 73. f. Tannic acid, 73. g. Gallic acid, 74. h. Lactic acid, 74.
1. Urie acid, 75.




CONTENTS. X1

PART II.
Reactions of the metallic elements and their salts, 77.

Hydrogen, 77. Wafer, 78 ; estimation of] 78.

Group I. Metals whose sulphides are insoluble in dilute mineral acids ;
which can, therefore, be completely precipitated by hydrosulphuric acid from
a solution acidulated by hydrochloric or nitric acid. Subdivision and pro-
perties of the group, 79.

Subdivision A. Metals whose sulphur compounds possess acid pro-
perties, 80.

1. Arsenic, 80. a. Arsenious anhydride, 80; arsenious acid, 8l.
b. Arsenic anhydride and aeid, 84; estimation of, 85. Distinction and
separation of arsenious and arsenic acids, 85 ; of arsenic from phosphoric
acid, 85. Sulphides of arsenic, 86. Blowpipe reactions, 87. Estima-
tion of arsenic, 88,

2. Antimony, 88. a. Antimonic oxide, 88. Distinction of antimony
from arsenic deposit, 90. b, Antimonic anhydride and acid, 90. c. Inter-
mediate oxide, 91. Distinction of oxides of antimony from each other, 91.
Sulphides of antimony, 92. Blowpipe reactions, 92. Separation of anfi-
mony from arsenic, 92. Estimation of antimony, 94.

3. Tin, 94. a. Stannous oxide, 94. b, Stannic oxide, 95 ; stannic and
metastannic acids, 95. Sulphides of tin, 96, Blowpipe reactions, 96.
Separation of fin from arsenic, 97; from antimony, 97 ; from arsenic and
antimony, 98. Estimation of tin, 99.

4. Gold, 100. a. Awrous oxide, 100. b. Auric oxide, 100. Blow-
pipe reactions, 101. Separation and estimation of gold, 101.

3. Platinum, 102. a. Platinous oxide, 102, b. Platinic oxide, 102.
Blowpipe reactions, 103, Separation and estimation of platinum, 103.

6. Iridium, 104. Ouwides of iridium, 104. Separation from platinum,
238.

7. Wolfram or Tungsten, 104. a. Tungstic oxide, 105. b, Tungstic
anhydride and acid, 105. Blowpipe reactions, 105. Separation and
estimation of wolfram, 105,




il CONTENTS.

8. Molybdenum, 106. a. Molybdous oxide, 106. b. Molybdic oxide
106.  c. Molybdic anhydride and acid, 107. Blowpipe reactions, 107.
Separation and estimation of molybdenum, 108.

9. Vanadium, 109. a. Vanadous oxide, 109. b. Vanadic oxide, 109.
¢. Vanadic anhydride and acid, 110. Blowpipe reactions, 110. Separa-
tion and estimation of vanadium, 110,

10. Tellurium, 111. a. Tellurous anhydride and acid, 111. b, Tel-
luric anhydride and acid, 112. Blowpipe reactions, 112. Separation
and estimation of tellurium, 113.

11. Selenium, 113. a. Selenous anhydride and acid, 114. b. Selenic
anhydride and acid, 114. Blowpipe reactions, 115. Separation and
estimation of selenium, 115,

Subdivision B. Metals whose sulphur compounds do not possess acid
properties, 116.

1. Lead, 116. a. Profoxide of lead, 116. b. Binoxide of lead, 118.
Blowpipe reactions, 118. Separation and estimation of lead, 118.

2. silver, 120, Ouxide of silver, 120, DBlowpipe reactions, 121.
Separation and estimation of silver, 121.

3. Mercury, 122. a. Mercurous oxide, 122, b, Mercuric oxide, 123.
Separation of mercuric from mercurous salts, 125, Blowpipe reactions,
125. Separation and estimation of mercury, 125.

4. Bismuth, 128. Bismuthic oxide, 128. Bismuthic anhydride, 129,
Blowpipe reactions, 129. Separation and estimation of bismuth, 129.

5. Copper, 130. a. Cuprous oxide, 130. b. Cupric oxide, 131. Blow-
pipe reactions, 132. Separation and estimation of eopper, 132.

6. Cadmium, 133. Ouide of cadmium, 133. DBlowpipe reactions, 133,
Separation and estimation of cadmium, 134,

7. Palladium, 135. Palladous oxide, 135. Separation and estima-
tion of palladium, 135.

8. Rhodium, 136. Rhodic oxide, 136. Separation and estimation of
rhodinum, 137, '

9. Ruthenium, 137. Sesquiozide of ruthenium,137. Separation and
estimation of ruthenium, 138, 239,

10. Osmium, 138. a. Osmic oxide, 138. b. Osmic anhydride and
acid, 139. Separation and estimation of esmium, 139,




CONTENTS. X111

Group II. Metals which are not precipitated by hydrosulphuric acid,
but which are completely precipitated by sulphide of ammonium, from acid
solutions, 140.

Subdivision A. Metals which are precipitated as sulphides, 140. Pro-
perties of Subdivision A., 140.

1. Wickel, 141, a. Protoxide of nickel, 141. b. Sesquiozide of nickel,
142, Blowpipe reactions, 143. Separation and estimation of nickel, 143.

2. Cobalt, 144. a. Protoxide of cobalt, 144. b. Sesquioxide of cobalt,
147. Blowpipe reactions, 147. Separation and estimation of cobalt, 147.

3. Manganese; 149. a. Manganous oxide, 149. b. Manganic oxide,
150. e¢. Binoxide of manganese, 150. d. Manganic anhydride and acid,
151. e. Permanganic anhydride and acid, 151. Blowpipe reactions, 151.
Separation and estimation of manganese, 152,

4, Irom, 153. a. Ferrous oxide, 153. b. Ferric oxide, 155. Distinc-
tion of ferrous from ferrie salts, 156. Intermediate oxides of iron, 156.

¢. Ferric anhydride and acid, 156. Blowpipe reactions, 156. Separation
and estimation of iron, 157.

5. Zine, 138. Zinc-oxide, 158. Blowpipe reactions, 159. Separation
and estimation of zine, 159.

6. Uranium, 161. a. Uranous oxide, 161. b. Uranic oxide, 161.
Intermediate oxide of wranium, 161. Blowpipe reactions, 161. Separa-
tion and estimation of wranium, 162.

Subdivision B. Metals which are precipitated as hydrates by sulphide
of ammonium, 163. Properties of Subdivision B., 163. FEarthy metals
and earths, 163.

1. Aluminium, 163. Ouzide of aluminium, 164. Blowpipe reactions,
165. Separation and estimation of aluminium, 165.

2. Glucinum or Beryllium, 166. Ouzide of Glucinum, 166. Sepa-
ration and estimation of glucinum, 167.

3. Zireomium, 167. Ouxide of zirconium, 167. Separation and esti-
mation of zirconium, 167,

4. Thorium, 167. Ouxide of thorium, 167. Separation and estimation
of thorium, 168,




xiv CONTENTS.

5. ¥ttrium, Erbium, and Terbium, 168. Ouwides of ytirium, erbium,
and ferbium, 168. Separation and estimation of yttrium, 168.

. Cerium, Lanthanum, and Didymium, 168. a. Cerous oxide, 169.
b. Ceric oxide, 169. Ozides of lanthanum and didymium, 169. DBlow-
pipe reactions, 169. Separation and estimation of cerium, lanthanwm, and
didymium, 169.

7. Titanium, 170. Titanic anhydride and aeid, 170. Blowpipe re-
actions, 171. Separation and estimation of fitanium, 171.

8. Tantalum, 172. Tantalic anhydride and acid, 172. Blowpipe
reactions, 172. Separation and estimation of fantalum, 172,

9. Niobium or Columbium, 173. Niobous anhydride and acid, 173.
Niobic anhydride and acid, 173. Blowpipe reactions, 173. Separation
and estimation of niobium, 173.

10. Chromium, 173. a. Chromic oxide, 174. b, Chromic anhydride
and acid, 174. Blowpipe reactions, 175. Separation and estimation of
chromium, 175.

Group II1.  Metals which are not precipitated by hydrosulphuric acid or
sulphide of ammonium; but are precipitated more or less completely by
carbonate of ammonium. Alkaline-earthy metals, 177. Properties of

Group IIL., 177.
1. Barium, 178. Ouxide of barium, 178. DBlowpipe reactions, 179.
Separation and estimation of bariwm, 179.

2. Strontium, 179. Ouxide of strontium, 179. Blowpipe reactions,
180. Separation and estimation of strontium, 180.

3. Caleium, 181. Oxide of caleium, 181. Blowpipe reactions, 181.
Separation and estimation of calcium, 182.

4. Magnesium, 182. Ouxide of magnesium, 183. Blowpipe reactions,
184. Separation and estimation of magnesium, 184.

Group. IV. Alkaline metals, 185. Properties of Group IV., 185.

1. Potassium, 185. Ouzide of potassium, 186, Blowpipe reactions,
186. Separation and estimation of pofassium, 187.

9, Sodium, 187. Ouxide of sodium, 187, DBlowpipe reactions, 188.
Separation and estimation of sodium, 188,



CONTENTS. b4

3. Lithium, 188. Ouzide of Lithium, 188. Blowpipe reactions, 189.
Separation and estimation of lithium, 189.

4. Ammonium, 190, Ammonia, 190. Separation and estimation of
ammoniwm, 191,

PART III
Course of qualitative analysis, 192.

1. Preliminary examination and solution of solid bodies, 192.

2. Qualitative analysis of solutions, 194,

a. Evamination for metals, 195. General rules for analysis, 196.
Circumstances under which metals of Group IIL. may be precipitated with
those of Group II., 198,

B. Ezxamination for acids, 199. Separation of volatile from non-volatile
acids and meials, 201,

Tables for qualitative analysis,

Table I. Behaviour of inorganic bodies at a high temperature, either
alone or in presence of reducing agents.

Table II. Behaviour of metallic oxides before the blowpipe with
microcosmic salt and borax.

Table IIL. Conversion of insoluble substances into soluble compounds.

Table IV. Behaviour of metallic solutions with hydrochloric acid,

hydrosulphuric acid, sulphide of ammonium, and carbonate of ammonium,
successively applied.

Table V. Precipitate produced by hydrosulphuric acid in a warm acid
solution.

Table V1. Precipitate produced by sulphide of ammonium, in presence
of chloride of ammonium.

Table VIIL. Precipitate produced by carbonate of ammonium, in 'pre-
sence of chloride of ammonium and free ammonia.




xvi CONTENTS.

Table VIII. Metals which are not precipitated either by hydrosul-
phuric acid, sulphide of ammonium, or carbonate of ammonium.

Table IX. Behaviour of the most important acids on heating their
salts with concentrated sulphuric acid.

Tables X. and XI. Behaviour of the most important acids with re-
agents in the wet way.

Table XI1I. Behaviour of natural silicates with acids.

PART IV,
Examples for quantitative analysis, 202.

1. Analysis by weicht, 202,

1. Sulphate of copper, 202. Listimation of water, copper, 202; and
sulphur and oxygen, 203,

2. Sulphate of irom, 203. Estimation of iron, 203.

3. Chloride of sodium, 203. Estimation of chlorine, 204 ; of sodium,
204.

4. Calc-spar, 204. Estimation of ealcium, 204 ; of earbon and oxy-
gen, 204,

5. Sulphate of magnesium, 205. Estimation of magnesium, 205.

f. Phosphate of sodium, 205. Estimation of phosphorus and
oxygen, and sodium, 205 ; of hydrogen, 206.

7. Acetate of lead, 206. Estimation of lead, 206 ; of carbon, hy-
drogen, and oxygen, 207,

8. Tartrate of potassium and sodium, 207, Separation and esti-
mation of potassium and sodium, 207.

0. Sulphates of barium, strontium, and ecalcium, 208. Decom-
position of insoluble sulphates, 208,  Separation and estimation of barium,
strontium, and calcium, 208,

10. Dolomite, 209. Separation of calcium and magnesium, 209,
11. Spathic iron-ore, 209. Separation of iron, manganese, calcium,
and magnesium, 210,



CONTENTR. Xvil

12. Copper-pyrites, 210, Estimation of sulphur, 210. Separation
of iron and copper, 211.

13. Zinc-blende, 211. Separation of zine, iron, copper, and cadmium,
211.

14. Alloy of copper and zime (brass), 212, Separation of lead
from copper, 212,

15. Alloy of copper and tin (bronze, bell- and gun-metal), 212,
Estimation of ¢in, 212,

16. Alloy of copper, zinc, and nickel (German silver), 213. Esti-
mation of nickel, 213.

17. Alloy of silver and copper (silver coins), 214. Estimation of
stlver as chloride, 214.

18. Alloy of gold with silver or copper (gold coins, &c.), 214.
Estimation of silver as cyanide, 214.

19. Alloy of tin and lead (pewter, soft-solder) : of tin, lead, and
bismuth (fusible metal), 215. Estimation of bismuth, 215.

20. Alloy of antimony and lead (type-metal), 215. Estimation of
lead as sulphide, 215 ; of antimony, 216 ; of arsenic, 216.

21. Cobalt-glance, speiss-cobalt, copper-nickel, cobalt- and
nickel-speiss, 216. Separation of sulphur, arsenie, cobalt, nickel, man-
ganese, and tron, 217.

22, Fahl-ore, 218, Separation of antimony, arsenic, copper, silver,
mercury, iron, and zine, 219, Estimation of mercury as sulphide, 219,

23. Mesotype or Natrolite, 220. Analysis of a zeolite. Estimation
of silicon and aluminium, 220, Separation of iron and aluminium, 221,

24. Prehnite, 221. Analysis of a zeolite. Separation of silicon,
calcium, and alwminium, 221.

25. Olivine, 222, Separation of silicon, iron, and magnesium (nickel,
manganese, copper, and tin).

26. Felspar,222. Analysis of silicates which are not decomposed by
acids. Separation of silicon, aluminium, potassium, and sodium, 223,

27. Glass, 223. Separation of silicon, caleium, potassium, sodium, lead
(iron, manganese, aluminium, magnesium), 224.

28. Augite, hornblende, garnet, idocrase, epidot, 224. Separation
of silicon, iron, manganese, aluminium, caleium, and magnesium, 224,
a,




XViil CONTENTS.

29. Bone-earth, 224, Separation of phosphorie acid from caleium and
magnesium, 225. Estimation of fluorine, 226.

30. Ashes (animal or vegetable), 226. Istimation of iodine, 228,

31. Mineral water (mineral-springs, sea-water, spring-water), 228,
Estimation of hydrosulphuric acid, 230 ; of carbonate of sodium in alkaline
waters, 231.

32. Estimation of carbomic aecid (applied to the valuation of com-
mercial potash and soda, of acids, and of binoxide of manganese), 233.
a. Alkalimetry, 234. b. Acidimetry, 234, c. Manganese-ores, 233,

33. Earthy phosphates (of iron, aluminium, magnesium, and calcium),
235. Qualitative. 236. Quantitative, 236.

34. Platinum-ores, 237. Platinum-residues, 239. IFrémy’s
method of treating platinum-residues, 240.

33. Ferrocyanide of potassium, 241.

II. Volumetric analysis, 241.

Direct and residual methods of volumetrie analysis, 242,

36. Alkalimetry, 243. a. Direct method, 243. b. Residual method,
244.

57. Acidimetry, 245.

38. Chlorimetry (valuation of chloride of lime), 245; by arsenious
anhydride in an acid solution, 246,

39. Waluation of manganese-ores, 247. a. By chlorimelry, 247,
b. By oxalic acid and cameleon, 247.

40. Volumetric determinations by iodine and arsenious anhy-
dride (in an alkaline solution), 249. a. Arsenious anhydride, 250, b,
Todine, 251. c. Chiorine, 251, d. Hydrosulphuric acid, 251. e. Chro-

mates, 2562. Estimation of copper by iodine and hyposulphite of sodium,
253.

4], Estimation of iodine in metallic iodides, 254. a. In absence
of bromides, 254. b. In presence of bromides, 254.

42, Bstimation of silver (in alloys or solutions), 255,

43. Estimation of soluble chlorides by nitrate of silver, 256.
44, Bstimation of hydrocyanic acid, 257.

45, Bstimation of iron (by cameleon), 257.




CONTENTS. XiX

46. Waluation of nitre, 259. a. Pelouze's method, 259. b. Gay-
Lussae’s method, 260. ¢. Pugh’s method, 9.

47. Bstimation of sugar and starch, 2(0.
48. Analysis of milk, 202,
4. Estimation of the hardness of water, 2062,

50. Analysis of urine, 264, a. Specific gravity, 264. L. Total
amounts of water, organic matter, and non-volatile salts, 2€4. c. Uric
acid, 264, d. Chloride of sodium, 264. (Estimation of amount of nitrate
in a solution of mercuric nitrate, 266.) e. Urea; Liebig’s method, 267
Davy's method, 269. f. Ammonia, 269. g. Phosphates, 270. h. Sugar,
albumen, lactic acid, 270.

PART V.
Examination for poisons in judicial investigations, 271.

. Examination for arsenic, 271.
Examination for phosphorus, 275.
Examination for hydrocyanic acid, 276.

4. Examination for poisonous organic bases, 277. Reactions of
nicotine, coniine, strychnine, brucine, morphine, atropine (daturine), hyoscy-
amine, solanine, veratrine, colchicine, aconitine, 277. Separation by
phosphomolybdic acid, 278 ; by animal charcoal, 279.

bt

b

Table of atomic weights of elements, 280,

Index, 251.







HANDBOOK

OF

CHEMICAL ANALYSIS.

INTRODUCTION.

TaE object of Chemical Analysis is to ascertain the composition of
any substance whatever. In doing this we may either rest con-
tented with determining the elements of which it is composed,
without paying any attention to their several quantities: or we
may go further, and ascertain the exact proportion of each
element which enters into its composition. Hence arises the dis-
tinction between Qualitative and Quantitative Analysis. Quali-
tative analysis teaches us how to ascertain the elements of a
substance with regard to their quality only, and how to separate
them from one another ; quantitative analysis establishes the
methods of proceeding, by which we determine the relations of
weight or volume which these elements bear to one another. It is
obvious that, before we can proceed to estimate the quantities of
each element contained in a compound, we must know what are
the elements that it contains ; hence Qualitative must always
precede Quantitative analysis.

The method of qualitative analysis consists in bringing the
substance under examination into contact with other bodies of
known properties, and observing the phenomena which ensue.
These phenomena consist in alterations, either in state of agore-
gation, form, or colour, depending upon some chemical change.
All bodies, which we employ for this purpose, we call by the
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2 ' INTRODUCTION.

ceneral name of reagents: the ensuing phenomena we designate
reactions. Acids, bases, salts, and simple bodies (elements), are
alike used as reagents.

By means of reagents the chemist puts questions to the sub-
stance under examination, inquiring whether it contains this or
that group of similar elements, or only this or that member of
such groups. The answers to these questions are afforded by the
oceurrence or non-oceurrence of the consequent reactions. If the
question be put correctly, i.e. if all the conditions under which
the reaction expected can be produced by the reagent employed
be carefully observed, the answer is decisive as to the presence or
absence of the element, or group of elements, sought ; if, on the
other hand, these conditions, 7. e. the properties and chemical
relations of the bodies formed by the chemical changes which
constitute the reaction, have been wholly or partially neglected,
the answer, if not certainly erroneous, is at least doubtful.

Reagents may be employed either in the wet way or in the dry
way. In the wet way, the reagent in solution, 4. e. in the liquid
form, is brought into contact with the substance to be examined,
which is also in the liquid form. In the dry way, the two bodies
are brought together in the solid state, and subjected to a high
temperature. Of the utmost importance in analysis by the latter
method, is the knowledge of the use of the blow-pipe, and of the
behaviour of bodies in the different flames which can be produced
by this invaluable instrument. Whether he employ the wet or
the dry way, the phenomena to be observed by the analyst are the
same, consisting of indications either of oxidation, reduction, or
double decomposition.

Many reagents exhibit the same or a similar behaviour with
a certain fixed number, 7.e. with a group, of elements, and with all
the compounds of these elements ; and can therefore be employed
for the division of the elements into groups. Such reagents are
termed general reagents. Others serve for the further distinetion
of the several members of such groups ; their selection depends
upon the knowledge of the special characteristic behaviour to such
reagents of each single element, or of each of its several compounds.
Such reagents are called special or characteristic reagents. Their
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number is much greater than that of the general reagents, their
nature being as various as that of the substances which can come
under examination; their selection depends upon the solubility or
insolubility, colour, or other physical or chemical properties of
the new compounds to which they give rise. They may fre-
quently be employed reciprocally : thus, iodine is a characteristic
reagent for starch, and reciproeally starch is a characteristic
reagent for iodine.

The analyst has not only to establish that this or that body is
present in a compound, but he has also to prove that no other
body is present besides those that he has actually found. Hence
it is evident that he must not treat the substance he is examining
with any reagent indiseriminately. He must follow a certain
fixed order, a methodical system, in the application of reagents,
which will be the same for all inorganic substances whatever,
let their elements be what they may. This systematic method,
which cannot be departed from or abbreviated without danger,
except in certain cases by the experienced chemist, consists, as is
best shown in Table IV., in the employment of general reagents
for the sucecessive elimination of groups of elements possessing
certain common chemical properties ; and finally, in the recogni-
tion of each member of such groups by the employment of
characteristic reagents. If the object be not a complete and
accurate analysis, but merely to establish the presence or absence
of some particular body, the characteristic reagent may in many
cases be employed at once, without having previously had re-
course to general reagents.

The foregoing remarks will enable the student to comprehend
the system of arrangement which has been adopted in this work.
Part I. contains a list of the most important reactions exhibited
by the non-metallic elements and their compounds, when brought
into contact, whether in the wet or dry way, with various re-
agents, both general and characteristic. In this class of bodies
by far the greater number of acids are included. Part II. con-
tains a similar enumeration of the reactions of the metals and
their compounds. In this class are comprised by far the larger

proportion of all known elements, They are divided into certain
B 2
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oroups, according to their behaviour with a small number of
ceneral reagents, which have been selected by universal experience
as affording the most convenient and best defined classification.
Part IIL, to which the Tables belong, furnishes a complete
systematic course of inorganic analysis, by pointing out the order
in which the reagents mentioned in the two first parts may be
most advantageously applied for the detection and separation of
any inorganic body whatever. To it are added a few general °
remarks and eautions, intended at once to facilitate the course of
analysis, and to render its results reliable. Part IV. is devoted
to quantitative analysis ; and Part V. to the best methods for the
detection of the poisons of most frequent occurrence in judicial
investigations,




PART I.

REACTIONS OF THE NON-METALLIC ELEMENTS AND THEIR
MOST IMPORTANT COMPOUNDS.

Tmis class of bodies comprises by far the greater number of
those substances which possess an acid reaction®, and which are
therefore designated by the generic name of Acids. In this part,
therefore, will be found the reactions by which the great majority
of acids are distinguished. But, as there are some contpounds of
the non-metallic elements which are not acids, so there are some
acids which contain metallic elements. Since, however, the
characteristic reactions of these metallic acids depend upon the
presence of the metallic element, they will naturally be treated of
in Part IL., which is devoted to metals and their compounds.t

* The general reagent by which the presence of any acid is detected, is infu-
sion of litmus, the blue colour of which is instantaneously changed to red on
contact with an acid. It is this property of reddening litmus which is signified
when a substance is said to have an acid reaction. Conversely, a body which
possesses the property of restoring the blue colour of reddened litmus, is said
to have an alkaline reaction. Another general test for such acids as are soluble
in water, is their behaviour with carbonates, with which they cause effervescence,
owing to the formation and decomposition of éarbonie acid,

T As the sense in which we employ the term aeid is somewhat different from
that which is prevalent in most works on chemistry, it may be well to dwell
briefly on the signification that we attach to it. We adopt the definition given
by Gerhardt (Introduction i I'Etude de la Chimie, p. 103) : an acid is a salt
whose base consists entirely of hydrogen. Thus, nitric acid, NO®H, is nitrate of
hydrogen, just as NO'Ag is nitrate of silver. In our view, therefore, the pre-
sence of basic hydrogen—i. e, of hydrogen which can be replaced by any other
metal —is essential to the idea of an acid. Hence we hold that these bodies,
which are commonly called anhydrous acids, are not acids at all; and, in fact
they do not exhibit acid reactions. We propose to designate these bodies by
the name anhydrides (e g. sulphuric anhydride, SO*; ecarbonic anhydride,
CO? &c.).

The number of atoms of basic hydrogen varies in different acids, and on this

B 3




6 OXYGEN. PART I

In this and the following Part, the letter (¢)is attached to those
reactions which are most characteristie, and on which the student
should especially rely. The reactions not so marked may usefully
be employed as confirmatory tests,

1. Oxygen. O. Atomic weight, 16.

A constituent of atmospheric air, of water, and of the majority
of chemical compounds., A permanent gas, destitute of colour or
smell. Tt is most easily recognised by its property of rekindling
a glowing match that is introduced into it. (¢) With nitric oxide
it forms red fumes. (c¢) When mixed with twice its volume of
hydrogen and ignited, combination takes place with explosion,
and water is formed, no gaseous residue being left. It is but very
slightly soluble in water. It is readily absorbed by the following
reagents: (c) phosphorus; metallic eopper, when heated to
redness, or moistened with dilute sulphuric acid; a solution of
subehloride of copper in ammonia ; (C) a solution of pyrogallic
acid in caustic potash, with which it gives a dark brown colour;

variation is founded the distinetion between monobasic and polybasie acids. A
monobasic acid contains only 1 atom of basic hydrogen: in forming other
metallic salts, therefore, it must always exchange the whole of its hydrogen for
another metal, and so can only form normal salts ; e g. nitric acid, NO*H ; nor-
mal nitrate, NO'K. A dibasie acid contains 2 atoms of basic hydrogen, one or
hoth of which can be replaced by another metal. Besides the normal salt,
therefore, in which both atoms of basic hydrogen are replaced by a metal, it can
form one acid salt, in which only 1 atom is so replaced ; e g¢. sulphuric acid,
S0O'H*; normal sulphate, SO'K?; acid sulphate, SO'KH. A tribasie acid con-
tains 3 atoms of basic hydrogen, each of which can be separately replaced by
another metal ; and hence it can form, besides its normal salt, two acid salts,
according as 1 or 2 of its atoms of basic hydrogen are so replaced ; e. g. phos-
phorie acid, PO'H® ; normal phosphate, PO'K?®; monacid phosphate, PO'K*H ;
biacid phosphate, PO'KH®

The term neutral salt is commonly applied to denote those salts in which the
hagic hydrogen of the acid is completely replaced by another metal, the name
heing founded on the presumption that such salts are without action on litmus.
Since, however, this is far from being universally the case, it is better to desig-
nate such salts by the term normal salts,

In writing the formule of acids, we shall generally place the basic atom or
atoms at the end of the formula. In this manner the basicity of an acid is ren-
dered evident at a glance.
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by protohydrate of iron, suspended in an alkaline liquid; by
alkaline sulphides; and less rapidly by agitation with finely
divided and moistened metallie lead. These and similar reagents
for the absorption of gases, are principally employed in Eudio-
metry.

2. Nitrogen. N. Atomic weight, 14.

A constituent of the atmosphere. A permanent colourless gas,
in which burning bodies are immediately extinguished. It is
absorbed readily by boron, silicon, and titanium at high tempe-
ratures, the nitrides of these metals being formed. In order
to detect nitrogen in any organic compound, the substance is
dried and heated with ecaustic potash, when, if nitrogen be
present, ammonia is evolved, and may be recognised by its
smell, and by its forming white elouds on contact with a glass
rod moistened with hydrochloric acid ; or the substance is heated
in a test-tube with a fragment of potassium, then dissolved in
water, and tested for eyanogen with a proto- and sesqui-salt of
iron and hydrochlorie acid, or with sulphide of ammonium and
sesquichloride of iron. (See Cyanogen, p. 41.)

Oxipes AND Acmps oF NITROGEN. a. Nitric Aeid, NO3H, —
Pure nitrie acid is a colourless corrosive volatile liquid ; when
it contains nitrous aeid, it is of a deep yellow colour. It readily
parts with half its oxygen, generally giving off nitric oxide, NO,
which forms red fumes on contact with the air. It is a powerful
oxidising agent, attacking all metals except platinum, iridium,
rhodium, and gold ; converting most lower metallic oxides into
higher oxides ; and oxidising all sulphides (except sulphide of
mercury ) into the corresponding sulphates, generally with sepa-
ration of sulphur, which by prolonged digestion is converted into
sulphurie acid. It forms soluble salts with all metals : hence it
precipitates no metal, nor is there any reagent by which it can
be precipitated. Tin, antimony, tungsten, and tellurium are the
only metals which, when treated with nitric acid, form oxides in-
soluble in the acid ; the sulphate of lead, which is formed hy
treating sulphide of lead with nitric acid, is similarly insoluble.

Most nitrates are less soluble in nitrie acid than in water. In-
' B 4




8 NITROGEN. PART I.

soluble basic nitrates are readily soluble in dilute sulphuric or
other mineral acids.

Nitrie acid and other nitrates are decomposed when heated
with concentrated hydrochloric acid, or other chlorides, e¢hlorine
being evolved ; this mixture (agua-regia) readily dissolves gold-
leaf, and decolorises solution of indigo. (c¢) When a solution of a
nitrate is mixed with about its own volume of pure concentrated
sulphuric acid, the mixture allowed to cool, and a few drops of a
concentrated solution of protosulphate of iron gently poured
upon it, a ring is formed at the point of contact of the two liquids
of a violet, amethyst, red, or dark brown colour, according to the
quantity of nitrate present. The coloration is inereased by the
careful agitation of the mixture, and disappears on the application
of heat. In the absence of chlorine compounds the smallest trace
of a nitrate may be detected by this test. Very dilute solutions,
(as mineral-water, rain-water, or water issuing from the soil,)
require concentration before applying this reaction. When a
solution of a nitrate is heated with sulphurie acid and a drop of
solution of indigo, the blue colour of the indigo is changed to
yellow : this reaction is rendered more delicate by the addition
of a little chloride of sodium. When a dry and pure nitrate is
heated with concentrated sulphurie acid, colourless vapours of
nitric acid are evolved, which form white clouds on contact
with ammonia, and do not precipitate a silver solution. (c) If
metallic copper or protosulphate of iron be added to the mixture,
red nitrous fumes are evolved, and, if a chlorine compound be pre-
sent, free chlorine also. If the quantity of nitrate present be very
minute, the nitrous fumes may not be visible to the eye, but they
may be detected by leading the gas evolved into a solution of
starch and iodide of potassium, when, if the least trace of nitrous
fumes be present, the characteristic purple colour of iodide of
starch will be produced. The same reaction is effected in the
dry way by fusing a nitrate with acid sulphate of potassinm,
All nitrates, when fused with potash and any non-nitrogenised
organic body, as sugar, evolve ammonia. When heated with
an excess of protoekloride of iron and hydrochlorie acid, all
nitrates give off nitric oxide, which, when mixed with sul-

e e
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phuretted hydrogen, and led (in an atmosphere of hydrogen)
over heated soda-lime, is entirely converted into ammonia. The
ammonia is easily estimated by leading it into a standard solu-
tion of sulphurie acid. This is often a convenient method for
the estimation of nitric acid.

All nitrates are decomposed at a high temperature ; nitrate of
ammonium entirely into nitrous oxide andwater (NO?NH*=N20 +
2H?0). The decomposition by heat of all other nitrates varies
with the nature of the base, but generally they are all decomposed
into oxygen and some lower oxide of nitrogen. When heated with
charcoal, or especially with cyanide of potassium, sulphur, or phos-
phorus, nitrates explode violently.

Estimation of Nitrie Acid.—This is usually effected by saturating
the acid with excess of earbonate of barium, heating the mixturein
order to decompose any acid carbonate, filtering off and thoroughly
washing the excess of carbonate, and precipitating by sulphurie
acid the barium contained as nitrate in the filtrate. This process
can only be applied directly when the nitric agid is free, and no
other acid is present. In the analysis of a nitrate, the nitrie acid
is liberated by distillation with sulphurie acid ; the distillate is
treated as above, The same distillation separates nitric acid from
any non-volatile acids that may be present ; if other volatile acids
are present they must be removed before distilling.

Nitrie acid may also be estimated volumetrically (see Part IV.)
by means of a standard solution of chloride of tin in hydrochlorie
acid. A known volume of the tin-solution, more than can be com-
pletely converted into perchloride by the nitrie acid employed, is
heated, together with the nitric acid (or nitrate) in a sealed tube,
to about 150° for ten minutes. The contents of the tube are then
transferred to a beaker, a little iodide of potassium and starch
added, and the remaining chloride of tin estimated by a standard
solution of bichromate of potassium. Each atom of nitric acid
converts 4 atoms chloride of tin into perchloride (NO?H +4Sn(C12
+8CIH=4SnCI* + NH53 + 3H20).—Pugh.

b. Peroxide of Nitrogen (hyponitric acid), NO2%  Nitrous An-
hydride, N*03.—Yellowish or reddish-brown gases, formed by the
contact of nitrie oxide with oxygen, and by the decomposition by
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heat of most nitrates. On contact with water they are deco-
lorised and decomposed ; NO? into nitric and nitrous acids
(2NO?+H20=NO*H+NO2H); and N203 into nitric acid and
nitric oxide (3N?03% + H*O=2NO3H+44NO). Ata very low tem-
perature they are condensed, the former to a brown, the latter to
a bluish-green liquid. Both are constituents of the red fuming
nitrie acid.

¢. Nitrous Aecid, NO?IL.—Formed, as we have seen, by the
decomposition of NO? in contact with water. It can never
be obtained free from nitric acid, for its solution is always partially
decomposed into nitric acid and nitrie oxide (8NOH=NO"H +
2NO+H?0). All nitrites are soluble in water.

Aqueous solutions of alkaline nitrites are decomposed by Aydro-
sulphurie acid, sulphides of the alkaline metals being formed ;
in acid solutions the decomposition is accompanied by a separation
of sulphur. When treated with dilute sulphurie or nitric acid,
nitrites give off red fumes; on the addition of the same acids,
they decolorise permanganate of potassium, and gradually change
the colour of bichromate of potassium to a greenish blue. (c)
Free nitrous acid at once produces a purple colour with starch and
iodide of potassium. Since pure nitric acid exhibits none of these
reactions, they serve to detect nitrous in presence of nitric acid.
(c) All nitrites give a dark-brown colour with protosalts of iron,
without the addition of acid. Pure nitrates do not exhibit this
reaction ; for the employment of this test for the detection
of nitriec acid (p. 8) depends upon the partial reduction of the
nitric to nitrous aeid. Nitrites reduce terchloride of gold and
subsalts of mercury, giving with the former a brown precipitate
of metallic gold, with the latter a grey precipitate of metallic
mercury. Alkaline nitrites give a yellow precipitate with proto-
salts of eobalt, which forms slowly (p. 145). An aqueous solution
of nitrite of ammonium, or of any nitrite on addition of chloride
of ammonium, is decomposed by heat into nifrogen and water,
(NO:NH*=N?+2H20). (c¢) Urea is decomposed by nitrous
(not by nitrie) acid, with evolution of carbonic anhydride and
nitrogen (CHIN20+2NO*H=CO0?+N*+43H20). Many nitro-
genised organic compounds, e. g. protein, give a deep red colour
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when heated with a solution of mercury in nitric acid, containing
some nitrite. (¢) Both nitric and nitrous acids impart a deep
yellow colour to all nitrogenised organic compounds ; e. g. the
human skin, feathers, &e.

d. Nitric Owxide, NO.— A colourless gas, which, on contact
with oxygen forms red fumes of NO? and N20% (c) It is
readily and completely absorbed by a solution of a profosalt of
iron, giving a red or dark brown colour, and by concentrated
nitrie acid, giving a blue, green, or yellow colour. These re-
actions distinguish it from all known gases. The dark brown
compound which it forms with protosalts of iron contains 4 atoms
of the iron salt to 2 atoms of nitric oxide: it is on the formation
of this body that the best test for the detection of nitric acid
depends (p. 8). On contact with red-hot metallic copper, nitrie
oxide, like all other oxides of nitrogen, gives up its oxygen, free
nitrogen being evolved.

e. Nitrous Oxide (langhing gas), N20.— A colourless gas,
which is not coloured by contact with oxygen. It is somewhat
soluble in water. Like oxygen, it rekindles a glowing match,
but it is readily distinguished from oxygen by its remaining
colourless on contact with nitric oxide. Ieated potassium
deprives both nitrous and nitrie oxide of all their oxygen ; in the
former case the original volume of the gas remains unaltered, in
the latter it is diminished one half.

3. Carbon. C. Atomic weight, 12.

One of the most widely spread of the elements. In the uncom-
bined state it is found native in two modifications, differing most
widely in their physieal properties : the erystalline, as the diamond;
and the amorphous, as graphite or blacklead, and anthracite.
Amorphous carbon is always black. Only the amorphous modifi-
cation ean be prepared artificially; e. ¢. soot, charcoal, &c. In
combination with other elements carbon is of the most frequent
occurrence in nature. It is a constituent of all organic bodies,
without exception: as carbonic anhydride, it occurs in the atmo-
sphere ; as carbonic acid, in all springs and mineral waters ; and,
in many minerals, in combination with caleium, barium, magne-
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sium, iron, and other metals. The characteristic properties of
carbon are, its insolubility in acids or alkalis, its absolute resist-
ance to the action of heat in a closed vessel, and its combustion to
carbonic anhydride when heated in contact with oxygen. When
fused with saltpetre, its combustion takes place with a violent
explosion. Ewery carbon compound, when heated to redness
with oxide of copper or chromate of lead, gives off carbonic anhy-
dride, which may be recognised by means of lime-water or acetate
of lead, and is completely absorbed by eaustic potash.

Oxmes axp Aciosor Carson.  a. Carbonie Anhydride, CO?.—
A colourless condensible* gas, having a slightly pungent smell ;
considerably heavier than atmospheric air. It is somewhat soluble
in water; the solution reddens litmus-paper, but not permanently;
it gives off most of the dissolved anhydride on standing for a time,
and the whole on the application of heat.

b. Carbonic Aecid, CO?H?2. — An aqueous solution of carbonie
acid, gives with lime- or baryta-water, a white precipitate,
soluble in excess of carbonic acid. These are the reactions gene-
rally employed for the detection of carbonic acid in mineral waters.
Acetate of lead gives a white precipitate in very dilute solutions
of carbonic acid. Carbonic acid is readily absorbed by caustie
potash, whether in the solid state or in solution. The only normal
carbonates that are soluble in water are those of the alkaline metals:
their solution has an alkaline reaction, and gives precipitates with
the salts of all other metals. Some normal carbonates (those of
the metals of the alkaline earths, magnesium, iron, and manganese)
are soluble in free carbonic acid, being converted into acid car-
bonates: on heating the solutions, a precipitate of a normal or
basic saltis formed. With solutions of normal carbonates, salts of
ealcium, barium, magnesium, lead, and silver give a white, chlo-
ride of mercury, a brick-red, precipitate, even in very dilute solu-
tions : all these precipitates are readily soluble in nitric or acetic
acid. The normal carbonates of barium, strontium, calcium, and
magnesium are all more or less soluble in chloride of ammonium,
especially on heating: carbonate of magnesium is not reprecipitated

* A gas is said to be condensible when it can be liguefied by pressure and
cold, Gases which cannot be so liquefied are called permanent.
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from this solution by free ammonia. A solution of an acid car-
bonate gives no precipitate with sulphate of magnesium: with
chloride of mereury, a gradual white precipitate. A very dilute
solution of a caleium-salt is not precipitated by an alkaline acid
carbonate. Salts of aluminium and sesquisalts of iron are preci-
pitated by acid carbonate of sodium,.

Solid carbonates, as well as their solutions, when not too
dilute, are easily recognised by their being decomposed with effer-
vescence by strong acids. (¢) The gas evolved is almost destitute
of smell, and gives a white precipitate when led into lime-water or
acetate of lead. Other salts, as sulphites and sulphides, are simi-
larly decomposed with effervescence by acids : but the gasesevolved
in these cases have a peculiar and characteristic smell. Cyanates
also evolve carbonic anhydride when treated with acids ; but the
gas in this case is always accompanied by the penetrating smell of
eyanic acid, and the residue contains an ammonium-salt. Some
native carbonates (e. g. spathie iron-ore and dolomite) are not thus
decomposed by acids without the application of heat.

The normal carbonates of potassium and sodium are not decom-
posed by the strongest heat. The carbonates of barium and
strontium require the strongest white heat for their decomposition,
and the carbonate of calcium a strong red heat. These carbonates
are decomposed at a much lower temperature if any free carbon
or organic matter be present, carbonic oxide being formed. All
other carbonates are easily decomposed by heat, carbonic anhy-
dride being evolved, and metallic oxides left.

Estimation of Carbonie Acid.— Carbonic acid is estimated in
solid carbonates, by the loss of weight which they undergo when
decomposed by a not too dilute acid, in an apparatus whiech admits
of accurate weighing, and ensures the perfect drying of the
carbonic anhydride evolved (p. 233). The carbonie acid dissolved
in mineral waters is estimated by precipitating it by a mixture
of chloride of caleium and ammonia, and weighing the resulting
carbonate; or volumetrically by means of solution of litmus, and
a standard solution of an alkali. From a gaseous mixture of
carbonic anhydride with sulphurous anhydride and sulphuretted
hydrogen, the two latter may be entirely removed by means of
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peroxide of lead, peroxide of manganese, or oxide of mercury;
these substances may be taken up moist on the end of a glass rod
or a platinum wire, dried, and introduced into the gaseous mix-
ture. Or the sulphurous anhydride may be removed by a con-
centrated solution of bichromate of potassium mixed withsulphurie
acid; and the sulphuretted hydrogen by sulphate of copper.
Carbonic anhydride is easily separated from most remaining
oases by means of caustie potash, by which it is completely
absorbed.

e. Carbonic Oxide, CO.—Formed by the imperfect oxidation
of carbon, or the deoxidation of earbonic anhydride. A colourless
gas, burning with a blue flame. It is absorbed by fused potassium,
by a solution of subchloride of copper in ammonia, or by sub-
sulphite of copper. 2 volumes of carbonic oxide exploded with
1 volume of oxygen, form 2 volumes of carbonic anhydride.

Hypripes or CarpoN. HyprocarBbons. — These compounds,
which are very numerous, properly belong to organic chemistry.
There are, however, two of them which are frequently met with in
gaseous mixtures, with the properties of which the student must
early be acquainted, for which reason they are mentioned here.

a. Olefiant Gas, C?H* — A colourless gas, which burns with
a very brilliant flame. It is entirely absorbed by fuming sul-
phuric acid. When mixed with an equal volume of chlorine,
combination takes place, even in the dark, an oily liquid being
formed, C2HACI2,

b. Marsh Gas (light carburetted hydrogen), CH%. — A colour-
less gas, burning with a feeble blue flame. It is not absorbed by
fuming sulphuric acid. In presence of water it does not combine
with chlorine in the dark ; but the access of light determines the
combination, carbonic anhydride being formed. 1 volume of
marsh gas exploded with 2 volumes of oxygen forms water, and
1 volume carbonic anhydride.

Of the vast number of acids containing earbon, which are
included under the general name of organic acids, only a few are
of sufficient importance as reagents, to call for mention in a work
on analysis. They would naturally come under this section, but
as it is well that the student should first become familiar with
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the common mineral acids, the reactions of the more important
organic acids will not be treated of till the close of this part.

4. Sulphur. S. Atomic weight, 32.

Sulphur is found in nature both free and combined: in the
former state it is commonly a voleanic produet, and is frequently
erystalline ; in the latter, it occurs as hydrosulphuric acid in
mineral waters; in combination with metals, as metallic sulphides
(pyrites, galena, cinnabar, &c.); and combined with metals and
oxygen, as metallic sulphates.

Acips axp Oxipes orF SurpHUR. a. Hydrosulphuric Aeid
(sulphuretted hydrogen), SH2 Metallic Sulphides.— Hydrosul-
phuric acid is a colourless condensible gas, possessing a charac-
teristic smell, resembling that of rotten eggs; it burns with a
blue flame. Cold water absorbs about three times its volume of
the gas, the solution (sulphuretted hydrogen water) is gradually
decomposed by contact with the air, losing its smell and depositing
sulphur (SH?+4+0=0H2+15). DBoth the gas and the solution
redden litmus feebly, With most metallic oxides, hydrosulphuric
acid (both in the wet and dry way) forms water and metallic
sulphides: the latter have very frequently a characteristic colour
(SH24+OM2=SM?+ OH?2).

The compounds of sulphur with the alkaline and alkaline-
earthy metals, are soluble in water; those with the heavy metals
are insoluble. Some few sulphides part with their sulphur when
heated in a closed vessel (sulphides of gold and platinum): some
higher sulphides (bisulphide of iron, pentasulphide of antimony)
part with a portion of their sulphur. All sulphides, when heated
in the air, give off sulphurous anhydride ; the residue in some
cases is the metal (silver); in others, a metallic oxide (tin, anti-
timony, bismuth, molybdenum); in others, a metallic sulphate
(the alkaline and alkaline-earthy metals, copper, lead, &e.).
Some metallic sulphides are soluble in dilute hydrochloric acid
with evolution of hydrosulphurie acid (sulphides of the alkaline
and alkaline-earthy metals, iron, manganese, zine, uranium);
others require concentrated hydrochloric acid for their solution
(sulphides of nickel, cobalt, antimony, lead); others are insoluble
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even in concentrated hydrochloric acid (sulphides of arsenie,
copper, mercury, gold, platinum, &e.). All sulphides (except
sulphide of mercury) are decomposed by digestion with con-
centrated nitric acid, aqua-regia, or hydrochloric acid and chlorate
of potassium, with formation of sulphuric acid, and a metallic
oxide or chloride, and, in case the acid be not sufficiently con-
centrated or the digestion not continued long enough, separation
of sulphur. Sulphide of mercury is not decomposed by pure
nitric acid, but readily by aqua-regia; sulphide of lead is con-
verted by nitric acid into sulphate of lead, sulphide of tin into
binoxide of tin, sulphide of antimony into antimonic oxide or
anhydride ( see p. 7, Nitric Acid). When heated in a current
of chlorine, all sulphides are converted into metallic chlorides
and chloride of sulphur.

The sulphides soluble in water are distinguished into proto-
or mono-sulphides (K25, (NH*)2S, Ba®S), Aydrosulphates (KHS,
NHHS,) and polysulphides (K®S° (NH#*)28%). The aqueous
solution of the two first is colourless, and when treated with acids
gives off hydrosulphurie acid without any separation of sulphur;
that of the last is yellow, or yellowish-brown, and when treated
with acids gives off hydrosulphuric acid, and deposits sulphur.
With protosulphate of manganese, soluble monosulphides give a
precipitate of sulphide of manganese, without evolution of hydro-
sulphuric acid; hydrosulphates with the same reagent evolve
hydrosulphuric acid (SO*Mn?+ 2SKH=S0'K?+ SMn?+ SH?).
All soluble sulphides (and some of them which are insoluble)
rapidly absorb oxygen from the air, and are decomposed. The
decomposition goes through several stages; a polysulphide is first
formed, then a hyposulphite, and finally, in most eases, a sulphite
and a sulphate.

(c) The presence of hydrosulphuric acid, or of a soluble sul-
phide, is at once detected, either in a neutral, acid, or alkaline
solution, by the black precipitate of sulphide of lead which it
gives with any lead-salt: if the smallest trace of hydrosulphurie
acid be present in a gaseous mixture, a picce of paper moistened
with acetate of lead, and exposed to the gas, is covered with a
black or dark-brown shining film of sulphide of lead. Hydro-
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sulphurie acid is entirely absorbed by a solution of potash or
ammonia.

(¢) Nitroprusside of Sodium produces no change of colour in
sulphuretted hydrogen water, or in any acid solution containing
hydrosulphurie acid: but if the smallest trace of a soluble sulphide
be present, this reagent gives, even in presence of free hydrosul-
phuriec acid, a magnificent purple colour, which disappears after
gsome time. This is the best test for determining whether a solu-
tion contains a soluble sulphide, as well as free hydrosulphurie
acid. The coloration is not immediately destroyed even by very
great dilution.

Estimation of Hydrosulphuric Aeid.—An alcoholic solution of
iodine, or better, an aqueous solution of iodine in iodide of po-
tassium, immediately decomposes hydrosulphurie acid with for-
mation of hydriodic acid and sulphur, which latter causes a
milkiness in the solution (I + SH? = 2IH + S). If an iodine
solution of known strength be employed, and a little starch added
to the solution under examination, the appearance of a blue colour
indicates with certainty the exaet point at which all the hydro-
sulphurie acid is deeomposed: and the amount of that acid pre-
sent may be ealeulated from the quantity of iodine solution used.
Soluble sulphides behave with iodine exactly like hydrosulphuric
acid. If the solution be alkaline, it must be neutralized with
acetic acid before adding the iodine solution. Hydrosulphuric
acid is also decomposed by chlorine, bromine, sulphurous, hypo-
chlorous, nitrous, iodie, and chromic acids, and sesquisalts of iron,
sulphur being separated, and generally a sulphate formed.

The general method of estimating the sulphur in metallic sul-
phides is fo oxidise it completely by digestion with aqua-regia, or
fuming nitric acid, and to precipitate the sulphuric acid formed
by chloride of barium (p. 211).

Blowpipe reactions (see p. 24).

b. Sulphuric Anhydride, SO®—A white crystalline feathery
solid, resembling asbestos in appearance; giving off white suffo-
cating fumes on contact with the air. It is very readily soluble
in water with great evolution of heat. Combined with one atom
of water it forms

C
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e. Sulplurie Acid, SO*I%.—An oily colourless heavy lignuid,
powerfully corrosive, boiling at 327° It is soluble in water in
all proportions: the combination is attended with great heat. It
is so hygroscopic (i. e. has so strong a tendency to take up water)
that it is employed to dry substances which will not bear an
elevation of temperature. It is the most powerful acid with
which we are acquainted, and in the wet way will displace all
other acids from their salts. It is bibasie; and therefore forms
acid as well as normal salts (p. 6).

All normal and acid sulphates (with the few following excep-
tions) are goluble in water: basic sulphates are insoluble in water,
soluble in dilute acids. Sulphate of barium is entirely insoluble
in water or dilute acids: sulphate of calcium is difficultly soluble
in water (in 500 parts); sulphate of strontium still less soluble
(in 9000 parts); and sulphate of lead still less (in 22,000 parts).
(c¢) The best reagent for the detection and estimation of sul-
phuric acid in solutions is elloride, or nitrate of barium, either of
which gives a white, finely divided precipitate of sulphate of
barium (SO4Ba?), which is very slightly soluble in concentrated
nitrie or hydrochlorie acids. The solution of the sulphate should
first be acidulated with hydrochloric acid. Care must be taken
not to have too much free nitric or hydrochloric acid present;
for, as chloride and nitrate of barium are much less soluble in
strong acids than they are in water, their addition to a strongly
acid solution might cause a precipitate, even if no sulphurie
acid were present. When, therefore, either of these reagents
causes a precipitate, excess of water should be added, which will
at once dissolve any chloride or nitrate of barium that may be
precipitated, but will not dissolve the sulphate. If the amount
of sulphate present be very minute, the solution (especially if it
contains nitric acid) should be allowed to stand some time after
the addition of the barium-salt. If sulphate of barium be preci-
pitated from a solution containing a nitrate, it generally carries
down with it some nitrate of barium, which cannot be entirely
removed by washing with water. In such cases, therefore, in
quantitative analysis, the precipitate must be ignited (in order
to decompose the nitrate), moistened with hydrochloric acid, and
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washed till it is quite free from chloride of barium. Freshly
precipitated sulphate of barium is very apt to pass through the
filter: this may generally be obviated by heating the solution
with the precipitate some time before filtering. This reaction
distinguishes sulphuric acid from all other acids, except selenic
and fluosilicie acids, which also form barium-salts insoluble in
water and dilute acids. Sulphate of barium is however easily
distinguished from selenate and fluosilicate by the following
reactions. Selenate of barium is decomposed when heated with
concentrated hydrochloric acid, chlorine being evolved and se~
lenous acid formed; also by ignition in a current of hydrogen,
selenide of barium being formed, which is readily soluble in
hydrochlorie acid. Fluosilicate of barium, when heated with
strong sulphuric acid, evolves hydrofluoric acid, which is readily
recognised by its corresive action on glass. Sulphate of barium
is not affected by any of these reagents.

Sulphates are mostly insoluble in alcohol : the addition of
aleohol ensures the complete precipitation of calcium-, strontium-,
and lead-salts by sulphuric acid. Sulphate of lead is less soluble
in water containing sulphurie acid, than in pure water, requiring
36,500 parts of the former. The sulphates of the alkaline and
alkaline-earthy metals and lead, are not decomposed by heat:
all other sulphates are decomposed by heat, giving off sulphurie
anhydride, or sulphurous anhydride and oxygen, according to
the nature of the metal. All sulphates are decomposed when
heated with charcoal ; the sulphates of the alkaline and alkaline-
earthy metals (and lead) being reduced to sulphides, and the
other sulphates evolving sulphurous anhydride. Those sulphates
which are insoluble in water and acids are entirely decomposed
by fusion with an alkaline carbonate, (SO* Ba? + CO? Na? = SO+
Na? + CO3Ba?). The fused mass should be treated with hot
water (not with acids), filtered, and the filtrate saturated with
hydrochlorie acid, when the addition of chloride of barium will
show the presence of sulphuric acid. The sulphates of strontium
and calcium are entirely decomposed by carbonate of ammonium
in the cold: sulphate of barium is not attacked by it.

Blowpipe reactions (see p. 24).

c 2
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d. Sulphurous Anhydride, SO®. — The only produet of the
combustion of sulphur in the air. It is also formed by the igni-
tion of metallic sulphides, by the deoxidation of sulphurie aecid by
charcoal, organic compounds, and several metals, &e. It is at the
ordinary temperature a colourless gas, with a characteristic smell,
which is familiar to every one as that caused by burning sulphur.
It is readily soluble in water, forming

e. Sulphurous Acid, SO*H? (bibasic). — Its solution is very
unstable, giving off sulphurous anhydride even at the common
temperature,

The only normal sulphites that are soluble in water, are those
of the alkaline metals: those which are insoluble in water are
readily soluble in sulphurous or hydrochlorie acids. Solutions of
sulphites when exposed to the air absorb oxygen, and are con-
verted into sulphates. When heated with concentrated nitrie
acid, or treated with chlorine, hypochlorous acid, or iodine, they
are immediately converted into sulphates without separation of
sulphur.  All sulphites, whether solid or in solution, when treated
with a strong acid (sulphuric aecid is best), evolve sulphurous
anhydride, which is easily recognised by its smell: in the case of
a solid sulphite, or a concentrated solution, the gas eseapes with
effervescence. In this reaction there is no separation of sulphur.
(¢) Chloride of barium gives with sulphites a white finely
divided precipitate of sulphite of barium, insoluble in water,
readily soluble in hydrochloric acid: on the addition to this solu-
tion of hypochlorite of sodium, chlorate of potassium, chlorine-
water, or iodine, sulphate of barium is at once precipitated. This
reaction distingunishes sulphurous from carbonie acid. _Aecefate of
lead gives a white precipitate of sulphite of lead, readily soluble
in dilute nitric acid. (c) Nitrate of silver gives a white preci-
pitate of sulphite of silver, which blackens on heating, owing to
the reduction of metallic silver; the solution then contains sul-
phuric acid. Subnitrate of mercury gives a grey precipitate of
metallic mereury.

Sulphurons acid is a powerful reducing agent: it precipitates
metallic gold from terchloride of gold, reduces chromie acid to
green sesquioxide of chromium, arsenic acid by long digestion to
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arsenious acid, sesquisalts of iron to protosalts, tellurous and
selenous acids to metallic tellurium and selenium, &e. Metallic
zine is dissolved by sulphurous acid without any evolution of gas,
sulphite and hyposulphite of zinc being formed (Zn* +3503H?=
SO3Zn? + S20%Zn?+30H?): if hydrochloric acid be present,
hydrosulphuric acid is evolved, and may be detected by paper
moistened with acetate of lead. By this reaction the smallest
traces of sulphurous acid may be detected (in hydrochloric aeid,
&c.). Most of the following sulphur-acids exhibit the same re-
action. Aqueous sulphurous acid is decomposed by hydrosul-
phuric acid, pentathionic acid being formed and sulphur deposited
(6SH2+ 53S0 H2= S505H? + 8° + 9O H?).

When a solution of sulphurous acid is heated with chloride
of tin and hydrochlorie acid, yellow sulphide ot tin is gradually
precipitated : this reaction is rendered more delicate by the
addition of a drop of a soluble copper-salt, owing to the forma-
tion of black sulphide of copper. In this reaction a piece
of paper moistened with acetate of lead should be held to the
mouth of the tube, since the hydrosulphurie acid is frequently
evolved in the free state. Sulphurous anhydride iz readily and
completely absorbed by peroxide of lead, sulphate of lead being
formed (Pb2024502=80Ph?). If a glass rod moistened with
solution of starch and iodate of potassium be introduced into a
gaseous mixture containing sulphurous anhydride, blue iodide of
starch is at once formed,

Most sulphites are decomposed by heat into a sulphate and a
sulphide (4SO*K2=380'K?4SK?): the earthy sulphites give
off sulphurous anhydride, a metallic oxide being left.

Estimation of Sulphurous Acid.— Sulphurous acid is the only
oxygen compound of sulphur which (completely in very dilute
solutions not containing more than 0:04 p. e. of acid) is converted
by iodine into sulphuric acid (SO3H? 4 H20 + 12=SOH2 4+ 21H).
This reaction serves not only for the detection, but, by the use of
a standard iodine solution, for the volumetric estimation of
gulphurous acid.

Sulphurous aeid may also be oxidised into sulphurie acid, and
estimated as sulphate of barium.

c3
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Blowpipe reactions (see p. 24).

{. Hyposulphurous Acid (Dithionous acid), S20°H2.— Formed
by the digestion of a sulphite with sulphur: by the oxidation of
soluble sulphides in contact with the air: by dissolving sulphur
in a solution of an alkaline hydrate, when a metallic sulphide is
formed simultaneously. It is so unstable an acid that it cannot
be obtained in the free state, for its aqueous solution is decom-
posed spontaneously (if dilute, slowly, if coneentrated, immediately)
into sulphurous acid and sulphur, the latter of which separates
out (S*03H2=S03H? + 8).

Most hyposulphites are soluble in water : the barium-salt is diffi-
cultly soluble. Their solutions give with proto-salts of mercury,
salts of lead and silver, white precipitates of metallic hyposulphites,
which speedily become yellow, brown, and black, especially if heat
be applied, owing to the decomposition of the hyposulphite and
formation of a metallic sulphide, sulphuric acid remaining in
solution (S203Ag? + OH2= Ag?S + SO'H?2). With chloride of tin
they give a brown, with subnitrate of mercury a black, precipi-
tate of metallic sulphide. Solutions of hyposulphites dissolve
chloride of silver, subchloride of mercury, and sulphate of lead.
(c) When heated with hydrochloric acid, hyposulphites evolve
sulphurous anhydride and deposit sulphur, which in this case is
yellow, not white, as it usnally is when separated from solutions
by chemical action. When treated with iodine they form a
metallic iodide and a tetrathionate (25203Ba?+I°=8510fBa?+
2IBa.) These two reactions distinguish hyposulphurous from
sulphurous acid. When treated with hypochlorite of sodium, or
chlorine, hyposulphites are completely oxidised into sulphates,
even at the ordinary temperature (520°Na?+4CI8450H?2=25014
NaH+8CIH). All hyposulphites are decomposed by heat: those
of the alkaline metals into a polysulphide and a sulphate (45203
K2=5K2+350'K?): others into sulphides or sulphates, witk
evolution of sulphurous anhydride, owing to the combustion of
separated sulphur. With zine and hydrochloric acid hyposulphites
behave like sulphites.

In order to detect hyposulphurous acid in presence of hydro-
sulphuric acid or a soluble sulphide, the solution is made neutral
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and precipitated by a zine salt, the sulphide of zinc filtered off,
and the filtrate tested for hyposulphurous aeid.

Blowpipe reactions (see p. 24).

g. Hyposulphuric Acid (Dithionic acid), $520° H2 —Formed
by the action of binoxide of manganese on an aqueous solution of
sulphurous acid, a sulphate being always formed simultaneously
(2 Mn20? + 3SOPH? = $520°Mn? + SO'Mn? + 30H?).

All hyposulphates are soluble in water ; hence, their solutions
are not precipitated by any reagents. When treated with hypo-
chlorite of sodium in the cold, their solutions are not oxidised
into sulphates ; but when heated with nitrie acid, or hydrochlorie
acid and chlorate of potassium, they are completely oxidised into
sulphates. When heated with a non-oxidising mineral acid (sul-
phuric acid is best) they are decomposed, a sulphate being formed
and sulphurous anhydride evolved, but no sulphur separated :
with solid hyposulphates, concentrated sulphurie acid effects this
decomposition in the cold. In the dry way, they are decomposed
by heat in precisely the same manner.

Hyposulphuric acid is distinguished from sulphurie and sul-
phurous acids, by the solubility of its barium-salt ; from hyposul-
phurous and the other polythionic acids, by its not separating
sulphur when decomposed by acids, and by its giving no preeipi-
tate with salts of silver or mercury.

h. Besides those above enumerated, there are other acids formed
by the combination of sulphur, oxygen, and hydrogen. They are
trithionic acid, S*OSH2 ; tetrathionic acid, SY'OSH?2; and penta-
thionic acid, S08H2, 'These acids resemble each other consider-
ably in their reactions ; but as they are very rare acids, that
would never be met with in actual analysis, it is not necessary, in
a practical work, to do more than indicate their existence. These
acids, together with dithionous and dithionie acids, form the series
called polythionic acids, i. e, acids containing more than one
atom of sulphur.

All polythionates are decomposed when heated with eyanide of
mercury, hydroeyanic acid being evolved. In the case of dithi-
onites (hyposulphites), 1 atom of sulphide of mercury is formed
to 1 atom of sulphuric acid; in the case of all the rest, 1

c 4
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atom of metallic sulphide is formed to 2 atoms of sulphurie
acid. With tetrathionates, 1 atom, with pentathionates, 2 atoms,
of sulphur are mixed with the metallie sulphide.

Detection of Sulphur in the dry way, and before the blowpipe.—
Pure sulphur, when heated on platinum foil, melts and volatilises
entirely, burning with a blue flame, and being converted into sul-
phurous anhydride, SO which is easily recognised by its smell.
All the foregoing sulphur compounds, without exception, when
heated on charcoal in the inner blowpipe flame with carbonate of
sodium, or a mixture of 1 part borax and 2 parts carbonate of
sodium, form sulphide of sodium, which is easily recognised by
dissolving the fused mass in water, and testing the solution with
nitroprusside of sodium ; by treating the fused mass with a strong
acid, when hydrosulphurie acid is evolved ; or by moistening the
fused mass and placing it on a clean piece of metallic silver,
when the surface of the silver is marked with a black stain of
sulphide of silver. Any sulphur compound, when heated on a
platinum-wire, in the inner or reducing flame, with a bead of car-
bonate of sodium saturated with silica, gives a yellowish or red-
dish-brown transparent bead, according to the amount of sulphur
contained in the compound.

For the detection of sulphur in erganic compounds, the sub-
stance under examination is fused with solid caustic potash on a
silver plate, on which, after the fused mass is moistened with
water, a black stain remains if sulphur be present. Or the com-
pound is decomposed by nitrie acid, hydrochloric acid and chlo-
rate of potassium, or by fusion with a mixture of nitre with an
alkaline carbonate or hydrate (which, of course, must be free from
sulphurie acid) ; and the resulting acid solution tested for sul-
phuric acid with chloride of barium. Many organiccompounds con-
taining sulphur, are decomposed by merely boiling with « solution
of caustic potash, sulphide of potassium being formed, which may
be detected either by acetate of lead, or nitroprusside of sodium.

5. Chlorine. Cl. Atomic weight, 355.

Found principally in combination with sodium, as c¢hloride of
sodium, or common salt, both in solution in sea-water, and in the
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solid state as rock-salt. At the ordinary temperature chlorine is
a heavy gas of a yellowish green colour, and a most irritating
smell: in presence of water it bleaches litmus, indigo, and other
vegetable colours. It is readily soluble in water, forming a solu-
tion possessing the characteristie colour and smell of the gas, which
is commonly called eklorine-water. This solution gives with
hydrosulphurie acid a precipitate of sulphur ; with nitrate of silver,
chloride and chlorate of silver; with acetate of lead, chloride and
peroxide of lead. Chlorine-water always contains hydrochloric and
hypoehlorous acids, owing to spontaneous decomposition. CI2+
OH*=CIH+CIOH. Hence all the chlorine cannot be removed
from chlorine-water by nitrate of silver; for, after the separation
of chloride of silver, hypochlorous acid remains in solution, and
may be deteeted by its bleaching action on vegetable colours.

Acips axp Oximpes oF CuroriNg.  a. Hydrochlorie Aeid, C1H.
Metallic Chlorides. — Hydrochlorie acid is a colourless gas, that
fumes in contact with the air: it possesses a strong acid reaction
and a suffocating smell. It is very readily absorbed by water: a
saturated solution of it in water constitutes concentrated hydro-
ehloric acid. This is a colourless liquid, fuming strongly on con-
tact with air.  When the concentrated acid is heated, only a por-
tion of the dissolved gas can be driven off, dilute acid remaining.
With all basic metallic oxides, hydrochlorie acid forms metallic
chlorides and water: with peroxides (as well as with chromates,
chlorates, and hypochlorites), it evolves ehlorine, especially on
heating (Mn? 02 + 4C1H=2MnCl + 20H2+4 CI2): with nitric acid
it evolves chlorine (Aqua-regia, p. 8). Pure hydrochloric acid
does not bleach vegetable colours.

Metallie chlorides differ considerably in their physical properties.
Some are liquid, or of the consistency of butter, and volatile with-
out decomposition (chlorides of antimony, arsenic, tin): others are
solid, fusible, and non-volatile (ehlorides of silver, lead, potassium,
sodium, barium): others are decomposed by heat into chlorine and
the metal (chlorides of gold and platinum), or if heated in contact
with air, into chlorine and the metallic oxide (chloride of iron). Most
chlorides are soluble in water: chloride of silver, ClAg, and sub-
chloride of mereury, ClHg? are insoluble; subchloride of copper,
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CICu? protochlorides of gold and platinum, ClAu, CIPt, are almost
insoluble ; chloride of lead, CIPb, and many oxychlorides, are
difficultly soluble. (c¢) Aqueous solutions of chlorides give with
nitrate of silver, a white eurdy precipitate of chloride of silver,
which becomes violet by exposure to light: it is insoluble in dilute
acids, readily soluble in ammonia, whenece it is reprecipitated by
nitrie acid : even in the most dilute solutions nitrate of silver gives
an opalescence. The solution of chloride should be acidulated with
nitric acid. This reaction distinguishes chlorides from all salts,
except bromides, iodides, and eyanides. Swubnitrate of mercury
gives a white precipitate of subchloride of mercury, insoluble in
water and dilute acids, readily soluble in chlorine-water and aqua-
regia, blackened by ammonia. Acetate of lead gives, with a not
too dilute solution of a chloride, a white erystalline precipitate
of chloride of lead, soluble on boiling with excess of water, from
which solution it erystallises on cooling. When heated with sul-
phuric acid, chlorides give off hydrochloric acid gas (2CINa+
SO'H2=50*Na?+2CIH): only the chlorides of mercury, silver,
lead, and tin are decomposed with difficulty or not at all by sul-
phuric acid. With binoxide of manganese and sulphuric acid,
chlorides evolve chlorine, easily recognised by its colour and smell.
(c) When heated in the dry way with bichromate of potassium
and sulphuric acid, chlorides evolve red fumes of eklorochromic
acid, Cr?02C1% which give a yellow solution when passed into
water or aqueous ammonia, Bromides when similarly treated also
evolve red fumes ; but these form a colourless solution in aqueous
ammonia, and their solution in water is decolorised by heat.

Blowpipe reactions.— Chlorides give a blue colour to the outer
flame, when heated with a bead of mierocosmie salt (phosphate of
sodium, ammonium, and hydrogen) saturated with oxide of copper.

b. Perchloric Aeid, ClO'Il.—Formed by the primary decom-
position of chlorate of potassium by heat or by sulphurie acid.
(2C10°K = CIK + 0?2 + CIO'K.)

Aqueous solutions of perchloric acid or perchlorates do not
bleach vegetable colours. All perchlorates are soluble in water ;
perchlorate of potassium is the least soluble, hence a strong solu-
tion of a perchlorate gives a erystalline precipitate with a potas-
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sium-salt. This precipitate is quite insoluble in alecohol. The
alkaline and alkaline-earthy perchlorates, are decomposed by heat
into chlorides and oxygen ; they explode feebly when heated
with charcoal. They are not decomposed by sulphuric acid in
‘the cold, or by heating with hydrochlorie acid, or any dilute acid;
when heated with strong sulphurie acid, they are decomposed
with difficulty, without the formation of any bleaching liquid.
These reactions distinguish perchlorie from other chlorine acids.

c. Chloric Acid, Cl1OH.—Formed by the action of chlorine on
an aqueous solution of potash or soda (3K20 + Cl¢ =CIO’K
+ 5CIK). The aqueous solution of chlorie acid is a colourless
liquid, which first reddens and then bleaches litmus ; it is decom-
posed by heat into perchloric acid, oxygen, and chlorine; it is
readily deoxidised by hydrosulphurie, sulphurous, phosphorous,
and hydrochlorie acids, and by many organic compounds.

All chlorates are soluble in water ; they cannot, therefore, be
precipitated by any reagent, not even by nitrate of silver. Their
aqueous solution does not bleach litmus. They are decomposed
by heat, fusing and evolving oxygen, or a mixture of oxygen and
chlorine, while in some cases a chloride, in others an oxide or
a basic ehloride, remains behind. When mixed with combustible
bodies (as sulphur, phosphorus, earbon, or organic bodies gene-
rally), they explode violently on heating, rubbing strongly, or
moistening with fuming sulphuric acid. If a fragment of a
chlorate be brought into contact under water with phosphorus
and strong sulphurie acid, the phosphorus takes fire. (c¢) When
treated with strong sulphuric acid, even in the cold, chlorates
give a brown or yellow colour, while a greenish-yellow gas, C102,
is evolved, which explodes if the mixture be heated (3CIOIK
+ 2504H? = 250‘KH + ClO‘K + 2Cl10? 4+ H20.) When
chlorate of potassium is heated with hydrochloric acid, a yellow
solution is formed, and a yellow gas evolved, which is a mixture
of chlorine with some lower oxide of chlorine ; this gas, which
is commonly called euchlorine, explodes violently when heated.
The solution is & powerful oxidising and dissolving medium.

The reducing action exercised by sulphurous acid on chloric acid,
furnishes a test for the distinction of chlorie from perchlorie acid.
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If a solution of a chlorate be heated with excess of sulphurous
acid, the addition of nitrate of silver gives a white precipitate,
composed of a mixture of sulphite and chloride of silver, which
1s not entirely dissolved on the addition of nitric acid. Perchlo-
rates are not reduced by sulphurous acid ; hence, if their solutions
be similarly treated, the precipitate caused by nitrate of silver,
consisting entirely of sulphite of silver, is readily soluble in nitric
acid.

d. Peroxvide of Chlorine (hypochloric aecid), ClO% — A
greenish-yellow explosive gas, possessing a smell somewhat re-
sembling that of burnt sugar. Its aqueous solution is decomposed
at once into chloric and chlorous acids (2 ClO? 4+ OH2 =
CIO’H + CI1O2H).

e. Chlorous Anhydride, C1203.—Formed by the action of nitrous
acid, or of nitric acid in presence of arsenious or tartarie acids, on
chlorate of potassium. It is a yellowish-green gas that bleaches
vegetable colours, and is readily decomposed by heat. It decolorises
permanganate of potassium. It is readily soluble in water, forming

f. Chiorous Aecid, C10*H.—Chlorites are very easily decom-
posed into chlorides and chlorates. Their solution gives a whitish
yellow precipitate with nitrate of silver or lead. The former is
soluble in excess of water.

a. Hypochlorous Anhydride, C120.— A dark yellow gas resem-
bling chlorine in its smell and bleaching powers : it is decomposed
by heat, with explosion, into chlorine and oxygen. It is readily
soluble in water, forming

h. Hypochlorous Acid, ClTOH.—When dilute, a colourless liquid;
when concentrated, it has a yellow tinge. It is a most powerful
bleaching agent. Hypochlorites generally occur as bleaching
salts ; they are prepared by the slow action of chlorine at a low
temperature upon the alkaline or alkaline-earthy hydrates (solu-
tions of potash, soda, &e.). Thus obtained, they are always mixed
with metallic chlorides (CI24+K20=CIOK+CIK). The most
familiar example of a hypochlorite is bleaching powder, com-
monly called chloride of lime ; it is a mixture of hypochlorite,
chloride, and hydrate of caleium. Hypochlorites are very unstable,
being decomposed even by carbonie acid, with liberation of hypo-
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chlorous acid. This property renders chloride of lime valuable as
a disinfectant,

All hypochlorites are soluble in water ; their solution has a
caustic taste and a peculiar smell, somewhat resembling that of
chlorine, which is owing to free hypochlorous acid. Their solu-
tion bleaches litmus, especially if the hypochlorous acid be set free
by the addition of a mineral acid: it is also a powerful oxidising
agent. Hypochlorites are decomposed by heat into chlorides and
chlorates. (¢) When treated even with very dilute acids, they
evolve, if quite pure, hypochlorous anhydride; if mixed with
chlorides (as in bleaching powder), chlorine (ClCa+ ClOCa+
SO =S04Ca’+ OH2+ CI?). Alkaline hypochlorites give with
proto-salts of manganese, a gradual brown precipitate of peroxide
of manganese ; with salts of lead, first a precipitate of white chlo-
ride, then of brown peroxide, of lead ; with silver-salts, chloride of
silver ; with subsalts of mereury, subchloride of mercury. Ifa
solution of arsenious anhydride in hydrochloric acid is coloured by
a few drops of an indigo solufion, and a solution of a bleaching
salt gradually added, the indigo is not decolorised by the chlorine
evolved until the whole of the arsenious anhydride has been con-
verted into arsenic anhydride. On this reaction is founded a method
for the valuation of bleaching powder, by means of standard solu-
tions of arsenious anhydride and of chloride of lime. ( See p. 246.)

A striking analogy will he perceived between the above series
of oxygen compounds of chlorine, and the corresponding series of
oxides of nitrogen. Nor is the analogy confined to the existence of
the same terms in each series ; but the corresponding terms in each
series arve singularly analogous in many of their properties. Thus
we find that ehlorates and nifrates are alike soluble in water; that
they are very readily deoxidised, and so are powerful oxidising
agents, &c. It 1s not difficult, however, to distinguish between
these two salts. Chlorates do not exhibit thereactions with proto-
sulphate of iron, and sulphurie acid and copper filings, which are
characteristic of nitrates : and alkaline and alkaline-earthy chlo-
rates yield on ignition a residue whose solution is neutral to test-
paper, and exhibits the reactions of a chloride, while the nitrates of
the same metals leave an alkaline residue after ignition.
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Hypochlorites are distinguished from the higher chlorine acids
by the bleaching action of their aqueous solutions, either alone
or on addition of the weakest acid.

Chlorides are distinguished from all other chlorine salts by
their evolving hydrochloric acid gas, when heated with sulphurie
acid, which reddens litmus strongly, but does not bleach it at all.

Detection of Chlorine in organic compounds. 'The most speedy
method for ascertaining the presence of chlorine in organic com-
pounds consists in introducing the compound under examination
into the flame of a lamp, when, if chlorine be present, a green tinge
will be given to the flame. There are butfew organic compounds in
which chlorine can be detected by means of nitrate of silver. In
the great majority of cases the compound must be decomposed be-
fore chlorine can be detected in it by this reagent. This decom-
position is best effected by heating the compound to redness with
quick-lime, which must be freed from chloride of caleium by
washing, and subsequently ignited, when, if chlorine be present in
the compound, chloride of calcium is formed. The cooled mass
18 dissolved in dilute nitrie acid, and the solution tested with
nitrate of silver. By employing a known weight of the organic
compound, and determining the weight of the chloride of silver
obtained, the chlorine present may be accurately estimated by this
method.

6. Bromine. DBr. Atomic weight, 80.

Bromine is a dark-red heavy lignid : it boils at 47° but at
the ordinary temperature gives off red fumes which have a most
offensive smell, and a peculiarly irritating action both on the
lungs and eyes. It is somewhat soluble in water, giving a red or
yellow solution, according to the degree of concentration; this
solution decolorises litmus and indigo, gives with hydrosulphuric
acid a precipitate of sulphur, with starch an orange-red colour,
and generally resembles chlorine water in its behaviour to other
reagents. It combines readily with most metals, forming metallic
bromides.

Acips oF BroMiNeE. a. Hydrobromic Acid, BrH. Metallic
Bromides.— Hydrobromic acid is a colourless gas, which, like
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hydrochlorie acid, is very soluble in water, the behaviour of the
colourless solution when heated exactly resembles thai of the
aqueous solution of hydrochlorie acid.

Bromides generally very closely resemble chlorides in their
reactions. With nitrate of silver, their solution gives a yellowish
white curdy precipitate of bromide of silver, BrAg, which is
insoluble in dilute nitric acid, soluble in ammonia, but less
easily than the chloride; easily soluble in cyanide of potas-
sium, or hyposulphite of sodium. If the precipitate of BrAg,
after pouring off the supernatant liquid, be treated with strong
hydrochloric acid, the mixture becomes red, and when heated
evolves vapours of bromine. Subnitrate of mercury gives a
yellowish white precipitate of sub-bromide of mercury, BrHg?,
insoluble in dilute nitric acid, readily soluble in chlorine-water,
giving a deep yellow solution. Aeetate of lead gives a white
precipitate of bromide of lead, BrPb, less soluble than the
chloride in excess of water, readily soluble in nitric acid. When
heated with concentrated nitrie acid, bromides evolve dark-
red bromine vapours; with sulphuric acid, hydrobromie acid,
together with bromine and sulphurous anhydride ; with sulphurie
acid and binoxide of manganese, nothing but bromine, which may
be detected, if present in too small a quantity to be visible to the
eye, by the orange-red colour which it gives to a piece of paper
moistened with starch-paste, and held to the mouth of the tube.

Sulphurie acid containing peroxide of nitrogen, or a mixture
of nitrite of potassium and hydroehloric acid, separates no
bromine from metallic bromides. All bromides are decomposed
by free chlorine, or by hydrochlorie acid, a chloride being formed
and bromine set free. (c) If chlorine-water be added to a
solution of a bromide, or to a solid bromide (as BrAg), the solu-
tion is coloured yellow by the bromine set free ; and if it be now
agitated with a little ether, the ether will dissolve all the bromine,
forming a yellow or red layer at the top of the liquid. By com-
paring the colour of this layer with that of a standard ethereal
solution of bromine, the quantity of bromine present may be
approximately estimated. The ethereal solution of bromine is
decolorised by solution of potash, with formation of bromide
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and bromate of potassium; and the alkaline solution, when dis-
tilled with sulphurie acid, gives off vapours of bromine. If very
little bromine be present, it is advisable to evaporate the solution
under examination to dryness, to treat the residue with aleohol,
filter, evaporate the alcoholic solution to dryness, dissolve the
residue in as little water as possible, and treat this solution with
chlorine-water and ether. When the quantity of bromine is very
small, only a drop of chlorine-water should be added. This is
the method usually employed for the detection of bromine in
mineral waters. This reaction does not distinguish bromine from
iodine.

Blowpipe reactions.—With a bead of microcosmic salt and
oxide of copper, bromides give a blue colour to the outer flame,
which has a somewhat greener tinge than the colour similarly
produced by chlorides.

Bromides are most readily distinguished from chlorides, by
their reactions with sulphuric acid and chlorine. From a solution
containing both salts, the whole of the bromide may be pre-
cipitated by careful addition of nitrate of silver, while some of the
chloride still remains in solution.

b. Bromie Aeid, BrO®H,— This is the only oxygen acid of
bromine known,

Bromates generally closely resemble chlorates in their reactions,
especially in exploding when heated with charcoal, or other com-
bustible substances. When heated alone, bromates evolve oxygen,
(and sometimes bromine,) a metallic bromide being left. A solid
bromate, heated with sulphuric acid, evolves bromine and oxygen ;
a solution of a bromate is coloured red, even by dilute sulphuric
acid.  With concentrated Aydrockloric acid, bromates yield
chloride of bromine, and form a yellow solution. A not too dilute
solution of a bromate gives, with lead-salts, a white precipitate ;
with subsalts of mercury, a yellowish white precipitate, insoluble
in nitric acid in the cold; with silver-salts, a white precipitate,
almost insoluble in water, difficultly soluble in dilute nitrie acid,
easily soluble in ammonia. This precipitate is distinguished from
chloride of silver by its evolving red vapours of bromine when
heated with hydrochloric acid.
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The reactions with silver-salts and with sulphurie acid, dis-
tinguish bromates from chlorates,

In organic compounds, bromine is detected by the methods
already described in the case of chlorine (p. 30).

7. Xodine. 1. Atomic weight, 127,

Todine, at the ordinary temperature, is a greyish-black metallic-
looking solid, which gives off deep violet fumes on a slight
elevation of temperature. It has an unpleasant smell, somewhat
resembling that of chlorine. It stains the skin a deep yellow or
brown. It is very slightly soluble in water, very readily in
alcohol, ether, iodide of potassium, and hydriodic acid, forming
brown solutions ; and in bisulphide of carbon, CS?, with a mag-
nificent violet colour, which is so intense as to afford one of the
most delicate reactions for the detection of free iodine. It is also
soluble, with a red colour, in chloroform, benzol, and petroleum. It
is soluble in hyposulphite of sodium, with formation of tetrathi-
onate of sodium (25203Na? + 12=S40Na?+2INa); with very
dilute sulphurous acid it forms sulphuric and hydriodic acids ;
with hydrosulphuric acid it forms hydriodie acid, and separates
sulphur. Iodine has a slight bleaching action on vegetable colours,
but in a degree very inferior to either chlorine or bromine. Free
iodine in solution forms a deep blue compound with starch solu-
tion, the colour of which is destroyed by heat ; the smallest traces
of free iodine may be thus detected. It combines with most
metals, forming metallic iodides.

Acips or Iomse. a. Hydriodic Acid, ITH. Metallic Todides.
— Hydriodie acid is a colourless gas, readily soluble in water,
forming a colourless solution, which, when heated, behaves like
the solutions of hydrochloric and hydrobromic acids. Its aqueous
solution absorbs oxygen from the air, water being formed and
iodine set free, which dissolves in the undecomposed acid, and
colours the solution brown.

Alkaline, and alkaline-earthy iodides, are soluble in water:
most other metallic iodides are insoluble. The alkaline iodides
are not decomposed when heated in the air: other iodides are
partially decomposed by heat, iodine-vapours being given off, and
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a metallic oxide left. When heated with sulphurie acid, iodides
give off iodine-vapours and sulphurous anhydride : by the addition
of binoxide of manganese, the evolution of sulphurous anhydride
is prevented. (c) Nitrate of silver gives with solutions of
iodides a yellowish-white precipitate of iodide of silver, IAg,
insoluble in common nitric acid, almost entirely insoluble in
ammonia, which destroys its yellow tinge ; soluble in eyanide of
potassium, soluble alto when boiled with strong fuming nitric
acid, iodine being set free. Subnitrate of mercury gives a yel-
lowish-green precipitate of subiodide of mercury, 1H¢2 insoluble
in dilute nitric acid, soluble in iodide of potassium. Protosalls of
mercury give a vermilion-red precipitate of iodide of mercury,
IHg, soluble in excess either of the mercury salt or of the
iodide : this precipitate, when dried and heated, becomes yellow.
(c) Lead-salts give a bright yellow precipitate of iodide of lead,
IPb, soluble on beiling with excess of water, from which solution
it erystallises on cooling in beautiful shining yellow scales : soluble
in dilute nitrie acid. (c¢) Nitrate of palladium gives a black
precipitate of iodide of palladium, IPd, insoluble in cold hydro-
chlorie or nitrie acid, soluble in ammonia: this reagent serves to
separate iodine from chlorine and bromine, and to estimate iodine.
Todine is also completely precipitated from solutions of iodides by
a mixture of 1 part sulphate of copper, and 21 parts protosulphate
of iron, or by a mixture of sulphate of eopper with sulphurous
acid, as dirty-white subiodide of copper, ICu% Neither chlorides
nor bromides are precipitated by this reagent.

Todides, whether solid or in solution, are easily decomposed by
chlorine, bromine, strong nitric acid, nitrous acid, peroxide of nitro-
gen, peroxide of barium and hydrochloric acid, strong sulphurie
acid, or sulphuric acid and binoxide of manganese: in all these
cases iodine is separated, and, according to the quantity and form of
the iodide employed, is either precipitated as a black powder, dis-
solved, forming a brown solution, or given off'in characteristic violet
fumes. (c¢) When this iodine, however set free, comes into contact
with solution of starch, a blue compound is formed (if very little
iodine be present, the colour is violet or rose-red; if excess of
iodine, green), which affords the most delicate test for the detection
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of iodine. The best way to apply this test for the detection of
very small traces of iodine, is to add to the liquid under examina-
tion (which must be neutral or slightly acid) a drop of solution
of starch, and to pass into it the nitrous fumes evolved by the
action of nitrie acid on metallic copper: if the slightest trace of
an iodide be present, a violet or reddish tinge will at once be pro-
duced. Instead of starch, bisulphide of carbon may be added to
the iodide-solution that has been decomposed by any of the above
reagents, which, on agitation, will dissolve the free iodine, giving
a violet colour. The free iodine may also be dissolved by ether :
but the colour of the solution so elosely resembles that of bromine,
that iodine cannot be detected by this method in presence of
bromine.  Solutions containing very little indide should be
evaporated and treated with aleohol, as desecribed in the case of
bromides (p. 32). Chlorine-water, which is often used instead of
nitrous fumes to decompose the iodide, has this disadvantage, that
excess of it forms chloride of iodine, and destroys the blue colour
of iodide of starch, and the violet colour of the bisulphide of car-
bon solution : when it is employed for the detection of traces of
iodine, it should be in a very dilute solution, or, better still, a
little of the gas from an open bottle of chlorine-water should be
allowed to come in contact with the surface of the iodide solution.
Insoluble compounds are examined for iodine by moistening them
in a stoppered bottle with strong sulphuric acid, introducing a
slip of paper moistened with starch-paste between the neck and
stopper of the bottle, and allowing it to remain for some hours,
when it will be coloured violet if the smallest trace of iodine be
present. The blue colour of iodide of starch is destroyed by
algalis, by hydrosulphuric, sulphurous, or arsenious acids, by
chloride of tin or chloride of mercury, or by any reducing organic
body. The blue colour, when destroyed by alkalis, may be restored
by any dilute aecid (even acetic), but not by chlorine-water.
Heat also destroys the blue colour, which, however, reappears on
cooling.

Blowpipe reactions.—With a bead of mierocosmic salt and
oxide of copper, iodides colour the outer flame emerald-green.

b. Periodic Acid, IO*Il, — Formed by the action of chlorine on
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an alkaline solution of iodate of sodium (IO*Na+2Cl+ NaHO=
I0'Na+CINa+CIlH). It is acrystalline body : it is decomposed
by heat into oxygen and iodine-vapours., It forms basic as well
as normal salts.

Periodates are very stable salts. Their solution gives with
barium- and lead-salts white precipitates soluble in dilute nitric
acid ; with silver-salts a brown precipitate soluble in dilute nitrie
acid and ammonia. Periodates when heated generally behave like
iodates.

c. dodic Acid, IO®H. — Formed by dissolving iodine in solutions
of potash or soda (3K2PO+4IS=I0°K+5IK): by the action of
concentrated nitric acid on iodine, or of carbonate of sodium on
chloride of iodine. It is a erystalline body, decomposed by heat
into oxygen and iodine-vapours: readily soluble in water. It is
instantaneously reduced by hydrosulphurie, sulphurous, and hy-
driodic acids, and nitric oxide, iodine being set free, which may
be detected by means of starch.

Only the alkaline iodates are soluble in water. They are de-
composed by heat, giving off oxygen (and in some cases iodine-
vapours)and leaving a residue of iodide. Their solutions give white
precipitates with salts of barium, lead, and silver, and subsalts of
mercury: iodate of silver is insoluble in dilute nitrie acid, soluble
in ammonia, whence sulphurous acid throws down iodide of
gilver. Soluble iodates are decomposed by Aydrosulphuric acid,
an iodide and sulphuric acid being formed, and sulphur deposited :
sulphurous acid separates iodine, soluble in excess of the reagent:
lydrochloric acid forms chloride of iodine : solution of indigo is
decolorised on addition of sulphuric acid. A solution of an iodate
containing iodide of potassium is decompesed by the weakest
acids (even acetic), iodine being set free, which may be detected by
starch paste. This reaction serves to detect iodic acid in iodide
of potassium. Iodates are not decomposed when heated with
strong sulphurie acid, unless some reducing agent (as protosulphate
of iron) be present: in which case iodine-vapours are given off.
Iodates explode when heated with charcoal, but more feebly than.
chlorates or bromates,

Todates are distinguished from all other salts, except periodates,

—
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by their liberating iodine when treated with reducing agents.
Periodates are so much more stable than iodates, that hydrosul-
phuric acid is the only agent by which they can be reduced, with
liberation of iodine. Periodates can always be distinguished from
iodates by means of nitrate of silver.

The mode of detecting iodine in organic compounds is the same
as that adopted for chlorine and bromine (p. 30).

Separation and estimation of Chlorine, Bromine, and lodine.—
For the detection of a bromide in presence of an iodide, the iodine
is first removed by decomposing the iodide by a mixture of
fuming nitric acid with sulphuric acid, and dissolving out the
iodine by repeated agitation with ether. The ethereal solution of
iodine is then removed, and chlorine-water carefully added to the
remaining liquid, which is again agitated with ether, which
dissolves out the bromine. Small quantities of a chloride in
presence of excess of bromide, are best detected by distilling the
dry salts with bichromate of potassium and fuming sulphuric
acid, and leading the vapours evolved into aqueous ammonia,
which, if a chloride be present, is coloured yellow, owing to the
formation of chromate of ammonium, while, if only a bromide be
present, it remains colourless. Small traces of a chloride in
presence of an iodide cannot be detected in this manner. The
best method in this case is to precipitate the chlorine and iodine
together by nitrate of silver, digest the precipitate with ammonia,
filter, and add nitrie acid to the filtrate, when an opalescence will
be produced, if the smallest trace of a chloride be present. A
solution of chloride of silver in ammonia gives no precipitate with
a metallic chloride, but with an iodide it gives a precipitate of
iodide of silver.

For the quantitative separation of chlorine, bromine, and iodine
in solutions containing chlorides, bromides, and iodides, the iodine
is first removed by nitrate of palladium, and the black precipitate
of IPd collected after 12 hours on a weighed filter, dried, and
weighed.  (The iodine may be removed, though with somewhat
less accuracy by the mixture of sulphate of copper and protosul-
phate of iron (p. 34); the subiodide of copper is dried at 120°
and weighed.) The excess of palladium is then removed from the
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solution by hydrosulphurie acid, and the excess of hydrosulphurie
acid by sesquisulphate of iron which is perfectly free from chloride,
and the bromine together with a portion of the chlorine removed
by fractional precipitation by nitrate of silver. The precipitate
is dried and weighed, fused in a stream of chlorine, and the
bromine determined by its loss in weight. Or the weighed
mixture of chloride and bromide is reduced by clean metallie zine,
with addition of a few drops of hydrochloric acid, and when the
reduction is complete the resulting metallic silver is weighed. If
a standard solution of nitrate of silver (i. e. a known quantity of
silver) be employed for the precipitation, the bromine may be cal-
culated at once from the weight of the precipitate. The rest of
the chlorine is then completely precipitated by nitrate of silver,
and the resulting ClAg dried, ignited, and weighed.

Iodine and its lower chlorine-compounds impart an intense
violet colour to bisulphide of carbon ; pentachloride of iodine,
ICI5, does not. IHence, the colour disappears as soon as the pen-
tachloride is formed. On this reaction is founded a volumetrie
method for estimating iodine in presence of chlorine and bromine
(p. 254).

8. Cyanogen, CN. Cy. Atomic weight, 26.

This substance, though not an elementary body, exhibits such
striking analogies with chlorine, bromine, and iodine, that it may
be most fitly treated of in connection with them. It is a colour-
less condensible gas, with a peculiar smell resembling that of
peach-kernels, and irritating the eyes as well as the nose. It is
combustible, burning with a violet-blue flame. It is moderately
soluble in water, much more so in aleohol : these solutions
undergo decomposition, even in stoppered bottles, especially if
exposed to the light ; they assume a brown colour, and are found
to contain carbonie, oxalic, and hydroeyanic acids, ammonia, ures,
and paracyanogen (a brown substance which is isomerie with
cyanogen). Cyanogen is completely absorbed by solution of
potash, and (more slowly) by moist oxide of mercury.

Acms or Cyaxocen. Hydrocyanic or Prussic Acid, CyH.
Metallie Cyanides.— Hydrocyanic acid is a transparent, combus-
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tible, very volatile liquid (boiling at 26°), with a peculiar smell,
resembling that of bitter almonds. It is the most deadly poison
known. In the pure state it is decomposed even in closed vessels,
depositing paracyanogen. It is a very weak acid, reddening lit-
mus feebly, and not decomposing carbonates. By alkalis or
strong aecids, it is decomposed into formic acid and ammonia,
which latter remains combined with the acid employed (CNH+
20H?=CHO?H +NH3). It issoluble in all proportions in water,
aleohol, and ether ; its solution is gradually decomposed by light,
even in closed vessels, though less rapidly than the pure acid.

The alkaline and alkaline-earthy cyanides are readily soluble in
water ; in the solid state they absorb moisture from the air, and
deliquesce ; their solution has an alkaline reaction, and smells of
hydrocyanic acid, and is decomposed even by the weakest acids hy-
drocyanic acid being set free. The cyanides of the heavy metals
are mostly insoluble in water (eyanide of mercury is soluble), and
are not decomposed by oxygen acids ; hydrochlorie or hydrosul-
phurie acid decomposes them, liberating hydrocyanic acid. The
cyanides of potassium and sodium are not decomposed by ignition
in closed vessels ; but when heated in contact with oxygen, they
take it up, and are converted into eyanates. This property renders
them valuable agents for reducing metallic oxides and sulphides
to the metallic state. The behaviour of the cyanides of the heavy
metals on ignition, is very various. Cyanide of mercury yields
eyanogen, paracyanogen, and mercury ; others yield nitrogen, and
a metallic carbide, or eyanogen and a metallic subeyanide (or para-
cyanide). The alkaline eyanides formsoluble double eyanides, with
those of many heavy metals. Thus the cyanides of gold, palla-
dium, silver, copper, cadmium, nickel, iron, chromium, manganese,
cobalt, zine, &c., are readily soluble in cyanide of potassium.
The solution, which contains a double eyanide of potassium and
the heavy metal, is not precipitated by an alkaline hydrate or
carbonate ; in some cases (the double cyanides of silver, mercury,
and cadmium) the heavy metal is readily precipitated as sulphide
by hydrosulphurie acid ; in others (those of manganese, nickel,
zine, and copper) the sulphide is only partially precipitated ; in

others (those of éron and cobalt), it is not precipitated at all,
D4
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Nitrate of silver gives with a solution of a cyanide a white,
curdy precipitate of cyanide of silver, CyAg, insoluble in dilute
nitric acid, soluble in ammonia, hyposulphite of sodium, cyanide
of potassium, and concentrated nitric acid. This precipitate is
distinguished from chloride, bromide, and iodide of silver, which
it closely resembles, by its giving off the smell of hydrocyanic
acid when treated with concentrated hydrochloric acid ; and by
its decomposition by heat into ecyanogen, and a mixture of para-
cyanogen and metallic silver, while the other salts fuse without
decomposition. The superior volatility of hydroeyanic acid also
enables us to detect it in presence of the other three acids. If a
solution containing free hydrocyanic acid be placed in a watch-
glass, and another watch-glass moistened with nitrate of silver
be inverted over it, a deposit of cyanide of silver will speedily
be formed in the upper glass, even at the ordinary temperature ;
while no precipitate is formed in similar circumstances by the
other three acids, To obtain this reaction, the acid must be free;
therefore, if a solution of a cyanide be employed, it must be first
decomposed by a stronger acid. Subsalts of mercury give a grey
precipitate of metallic mercury, while cyanide of mercury re-
mains in solution (2CyH + OHg! = 2CyHg + Hg®* + OH?).
(¢) Proto-salts of mercury give no precipitate, cyanide of mercury
being soluble ; if the solution be boiled with oxide of mercury, a
basic eyanide is formed, which is alkaline to test-paper. No
other acid exhibits this reaction. Sulphate of copper, containing
sulphurous aecid, gives a white precipitate of subcyanide of cop-
per, CyCu? soluble in eyanide of potassium. JIron-salts give no
precipitate with free hydrocyanic acid. With eyanide of potas-
sium sesquichloride of irom precipitates sesquihydrate of iron,
hydrocyanic acid being set free. Protosalts of iron, if quite
free from sesquisalt, give a yellowish-red precipitate (CyFe?),
soluble in excess of cyanide of potassium, especially on addi-
tion of potash : the solution contains ferrocyanide of potas-
sium. Hereon is founded one of the best methods for detecting
hydrocyanic acid. (c) Potash is first added to the liquid under
examination, and then a mixture of proto- and sesquisalt
of iron (protosulnhate of iron that has been exposed some
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time to the air, answers the purpose), and finally excess of
hydrochloric acid, which dissolves the oxides of iron which
have been precipitated by the potash, and leaves behind a dark
blue precipitate of Prussian blue. If mere traces of cyanide be
present, there is no immediate precipitate, but the solution has a
green colour, and deposits Prussian blue after long standing.
(¢) The following reaction is even more delicate, if possible.
Add to the solution under examination (in a small porcelain
basin) a drop or two of yellow sulphide of ammonium, and evapo-
rate to dryness on a water-bath ; if even a trace of a cyanide be
present, sulphocyanate of ammonium will be formed, which, when
the dry residue is dissolved in alcohol and a drop of sesquichloride
of iron added, gives a deep red colour. A solution containing
free hydroeyanie acid dissolves oxide of mercury, forming cyanide
of mercury, and the solution is not precipitated by alkalis, but
hydrosulphurie acid precipitates black sulphide of mercury ;
very small quantities of hydroeyanic acid may be detected in this
manner. If the solution contains any free hydrochloric acid, the
addition of ammeonia gives a precipitate of subchloride of mercury.
If a solution containing free hydrochloric and hydrocyanic acids
be evaporated to dryness with borax, the hydrocyanic acid alone
volatilises, and hydrochloric acid may be detected in the residue
by means of nitrate of silver.

When heated with concentrated sulphuric acid, eyanides are
decomposed into a metallic sulphate, sulphate of ammonium, and
carbonic oxide (2CNM + 2S504H? + 2H?0 = SOM?2 + SO4NH4)?
+ 2C0).  All eyanogen compounds are decomposed when
heated to redness with oxide of copper, yielding 2 vols. carbonic
anhydride and 1 vol. nitrogen. Many double eyanides, whether
soluble or insoluble, which cannot be otherwise decomposed, may
be decomposed by prolonged heating with aqua-regia, or fuming
nitric acid; or by fusion with three or four times their weight of
a mixture of 3 parts sulphate and 1 part nitrate of ammonium ;
the heavy metal may then be detected in the residue by the usual
reagents.

Estimation of Hydrocyanic Acid (see p. 257).

b. Cyanic Aecid, CyOH.—(c) Cyanates are easily recognised
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by their decomposition when treated with strong acids, carbonic
anhydride being evolved with effervescence, accompanied by the
penetrating smell of undecomposed eyanie acid, while the ammo-
nium-salt of the acid employed remains in solution (CNOH+
CIH+ OH?=CO?+CINH*). Alkaline cyanates are not decom-
posed by heat in the dry way ; their aqueous solution is readily
decomposed, especially when heated, into an acid carbonate and
ammonia (CNOK+ 20H2=COKH+ NH?®). Nitrates of lead
and silver and subnitrate of mercury give a white precipitate with
cyanates ; nitrate of copper, a greenish-brown precipitate ; fer-
chloride of gold, a brown precipitate. When evaporated to dry-
ness with sulphate of ammonium, cyanates yield urea, CH*N=O
(2CNOK + SO NH1)2=2CHN20 + SO1K2),

¢. There are two other oxygen acids of cyanogen, both isomerie
with eyanie acid,—Fulminic Aeid, Cy*0?H?; and Cyanuric Acid,
Cy303H3,  Fulminie acid is only known in its silver and mercury
salts. ‘They are very dangerous compounds, exploding most vio-
lently by heat, percussion, or contact with strong sulphuric acid.
Cyanurie acid is a very stable acid. Its salts are decomposed
when heated with an alkali, forming aqueous cyanic acid, eyanate
of ammonium, carbonie anhydride, nitrogen, and leaving a residue
of alkaline cyanate.

d. Sulphocyanic Acid, Cy SH.—This acid is found in the saliva.
Most sulphocyanates are soluble in water and aleohol. They give
white precipitates, with a mixture of sulphate of copper and sul-
phurous acid, with salts of silver and gold, and subsalts of mercury.
Sulphocyanate of silver, CySAg, is insoluble in dilute nitric acid,
and may be employed for the estimation of sulphocyanic acid in
soluble compounds. (c¢) With sesquichloride of iren, sulphocy-
anates give an intense blood-red colour, visible even in the most
dilute solutions. This ecoloration is not destroyed by excess of
hydrochlorie acid, but disappears on addition of chloride of mer-
cury : if metallic zine be immersed in the red solution, hydrosul-
phuric acid is evolved. These reactions distinguish sulphocyanie
acid from meconie, and some other organic acids, which give a
gimilar red colour with persalts of iron. Most sulphoeyanates are
decomposed by heat into nitrogen, cyanogen, bisulphide of car




PART L. CYANOGEN. 43

bon, and a metallic sulphide. (4CNSM=N 4 3CN +C5* +
2M25.)

Double Cyanides.—We have already observed (p. 39) that the
eyanides of many of the heavy metals are soluble in cyanide of
potassium, forming double cyanides of the heavy metal and potas-
sium, in which the heavy metal cannot be detected by any of the
ordinary reagents. = This peculiarity of behaviour on the part of
the heavy metal in these salts has led to the adoption of the
theory, that it is combined with the cyanogen so as to form a dis-
tinet compound radical. Thus, the eyanide of iron and potassium,
Cy3FeK?, has been regarded as the salt of a distinct radical —
ferrocyanogen, Cy’Fe—which, like eyanogen itself, combines with
hydrogen to form an acid, and with other metals to form a series
of salts. Hence the names ferrocyanide of potassium, &ec., gene-
rally applied to this class of salts. We, however, shall regard
these bodies merely as double eyanides, which they undoubtedly
are. Some of them exhibit so remarkable a behaviour with seve-
ral metals, that it is necessary to enumerate their most important
reactions.

Protocyanide of Iron and Potassium (ferrocyanide of potassium,
yellow prussiate of potassium), Cy*FeK?=(CyFe + 2CyK). —
The double cyanides of iron and the alkaline metals are soluble
in water. When anhydrous, they are colourless; but are yellow
when they contain water of erystallisation. The double eyanides
of iron, and most other metals, are inseluble in water, many of
them in acids also. Some of them are white (as those of the
earthy metals, zine, lead, silver, mercury); others are distin-
guished by peculiar colours, whence the cyanide of iron and potas-
sium is much used as a reagent for the detection of several metals,
especially of iron and copper. With sesquisalts of iron it gives a
blue precipitate, Cy?Fe”; with protosalts of iron, a white or
bluish-white precipitate, CySFe?K; with protosalts of copper,
a brownish-red precipitate, Cy3FeCu?

Sesquicyanide of Iron and Potassium (ferricyanide of potas-
sium, red prussiate of potassium), CyoFe?K3=(Cy3Fe? 4+ 3CyK).—
The double sesquicyanides of iron and the alkaline metals are
soluble in water, and have a yellowish-red colour. Their aque-
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ous solution gives with profosalts of iron a dark-blue precipitate,
CySFe%; with sesquisalts of ironm, no precipitate, or change of
colour. If, however (as is always the case in practice), the least
trace of a protosalt be present in either reagent, a dark-coloured
solution is produced.

The soluble double eyanides of iron are decomposed by boiling
with dilute sulphuric acid, a portion of their cyanogen being
separated as hydrocyanic acid (2Cy*FeK? + 3SO'H?=3CyH+
2CyFe+CyK +3SO*KH). With strong sulphurie acid, all double
cyanides of iron evolve carbonic oxide. With caustic alkalis,
all insoluble ferro- and ferricyanides are decomposed, with sepa-
ration of the oxide of the basic metal, and formation of a double
cyanide of iron and an alkaline metal. When fused with car-
bonate of potassium, eyanide and eyanate of potassium are formed,
and the heavy metal reduced. When heated with sulphate
of ammonium, they are all readily and completely decomposed
(p. 41).

Nitroprusside of Sodium, Cy’NOFe?Na?, which we have al-
ready mentioned (p. 17) as a reagent for the detection of soluble
sulphides, is formed by the action of nitric acid on the double
eyanide of iron and potassium.

Sesquicyanide of Cobalt and Potassium (cobalticyanide of
potassinm), Cy®Co2K3. — An aqueous solution of sesquicyanide of
cobalt and potassium is not decomposed by boiling with dilute
sulphurie, nitrie, or hydrochloric acid, by chlorine in presence of
free alkali, or by oxide of mercury; while a solution of sesqui-
cyanide of nickel and potassium is decomposed by these reagents.
(Separation of Nickel from Cobalt, p. 148.) The soluble double
cyanides of cobalt give, with protosalts of copper, a light blue pre-
cipitate ; with protosalts of mickel, a greenish-blue precipitate;
with protesalts of cobalt, a reddish precipitate ; with protosalts of
tron and subsalts of mercury, a white precipitate. These precipi-
tates are mostly soluble in dilute acids, and easily decomposed by
alkalis.+ By heating with concentrated sulphuric acid, or better,
with sulphate and nitrate of ammonium, all the double cyanides of
cobalt are completely decomposed.
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9. Fluorine. F. Atomic weight, 19.

Fluorine has never been obtained in the free state. It occurs
native chiefly as fluorspar, FCa, or as cryolite, AI?Na®F6 ; it is
also a constituent of several native phosphates and silicates (e. g.
wavellite, topaz, mica, tourmaline, hornblende, &e.): it exists also
as fluoride of caleium in bones and teeth, in mineral springs, and
in the ashes of several plants.

Acips ov Frvorwze.  Hydrofluoric Acid, FH. Metallic Fluo-
rides. — Hydrofluoric acid is a colourless liquid, extremely vola-
tile (boiling at 15° C): on contact with air it gives off abundant
fumes, of a very suffocating smell : it is miscible with water in all
proportions. Its most characteristic propertyis that of readily dis-
solving silica and silicates, and consequently of corroding glass
and rendering it opaque: hence it is employed for the decompo-
sition of silicates, and hereon is founded the only certain method
for the detection of fluorine. Hence too glass vessels cannot be
employed in its preparation. By its action on silica, fluoride of
silicon, SiF4, is formed, which combines with 2 additional atoms of
hydrofluoric acid, forming fluosilicie aeid, SiF6H?; by its action
on a silicate, a metallic fluosilicate is formed, and (according to
the proportions of silica and metal contained in the silicate) either
a metallic fluoride or fluoride of silicon. Borie, tantalie, titanie,
molybdie, and tungstic acids are similarly decomposed and dis-
golved by hydrofluorie acid, with formation of compounds analo-
gous to fluosilicic acid. It does not act upon gold or platinum,
and very slightly upon lead.

Metallic fluorides possess very various physical properties. Some
are liquid and volatile, some solid and non-volatile: they are mostly
insoluble, or very slightly soluble,in water. Soluble fluorides give
with chloride of calcium a gelatinous precipitate of FCa, which
becomes more distinetly visible on heating and on addition of am-
monia: it is somewhat soluble in ammoniacal salts, and in dilute
nitric or hydrochlorie acids, less so in acetic acid, insoluble in free
hydrofluoric acid, With lead-salts they give a white precipitate,
of FI’b, soluble in nitric acid ; with silver-salts they give no preci-
pitate. All fluorides are decomposed by strong sulphuric (not by
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nitric) acid, hydrofluoric acid being evolved : fluorspar when thus
treated is reduced to a pasty mass which does not moisten glass,
and only evolves gaseous hydrofluoric acid on the application of
heat. Many insoluble fluorides (e. ¢g. FCa) are not completely
decomposed by fusion with an alkaline carbonate, unless silica be
also present.

For the qualitative detection of fluorine in bones, teeth, and
minerals free from siliea, the substance is finely powdered and
mixed to a paste with strong sulphurie acid, in a good-sized plati-
num crucible. The erucible is then covered with a watch-glass,
whose convex side has been coated with wax, and marked with
lines drawn with the point of a knife, so as to leave the glass ex-
posed in parts, and a gentle heat is applied. A little water should
be placed in the hollow of the watch-glass, to prevent the wax
from being melted by the heat. After some hours the wax is
carefully removed from the wateh-glass, when, if fluorine were
present in the substance, the glass will be found corroded and
made opaque in those portions which were not protected by the
wax. If only very small traces of fluorine be present, the marks
on the glass may not be at once perceptible ; but they will be made
visible at once by breathing on the convex side of the glass, which
has previously been carefully dried. If the substance to be ex-
amined for fluorine contain silica, it 1s fused with carbonate of
sodium, the fused mass dissolved in water, the silica precipitated
from the solution by carbonate of ammonium and filtered off, the
filtrate neutralised with acetie acid, and chloride of calcium added
to it. The precipitate thus obtained, which will contain all the
flyorine, iz collected, and treated as above with sulphurie acid.
Or the finely divided substance may be heated in a glass flask, with
strong sulphuric acid and a fragment of marble ; and the gases
evolved, consisting of fluoride of silicon and carbonic anhydride,
conducted into aqueous ammonia. The ammoniacal solution isthen
evaporated to dryness, the residue treated with water, and what-
ever remains undissolved removed by filtration ; the filtrate again
evaporated, and the residue examined for fluorine as above. This
method is only applicable to silicates in which the proportion of
fluorine is very small as compared with the silica ; if the substance
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contains excess of fluorine, finely powdered silica must be added
to it before this process can be employed.

Blowpipe reactions.— When a fluoride is heated before the
blowpipe with microcosmie salt at one end of a glass tube, open
at both ends, in such a manner that the flame is partially carried
through the tube, vapour of water is given off, together with
hydroflueric acid, which may be detected by its action on the
glass, and by its turning vellow a strip of fernambue paper, held
to the mouth of the tube. Many silicates containing fluorine, e. g,
mica, tourmaline, give off fluoride of silicon when heated alone.

Estimation of Fluorine.— For the determination of fluorine in
insoluble compounds containing phosphorie acid, the substance is
fused with carbonate of sodium and siliea, the fused mass treated
with water, and the silica removed from the aqueous solution by
carbonate of ammonium : the filtrate is then nearly neutralised
by acetie acid, and the phosphoric acid and fluorine together pre-
cipitated by chloride of ealcium. The precipitate, besides phos-
phate and fluoride, contains also some carbonate of calcium, to
remove which it is ignited, saturated with acetic acid, dried in a
water-bath, and thoroughly washed with water; and then ignited
and weighed. The fluorine is then driven off by heating with
concentrated sulphurie acid, alecohol is added to the residue in
order to precipitate completely the sulphate of calcium formed,
and the phosphoric acid determined in the filtrate as phosphate
of magnesium and ammonium.

10. Boron. B. Atomic weight, 14°3.

Occurs in nature in the form of borie acid, either free (as
sassolinj, or combined with metals (tincal, boracite, datolite), and
in smaller quantltles in tourmalin, axinite, apyrite, rhodizite, &e.
Boron is a dark powder, which burns when heated in the air,
combining with oxygen, and forming boric anhydride.

Oxmes AND Acips oF BoroN.  a. Boric Ankydride, BO? —
A colourless, transparent, glassy solid, that fuses when heated
alone, but does not volatilise at all. It is soluble in water and
aleohol, and its solution deposits erystals of

b. Boric Aeid, BO*H®—Scaly erystals, of a pearly lustre, greasy
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to the touch. Tt is less soluble in water than BO2 The aqueous
solution feebly reddens litmus: yellow turmeric paper moistened
with it assumes a distinetly brown colour when dried. When its
aqueous solution is evaporated, the boric acid partly volatilises
with the vapour of water: this volatilisation is completely pre-
vented by the addition of excess of carbonate of sodium, but not
completely by ammonia, ammoniacal salts, or oxide of lead,
When evaporated and ignited with chloride of ammonium,
boric acid is partially converted into infusible nitride of boron,
NB. The aleoholie solution of borie acid burns with a green
flame, on which property is founded a method of detecting the
acid.

The alkaline borates are readily soluble in water. The solu-
tion, whether of the normal or acid salt, has an alkaline reaction ;
it absorbs carbonic and sulphurous anhydrides, hydrosulphurie
acid, and chlorine abundantly, and dissolves large quantities of
sulphur, arsenious acid, and fatty organic acids. When an alka-
line borate is evaporated to dryness with hydrochlorie acid, the
alkaline metal is entirely converted into chloride, and its amount
may be determined as chloride of silver. Most other borates are
difficultly soluble in water : none however are absolutely insoluble,
so that borie acid cannot be entirely precipitated from a solution
of a borate by any metallic salt. A not too dilute solution of a
borate gives with salts of caleium, barium, lead, silver, subsalts of
mercury, and protosalts of iron, white or yellow precipitates, which
are all readily soluble in acids or in ammoniacal salts. Alkaline
borates, when fused with metallic oxides, dissolve many of them,
forming double salts, which, in many cases, possess characteristic
colours: hence borax (acid borate of sodium, BO*Nall) is of
great use as a blowpipe reagent. To detect boric acid before
the blowpipe, the substance is powdered, and mixed with from
three to four times its volume of a mixture of 1 part fluorspar,
and 41 parts acid sulphate of potassium. This mixture is
moistened with water, so as to form a paste, and a little of
it taken up on a platinum-wire, and heated in the inner blow-
pipe flame, when, if boric acid be present, fluoride of boron will
be formed, and will communicate a momentary green colour to
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the outer flame. If boric acid be present in small quantities,
very keen observation is necessary to detect it by this method.

(¢) The best method for the detection of boric acid either in
soluble or insoluble borates, is to mix them with aleohol, to add
sulphurie acid little by little, and set fire to the mixture, when
the flame of the aleohol will be coloured green. The mixture
should be frequently stirred during the combustion. This reae-
tion alone is not absolutely decisive as to the presence of borie
acid, since there are other substances, e. g. salts of copper, which
communicate a similar green colour to the flame of alcohol.
Another method is to immerse a strip of yellow turmeric paper
into a solution in hydrochlorie acid of the substance under exam-
ination: when, if even a trace of boriec acid be present, the
turmeric paper, after being dried, will have a brown colour. When
heated with sulphurie and hydrofluoric acids, or (less readily)
with sulphuric acid and aleohol, borates are decomposed ; in
the former case fluoride of boron, in the latter boric ether, being
formed. All insoluble native borates are entirely decomposed by
fusion with an alkaline carbonate. In a mixture of a borate and
a phosphate, the phosphorie acid may be precipitated as phosphate
of magnesium and ammonium, while the boric acid remains in
solution.

Estimation of Boron.— Stromeyer (Ann. Ch. Pharm. ¢. 82)
states that boron may be estimated as fluoborate of potassium,
BFCK2  He adds exeess of hydrofluoric acid to a solution of
borate of potassium, and evaporates to dryness in a platinum or
silver vessel. The dry salt is stirred up with a solution of acetate
of potassium of 20 p. e., and after some hours thrown on a weighed
filter, washed first with the same solution, then with strong aleohol,
dried at 100°, and weighed.

11. Silicon. Si. Atomic weight, 28-5.

One of the most widely spread elements in the mineral kingdom.
It occurs native always in the form of silicie acid, or silica, either
free or combined : by far the majority of minerals are silicates of
different bases, in which the silica and the metal exist in the most
various proportions. It also occurs in the ashes of vegetable and

E
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animal substances, and, as soluble silica, in mineral springs. Pure
silicon is a dark-brown, heavy powder, which is partially oxidised
when heated in contact with air.

Oxipes AND Acips oF Siicow. a. Silicie Anhydride, Silica,
Si02—Silica is found native in two modifications ; the crystalline
(quartz, rock-crystal) and the amorphous (opal, hyalite, &c.).
In chalcedony, agate, and flint, both modifications are present.
When artificially prepared, silica is a white amorphous powder,
non-volatile at any heat, absolutely insoluble in water and in all
aeids, excepting hydrofluoric acid, more soluble than the erystalline
modification in caustic alkalis or alkaline carbonates. It com-
bines with one atom of water, forming

b. Silicic Acid, Si0H?2,—This is sometimes called soluble silica:
it is soluble in all acids, and to a slight extent in water. It is
obtained when an aqueous solution of an alkaline silicate is
decomposed by an acid, or when fluoride, chloride, or sulphide of
silicon is decomposed by water; when it separates as a trans-
parent gelatinous mass. When dried (and more speedily if
ienited) it loses its water and becomes insoluble in acids, being
in fact converted into silica.

All silicates are insoluble in water, with the exception of those
of potassium and sodium. The aqueous solution of an alkaline
silicate has an alkaline reaction, and gives with ecalcium-, barium-,
lead-, and silver-salts a white or yellowish precipitate, soluble in
dilute nitric or hydrochloriec acid : it is decomposed by a concen-
trated acid, silicic acid being separated. Chloride and ecarbonate
of ammonium, and (though less completely), sulphides of ammo-
niwm and potassium, precipitate gelatinous silicic acid from
solutions of alkaline silicates: lime- or baryta-water, a solution of
alumina in potash, or of oxide of zinc in ammonia, precipitate
insoluble double silicates. (c¢) When a concentrated solution of
an alkaline silicate is saturated with nitric or hydrochloric acid,
gelatinous silicie acid is separated ; if the solution be very dilute,
the silicic acid remains in solution. When this solution is
evaporated to a eertain point, the silicic acid separates either as a,
celatinous mass or a flaky powder, which, when completely dried
in the water-bath, is converted into insoluble silica. If the dry
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residue (which must not have been ignited) be now treated with
water, the alkaline or earthy chlorides or nitrates that have been
formed are dissolved out, and pure silica is left. If any of those
metals be present whose chlorides or nitrates lose a portion of
their acid when evaporated to dryness, and form basic salts in-
soluble in water (e. g. aluminium, iron, magnesium), it is necessary
to moisten the dry residue with concentrated hydrochloric acid
before treating it with water, and to let it stand for half an hour
in the cold: by which process the insoluble basic salts are entirely
converted into soluble normal salts, and can be completely dis-
solved out by water. This is the process adopted for the separa-
tion of silica from all bases that are soluble in nitric or hydro-
chloric acids,

(elatinous silicie acid, or silica that has not been ignited, is
readily and abundantly soluble in caustic alkalis, or alkaline
carbonates, especially on the application of heat. Crystalline
silica, or amorphous silica after ignition, is less easily soluble
in alkalis: but both are readily converted into the soluble modi-
fication by fusion (whether free or in combination with bases)
with an excess of alkaline carbonate.*

Blowpipe reactions.—DBesides its absolute insolubility in all
acids except hydrofluoric acid, silica exhibits before the blow-
pipe some charaeteristic reactions by which it is easily recognised.
(¢) When heated with microcosmie salt on a platinum wire before
the blowpipe, silica is scarcely dissolved at all, but a clear bead
is obtained in which the silica is perceptible as a spongy mass.
The undissolved silica is more perceptible while the bead is hot
than after it has cooled. If pure silica be employed, the bead is
quite clear, and not at all opalescent. If a silicate be employed,
its base is dissolved by the microcosmic salt, while the silica
remains undissolved : but the solution of many metallic bases in
microcosmic salt furnishes an opalescent bead, in which the
undissolved silica cannot well be disecerned. When heated with

* Owing to the solubility of silica in caustic alkalis or alkaline carbonates, it
is impossible in accurate analysis to heat or evaporate solutions containing these
substances in glass or porcelain vessels ; in such cases platinum vessels must be
employed.

E 2
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borax before the blowpipe, silica is slowly but completely dis-
solved, a transparent colourless glass being formed. (c¢) When
heated before the blowpipe with carbonate of sodium, silica, or
a silicate rich in silica, displaces carbonie anhydride, with effer-
vescence, and fuses to a clear glass, which remains transparent on
cooling. The alkaline carbonate must not be employed in excess.
It is very difficult to obtain this reaction with silicates containing
caleium or magnesium. Silieca is the only body which exhibits
this reaction.

Pure silica leaves no residue when evaporated with excess of
hydrofluoric acid. It is also entirely soluble when boiled in a
platinum vessel with a solution of caustic alkali or alkaline car-
bonate ; the solution, if saturated, deposits gelatinous silicic acid
on cooling. If an earthy or other metal be present, a metallic
silicate remains undissolved. These reactions are employed for
testing the purity of silica. _

Analysis of Silicates.—The different silicates which are found
native, or prepared artifically, are either erystalline, or amorphous,
transparent, variously coloured bodies (e. g. glass) ; they generally
contain a variety of bases, according to the quantity and nature
of which the behaviour of different silicates towards decomposing
agents varies considerably. Some silicates are entirely decom-
posed when finely powdered and treated with acids, the whole of
the silica being separated as gelatinous silicie acid. To this elass
belong the Zeolites, which are distinguished by their containing
a certain quantity of water ; the majority of seorie ; and generally
those silicates in whieh the proportion of a strong base greatly
exceeds that of the silica. Many silicates (e. g. Vesuvian,
garnct) require to be ignited or fused before they can be decom-
posed by acids.  Zeolites, when their water has been driven off by
ignition, are more difficultly attacked by acids than they are
before ignition. There are however some exceptions to this rule ;
for prehnite, a silicate containing water, is more readily decom-
posed by acids after than before ignition.

The analysis of those silicates which are completely decom-
posed by acids is very easily effected. The substanee is finely pow-
dered and digested with concentrated hydrochlorie acid (at a gentle




PART T. SILICOXN. 53

heat, if necessary), till no gritty particles can be detected by rubbing
with a glass rod, and only gelatinous silicic acid remains undis-
solved. A portion of the silicic acid is dissolved by the hydro-
chlorie acid, to render which insoluble, the mixture is evaporated
to complete dryness in the water-bath, with frequent stirring to-
wards the end of the operation: when the residue is completely
dry, it is thoroughly moistened with concentrated hydrochlorie
acid, and allowed to stand for half an hour in the cold, then
digested with warm water, the silica filtered off, dried, ignited, and
weighed. Moderately dilute sulphuric acid decomposes the
majority of silicates more readily than hydrochloric acid; but as
the analysis by sulphuric acid of those which contain caleium is
attended with considerable difficulty, hydrochlorie acid is prefer-
able in such ecases. Nitric acid is used in the case of silicates
which contain lead. .

The majority of silicates, however, cannot be completely de-
composed by simple digestion with acids. For the analysis of
this class of silicates, the first step is to render them decom-
posable by hydrochloric acid. This is generally effected as
follows : the mineral is reduced to an impalpable powder, by
pounding in an agate mortar, (and levigation, if necessary,) and
then fused in a platinum erucible with from 3 to 4 times its weight
of dry carbonate of sodium, or of a mixture of 2 parts carbonate
of potassium, and 1} part carbonate of sodium. As the heat
of a lamp is generally insufficient for this purpose, the platinum
crucible is placed in an earthen erucible half filled with carbonate
of magnesium, and exposed to a full red heat in the furnace for
twenty minutes or half an hour. The platinum erueible, when
cold, is placed in a beaker, and the fused mass dissolved by the
gradual addition of dilute hydrochlorie acid : in order to avoid loss
from the violent effervescence caused by the escape of carbonie
anhydride, the beaker is covered with a watch-glass or a porcelain
basin. (Gentle heat is applied to facilitate the decomposition of
the fused mass, and then it must be ascertained by rubbing with
a glass-rod that there are no gritty particles of undecomposed
silicate among the separated silicie acid. From this point the
analysis proceeds precisely in the manner detailed above in the

E 3
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case of silicates which are decomposed by acids. The silica is
weighed directly, and all the bases, except the alkaline metals, are
determined in the filtered solution. The silica must be com-
pletely dried before ignition.

Many native silicates, (as zircon, ecyanite, cymophane, &ec.)
are decomposed with difficulty by fusion with alkaline carbonates,
a long time and a very strong heat being required. In these cases
the decomposition is facilitated by the addition of a fragment of
potash or soda, which, however, to avoid injuring the crueible, must
be introduced into the middle of the mixture of silicate and car-
bonate, which has been solidly pressed down into the crucible.

It is obvious that fusion with alkaline earbonates is inadmissible
for the determination of the alkaline metals contained in silicates.
For this purpose carbonate of barium, or caustic baryta, must be
substituted for the alkaline carbonates. In this case the decompo-
sition is more difficult. The silicate and its flux must be mixed
together most intimately, and a longer time is required for the fu-
sion. The siliea is separated in the same manner as in the former
case: the barium is then removed from the acid solution by the
careful addition of sulphuric acid, and the other bases estimated
in the filtrate. Or the silica and all the bases except the alkaline
metals may be estimated by fusion with alkaline carbonates, and
the alkaline metals estimated in another portion of the mineral
by decomposing it by hydrofluoric acid. For this purpose the
mineral is finely powdered, moistened with dilute sulphuric acid
in a platinum erucible, and placed in a leaden vessel covered with
a lid, at the bottom of which is a quantity of powdered fluorspar
covered with concentrated sulphurie acid. Gentle heat is applied,
and the silicate is exposed to the vapours of hydrofluorie acid for
one or two days. All the silica is thus volatilised as fluoride of
silicon, and a clear solution obtained containing sulphates of all
the metals contained in the silicate. This is treated with sul-
phuric acid, evaporated to dryness, and the alkaline metals deter-
mined in the residue in the usual way,

Many minerals (as clinkstone, clayslate, &c.) contain a mixture
of both classes of silicates, and so may be partially, but not com-
pletely, decomposed by acids. These are digested in concentrated
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hydrochlorie acid, diluted with water, and filtered, when the fil-
trate contains the bases of the decomposable silicates. The sepa-
rated silicic acid, together with the undecomposed silicates, is then
repeatedly boiled with fresh portions of a strong solution of car-
bonate of potassium, and filtered hot. The alkaline solution con-
tains all the silicic acid of the decomposable silicates, which is
separated as siliea by evaporation to dryness with hydrochloric
acid. The insoluble residue is then analysed by the methods de-
seribed for the analysis of silicates undecomposable by acids.

In some silicates there are other constituents to be estimated
besides water, silica, and metallic bases. Thus, tourmaline contains
fluorine and borie acid; nosean, chlorine and sulphuric acid;
canerinite, carbonie aecid; haiiyne and ultramarine, chlorine and
sulphur ; and many minerals contain phosphoric acid. Tourmaline
cannot be decomposed by hydrofluorie acid till it has been ignited
and all its fluorine driven off as fluoride of silicon.

Silica is separated from #itanic acid by fusion in a platinum
crucible with acid sulphate of potassium, and subsequent treatment
with water, which dissolves out the titanic acid, while the silica
remains undissolved.

¢. Fluosilicie Acid, SiFSH2, — When fluoride of silicon is con-
ducted into water it is partially decomposed, silicic acid being sepa-
rated, while fluosilicie acid remains in solution (3S5iF*+ 30H2=
25iF°H? + Si03H®).  Fluosilicie acid is a colourless liquid, having
an acid reaction: when evaporated in a platinum vessel it vola-
tilises entirely, being decomposed into fluoride of silicon and
hydrofluoric acid. If the free acid, or a fluosilicate mixed with
hydrochloric acid, be evaporated in glass vessels, the hydrofluorie
aeid set free attacks the glass. Fluosilicates are mostly soluble in
water, and are decomposed by acids and alkalis. With sedium-
potassium=, lithium-, and barium-salts, they give a gelatinous preci-
pitate, which separates entirely on the addition of alcohol. (This
precipitation of barium by fluosilicie acid affords the best method
for separating barium from strontium.) Fluosilicates are all de-
composed by heat, fluoride of silicon being given off, while a
metallic fluoride is left.

Boron forms with fluorine a compound analogous to fluusilicie
E 4
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acid. The reactions of fluoboric acid closely resemble those of
fluosilicie.

12, Phosphorus. . Atomic weight, 31.

Phosphorus oceurs very abundantly both in the mineral and the
organic kingdom, almost exclusively in the form of metallic phos-
phates. At least two different modifications of it are known ; viz.
Ordinary, and Amorphous phosphorus. Ordinary phosphorus is a
yellowish-white opaque solid, whose structure is really, though not
apparently, crystalline: it melts at about 44° and volatilises be-
tween 250° and 300°. It is insoluble in water, very slightly solu-
ble in alcohol and ether, readily soluble in bisulphide of carbon.
It emits light in the dark at ordinary temperatures. It is very
readily oxidised by all oxidising agents, forming phosplioric and
phosphorous anhydrides: in contact with the air it takes fire on a
very slight elevation of temperature, or even by friction, and burns
with a brilliant flame, forming dense white fumes, principally of
phosphorie anhydride. When heated in an atmosphere free from
oxygen, it passes into the amorphous modification. This is a dark
red powder, which is insoluble in bisulphide of carbon. It is a
much less active body than the ordinary phosphorus, and may be
heated in contact with air to considerably above 200° without
taking fire. At about 260° it is reconverted into ordinary phos-
phorus.  In the decomposition of many compounds containing
phosphorus, the element frequently separates in this modification,

Acips Axp OxmoEs oF Prosenorus. a. Phosphide of Hydrogen,
(phosphuretted hydrogen), PH3. Metallic Phosphides. — Phos-
phorus combines with hydrogen and several other metals, forming
metallic phosphides.  Phosphide of hydrogen is a colourless gas,
with a peculiar smell resembling that of garlic; slightly soluble
in water. It is readily inflammable: and sometimes, when it
contains a lower phosphide of hydrogen, it takes fire spontaneously
in contact with the air. It is entirely absorbed by a solution of
a gold- or silver-salt, producing a dark precipitate of reduced metal,
phosphorie acid being formed simultancously. With lead- and
copper-salts it gives a black, with ckloride of mercury, a yellow,
precipitate, consisting chiefly of metallic phosphide.
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b. Phosphoric Anhydride, P20%.—Formed by the complete and
rapid combustion of phosphorus in dry air or oxygen. A white
flaky powder, readily soluble in water and aleohol. It is one of
the most hygroscopic substances known, rapidly absorbing
moisture from the air and being converted into metaphosphoric
acid: hence it is frequently employed for drying gases.

¢. Ordinary or Tribasie Phosphoric Aeid, PO'H3.— Ordinary
phosphoric acid forms colourless crystals, or a syrupy fluid,
which, at a high temperature, loses the elements of water, and is
converted wholly or partially into metaphosphoric acid, POH.
When heated to redness in an open platinum vessel it volatilises
entirely without leaving any residue: in a glass or porcelain
vessel a residue is left, since phosphorie acid partially decomposes
silicates. Phosphoric acid is readily soluble in water and aleohol.
Its solution has a strong acid reaction, and gives no precipitate
with a solution of albumen or of chloride of barium : with excess
of lime- or baryta-water it gives a white precipitate.

Phosphoric acid, being tribasie, forms three classes of salts,
according as one, two, or three atoms of basic hydrogen are
replaced by metals. There are the Biacid Phosphates (PO‘NaH?),
the Monaeid (PO*Na2H), and the Normal Phosphates (PO'Na3).
Only the alkaline phosphates are soluble in water ; the solution
has an alkaline reaction: all others are difficultly soluble or
insoluble in water, readily soluble in nitrie or hydrochloric acids.
The alkaline-earthy phosphates, when freshly precipitated, are
soluble in acetie acid. When the solution of an alkaline-earthy
phosphate in an acid is neutralised by an alkali, the original
phosphate is precipitated unchanged, and is not soluble in excess
of alkali, The insoluble phosphates which are precipitated from
metallic solutions by phosphate of sodium, are generally soluble in
excess of the solution from which they are precipitated ; when
this solution is heated a precipitate is produced, which redissolves
on cooling.

With nifrate of silver soluble phosphates give a yellow pre-
cipitate of PO*Ag? soluble in nitric acid and ammonia. With
acetate of lead, they give a white precipitate of PO'PL?, in-
soluble in ammonia and acetic acid, soluble in nitric acid. If a
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chloride be present, the precipitate contains chloride of lead
chemically combined with it. (¢) When fused before the blow-
pipe, phosphate of lead forms a crystalline bead on cooling. With
chlorides of barium and calcium, they give white precipitates of
PO*Ba’l, and PO*Ca®H, readily soluble in nitrie, hydrochlorie,
phosphorie, and acetic acids. Phosphate of calcium separates
from its acetic acid solution, after some time (especially if heated),
in a crystalline form. It is also somewhat soluble in water con-
taining carbonic acid; and in ammoniacal salts, even in pre-
sence of free ammonia. From its acetic acid solution (or from its
hydrochloric acid solution after addition of sufficient acetate of
sodium) the whole of the calcium may be precipitated as oxalate
by oxalate of ammonium. From its hydrochloric or nitric acid
solution, the addition of sulphuric acid and aleohol removes the
whole of the calcium as sulphate. (These methods are employed
for the estimation of lime in the ashes of plants, and in bone-
earth.) (c) With sulphate or chloride of magnesium, to which
ammonia and chloride of ammonium have been added ¥, they give
a white crystalline precipitate of PO*MgNH*+6H?0, readily
goluble in all acids, slightly soluble in pure water, absolutely
insoluble in water containing free ammonia, even in presence of
excess of ammoniacal salts. In very dilute solutions the precipi-
tate forms very slowly ; its deposition is accelerated by scrateh-
ing, with a glass rod, the inside of the wvessel containing the
solution. This precipitate, which by ignition is converted into
P207Mgt (2PO‘Mg2NH*=P20"Mgt+2NH? + OH?), serves for
the detection and estimation of phosphoric acid (in absence of
arsenic acid) in all compounds which are soluble in water, and
whose aqueous solution is not precipitated by ammonia and chlo-
ride of ammonium. If tartaric acid and a sesquisalt of iron be
present, the precipitate is likely to contain a little tartrate of mag-
nesium and sesquioxide of iron.

With sesquichloride of iron, they give a yellowish-white preei-
pitate of sesquiphosphate, PO‘Fe2 soluble in hydrochlorie acid,

* Add ammonia to the magnesinm solution ; dissolve the precipitated hydrate
of magnesium in hydrochloric acid, and then add excess of ammonia: no pre-
cipitate is formed, since hydrate of magnesium is soluble in ammoniacal salts,
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excess of sesquichloride, in sesquiacetate of iron, and in ammonia.
This precipitate is absolutely insoluble in acetic acid; it therefore
forms when acetate of sodium is added to its solution in hydro-
chloric acid, or when acetate of sodium and a little sesquichloride
of iron are added to the hydrochlorie acid solution of an alkaline-
earthy phosphate. When the hydrochlorie acid solution of any
phosphate (the free acid, if any, having been first neutralised
with ammonia or carbonate of ammonium) is treated with acetate
of sodium and a slight excess of sesquichloride of iron (just enough
to give a red tinge to the solution), and the mixture heated to
boiling, a reddish-brown precipitate is formed, which contains all
the phosphorie acid and all the sesquioxide of iron: it must be
filtered hot, and washed with hot water. Arsenie acid exhibits
this reaction as well as phosphorie acid ; and sesquisalts of alumi-
nium are precipitated under the same cirenmstances, though not so
completely as sesquisalts of iron. On this reaction is based an
accurate method for the estimation of phosphoric acid by means
of a known volume of a standard solution of sesquichloride of
iron ; as well as for the complete removal of phosphoric acid and
of iron from a solution in which caleium, magnesium, manganese,
and other isomorphous metals, have to be estimated. Sesqui-
nitrate of uranium behaves with soluble phosphates exactly like
sesquisalts of iron. Subnitrate of mercury gives, with soluble
phosphates, a white precipitate, readily soluble in nitrie acid. If
the solution of any phosphate in excess of nitric acid is evaporated
in the water-bath to complete dryness, with excess of metallic
mercury, and the dry residue (which contains no free acid) treated
with water, all the metals contained in the phosphates are dis-
solved as nitrates, while the whole of the phosphorie acid remains
undissolved as subphosphate of mercury. This reaction is em-
ployed by H. Rose for the separation of phosphorie acid from all
metals, excepting aluminium. The insoluble portion is freed from
mercury by @entie ignition with an alkaline carbonate, and the
phosphorie acid estimated in it as phosphate of magnesium and
ammonium : the mercury is removed from the soluble portion by
hydrochloric acid and ammonia, or by evaporation and gentle
ignition. If a sesquisalt of iron be present, the iron is found
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partly in the soluble, partly in the insoluble portion. If the
nitric acid solution of the phosphates of the alkaline or alkaline-
earthy metals, or of magnesium, be evaporated to dryness with a
solution of sesquinitrate of iron, which contains, at least, enough
iron to combine with all the phosphoric acid present, and the
residue heated to 180° until it ceases to give off nitrous fumes,
all the above-named bases are converted into soluble nitrates, while
all the iron remains as insoluble sesquiphosphate. The nitric acid
solution must be entirely free from hydrochloric or sulphuric acid.
A sesquisalt of aluminium may be substituted for the sesquisalt
of iron ; but in this case the separation is less complete.

(c) The best reagent for the detection of very small traces of
phosphoric acid is molybdate of ammonium. If the solution of a
phosphate be added to excess of a solution of this reagent, free
nitric acid added, and the whole heated, the solution immediately
assumes a yellow colour, and a bright yellow precipitate of phos-
phate and molybdate of ammonium is formed, either immediately
or after some time. This precipitate is insoluble in acids, soluble
in ammonia, or in excess of the phosphate ; hence this reaction is
peculiarly fitted for the detection of very small traces of phos-
phoric acid (as in minerals, soils, or the deposits from mineral
springs). Arsenic acid exhibits the same reaction.

Normal phosphates of fixed bases are not at all decomposed by
ignition, biacid phosphates are converted by ignition into meta-
phosphates, monacid phosphates into a mixture of normal phos-
phate and metaphosphate (pyrophosphate). The alkaline-earthy
phosphates are only partially decomposed by fusion with an
alkaline carbonate, while most other insoluble phosphates (e. g.
phosphates of magnesium, zine, copper, protophosphate of man-
ganese, sesquiphosphate of iron) are completely decomposed by
this means; the fused mass always confains tribasie phosphoric
acid. DBy boiling in a solution of ecaustic alkali or of alkaline
carbonate, the insoluble phosphates are only partially, or not at
all, decomposed. Phosphate of aluminium can only be completely
decomposed by fusion with its own weight of silica, and six times
its weight of carbonate of sodium; the fused mass is then dis-
solved in water, the silicic aeid precipitated by carbonate of

= i Wi ™l - e e
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ammonium and filtered off, the filtrate acidulated with hydro-
chloric acid and saturated with ammonia, and the phosphoric
acid precipitated from it by a salt of magnesium.

Separation and estimation of Phosphoric Acid.—When the
hydrochlorie acid solution of sesquiphosphate of iron, phosphate
of aluminium, magnesium, &e., is digested with excess of car-
bonate of barium, the whole of the phosphoric acid is removed ;
if any sesquisalts be present, their metals are precipitated at the
same time as sesquihydrates. Phosphoric acid may be completely
separated from barium, strontium, and lead, by sulphurie acid;
from ealeium, by sulphurie acid and aleohol. Phosphate of lead,
suspended in water, is completely decomposed by hydrosulphuric
acid, sesquiphosphate of iron by sulphide of ammonium ; all the
phosphoric acid is contained in the filtrate. For the accurate
separation of phosphoric acid from an excess of sesquisalt of iron
(even in presence of ealeinm and magnesium), the substance is
dissolved in hydrochlorie acid, and the solution heated to boiling
with sulphite of sodium, until all the sesquisalt of iron is con-
verted into protosalt; the excess of sulphurous aeid is then driven
off by boiling, the solution neutralised with earbonate of sodium,
a very little chlorine-water added in order to reconvert a small
quantity of the iron into sesquisalt, then an excess of acetate of
sodium, when, if the least trace of phosphoric acid be present, a
white precipitate of sesquiphosphate of iron is formed. Chlorine-
water is then again added, drop by drop, until the solution assumes
a red tinge, the whole heated to boiling, and filtered. The pre-
eipitate, which contains all the phosphorie acid, is either decom-
posed by sulphide of ammonium, or dissolved in hydroechloric
acid, heated with sulphite of sodium, excess of caustic soda added,
and the whole boiled till the precipitate is converted into black
ferroso-ferrie oxide ; in either case the phosphoric acid is deter-
mined in the filtrate as phosphate of magnesium and ammonium
(p- 205).  For the separation of phesphorie acid from aluminium
the compound is dissolved in caustic soda, and the phosphoric
acid precipitated from the dilute solution by chloride of barium
or baryta-water as phosphate of barium, fresh portions of caustic
soda and carbonate of sodium being added at the same time, and the
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whole heated nearly to boiling ; all the aluminium is then con-
tained in the filtrate. The phosphate of barium is dissolved in
hydrochlorie acid, the barium precipitated by sulphuric acid, and
the phosphoric acid determined in the filtrate as phosphate of
magnesium and ammonium. If a sesquisalt of iron be also
present, it is reduced, as above, by sulphite of sodium, before the
treatment with caustic soda.*

Phosphorie acid is readily distinguished from sulphuric acid
by the solubility in acids of its barium-salt. For its detection in
neutral or alkaline solutions, clloride of ammonium, ammonia,
and a magnesium-salt, are generally employed ; in an acid solution,
sesquichloride of iron, and acetate of sodium, The most delicate
reagent of all is molybdate of wmmonium. Since arsenic acid
exactly resembles phosphoric acid in all these reactions, the
absence of this acid must previously be ascertained. Arsenic
acid is readily distinguished from phosphoric acid, and if present,
may be entirely removed by passing hydrosulphuric acid into the
warm acid solution (p. 84).

d. Metaphosphorie Acid, PO’ (monobasic). — When phos-
phorie anhydride is dissolved in water, an acid solution is ob-
tained, which differs in many of its reactions from that of phos-
phorie acid. It is metaphosphoric acid, PO3H. Its salts are also
obtained by the ignition of the corresponding biacid phosphates.
The following are the principal reactions which distinguish it
from phosphoric acid. With albumen it gives an abundant
white precipitate; with chloride of barium, an abundant white
precipitate, soluble with difficulty in a large excess of the acid;
with nitrate of silver, a white precipitate, soluble in excess of
metaphosphoric acid. With molybdate of ammonium, it gives
no precipitate or coloration, until, by the action of the free
nitric acid present, it has been partly converted into phosphorie
acid. A solution of metaphosphoric acid is very slowly converted
into phosphoric aeid in the cold ; the conversion is facilitated by
heat. All metaphosphates are converted into phosphates by

* When alkaline liquids are boiled in glass or porcelain vessels, sensible
quantities of silicic acid are always dissolved : hence, in very accurate analyses,

platinum vessels must be employed.
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heating with a concentrated acid, or by fusion with an alkaline
carbonate. .

Blowpipe reactions.— When metaphosphate of sodium, or the
glacial acid, is fused on charcoal before the blowpipe, and a piece
of metallic zine introduced into the fluid mass, a partial reduction
of the acid takes place, and the liberated phosphorus burns with a
brilliant flame.

e. Pyrophosphoric Aeid, P*O7H* (quadribasic). — Phosphoric
and metaphosphorie acids are capable of combining together in
several proportions, forming compounds which, owing to their ex-
hibiting peculiar reactions in some cases, have sometimes been re-
garded as distinet acids. The compound formed by the combination
of 1 atom of each of these acids (PO*3+POSH=P207H1) has
thus been called pyrophosphoric acid. This compound is produced
by heating phosphoric acid to 213° and its salts are obtained by
igniting the corresponding monacid phosphates. It is soluble in
water, Its solution does not precipitate albumen or chloride of
barium. Its alkaline salts are soluble in water, with an alkaline
reaction; its other salts are soluble in acids, and generally in an
excess of phosphate of sodium, forming soluble double salts which
exhibit a peculiar behaviour with reagents. Thus, from a solution
of sesquiphosphate of iron, or protophosphate of manganese, in
pyrophosphate of sodium, the heavy metal can searcely be precipi-
tated by hydrosulphuric aecid or sulphide of ammonium. This
peculiarity of behaviour is found in several other polybasic acids.
The insoluble pyrophosphates, like the corresponding phosphates,
are soluble in excess of the metallic salts from which they are
precipitated, and the solution is reprecipitated by heat; but this
precipitate is not redissolved on cooling. The alkaline-earthy
pyrophosphates are difficultly soluble in acetic acid. With nitrate
of silver pyrophosphate of sodium gives a white precipitate, almost
insoluble in excess of pyrophosphate, soluble in nitrie acid and
ammonia. The same methods by which metaphosphates are
converted into phosphates, apply equally to pyrophosphates.

Besides pyrophosphoric acid, other acids have been described
by Fleitmann and Henneberg (Ann. Ch, Pharm. Ixv. Ixxii.),
which are probably combinations in different proportions of phos-
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phoric and metaphosphoric acid. Among these are 2P205, 3H20,
=PO*H3+3P0O3H : 5P205, 6H20=PO‘H34-9P0O3H, &ec. The
same chemists have also obtained a series of salts, which they
regard as polymeric modifications of metaphosphates, from which
they differ in several properties. DBut the formule which they
assign to these salts always contain variable quantities of water
of erystallisation; and, if this water be in each case introduced
into the formula of the salt, it will be found that these salts too
may be regarded as compounds of phosphates and metaphosphates
in different proportions.

f. Phosphorous Anhydride, P*0%. — Formed by the slow and
imperfect combustion of phosphorus; as when phosphorus is
oxidised by exposure to the air at the ordinary temperature. A
white powder, smelling like garlic. It is readily soluble in water,
forming |

o. Phosphorous Aeid, PHO3H? (bibasic).— A syrupy liquid,
which cannot be erystallised without great diffieulty. It is en-
tirely decomposed by heat, phosphorie acid being formed, and
phosphide of hydrogen evolved (4POH3=3P0H? + PII3).

The normal alkaline phosphites are soluble in water ; all others
are difficultly soluble or insoluble. When treated with oxidising
agents, as chlorine or nitric acid, phosphites are converted into
phosphates. With chlorides of barium and ecalcium, alkaline
phosphites give a white precipitate, soluble in acetic and free
phosphorous acids; with acetate of lead, a white precipitate of
phosphite of lead, insoluble in acetic acid. This is the least soluble
of all the phosphites. With magnesium-salts, a dilute solution of
a phosphite gives no precipitate. Phosphorous acid is a powerful
reducing agent, precipitating the metals from solutions of salts of
oold and silver, and subsalts of mercury; the reduction is much
facilitated by saturating the acid with ammonia. With chloride
of mercury it gives a white precipitate of subchloride, C1Hg?; if
the mercury salt be in excess, the reduction does not proceed fur-
ther ; but, if the phosphorous acid be in excess, metallic mercury
is reduced, especially on the application of heat. When heated
with sulphurous acid, phosphorous acid gives phosphorie and hy-
drosulphuric aeids (8POH? 4+ SOPH?!=3P0'H?+ SH?); and, if
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the sulphurous acid be in excess, the hydrosulphuric acid is
decomposed and sulphur separated (p. 21). If the phosphorous
acid contain any arsenie, it is entirely precipitated as sulphide.
Arsenic acid is redueed by phosphorous acid to arsenious acid,
which, by fusion with phosphorous acid, is reduced to metallic
arsenic, which separates as a dark brown powder. Phosphorous
acid dissolves zine and iron, with evolution of phosphide of
hydrogen. Dry phosphites are decomposed by heat, hydrogen
being evolved, and a pyrophosphate formed ; the normal phos-
phite of lead, and one or two others, evolve phosphide of hydrogen
as well as hydrogen.

h. Hypophosphorous Acid, PH*OH (monobasic).—Formed, to-
gether with phosphoric acid and phosphide of hydrogen, when
phosphorusis boiled in a solution of caunstic alkali or alkaline-earth.
The acid is isolated by decomposing its barium-salt by sulphuric
acid, It is a syrupy fluid, very similar in appearance to phospho-
rous acid. DBy heat it is decomposed into phosphorie acid and
phosphide of hydrogen (2PO?H*=PO‘H*+4+PH3). All hypo-
phosphites are soluble in water. H}'p{]phﬂﬂpllﬂrﬂus acid is even
a more powerful reducing agent than phosphorous acid. With
nitrate of silver it gives a white precipitate, which blackens
speedily even in the cold: with acetate of lead, lime-, and
baryta-water, no preecipitate. All hypophosphites are decom-
posed by heat, phosphide of hydrogen being evolved, and a pyro-
phosphate or acid phosphate left behind. With eopper-salts,
hypophosphorous acid separates in the cold a reddish yellow pre-
cipitate of subhydride of copper, Cu?H, which on heating is de-
composed into metallic copper and hydrogen.

Determination of phosphorus in organic compounds. Organic
compounds containing phosphorus are fused with earbonate and
nitrate (or chlorate) of potassium, by which means the phos-
phorus is converted into phosphorie acid, and may be estimated
as phosphate of magnesium and ammonium.

13. Organic Acids,

Of the numerous acids containing carbon, oxygen, and hydrozen
(and occasionally nitrogen), commonly called organic acids, a {ew
F
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are of sufficient importance as reagents in mineral analysis to
make it necessary to enumerate their reactions. A general re-
action, common to nearly all these acids, is, that their alkaline and
alkaline-earthy salts are converted by ignition into carbonates,
with separation of carbon and consequent blackening of the com-
pound. Oxalates, if perfectly pure, are not blackened by ignition.

The organic acids which we are about to mention may be con-
veniently divided into two classes : volatile and non-volatile acids.
The volatile acids, when heated in the free state, are volatilised
entirely, generally without decomposition, and if pure, leave no
carbonaceous residue : they may be removed from their salts by
distillation with dilute sulphuric acid. The non-volatile acids
are decomposed when heated in the free state, a considerable car-
bonaceous residue being left: they cannot be removed from their
salts by distillation with dilute sulphuric acid. The non-
volatile acids are further distinguished from the volatile by the
property of hindering the precipitation by alkalis of certain
metallic oxides from their salts (e. g. sesquioxide of iron): for the
non-volatile acids, being polybasie, form double salts of the
alkaline and the heavy metal, which are soluble in water.
Volatile organie acids do not hinder this precipitation. In
presence of non-volatile organic acids, the heavy metal may be
precipitated as sulphide by sulphide of ammonium.

VoraTiLeE Orcanic Acips.  a. Aeetie Aeid, C2H30*H.—Below
17°, acetic acid forms a white crystalline mass; above that
temperature, a colourless fluid, with an irritating smell, which is
familiar to every one as that of vinegar. All acetates are soluble
in water: the least soluble are acetate of silver and subacetate
of mercury, whence acetic acid produces erystalline precipitates
in not too dilute solutions of salts of silver and subsalts of
mercury. Most acetates (especially those which contain a
strong base) are decomposed by heat, acetone being formed, the
vapour of which is combustible and has a characteristic smell
(2C°H3O?’K =CH®O + CO3K?). With sesquisalts of iron, a solu-
tion of an acetate (not free acetic acid) gives a dark-red colour,
which is destroyed by mineral acids, not by excess of acetie acid.
Excess of ammonia precipitates all the iron from this solution as ses-
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quihydrate: when the solution is heated, all the iron is precipitated
as basic acetate. (c) When a dry acetate (or a concentrated
aqueous solution) is heated with excess of sulphuric acid and a
little alcohol, acetic ether or acetate of ethyl (C?HPO?C2H?) is
formed, and easily recognised by its peculiar fragrant smell. If
too much alcohol be taken ether will be formed, the smell of
which will mask that of the acetic ether. When a dry acetate is
heated with arsenious acid, kakodyl, ((C?H3)*As?) is formed, which
possesses a most nauseous and characteristic smell.  This reaction
does not distinguish acetic acid from propylie (C°H?O%H) and
other higher acids of the series, which form, with arsenious acid,
compounds which elosely resemble kakodyl in smell. For the
detection of acetie acid in a solution containing an acetate together
with other compounds, the best method is to distil the solution
with dilute sulphurie acid, by which the acetic acid is set free,
and, being volatile, passes over, and is found in the distillate.
A very dilute acid solution should be neutralised with carbonate
of sodium, and concentrated by evaporation, previous to distilla-
tion. For the detection of acetic acid in presence of other volatile
acids homologous* to acetie, the aqueous solution of the free acids
18 partially neutralised with potash, and the whole submitted to
distillation ; when the acetic acid is found, either wholly or par-
tially, in the residue, as acid acetate of potassium, while the other
volatile acids (which do not form acid salts with metals), pass
over and are found in the distillate. This method of fractional
saturation may be applied to the separation of other acids of this
series. The boiling-point of each acid in the series rises about
19° for each addition of CH2; so that a lower acid is always
more volatile than the higher ones: and when a mixture of two
or more such acids is partially saturated with a base, the higher
acid is always completely neutralised before those below it com-

* The term homologous, suggested by G erhardt, is applied to those bodies
which resemble each other in their chemical properties, and only differ in their
composition by CH, or some multiple of CH? Thus, acetic acid, C*H*OI
propylic acid, C*H*0?H, butyric acid, C'H?O*H, valerianic acid, ‘C*H°0H, &ec.
are homologous to each other. Similarly we have series of homologous
alcohols, aldehydes, &c.

F 2
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bine with any of the base. Hence, if a mixture of propylic and
butyrie acids be partially saturated with potash, and submitted to
distillation, the lower acid (propylic) being free, will distil over;
and if just enough potash has been added to exactly neutralise the
butyric acid, the whole of this acid will be found in the residue,
and the whole of the propylic in the distillate. If less potash
than this has been added, the propylic acid, being more volatile,
will pass over first, and then the free butyric acid, while the
residue will contain nothing but butyrate of potassium: if more
potash has been added, the distillate will contain only propylic
acid, the residue a mixture of propylate and butyrate of potas-
sium. Acetic acid is, as has been observed, an exeception to this
rule: for it forms an acid potassium-salt, which will always be
found in the residue.

When an acetate is heated with strong sulphuric acid, acetic
acid is given off (with its peculiar smell), and there is no blacken-
ing of the mixture.

b. Formic Aecid, CHO*H.—Formic aeid is a colourless liquid,
which boils at 100°; it has a smell somewhat similar to that of
acetic acid. All formates are soluble in water, though less so
than the corresponding acetates. All formates are decomposed
by heat: the fixed alkaline, and alkaline-earthy formates, give off
carbonic oxide, leaving a mixed residue of carbonate and free
carbon; those of other metals (e.g. copper, lead) give off carbonic
oxide and anhydride, and leave a residue of reduced metal. For-
mates exactly resemble acetates in their behaviour with sesqui-
salts of iron. Formie acid is, however, easily distinguished from
acetic acid, by its property of reducing many metals from their
salts, with evolution of carbonie anhydride. Formic acid, or any
formate, when heated with nitrate of silver or terchloride of gold,
gives a brown precipitate of metallic silver or gold; with sub-
nitrate of mercury, a grey precipitate of metallic mercury; with
chloride of mercury, a white precipitate of subchloride, which by
Iong boiling is slowly reduced to metallic mercury. They also
destroy the colour of permanganate of potassium. This reducing
action distinguishes formic acid from most of its homologous acids,
and renders its detection very easy. For the detection of small
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quantities of formie acid in solutions which contain other organic
compounds, distillation with dilute sulphuric acid is employed:
the distillate is saturated with carbonate of sodium, concentrated
by evaporation, and the formic acid detected in it by the above
reactions. When heated with concentrated sulphuric acid, formice
acid and formates are decomposed with effervescence into water
and carbonic oxide which burns with a blue flame (CHO?H =
CO + OH?): there is no blackening of the mixture.

¢. Benzoie Aeid, CTH?0?H.— Forms white crystals, which
when heated, sublime entirely into long needles, leaving only the
slightest possible residue of earbon: its vapours are very irrita-
ting, and excite coughing. It is very slightly soluble in cold water
or acids; hence, when a mineral acid is added to a solution of
benzoate, a white precipitate of benzoie acid is produced. Proto-
benzoates are mostly soluble in water: sesquibenzoates are in-
soluble. When benzoic acid is added to sesquichloride of iron, a
yellow precipitate of sesquibenzoate of iron is formed; if the free
acid be saturated with ammonia, this precipitate contains the
whole of the iron. Hence, benzoate of ammonium is employed
as a reagent for separating the sesquioxides from a solution con-
taining proto- and sesquisalts, The metal may be removed from
the precipitate by hydrochloric acid, which leaves the benzoic
acid undissolved; or the benzoic acid may be removed by am-
monia, which leaves sesquihydrate of iron. With acetate of lead
benzoic acid gives no precipitate: and only a very slight one
when the free acid is neutralised with ammonia. (¢} When ben-
zoate of ealeium is distilled with excess of lime, the benzoic acid
is decomposed into carbonic anhydride and benzine, CSHS, a
fragrant oily liquid, insoluble in water, boiling at 80° The test
is thus conducted:—The benzoic acid precipitated by an acid from
a soluble benzoate is collected on a filter, dried with blotting-
paper, and dissolved in as little lime-water as possible; an equal
bulk of lime-water is then added, and the whole distilled. Very
small quantities of benzoic acid may be detected in this way.
When benzoic acid is heated with strong sulphuric acid, no sul-
phurous anhydride is evolved, and the mixture is not blackened.

d. Succinie Acid, CYH*O*H? (bibasic).—A homologue of oxalic

F 3
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acid, C*0*H2 It forms white erystals, which sublime when
heated, leaving a larger residue of carbon than is left in the case
of most other volatile organic acids. It is much more soluble in
water than benzoic acid, and therefore is not precipitated from
its soluble salts by a mineral acid. Protosuccinates are all
soluble in water; sesquisuccinates are mostly insoluble. Succinie
acid precisely resembles benzoic in its behaviour to sesquisalts of
iron: but, as the precipitate of sesquisuccinate is much less vola-
minous than that of sesquibenzoate, succinate of ammoninm is a
more convenient reagent than benzoate for the precipitation of
sesquisalts. With aeetate of lead succinic acid gives a precipitate
of succinate of lead, soluble in excess of either reagent. With
chloride of barium it gives no precipitate; but on the addition of
ammonia and aleohol, a white precipitate is formed: benzoic acid
does not exhibit this reaction. When succinie acid is heated
with strong sulphurie acid, the mixture gradually blackens, and
sulphurous anhydride is evolved.

 NoN-voLATILE Orcanic Acips. a. Owxalic Acid, C*04H?
(bibasie). —Forms white crystals, which contain 2 atoms of water
of erystallisation : soluble in water and aleohol, giving a strongly
acid solution. It is a violent poison. When heated it is almost
entirely decomposed, carbonie oxide and anhydride, and some
formic acid being formed. The alkaline oxalates are soluble
in water, but not very readily, the acid salts less so than the
normal ; most other oxalates are insoluble. Sesquioxalates
are generally soluble. 'With ealcium-salts, oxalic acid or a soluble
oxalate gives a white crystalline precipitate of normal oxalate of
caleium, insoluble in ammonia, ammoniacal salts, and acetic acid,
slightly soluble in free oxalie acid, soluble in mineral acids. This
precipitate is formed in very dilute solutions, even in sulphate of
calcium. This reaction affords the best test both for oxalie acid
and for calcium. With soluble copper-salts, it gives a precipitat
of oxalate of copper: crystallised oxalic acid is not dissolved in a
solution of chloride of copper, but is gradually converted into
oxalate of copper. In other metallic solutions this change first
takes place on the application of heat. With nitrate of silver it
gives a white precipitate, soluble in nitric acid and ammonia.
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When heated with terekloride of gold, oxalie acid reduces metallie
gold, with evolution of carbonic anhydride. It does not reduce
platinum from its salts. When heated with sulphuric acid, all
oxalates are decomposed into equal volumes of carbonic oxide
and anhydride, and the mixture does not blacken (C?°0*H?*=CO +
CO2 4+ OH?). All oxalates are decomposed by ignition, in manners
varying according to the bases which they contain. Oxalates of
such metals as form stable carbonates give off carbonic oxide,
while a metallic carbonate remains. Those of the metals which
do not form carbonates, or whose carbonates are decomposed by
ignition, evolve equal volumes of ecarbonic oxide and anhydride,
leaving a residue of metallic oxide. Those of the metals whose
oxides are reduced by carbonic oxide, evolve carbonic anhydride
alone, and leave a residue of reduced metal.

Since oxalie acid eannot be separated from its salts by distillation
with dilute sulphuric acid (for by this treatment it is decomposed
into CO and CO?®) it must be classed among the non-volatile aeids.
But it does not exhibit the reaction which we have already
mentioned as generally characteristic of this class of organic acids,
that of hindering the precipitation by alkalis of certain metallic
oxides. A sesquisalt of iron to which oxalic acid has been added,
is completely precipitated by ammonia: but if a fixed alkaline
carbonate be employed instead of ammonia, oxalic acid does to a
certain extent prevent the precipitation.

b. Tartarie Aeid, C*H*O°H? (bibasic).—Forms colourless
erystals, very soluble in water: they are decomposed by heat,
giving off a peculiar smell, much resembling that of burnt sugar,
and leaving a large residue of carbon. Of the alkaline tartrates,
the acid salts are much less soluble than the normal : hence, if
tartaric acid be added in excess to a solution of potash, a white
erystalline precipitate of acid tartrate of potassium is formed,
which is insoluble in all organic acids except oxalie, soluble in
mineral acids, alkalis, and alkaline earbonates: by the two latter
golvents it is converted into the soluble normal tartrate, whence
the acid tartrate is reprecipitated by acetic acid. As the acid
tartrate is soluble in alkalis, potash should not be used for the

detection of small quantities of tartarie acid: it is better to
F 4
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employ chloride or nitrate of potassium, in excess of which the
acid tartrate is insoluble, Of the other tartrates, the acid salts
are more soluble than the normal. (¢) With lime-water in excess
tartaric acid gives a white precipitate of normal tartrate ; ekloride
of calcium gives the same precipitate with a normal tartrate ;
sulphate of calcium does not. This precipitate is soluble in acids,
even in free tartaric acid, and in ammoniacal salts, but not in
ammonia. It is soluble in potash in the cold, but is reprecipitated
on boiling the solution, and redissolved on cooling. It is insoluble
in chloride of copper.. From mitrate of silver normal tartrate of
potassium reduces metallic silver on heating. All tartrates, when
heated with strong sulphuric acid, give off’ sulphurous anhydride
and the mixture is blackened.

Racemie Acid is isomeric with tartarie acid, which it resembles
closely in all its reactions. Racemate of caleium, however, is
insoluble in ammoniacal salts; and is formed, after a time, by
racemic acid in a solution of sulphate of caleium. From this re-
action racemic might be confounded with oxalic acid: but they
are readily distinguished by their behaviour when heated with
sulphuric acid, when racemic behaves exactly like tartaric acid.

¢. Citric Aeid, CSH?0OTH? (tribasic).—Forms white erystals,
soluble in water and alcohol ; they are decomposed by heat, giving
off irritating vapours, and leaving a carbonaceous residue less
abundant than in the case of tartaric acid. Most citrates are
soluble in water. With potassium-salts, citric acid gives no pre-
cipitate. With lime-water, citric acid gives no precipitate in the
cold ; neither does a dilute solution of a citrate with chloride of
caleium; but on boiling the mixture (which must be neutral or
alkaline), a white precipitate of basic citrate of calecium is formed,
insoluble in alkalis, very slightly soluble in ammoniacal salts,
soluble in free acids, and in chloride of copper. This precipitate
is redissolved when the solution cools. With acetate of lead,
citric acid gives a white precipitate, slightly soluble in ammonia.
When heated with strong sulphuric acid, all citrates give off
carbonic oxide ; the mixture does not blacken or evolve sul-
phurous acid till heat has been applied for some time.

d. Malic Acid, C*H*O*H? (bibasic).—Forms colourless erystals
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which deliquesce in the air : very soluble in water and alcohol ;
when heated, they are decomposed into maleic acid, C'H'O4,
which sublimes, and fumaric acid, isomeric with maleic, which
remains behind (CYHSO3=C4H'O*+ OH?). By ignition it 1is
earbonised, giving off a smell resembling that of tartarie acid.
Most malates are soluble in water. A solution of malic acid or
a malate is not precipitated by chloride of caleium, or lime-water,
either in the cold or on heating ; but on the addition of aleohol,
a white precipitate of malate of calcium separates. Normal
malate of caleium is also precipitated by long boiling of a solution
of maliec acid, nearly neutralised by milk of lime. This is the
process by which malic acid is extracted from the juice of the
berries of the mountain-ash. (c) With acetate of lead, malic
acid gives a white precipitate, soluble in excess of malic acid or of
ammonia : when this precipitate is heated with its mother liquid,
it melts to a semi-fluid transparent mass. When any malate is
heated with fuming sulphuric acid, the mixture is not blackened.
This reaction distinguishes malic from citric and tartarie acids.

e. Meconie Aecid, C’HO’H? (tribasic).—Exists in opium. The
alkaline-earthy meconates are insoluble. With sesquisalts of iron
meconic acid gives a deep red colour, closely resembling that
produced by sulphocyanic acid ; from which it is distinguished
by its being destroyed by hydrochlorie acid, and not affected by
chloride of mercury (p. 42).

f. Tannic Aeid, C** H??0'7,—('The basicity of tannic acid is not
yet accurately determined ; it is certainly polybasic.) Contained
in gall-nuts. It forms an amorphous mass, which is generally
coloured yellow by the action of the air. It is soluble in water,
alcohol, and ether. Mineral acids precipitate it from its aqueous
solution as a gelatinous mass insoluble in excess of acid. Its
syrupy ethereal solution does not mix with excess of ether. With
sesquisalts of iron tannic acid gives a bluish-black precipitate,
which constitutes the colouring matter of ink ; with protosalts of
ron this precipitate only forms as the protosalt is gradually
oxidised by exposure to the air. With tartrate of antimony and
potassium (tartar emetic) it gives a white gelatinous precipitate.
With solution of gelatine it gives a white precipitate, not abso-
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lutely insoluble in water, unless the tannie acid be in excess, in
which case, the precipitate is greyish and aggregated to an elastic
mass. It is owing to this property that tannic acid combines
with animal skin, forming leather. Tannic acid is entirely
removed from a solution by immersing in it a piece of skin :
and the acid may be estimated by determining the increase in
weight of the skin. With most organic alkaloids, tannic acid
forms white compounds, insoluble in water, soluble in acetic acid.

g. Gallic Aeid, CTH30°H3 (tribasic)—By a gradual heat
gallic acid is decomposed into pyrogallic acid, C°H®03, and car-
bonic anhydride. With proto- or sesquisalts of iron, it gives a
bluish-black precipitate. It is distinguished from tannic acid by
not precipitating a solution of gelatine. An alkaline solution of
gallic acid absorbs oxygen from the air, becoming gradually
yellow, green, red, and finally dark brown.

h. Lactic Aeid, C3H®03 (bibasic?). — Formed by the fermen-
tation of milk. It is a colourless ligquid, readily soluble in water,
alcohol, and ether. It is decomposed by heat, with evolution of
carbonic oxide and formation of various compounds., All lactates
are soluble in water, the alkaline lactates most readily: the zine-
and caleium-salts are easily erystallizsable, and serve for the isola-
tion and detection of lactic acid. For the detection of lactic acid
in animal compounds (e. g. in the fluid extracted from flesh, in
blood, urine, &e.), the liquid is evaporated to dryness and the
residue treated with an alcoholic solution of oxaliec acid, and
filtered ; the filtrate digested with oxide of lead, and again filtered;
the filtrate, which contains all the lactie acid as lactate of lead,
decomposed by hydrosulphuric acid, filtered off from the sulphide
of lead, concentrated by evaporation, digested with oxide of zine
or excess of milk of lime, and the clear solution crystallised. Or
the residue obtained by evaporation in the water-bath is treated
with alecohol, the aleoholic solution evaporated to a syrup and
mixed with its own volume of dilute sulphuric acid (1 vol. acid
and 1 vol. water), and with three or four times its volume of aleo-
hol. The aleoholic solution, which contains all the lactic acid, is
mixed with ether until no fresh precipitate is produced by further
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addition of ether, filtered, the aleohol and ether distilled off, and
the residue concentrated in the water-bath to a syrup: it is then
mixed with half its volame of alcohol and five times its volume of
ether, which dissolves out the lactic acid in a state of purity.
After the removal of the ether by evaporation, the lactic acid is
saturated with milk of lime, and the clear solution crystallised,
and purified from sulphate of lime by recrystallisation from alco-
hol. The presence of lactic acid is most certainly ascertained by
the ultimate analysis of the salt thus obtained. Lactic acid does
not hinder the precipitation, by excess of lime-water, of oxide of
copper from salts of copper. When heated with strong sulphuric
acid, lactic acid gives off pure carbonic oxide, and the mixture is
blackened. Heated with nitric acid it is converted into oxalie
acid.

i. Urie Aeid, C"H?N*O3H2 (bibasic), — Contained in the excre-
ment of serpents, in urinary caleuli, human urine, guano, &c. It
forms white, shining, crystalline scales, which are scarcely at all
soluble in cold water, dilute hydrochlorie or acetic acid ; insoluble
in aleohol and ether; soluble in alkalis and alkaline salts, from
which solution acids precipitate uric acid. It is decomposed
by heat, forming urea, eyanuric acid, carbonate and cyanide of
ammonium, and hydrocyanic acid, and leaving a carbonaceous
residue. (c) It is soluble in strong nitrie acid, with evolution of
gas: if this solution be evaporated nearly to dryness in the water-
bath, and a drop of ammonia added, a magnificent purple-red
colour is produced, owing to the formation of murexide, CSH3N6S(Q6 :
the addition of caustic potash changes the colour to a bluish-purple.
Very small traces of uric acid may be detected by this reaction.
For the detection of uric acid in urine, a considerable quantity of
urine is mixed with hydrochloric acid, and allowed to stand for
one or two days, when the uric acid separates out. From urinary
calculi it is obtained by boiling them with dilute potash, and
saturating the filtrate with hydrochlorie acid. From liquids con-
taining albumen (as the serum of blood), hydrochlorie acid preci-
pitates albumen as well as uric acid. In this case the liquid is
evaporated to dryness in the water-bath, the residue exhausted
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PART 1L

REACTIONS OF THE METALLIC ELEMENTS AND THEIR
SALTS.

Tue metallic elements, or metals, are capable of division into
certain definite groups, the members of which exhibit similar reac-
tions with a certain general reagent. There is, however, one metal,
Hydrogen, which cannot be included in any of these groups, as
it does not exhibit any characteristic reaction with any of the
general reagents which serve for the classification of the metals,
We shall therefore study this metal first, and then proceed to the
consideration of the other metals in their several groups, taking'
first that group of metals which are most analogous to the non-
metallic elements. By so doing we invert the order which is
commonly adopted in works on analysis, according to which the
alkaline metals are considered as the first group, while those which
are most analogous to the non-metallic elements constitute the
last group. The ordinary arrangement is attended with no con-
ceivable advantage. Not only is it purely arbitrary, and is
never followed in actual analysis, in which the metals analogous
to the non-metallic elements are invariably separated first, and
the alkaline metals last; but it also conceals the remarkable grada-
tion of properties which exists between all elements, metallic and
non-metalliec, and which is indicated by the arrangement we
have adopted.

Hydrogen. H. Atomic weicht, 1.

A permanent colourless gas, devoid of smell: it is the lightest
body known: it is inflammable, burning with an almost colourless
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flame, forming only water. It is but very slightly soluble in
water. It combines with half its volume of oxygen, forming
water ; the combination takes place slowly on contact with pla-
tinum-black, which may be made into a ball with moist clay,
and introduced into the gaseous mixture; or immediately, with
explosion, on the application of a light. KEqual volumes of
hydrogen and chlorine combine with explosion when exposed to
sunlight, forming hydrochloric acid; in the dark they combine
very slowly or not at all. When hydrogen, or a gaseous mixture
containing hydrogen, is passed over red-hot oxide of copper, or
when an organic compound is heated to redness with excess of
oxide of copper, the whole of the hydrogen is converted into
water, which may be collected in a tube containing chloride of
calcium, and the amount of hydrogen determined from the in-
crease in weight of the tube. The carbon in organic compounds
is converted by the same process into carbonic anhydride. This
is the most general method for detecting the presence of hydrogen.

Oxmes oF HyproGeEN.—The most important oxide of hydro-
gen is Water, OH2 It is a colourless liquid, devoid of taste or
smell, and neutral to litmus-paper. When evaporated on pla-
tinum foil, it leaves no residue.

For the detection of water in solid non-volatile bodies, in
minerals and salts, the substance under examination is heated to
dull redness in a perfectly dry glass tube, closed at one end,
which is held in a slanting position over the lamp ; if any water
be present it will be condensed in the cool part of the tube,
either in the form of mist or of drops. In the case of organie
compounds, the heat applied must not be sufficient to decompose
them entirely.

The estimation of water, in substances which are not vola-
tilised or decomposed by an elevation of temperature, is effected
by simply heating them to a certain temperature, until they no
longer lose weight, and determining the loss of weight sustained
by them. The degree of heat necessary varies in different sub-
stances. Substances which cannot be dried by heat (e. g. gases,
volatile liquids, &ec.) are freed from water by contact with
chloride of calecium, sulphuric acid, phosphoric anhydride, and

"
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other hygroscopie bodies. In substances which are decomposed
by heat, the water is collected in a weighed chloride of calcium
tube, and estimated directly by the increase in weight of the tube.
This method is inapplicable when any of the products of de-
composition (e.g. ammonia) are absorbed by chloride of calcium,

GROUP I

Metals whose sulphides are insoluble in dilute mineral acids;
which can, therefore, be completely precipitated by hydrosul-
phuric acid from a solution acidulated by nitric or hydro-
chloric acid,

This group contains two subdivisions: —

A, Metals whose sulphur compounds possess aeid properties.
These are arsenic, antimony, tin, gold, platinum, iridium, selenium,
tellurium, molybdenwm, wolfram, vanadium. Their sulphides are
soluble in alkaline sulphides, and form therewith sulpho-salts,
which are generally analogous to the oxygen salts of the same
elements, oxygen being replaced by sulphur.

B. Metals whose sulphur compounds do not possess acid pro-
perties. These are lead, silver, mercury, bismuth, copper, cad-
mium, palladivm, rhodium, osmium, ruthenium. Their sulphides
are insoluble in alkaline sulphides. (Sulphide of mercury is
soluble in sulphide of potassium, or sodium ; sulphide of copper is
somewhat soluble in sulphide of ammonium.)

The metals of these two subdivisions are very readily separated.
Their acid solution is completely precipitated by hydrosulphuric
acid (the precipitation being facilitated by gentle heat), and the
precipitate digested with an excess of sulphide of ammonium, or
sulphide of potassium ; when the sulphides of the metals of the
second division remain undissolved, while those of the first
division are completely dissolved. The addition of dilute hydro-
chlorie acid, reprecipitates the dissolved sulphides, with evolution
of hydrosulphuric acid (28bS1K? + 6C1H = Sb25% 4+ 35H? + 6CIK);
and, if the alkaline sulphide employed contained any sulphur com
pound higher than the protosulphide, with separation of sulphur.
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Group I.— Subdivision A.

1. Arsenie. As. Atomic weight, 75.

Arsenie is found native as sulphide of arsenic; as metallic
arsenides (chiefly in combination with iron, nickel, and cobalt);
and as arsenates (of calcium, magnesium, lead, &e.). Traces of
it are almost invariably found in sulphur, iron, copper, tin, and
antimony ; and it also exists in the deposit from several mineral
springs. It is a brittle metal, easily powdered ; in contact with
moist air it loses its metallic lustre, is oxidised and covered with
a brown coating, from which arsenious acid may be dissolved by
water or hydrochloric acid. It is completely volatile ; when
heated in contact with air, it burns and forms arsenious anhy=-
dride, giving off at the same time a penetrating smell of garlic.
It is not attacked by hydrochloric acid; nitric acid oxidises it
into arsenious aecid, or, if very concentrated, partly into arsenic
acid. Chlorine combines violently with metallic arsenic at the
ordinary temperature, forming liquid terchloride of arsenic. Chlo-
rine, aqua-regia, or hydrochloric acid and chlorate of potassium
oxidise all arsenie compounds, without exeeption, to arsenic acid :
the same effect is produced by the fusion of an arsenic compound
with a nitrate.

OxiveEs or ARsENiC. Arsenious Anhydride, As*0% Arsenic
Anhydride, As*05,

a. Arsenious Anhydride. Arsenious Oxide. As203.— Obtained
either as a white powder, or as a transparent glassy mass,
which becomes opaque by exposure to the air, without, how-
ever, absorbing any moisture. It can be obtained in definite
octahedral erystals, either by sublimation, or by erystallisation
from a hot saturated aqueous solution. It is completely vola-
tile; its vapour is free from smell; the characteristic garlic
smell of arsenic is only perceived when arsenious oxide is heated
in contact with charcoal, or some other reducing agent. It is
a violent poison. It is difficultly seluble (in about 50 parts)
in cold water; more easily (in 10 to 12 parts) in hot water; still
more easily in hydrochloric acid, or alkalis. The aqueous solu-
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tion contains arsenious acid, AsHO?II?, analogous to phosphorous
acid: the alkaline solution contains an alkaline arsenite.
Arsenious acid forms a definite series of salts, which are closely
analogous to the phosphites : many of them are insoluble in water.
An aqueous solution of an arsenite is coloured yellow by /Aydro-
sulphurie acid, but is not precipitated unless free acid be present,
in which case the whole of the arsenic is precipitated as tersul-
phide ( As?83), of a lemon-yellow colour. Tersulphide of arsenic is
readily soluble in caustic alkalis (whether fixed or volatile) form-
ing an alkaline arsenite and sulpharsenite, (As?S?4+ 4KHO=
AsSITHR?2 4+ AsO3HK? + OH?), in alkaline carbonates, sulphites,
and sulphides, and in nitric acid: it is insoluble in hydrochloric
acid. From any of these solutions it is completely reprecipitated
as tersulphide on neutralisation with nitric or hydroehloric acid,
(For other reactions of As?S3, see p. 86.) With nitrate of silve,
after exact neutralisation with ammonia, arsenious acid gives a
yellow precipitate: with sulphate of copper, after neuntralisa-
tion, a yellowish-green precipitate (Scheele’s green): with excess
of lime-water, a white precipitate. The two first of these pre-
cipitates are readily soluble in ammonia, chloride of ammonium,
and nitric acid ; the last in nitric acid and ammoniacal salts. Arses
nious acid is not precipitated by a mixture of ammonia, chloride
of ammonium, and a magnesium-salt. Arsenious acid is a powerful
reducing agent, being itself oxidised into arsenic acid. Thus, with
terchloride of gold, its acid solution gives a precipitate of metallic
gold, from the weight of which the amount of arsenious acid may
be caleulated, 3 atoms arsenious acid reducing 2 atoms of gold
(3AsO°H3 + 2C1PAu + 30H?=3AsO'H? + Au? + 6CIH) : with
bichromate and permanganate of potassium it gives a green and
brown-yellow colour respeetively.  When a solution of an alkaline
arsenite is heated with a little sulphate of copper, a red precipitate
of suboxide of copper is formed ( AsHO3K? + 2801Cu2 + 20H2=
AzO'H3 4 SO'K2+ SO'H2 + Cut(). A solution of arsenious acid
in excess of carbonate of sodium takes up iodine, forming arsenic
acid and a metallic iodide (AsHO*Na2? + Na20 4+ 12= AsO‘Na2H +
2INa). If a little starch paste be added to the mixture, the first
appearance of a blue tint marks exactly the point at which all the
G




82 ARSEXNIC. PART Ii.

arsenious acid is converted into arsenic acid. (On this reaction is
founded a method for the volumetric estimation of chlorine, iodine,
&c., p. 249.) If clean metallic copper be immersed in a hydrochlorie
acid solution of arsenious acid, a grey precipitate of metallic arsenic
is formed on the copper. (Reinseh’s test.) When arsenious (or
arsenic) acid is brought into contact with metallic zine and dilute
hydrochlorie or sulphuric acid in a Marsh’s apparatus, hydrogen
is evolved together with arsenide of hydrogen, AsH3, a gas which
has a very nauseous smell and isinflammable, burning with a bluish-
white flame, and forming water and arsenious anhydride. If a cold
surface, e. g. a fragment of porcelain, be introduced into the flame,
shining stains of metallic arsenic are deposited upon it, which, ac-
cording to the quantity of arsenic present, are of a brown, steel-
grey, or almost black colour. Very small traces of arsenic may be
detected in this manner, The arsenic spots disappear on the addi-
tion of a drop of a strong alkaline solution of hypochlorite of sodium;
or they are dissolved by a drop of hot nitrie acid, forming a clear
solution which eontains either arsenious or arsenic acid. If a drop
of nitrate of silver be now added to this solution, and a glass-rod
moistened with ammonia be held over it (without touching it), a
yellow or red precipitate of arsenite or arsenate of silver is formed.
If the arsenic spots be exposed to an atmosphere of moist chlorine
(evolved in the cold from chloride of lime and a dilute aeid), they
at once disappear; and if a drop of nitrate of silver be then
dropped on the place where the arsenic spot was, a reddish
precipitate is formed, consisting of arsenate and chloride of
silver. It the arsenide of hydrogen (previously dried by passing
through a chloride of calcium tube) be led through a narrow
tube of hard glass, free from lead, which is drawn out to a point
at the further end, and the middle of the tube heated to redness
over the lamp, a dark-brown shining ring of metallic arsenic is
deposited in the tube, beyond the heated portion; if arsenic be
present in any quantity, the ring is completely opaque. The
arsenic deposit is readily volatile, and may be driven hither and
thither in the tube by the application of heat, while a stream of
hydrogen is kept passing through the tube : the arsenic does not
fuse into globules, and the gas that issues from the tube has a
distinct smell of garlic. If the arsenic deposit be heated while a
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stream of hydrosulphuric acid is passed through the tube, it is
éntirely converted into volatile yellow tersulphide of arsenic,
which is not decomposed by hydrochloric acid. If arsenide of
hydrogen be led into hot concentrated nitric acid, a clear solution
of arsenic acid is formed ; if it be led into a solution of nitrate of
silver, arsenite of silver is formed, which is retained in solution by
the free nitric acid, and is precipitated yellow on the neutralisa-
tion of the free acid by ammonia. This property of forming
a gaseous compound with hydrogen, from which a metallic deposit
may be obtained, distinguishes arsenic from every other metal
except antimony, which, under the same circumstances, yields a
metallic deposit very closely resembling in appearance that of
arsenic : it may, however, be distinguished from the arsenic deposit
by several reactions, which will be enumerated under the head of
Antimony (p. 90).

The vapour of arsenious anhydride is easily reduced by passing
over redhot charcoal, metallic arsenic being separated (As?0%4
C3=As+3C0). Thus, if a fragment of arsenious anhydride be
placed in the closed end of a very narrow tube, and two or three
splinters of freshly ignited charcoal, about half an inch long, be
placed above it, and, the tube being held horizontally, the part of
it containing the charcoal heated to redness before the arsenious
anhydride is volatilised, a dark shining ring of metallic arsenic
will be formed in the tube beyond the charcoal: this ring may be
driven by heat from one part of the tube to another, till it is
entirely oxidised by the air in the tube, and converted into colour-
less, shining, volatile crystals of arsenious anhydride, the octa-
hedral form of which may be clearly discerned through a magni-
fying glass. When arsenious anhydride is fused with cyanide of
potassium, eyanate of potassium is formed, and the whole of the
arsenic volatilised (AEE(}E-}30}?K:3(J}r01{+ﬁsﬁ}, When a
fragment of arsenious anhydride about the size of a pin’s head is
heated in a test-tube with about the same quantity of dry acetate
of potassium, oxide of kakodyl is formed, and easily recognised by
its peculiarly offensive smell (4C2H30?K + As208 =CHI2ZA0) +
2C0?K*+2C0?%). When arsenious acid or any other arsenic
compound is mixed with a large excess of organic matter, it may
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be separated therefrom by distillation with chloride of sodium
and excess of concentrated sulphurie acid, when terchloride of
arsenic passes over into the distillate, where it gives the ordinary
reactions of arsenious acid. The whole of the arsenic cannot be
separated in this manner.

b. Arsenic Anhydride. Arsenic Qzide. As?05%. — A white
opaque mass, which, when freshly fused, has a glassy appearance.
By ignition it is decomposed into arsenious anhydride and oxygen,
and volatilises entirely, leaving no residue. It absorbs moisture
from the air and gradually liquefies: and is then readily soluble
in 6 parts cold and 2 parts hot water. The solution, which
has a strong acid reaction, contains Arsenic Acid, AsO4IT3, a
tribasic acid, precisely analogous to phosphoric acid. Most arse-
nates are colourless, and isomorphous with the corresponding
phosphates: those which are not soluble in water are soluble in
nitric or hydrochlorie aeid.

A solution of an arsenate acidified by hydrochlorie acid is very
slowly precipitated by Aydrosulpluric acid at the ordinary tem-
perature, nct less than twenty-four hours being necessary for
complete precipitation : the precipitation is facilitated by gently
heating the solution while the gas is being passed into it. The
precipitate is pentasulphide of arsenic, As®S%: it resembles As2S#
in colour and in behaviour to solvents; but its solution in an
alkali contains an alkaline arsenate as well as a sulpharsenate,
(As?28% +40KH = AsS'K?H + AsO'K°H + SH?). If the acidified
solution of an arsenate be heated with sulphurous acid, until the
smell of the latter has entirely disappeared, the arsenic acid is
reduced to arsenious acid (AsOH3 + SO3H? = AsHO*H?2 + SO*I?),
which is precipitated by hydrosulphurie acid much more speedily
than arsenic acid. In order to effect a complete reduction,
the treatment with sulphurous acid must be continued for some
hours. When As?S? is dissolved in ammonia, nitrate of silver
added, and the whole exactly neutralised with nitric acid, a
reddish-brown precipitate is formed: As?S3, when similarly treated,
gives a yellow precipitate. With nitrate of silver a neutral
arsenate gives a reddish-brown precipitate of AsOtAg3: with
sulphate of copper, a pale greenish-blue precipitate of AsO‘Cu®H:
with lime-water a white precipitate: all soluble in nitric acid and
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ammoniacal salts. With sesquisalts of iron and uranium it gives a
yellowish-white precipitate, with lead-salts a white precipitate,
whose behaviour to reagents resembles that of the corresponding
phosphates. Arsenate of lead, however, when heated on charcoal
before the blowpipe, does not crystallise on cooling : in the inner
flame it is reduced to metallic lead, while the smell of arsenic
vapours is distinetly perceived. With molybdate of ammoniwm,
and sulphate of magnesium, ammonia, and chloride of ammonium,
the reactions of arsenic acid precisely resemble those of phosphoric
acid (pp. 58, 60). Avrsenic acid is always estimated as arsenate
of magnesium and ammonium, AsO'Mg®NH*: in this case the
precipitate must be dried in the water-bath and weighed as AsO**
MgNH*+1H20; for if it be ignited, as directed for the corre-
sponding phosphate, a loss would ensue from the volatilisation of
a portion of the arsenic. When a solution of an arsenate or arsenite
acidified with hydrochlorie acid is heated to boiling with hypo-
sulphite of sodium, tersulphide of arsenic is precipitated (2AsO3H?
+ 3520%Na? = As?S' + 3804Na? +- 30H?).—Vohl. (Ann. Ch.
Pharm. xevi. 238.) 1In Marsh’s apparatus, arsenates, like
arsenites, evolve arsenide of hydrogen.

Distinction and separation of arsenic and arsenious actds.—
Arsenic acid is completely precipitated by a mixture of ammonia,
chloride of ammonium, and a soluble magnesium-salt, while
arsenious acid is not precipitated at all by this reagent: hence all
the arsenic acid may be removed from a solution as arsenate of
magnesium and ammoninm, and the filtrate acidified with hydro-
chloric acid, and saturated with hydrosulphuric acid, when, if
arsenious acid be present, yellow As?5%is precipitated. Arsenious
acid reduces terchloride of gold: arsenic acid does not. In those
arsenates which are only soluble in acids (which therefore, cannot
be precipitated by a magnesium-salt), the arsenic acid is detected
by neutralising the solution as nearly as possible with ammonia,
and adding acetate of sodium and a wvery little sesquichloride of
iron, when sesquiarsenate of iron is precipitated.

Arsenie aeid is distinguished from phosphoric acid by its pre-
cipitation from an acid solution by hydrosulphurie acid. The

arsenate of magnesium and ammonium, and the sesquiarsenate of
G 3
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iron are distinguished from the corresponding phosphates by
their evolving arsenide of hydrogen in Marsh’s apparatus, and by
their behaviour before the blow-pipe (p. 87).

SuLPHIDES OF ARsSENIC.—The two principal sulphides of arsenic
correspond to its two oxides; tersulphide, As?S3, corresponding
to As?0% and pentasulphide, As?S’, to As?0°% These sulphides,
like the oxides, are capable of forming acids perfectly analogous
to the oxygen acids, the oxygen being replaced by sulphur: thus,
As?S? forms sulpharsenious acid, AsHS*H?, analogous to arse-
nious acid, AsHO®H?; and As?S5 forms sulpharsenic acid, AsSYH3,
analogous to arsenic acid, AsO‘H3, Alkaline salts of these acids

*are formed when the sulphides are dissolved in alkaline sulphides.
These sulpho-salts are decomposed by mineral acids, the arsenie
being reprecipitated as sulphide, and hydrosulphurie acid being
evolved — (2AsSK? +6CIH=As25° 4+ 6CIK +35H? ; and 2AsH
ST 4+ 4CIH=As*S? + 4CIK 4 35 H?*).

When either sulphide of arsenic is fused, even in the smallest
quantity, in a glass tube with cyanide of potassium, a ring of
metallic arsenic is formed in the tube. Sulphocyanate of potassium
is thus formed, together with a sulpharsenic salt, which latter is
not decomposed by cyanide of potassium: hence all the arsenic
present cannot be reduced and volatilised in this manner. If the
sulphide of arsenic be mixed with excess of sulphur, the whole
of the arsenic goes to form a sulpharsenic salt, and no metallic
deposit is obtained. The presence of certain easily reducible
metals (copper, lead,. iron, nickel, cobalt, silver, gold—but not
bismuth or antimony) hinders the formation of a metallic depo-
sit on fusion with cyanide of potassium. When As?S3 is fused
with an alkaline carbonate in a glass tube, a ring of me-
tallic arsenic is obtained, ‘and the fused mass contains a mix-
ture of an alkaline arsenate and sulpharsenate (5As?S3=3 As?85 4
Ast and 3As2S8% + 120KH =3AsSK2H 4 3AsOK2H + 3SH2) If
this mixture of arsenate and sulpharsenate be heated in a stream
of hydrogen, or in contact with charcoal, the arsenic contained
in the arsenate is reduced to the metallic state, but not that con-
tained in the sulpharsenate. Hence no metallic deposit is obtained
by fusing As?S% or As?53 mixed with sulphur, with an alkaline car-
bonate. In this manner As’S3 may be distingunished from As?S%,
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In order to employ the above reactions of the tersulphide of
arsenic with an alkaline eyanide or carbonate for the detection of
very small traces of arsenic (as in judicial investigations), the
following is the best method of proceeding:—1 part of As?S3
(which must not contain any free sulphur) is dried and mixed
with 12 parts of a perfectly dry powder, consisting of 1 part
cyanide of potassium and 3 parts carbonate of sodium, and
the mixture introduced by means of a slip of stiff paper into a
tube of hard glass 9 or 10 inches long, which is drawn out at one
end to a thin open point about an inch in length. The tube is
then connected by the end not drawn out with an apparatus in
which carbonie anhydride is generated by the action of hydro-
chloric acid on marble, and a slow stream of carbonic anhydride,
previously dried by passing through strong sulphuric acid, led
through the tube. The mixture in the tube is first gently heated,
in order to expel all moisture from it; the tube is then heated to
redness, between the mixture and the pointed end, and finally the
mixture itself is strongly ignited ; when a ring of metallic arsenic
will be deposited at the commencement of the point. It is of im-
portance that all moisture should be expelled from the mixture
before it is ignited, and that the stream of carbonic anhydride
should be very slow. Sulphide of antimony gives no metallic
deposit under these circumstances.— Fresenius and Babo.

Blowpipe reactions.—When any arsenic compound is heated on
charcoal (either alone or with carbonate of sodium and cyanide of
potassium) in the inner blowpipe flame, the characteristic garlic
smell is at once perceived, by which the smallest trace of arsenic
may be detected.

Arsenic may be completely separated from all metals whose sul-
phides are not volatile, by heating the mixed sulphides or oxides
in a stream of hydrosulphurie acid.

The detection of arsenic is one of the easiest, and at the same
time one of the most important problems, in analytical chemistry.
The volatility of all its compounds, its exceedingly easy reduction
to the metallic state, coupled with its characteristic smell, its
complete precipitation by hydrosulphuric acid from an acid solu-
tion, the formation of arsenide of hydrogen when any arsenic com-
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pound is brought in contact with zine and sulphuric acid, forman
ensemble of reactions which in completeness and precision, are |
equalled by those of few other metals.

Lstimation of Arsenic.— Arsenic is best estimated as arsenate of |
magnesium and ammonium (see p. 85).

2. Antimony. Sh. Atomic weight, 120.

Found in nature generally as sulphide, in combination with
other metallic sulphides, as the protosulphides of lead and iron,
tersulphide of arsenie, and subsulphide of copper. It is a very
lustrous metal, of a bluish-white colour; very brittle and easily
powdered. At the ordinary temperature it is not affected by the
air: when strongly heated it volatilises entirely, forming white
fumes of antimonous oxide, which are destitute of smell. 1t is
scarcely attacked at all by hydrochloric acid, even on boiling :
aqua-regia dissolves it readily, forming terchloride of antimony :
nitrie acid converts it into a mixture of intimonous and antimonic
anhydrides, insoluble in nitric acid, soluble in tartaric acid. By
fusion of an antimony compound with nitrate of potassium, the
antimony is entirely oxidised to antimonic acid. Chlorine attacks ]
antimony violently at the ordinary temperature, with great evolu-
tion of heat, forming volatile ter- or penta-chloride of antimony,
CI13Sb or C1Sh, according to the proportions of antimony and i
chlorine employed. All sulphur compounds of antimony are soluble
in hot concentrated hydrochloric acid, with evolution of hydrosul-
phuric acid, and (in the case of compounds containing more sulphur 1
than Sbh25%) with separation of sulphur.

OxipEes oF ANTIMONY.  Antimonic Oxide, Sh*0® ; Antimonie An-
hydride, Sh?0%; Intermediate Oxide, SH1O8, — Antimony is less
closely analogous to phosphorus and the non-metallic elements
than arsenic is. Its highest oxide combines with water and forms
an acid, antimonic acid; but the acid properties of the lower oxide
are less clearly defined; for, though under certain circumstances
it appears to be capable of forming antimonites, it is generally met
with in salts in which antimony plays the part of a base.

a. Antimonic Ouxide. Antimonous Anhydride. Sb208%, — A
white powder, which when heated fuses to a yellow mass, and at

P
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a red heat sublimes entirely, forming crystalline needles. It is
very sparingly soluble in water: soluble in tartaric acid: nitric
acid oxidises it into insoluble antimonic anhydride, or into the
intermediate oxide, Sb*O8: hydrochlorie acid dissolves it readily,
forming terchloride, C13Sb. The best solution in which to study
the reactions of antimony-salts in the wet way is one of CI*Sh,in
which the precipitate produced by dilution is redissolved in hydro-
chlorie acid. Antimony-salts are very unstable: they are decom-
posed by water, with precipitation of a white insoluble basic salt.
Tartaric acid prevents this decomposition. Hydrosulphuric acid
precipitates the whole of the antimony as tersulphide, Sb*S?% of an
orange-red colour, soluble in alkaline sulphides and in caustic
potash, slightly soluble in ammonia, insoluble in acid carbonate or
sulphite of ammonium. A neatral dilute solution of tartar- emetie
(tartrate of antimony and potassium) is only coloured orange by
Liydrosulphurie acid: on addition of hydrochlorie acid, Sh25? is pre-
cipitated. Caustic potash precipitates Sh?03 soluble in excess:
ammonia and alkaline carbonates precipitate Sb203, insoluble, or
very slightly soluble, in excess: oaalic acid gradually precipitates
all the antimony as Sh203. Tartaric acid prevents the precipitation
in all these cases. Chromie acid oxidises an acid solution of Sbh203
into antimonic acid. Zerchloride of gold is reduced by SbCI3: anti-
monic acid generally separates out together with the metallic gold-
By this reaction Sb?0% may be estimated in presence of antimonic
acid. With a solution of antimonie oxide in potash, terchloride of
gold and nitrate of silver give black precipitates, the latter of which
isinsoluble in ammonia. These are the most delicate reactions for
the detection of Sb20?, and distinguish it perfectly from antimonic
acid. Metallic zine, iron, and tin, immersed in terchloride of an-
timony, give a black precipitate of metallic antimony. With zine
and dilute sulphurie acid (in Marsh’s apparatus), terchloride of
antimony, or any antimony compound except the sulphides, evolve
gaseous antimonide of hydrogen, SbH3, an inflammable gas, very
closely resembling AsH3, Like AsH3it is decomposed by passing
through a glass tube heated to redness in one spot, and a ring of
metallic antimony is deposited in the cool part of the tube. This
is less volatile than the arsenic deposit: when heated it fuses into
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small shining globules before wvolatilising, which are visible
through a magnifying glass, and no garlic smell is produced. If
the antimony deposit be heated in a stream of hydrosulphurie acid,
it is converted into sulphide of antimony, of a black, or partly
orange, colour ; which, when heated in a stream of hydrochlorie
acid gas, completely disappears, being decomposed into hydrosul-
phuric acid and volatile terchloride of antimony. If SbH3 be
kindled, and a fragment of poreelain introduced into the flame,
metallic stains are deposited, which are blacker and less shining
than those of arsenic, and are insoluble in hypochlorite of sodium.
Nitriec acid does not dissolve them, but converts them into an in-
soluble mixture of antimonic oxide and anhydride. If the excess
of acid be gently evaporated the residue gives a black precipitate
with ammonio-nitrate of silver. When exposed to moist chlorine,
they disappear, like the arsenic stains: but a drop of nitrate of
silver dropped on the place where they were gives only a white
precipitate. A drop of nitric and of hydrochlorie acid dissolves
them completely, and when the excess of acid is carefully driven
off by evaporation, the solution gives an orange precipitate with
hydrosulphuric acid. When moistened with sulphide of ammonium
and evaporated, they become orange. When led into hot concen-
trated nitric acid, SbH?* gives a white precipitate of antimonic
acid, which, after evaporation of the free acid, and treatment with
hot water, remains insoluble, When led into nitrate of silver, all
the antimony is precipitated as black antimonide of silver, SbAg?

b. Antimonic Anhydride, SH20*—A yellow powder, which on
ignition loses oxygen and becomes white, being converted into
antimonous-antimonic oxide, Sb*08. In combination with
water it forms antimonie acid, a white powder, insoluble in
water. Antimonie acid seems to exist under two modifications,
which very closely resemble each other, and so are distinguished
with much difficulty, The first, of which the potassium-salt is
obtained by heating antimony with nitrate of potassium, is
insoluble in water and in ammonia, soluble, though not readily, in
hydrochlorie and tartaric acids, and partially precipitated from
the hydrochloric acid solution by water. The second, (metanti-
monic acid) is obtained by the precipitation of pentachloride of
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antimony by water, or by the fusion of an alkaline antimonate
with excess of caustic alkali: it is gradually soluble in ammonia,
and in a large excess of cold water, and is precipitated from these
solutions by acids. Metantimonate of potassium serves as a
reagent for the detection of sodium, metantimonate of sodium
being difficultly soluble in water, and insoluble in alecohol. In an
aqueous solution it is gradually converted into ordinary anti-
monate of potassium, which does not precipitate sodium-salts, and
is precipitated by chloride of ammonium.

A hydrochloric acid solution of antimonie acid is precipitated
as orange pentasulphide, Sh28% by Aydrosulphuric acid: this pre-
cipitate forms somewhat more slowly than Sb2S3.  With ter-
chloride of gold and oxalic acid it gives no precipitate: when
heated with chloride of tin it is reduced, and antimonic oxide
precipitated : protosalts of iron do not reduce it. A solution of
antimonate of potassium gives with nitrate of silver a yellowish-
white precipitate of antimonate of silver, readily soluble in am-
monia. With terchloride of gold it gives no precipitate.

¢. By the ignition of antimonie acid or anhydride, an oxide,
Sh108, is formed, intermediate between Sb20% and Sb20% It may
be regarded asa compound of 1 atom antimonic oxide, with 1 atom
antimonic anhydride (Sb*0%=Sb203+Sb20%); or as antimonate
of antimony (SbO*Sb). Itisthe best form in which to determine
antimony : for the product obtained by the oxidation of the sul-
phides of antimony, itself’ not constant in composition, is entirely
converted by ignition into Sbi05,

Distinction of the Ouwxides of Antimony from each other.—
Bunsen (Ann. Ch. Pharm, cvi. 1.) states that Sb?03 may be dis-
tinguished from Sb*O® and Sb20° by means of hydriodic acid.
When either Sh*O® or Sb?0° are heated with pure iodide of
potassium and hydrochlorie acid, iodine is set free, and a dark
coloured solution formed; when Sb20? is similarly treated, a
yellow solution is formed, no iodine being liberated. The ter-
iodide being the highest iodine compound of antimony, in the case
of the two higher oxides there must be more iodine liberated
than is capable of combining with the antimony (8Sb20° 4 10TH =
2I3Sb+I*+50H?), while with Sb20% the amount of iodine
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liberated is exactly what is requisite to combine with the anti-
mony (Sb20% 4+ 61H=2I35b + 30112). Sh?0°is distinguished {rom
Sb0% and Sb?03 by the fact that the two lower oxides reduce
ammoniacal nitrate of silver, giving a brown or black precipitate,
while Sh20° has no reducing action.

SULPHIDES OF ANTIMONY. — The two most important sulphides
of antimony are Sb2S® and Sb2S% corresponding to Sh20? and
Sb2(® respectively. They are both orange-yellow, insoluble in
dilute hydroehloric acid, soluble in nitric or strong boiling
hydrochloric acid. They are both soluble in alkaline sulphides,
forming sulphantimonites and sulphantimonates, sulpho-salts
entirely analogous to those of arsenic: the solufion is decomposed
by hydrochloric acid, and the sulphide reprecipitated.

Blowpipe reactions.— All antimony compounds, (except the
sulpho-salts) when heated on charcoal before the blowpipe with
cyanide of pétnsﬁium or carbonate of sodium, give a brittle
globule of metallic antimony, which may be volatilised entirely
by continued heat, and, if it contain no arsenie, evolves no smell
of garlic: at the same time the charcoal is covered with a white
deposit of Sbh203%, which, when heated, volatilises readily. The
compounds of the oxides or sulphides of antimony witly a fixed
allkaline base are entirely decomposed and volatilised by repeated
ignition with chloride of ammonium, a fixed alkaline chloride being
left behind.

Separation of Antimony from Arsenic.— The presence of
arsenic in metallic antimony is easily detected by the garlic smell
that is evolved when the metal is heated before the blowpipe.
Sulphide of antimony must be reduced to the metallic state by
fusion with carbonate of sodium and eyanide of potassium: in
examining commercial sulphide of antimony, it is best to operate
only on the residue which is left after treating a considerable
quantity of the finely powdered sulphide with strong hydrochlorie
acid. From a freshly precipitated mixture of the sulphides of the
two metals, all the sulphide of arsenic may be removed by
digestion with carbonate of ammonium, while the sulphide of
antimony remains undissolved. The two metals may also be
detected in presence of each other by the different reactions (given

—
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above) of the metallic deposits obtained by means of Marsh’s
apparatus. The first spots deposited by a solution containing
both metals consist of pure arsenic. The presence of a small
amount of antimony does not prevent the complete solution of an
arsenic spot in hypochlorite of sodium.

For the complete quantitative separation of arsenie and anti-
mony, the following is the best method. The two metals, their
sulphides, or their oxides, are completely dissolved in aqua-regia,
or in hydrochloric acid and chlorate of potassium : to the solution
is added tartarie acid, chloride of ammonium, and excess of
ammonia. If any precipitate be produced, it must be dissolved
in more tartaric acid or chloride of ammonium, The arsenic acid
is then completely precipitated by sulphate of magnesium, as
AsO*Mg2NHY, thoroughly washed with dilute ammonia, dried in
a water-bath, and weighed. The antimony is then precipitated
from the acid solution by hydrosulphuric acid.

Bunsen (Ann. Ch. Pharm. cvi.) states that the sulphide of
arsenic may be separated from that of antimony by acid sulphite
of potassium, which dissolves the sulphide of arsenie, but not that
of antimony. He proceeds as follows. To the solution of the sul-
phides in sulphide of potassium, alarge excessof aqueous sulphurous
acid is added, and the whole evaporated in the water-bath, till 3
of the water, and all the free sulphurous acid are expelled : when
the sulphide of antimony remains undissolved, while all the
arsenic is contained in the solution as arsenious acid, and may be
precipitated by hydrosulphurie aecid. If sulphide of tin be
present, it will be left undissolved together with the sulphide of
antimony.

Another method, founded on the insolubility of metantimonate
of sodium, will be deseribed under the head of Tin (p. 98).

Antimony is frequently found in minerals in the form of
sulphide, combined with one or more basic metallie sulphides.
The methods employed for the separation of the antimony, vary
in different cases. In zinkenite (sulphide of antimony and copper)
and bournonite (sulphide of antimony, copper, and lead) the
finely powdered mineral is oxidised by nitric acid, the solution
saturated with potash, and digested with yellow sulphide of
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potassium : or the mineral is fused with three parts dry carbonate
of sodium and two parts sulphur, in a covered porcelain erucible,
and the fused mass, when cool, digested in hot water: when, in
either case, the sulphide of antimony is dissolved, while the
sulphides of copper and lead remain behind. Red silver-ore
(3Ag?S, Sh2S%) is decomposed by heating in a current of chlorine,
when the antimony and sulphur are volatilised as chlorides, while
chloride of silver remains behind. Commercial sulphide of anti-
mony, when finely powdered, is soluble in fuming hydrochlorie
acid, or more easily in aqua-regia.

Bunsen (loe. cit.) recommends that antimony be always esti-
mated as Sb'0% Fuming nitric acid may be employed for the
oxidation of the sulphide ; but he prefers fusing the sulphide, freed
from excess of sulphur by washing with bisulphide of carbon, with
oxide of mercury, a large excess of which must be used, in order
to avoid the risk of explosion. DBy ignition the excess of oxide .
of mercury is expelled, and the antimony left in the form of

SbhiO8,

3. Min. Sn. Atomic weight, 118. '|

Generally found in nature in the form of binoxide, as tin-stone.
Tin is a white, malleable, easily fusible metal : it is not affected
by exposure to the air at the ordinary temperature; but, when
heated in the air, it becomes covered with a film of stannic oxide.
It is soluble in hot hydrochlorie acid, with evolution of hydrogen,
and formation of chloride of tin, CI*Sn : in aqua-regia, with forma-
tion of perchloride of tin, Cl*Sn: nitric acid converts it into
stannic oxide, insoluble in the acid: heated in contact with ,
chlorine it forms volatile C1¢Sn.

Oxipes or Tix. Stannous Ouzide, or Protoxide of Tin, SnQ.
Stannic Oxide, or Binoxide of Tin, SnO’.—Stannous oxide has
no acid properties: in all stannous salts the tin is basic. Stannie
oxide exhibits acid properties, forming two definite hydrates,
which are weak acids.

a. Stannous Qxide. Protoxvide of Tin. Sn0O.— A blackish-
brown powder, which, when heated in contact with the air, takes
fire, and is converted into binoxide. Stannous hydrate is white:
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it dissolves in acids, forming protosalts of tin, or stannous salts.
These salts are colourless: those which are neutral are partially
precipitated by water: they absorb oxygen from the air, forming
white binoxide, which is precipitated if' there be not enough free
acid present to hold it in solution. The best solution in which
to study the reactions of protosalts of tin, is the chloride, Cl12Sn.
Hydrosulphuric acid, or sulphide of ammonium gives a dark-
brown precipitate of sulphide of tin, SnS, which, by digestion
with an alkaline sulphide, is converted into bisulphide, SnS?% and
so dissolved : the addition of hydrochlorie acid to the solution
precipitates yellow bisulphide. Ammonia and alkaline carbonates
give a white precipitate of hydrate, insoluble in excess: the
hydrate is soluble in excess of potash, and a brownish precipitate
separates on boiling the solution. Chloride of tin is a very
powerful reducing agent: it absorbs oxygen from the air and
from water: it reduces sesquisalts of iron to protosalts, salts of
copper to subsalts, chromie acid to chromic oxide. It reduces
the metal from the salts of many of the heavy metals: (c) with
terchloride of gold, an acid solution of chloride of tin gives a
purple precipitate (in very dilute solutions a purple tinge only)
insoluble in hydrochloric acid : with ekloride of mercury, it gives
a white precipitate of subchloride, which, if chloride of tin be in
excess, and heat applied, is further reduced to grey metallic
mercury. When heated with sulphurous acid, yellow bisulphide
and white binoxide of tin are formed (6CI2Sn+2S03H?2440H?2
=55n02 4 SnS2 4 12CIH).

b. Stannic Oxide or Anhydride. Binoxide of Tin. Sn0?2 —
A white powder, which, after ignition, has a yellowish tinge: it
is then insoluble in water and acids, especially in nitric acid.
By ignition with excess of chloride of ammonium, it may be
volatilised completely. Like antimonic anhydride, it appears to
exist in two modifieations, each of which forms a definite hydrate,
which differ very considerably in several of their reactions. Each
of these hydrates is an acid ; and, since one of them saturates a
larger proportion of base than the other, we may call that which
has the highest capacity of saturation stannic, the other, meta-
stannic, acid.  Stannic acid is obtained as a white precipitate
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when perchloride of tin, Cl'Sn, iz treated with ammonia, or
largely diluted with water and heated. It is soluble in hydro-
chloric acid, the solution is not precipitated by acids, and the
presence of tartaric acid prevents its precipitation by ammonia.
Carbonate of potassium gives an abundant white precipitate,
soluble in excess of the reagent: gallic acid gives no precipitate.
Metastannic acid is the insoluble white compound produced by
the action of strong nitric acid on metallic tin: it can only be
dissolved in hydrochlorie acid by long boiling and addition of
water. Its solution is entirely precipitated by sulphuric acid, or
by ammonia, even in presence of tartaric acid. Carbonate of
potassium gives a white precipitate, insoluble in excess; gallic
acid, after some time, gives a yellowish-white precipitate. Both
stannic and metastannic acids are precipitated from their hydro-
chloric acid solutions on boiling, especially in presence of alkaline
sulphates : the precipitation is the more speedy the less free acid
is present. Doth are completely soluble in caustie potash or soda.
Both are preeipitated from their acid solution by Aydrosulphuric
ecid (especially when gently heated) as yellow bisulphide of tin,
SnS?, which is readily soluble in alkaline sulphides, less readily
in caustic alkalis; and by ignition in the air, is converted into
binoxide.

There is no difficulty in detecting stannous salts in presence
of stannic salts ; the reactions with terchloride of gold and
chloride of mercury, and the brown colour of the sulphide, SnS,
are sufficient to deteet even the smallest traces of stannous oxide.

SuLpHIDES OF TiN.—The sulphide of tin, SnS, corresponding
to the protoxide, does not possess acid properties, and does not
combine with alkaline sulphides to form sulpho-salts. It is true
that it is dissolved by digestion with an alkaline sulphide, but
this is in consequence of its conversion into bisulphide, which is
precipitated on the addition of hydrochloric acid. Bisulphide of
tin, SnS?% does combine with alkaline sulphides, forming sulpho-
stannates.

Blowpipe reactions.—All tin compounds, when heated on char-
coal with carbonate of sodium and eyanide of potassium, yield a
malleable metallic globule, without any incrustation on the char-
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coal. This globule, when dissolved in hydrochloric acid, gives a
white precipitate with ehloride of mercury, which becomes grey
when heated,

Separation of Tin from Arsenic.—Tin is distinguished from
arsenic and antimony by its forming no gaseous compound with
hydrogen, so that no metallic deposit can be obtained from a tin
compound by means of Marsh’s apparatus. Hence the presence
of arsenic in metallic tin is readily detected by treating the granu-
lated metal with sulphurie acid (without zinc) in Marsh’s appa-
ratus. Ina mixture of thesulphides of arsenic and tin, the arsenic
is volatilised with a garlic smell when the sulphides are heated
before the blowpipe on eharcoal with carbonate of sodium and
eyanide of potassium, while a malleable metallic globule of tin is
left, without any incrustation on the charcoal. Or the sulphides
may be dissolved in hydrochloric acid and chlorate of potassium,
and the solution, after expelling by heat the excess of chlorine,
tested by Marsh’s apparatus. A complete and accurate separation
of tin from arsenic is effected by heating their sulphides or oxides
in a stream of hydrosulphuric acid, when the sulphide of arsenic
volatilises entirely, while the sulphide of tin remains behind.
The sulphide of arsenic is collected in aqueous ammonia, the
solution saturated with hydrochloric acid, which reprecipitates the
sulphide, which is then oxidised by the addition of chlorate of
potassium and heating, without filtration ; and the arsenic acid
thus formed, precipitated as arsenate of magnesium and ammo-
nium, dried and weighed. The sulphide of tin is converted into
binoxide by ignition in the air, and weighed.

Separation of Tin from Antimony.—Tin is detected in pre-
sence of antimony by oxidising the two metals, or their sulphides,
by nitric acid, and boiling the oxides (after thoroughly washing
them) with tartaric acid, which dissolves the oxide of antimony
alone ; the residual binoxide of tin is reduced to the metallic
state by fusion with eyanide of potassium and earbonate of sodium,
dissolved in hydrochloric acid, and tested with chloride of mer-
cury. Or both the oxides may be reduced to a metallic globule
by fusion with cyanide of potassium and carbonate of sodium,
and the globule heated on charcoal in the inner blowpipe flame

i
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when the antimony is volatilised, forming a white inerustation
on the charcoal, while a malleable globule of tin remains behind.
An accurate quantitative separation of tin and antimony can only
be effected by the process described in the following section.

Separation of Tin from Arsenic and Antimony.—A qualita-
tive separation of these metals may be effected by digesting the
freshly precipitated mixed sulphides with a solution of carbonate
of ammonium, which dissolves all the sulphide of arsenic together
with a little of the sulphide of tin. The arsenic is detected by
reprecipitating the sulphide from this solution by hydrochlorie
acid, and reducing it by heating with cyanide of potassium in a
stream of carbonie anhydride ; or dissolving it in as little aqua-
regia as possible, and testing 'the solution by Marsh’s process.
The sulphides insoluble in carbonate of ammonium are dissolved
in hydrochloric acid to which a little chlorate of potassium has
been added, and the solution treated with zine and sulphurie acid
in a small Marsh’s apparatus ; when the antimony is detected by
the metallic deposit obtained, which must be identified by the re-
actions given above. The tin is found in the Marsh’s apparatus
as a black metallic powder, which is separated by levigation from
the undissolved zine, dissolved in hot hydrochloric acid, and the
solution tested with chloride of mercury.

The only process by which a complete quantitative separation
can be effected, is that given by H. Rose, which is founded on
the insolubility of metantimonate of sodium. The mixed sul-
phides are oxidised by nitric acid, evaporated to dryness in a
water-bath, and the residue fused in a silver crucible with eight
times its weight of solid ecaustic soda. The fused mass, when
cool, is digested in hot water until the undissolved portion is
in the form of a finely divided powder : about } its volume of
alcohol added to the solution, and the whole allowed to stand for
twenty-four hours, with occasional stirring. The precipitate,
which contains all the antimony as metantimonate of sodium, is
then filtered off, and washed successively with mixtures contain-
ing 3 vols. water and 1 vol. aleohol, 1 vol. water and 1 vol. alco-
Liol, and 1 vol. water and 3 vols. alcohol, to which a little car-
bonate of sodium has been added : the washing is continued as
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"long as hydrosulphuric acid gives the slightest yellow colour with
the wash-water. The alcoholic filtrate, which contains all the
arsenic and tin as arsenate and stannate of sodium, is saturated
with hydrochlorie acid, which produces a copious precipitate :
and the acid solution, in which the precipitate is suspended, is
saturated with hydrosulphuric acid, and the precipitated sulphides
filtered off. The filtrate is heated till all the alcohol and free hydro-
sulphuric acid are expelled, treated with sulphurous acid, and again
saturated with hydrosulphurie acid, which generally precipitates a
little more tersulphide of arseniec. The mixed sulphides of arsenic
and tin are then heated in a current of hydrosulphuric acid, as
deseribed page 97, and the arsenic estimated as arsenate of mag-
nesium and ammonium, AsO‘Mg?NH*+ 1H?20, and the tin as bin-
oxide. The precipitate of metantimonate of sedium is dissolved
in a mixture of hydrochloric and tartaric aeids, and the antimony
precipitated as sulphide from the acid solution by hydrosulphurie
acid. The composition of the sulphide not being constant, the
antimony cannot be determined directly from the weight of the
sulphide. To estimate the antimony, a weighed portion of the
sulphide is oxidised by nitrie acid, until all the sulphur is con-
verted into sulphuric acid, which is then precipitated by chloride
of barium, and the antimony calculated from the weight of sul-
phate of barium obtained. Or a weighed portion of the sulphide
is reduced by heating in a stream of hydrogen, and the residual
metallic antimony weighed. Or the sulphide may be converted
into Sb*0% by ignition with oxide of mercury, and weighed in
that form.

This process gives accurate results when carefully performed :
but it 1s difficult to avoid loss from spirting during the fusion
with soda, a process which is also injurious to the silver crucible.
To obviate these inconveniences, Dr. Williamson has proposed
to employ hypoehlorite of sodium to oxidise the sulphides, instead
of soda. The sulphides are dissolved in as little sulphide of sodium
as possible, enough soda added to neutralise exactly all the acids
that will be formed, and the whole boiled with excess of hypochlo-
rite of sodium. Or chlorine may be passed at once into the hot
alkaline solution, until complete oxidation be effected. When
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performed with care, this method of oxidation is perfectly satis-
factory.

Vohl (Ann. Ch. Pharm., xevi. 237) states that tin may be
separated from arsenic and antimony by treating their hydro-
chlorie acid solution with hyposulphite of sodium; when antimony
and arsenic are completely precipitated as sulphides, while all the
tin remains in solution.

4. Gold. Au. Atomic weight, 196.

Gold is generally found native; occasionally in combination
with other metals. It is a soft, yellow, very heavy metal, com-
bining with oxygen with great difficulty. It is insoluble in hydro-
chlorie, sulphurie, or nitric acid: (nitric acid containing nitrous
acid dissolves it slightly:) it is soluble in aqua-regia, forming a
solution of terchloride of gold, AuCl®. Finely divided gold is
dissolved with ease by gaseous chlorine or chlorine-water.

Ox1pEs or GoLp.  Protoxide, Au?0. Teroxide, Au2()3,

a. Protoxide of Gold. Aurous Oxide. Au20.— A dark violet
or black powder, which separates on the addition of a small
quantity of subnitrate of mercury to terchloride of gold. It is
insoluble in oxygen acids: soluble in aqua-regia: hydrochloric acid
decomposes it into terchloride and metallic gold. Its correspond-
ing chloride, AuCl, is similarly decomposed by water. On igni-
tion aurous oxide loses its oxygen, leaving metallic gold.

b. Teroxide of Gold. Auric Oxide. Au*0%— A brownish=-
black powder, which very readily parts with its oxygen when
heated. It is insoluble in nitric or sulphuric acid, unless very
concentrated, and then but very slightly soluble: hydroehlorie
acid dissolves it readily, forming terchloride. A solution of ter-
chloride of gold gives, with Aydrosulphuric acid, a dark brown
precipitate of tersulphide, Au?S3, soluble in aqua-regia, in sulphide
of ammonium (with difficulty), insoluble in nitric acid. Caustic
potash gives no precipitate, unless it contains organic matter, |
when it separates some protoxide (Rose): ammonia gives a
reddish-yellow precipitate of fulminating gold. Gold is reduced
from a solution that does not contain free nitric acid, by most
other metals, even by platinum, silver, and mercury. The same
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reduction is effected more readily by the following reagents,
especially on heating : protosalts of iron (when excess ot hydro-
chloric acid must be present, to prevent the formation of an
insoluble basie iron-salt), a hydrochlorie acid solution of arsenious
acid, terchloride of antimony, sulphurous acid, oxalic acid, u
solution of sugar in potash, and many other organic substances.
(AuCl3 4+ 3804Fe? = Au+ SP012Fed + Fe?Cl*; 2AuCI343C*04H*
=Au?+6C02+6CIH.) The reduced gold is generally preeipi-
tated as a brown or reddish-purple powder, which assumes a
yellow metallic appearance when rubbed with any hard sub-
stance. (¢) A solution of chloride of tin, to which enough
hydrochlorie acid has been added to form a clear solution, gives
a purple colour or precipitate, even in the most dilute gold solu-
tion ; this precipitate (purple of Cassius) is insoluble in hydro-
chlorie acid, but, when freshly precipitated, is soluble in ammonia,
forming a purple solution.

Blowpipe reactions. — When heated on charcoal with borax or
carbonate of sodium in the inner flame, gold compounds yield a
yellow, very malleable globule of metallic gold.

Separation and estimation of Gold.— The detection of gold is
attended with no difficulty, owing to the ease with which it is
reduced to the metallic state. In many cases the reduction is
quite complete, as for instance with protosalts of iron; so that
this reagent is generally employed for the estimation of gold. In
the analysis of a solution containing gold and other metals, it is
better to remove the gold by protosulphate of iron before passing
hydrosulphurie acid : otherwise, owing to the imperfect solubility
of sulphide of gold in sulphide of ammonium, some difficulty may
arise in its subsequent detection. In the analysis of ores which
contain very little gold (e.g. pyrites), the gold is removed by
digestion with chlorine-water (or chloride of lime and hydro-
chlorie acid), and precipitated from the concentrated solution by
arsenious acid. Silver coins f'requr:ntly contain traces of gold,
which are left as a black powder when the coin is dissolved in
nitric acid. Gold may also be separated from silver and copper
by boiling in concentrated sulphuric acid.

H 3
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5. Platinum. Pt Atomic weight, 99.

Is found both native and in combination with other metals. It
is a grev, soft, very heavy metal, whose tendency to combine with
oxygen is even less than that of gold. When pure it is not at all
attacked by nitrie, hydrochloric, or sulphuric acids: when
alloyed with other metals (e. g. silver), it is somewhat soluble in
nitrie acid. Aqua-regia dissolves it, forming bichloride of plati-
num, PtCl2.  Platinum is not fusible at the strongest heat of a
furnace. When heated with caustic alkalis it is attacked and
oxidised: and when heated with easily reducible metallie oxides
(e. g. oxide of lead) it forms an easily fusible alloy with the
reduced metal. Suobstances of this kind, therefore, must not be
fused in platinum erueibles.

OxipEs or Pratinum.  Protoxide, Pt20. Binoxide, Pt202

a. Protoxide of Platinum. Platinous Oxide. TPt*0.—1Its hy-
drate is precipitated as a black powder by potash from a solution
of protochloride of platinum, PtCl. When ignited it is first con-
verted into the anhydrous oxide, and then into metallic platinum,
giving off oxygen. The protochloride is obtained by heating the
bichloride, PtCI?: it is a brown powder, which, when free from
bichloride, is insoluble in water: hydrochloric acid dissolves it,
without access of air, as PtCl; with access of air, as PtCI%
Protochloride of platinum is soluble in potash or soda: alcohol
precipitates the whole of the platinum from this solution in a
finely divided state (platinum-black). The solution of proto-
chloride of platinum is dark-brown. Its most characteristic
reaction is with ammonia, with which it gives a green crystalline
precipitate of PtCINHS3, insoluble in cold water or alecohol: the
supernatant liquid is colourless.

b. Binoxide of Platinum. Platinic Oxide. Pt?02% —1ts hydrate
is precipitated with a reddish-brown colour on the first addition
of potash to nitrate of platinum. When ignited it loses water
and then oxygen, leaving metallic platinum. The corresponding
chloride, PtCI? is obtained by dissolving platinum in aqua-regia,
and driving off the excess of acid by heat: towards the end of the
operation a water-bath must be used, since the bichloride is de-
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composed at a higher temperature, with formation of protochloride.
It is a dark-brown syrupy liquid, readily soluble in water and
aleohol, forming a reddish yellow solution, which, if' any proto-
chloride be present, has a dark-brown colour. (¢) Ammonia and
potasie give with an aeid solution of bichloride of platinum (with
a neutral solution chloride of ammonium or potassium must be
used), a yellow erystalline precipitate of chloroplatinate of ammo-
nium, PtCBENHY, or of potassium, PtCI3K. These precipitates are
insoluble in acids, but soluble in excess of alkali: the solution of
chloroplatinate of ammonium in ammonia gives & white precipitate
with hydrochloric acid: they are almost insoluble in water, quite
insoluble in aleohol. They serve for the detection and separation
of platinum, as well as of potassium and ammonium. The chloro-
platinate of ammonium is converted by ignition into spongy
platinum : platinum is always estimated in this form. The chloro-
platinate of potassium is not entirely reduced by ignition: but
when heated with oxalic acid or in a stream of hydrogen, it is
completely decomposed into chloride of potassium (which may be
dissolved out by water), and spongy platinum. Sodiwm forms an
analogous compound, PtCI®Na, which is soluble in water. Jodide
of potassium gives a dark red solution, whenece biniodide of plati-
num, PtI% separates on heating. Hydrosulphuric acid gives a
dark brown precipitate of bisulphide of platinum, Pt252, which
forms very slowly: it is soluble in sulphide of ammonium and
aqua-regia, insoluble in nitric acid. Chloride of tin gives a dark
brown-red colour, but no precipitate. Platinum is not so easily
reduced from its salts as gold is. Protosalts of iron do not reduce
terchloride of platinum, neither does ozalic acid: formic acid re-
duces metallic platinum on heating, if the free acid be neutralised
with carbonate of sodium,

Blowpipe reactions.—All platinum compounds are reduced to
spongy platinum in the inner flame, giving no coloured beads
with borax or microcosmic salt. The spongy platinum cannot be
fused into a globule before the blowpipe.

Separation and estimation of Platinum.—Platinum is separated
from most other metals by its absolute insolubility in nitric or
hydrochloric acid. From gold it is readily distinguished and
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separated by its reaction with chloride of ammonium or potassium.
Since hydrosulphurie acid precipitates platinum very slowly, it is
better, in analysing a solution containing platinum and other
metals, to remove the platinum by chloride of potassium before
passing hydrosulphurie acid.

6. Iridium. Ir. Atomie weight, 98°6.

Is always found in platinum-ores. It resembles platinum in appear-
ance : is even more difficultly fusible than platinum: is insoluble in
nitrie, hvdrochloric, or sulphuric acid, or in aqua-regia. If it be alloyed
with excess of platinum, aqua-regia dissolves it to a certain extent.

OxI1DES OF ﬂtmu:u.-— here are four oxides of iridium, of which the
most important is the binoxide, Ir*O% The corresponding bichloride,
IrCI?% is prepared by dissolving in aqua-regia the black powder (sesqui-
oxide of iridium, Ir*0%), obtained by igniting the metal with nitrate of
potassium, or hydrate and chlorate of potassium. The bichloride is also
formed when a mixture of iridium and chloride of sodium is gently
Leated in a current of chlorine : if iridium alone is heated in chlorine,
protochloride, IrCl, is formed. The aqueous solution of bichloride of
iridium has a dark brownish-red colour.  With potash, it gives a reddish-
brown precipitate of chloriridate of potassium, ng]“l{, soluble in excess
of potash to a light-green solution, which, when heated, becomes first
coiourless, then red, and finally violet-blue, and a blue precipitate of
hydrated binoxide of iridium separates gradually as the solution is eva-
porated. The colourless potash solution is reduced when heated with
aleohol, finely divided iridium being precipitated. With chloride of am-
monium, it gives a brownish-red precipitate of chloriridate of ammonium,
IrCIPNH*Y, and a colourless solution, which is coloured blue by heat or
by exposure to the air. With nitrate of silver it gives a dark-blue pre-
cipitate, which rapidly becomes colourless : this is a compound of sesqui-
chloride of iridium and chloride of silver, Ir*CI°Ag®.  With subuitrate of
mercury, a brownish-yellow precipitate of Ir*Cl°Hg®. Hydrosulphuric
acid decolorises bichloride of iridium, separating sulphur, and forming
sesquichloride of iridium, whence brown bisulphide, Ir*S? gradually
separates. Chloriridate of ammonium is converted by hydrosulphuric acid
into soluble sesquichloriridate, Ir*CI®(NII*)% When terchloride of iri-
dium is heated with formic acid, metallic iridium is slowly reduced.

For the separation of iridium from platinum, see article Platinum-ores,

in Part IV. p. 237.

7. Wolfram or Tungsten. W. Atomic weight, 92,

Occurs in nature as tungstic acid, tungstate of iron and manganese
(wolfram), and tungstate of calcium (tungsten). It is a very heavy,
hard, and difficultly fusible metal: at the ordinary temperature it is not
affected by exposure to the air, but at a red heat it is oxidised into tungstic
anhydride, W20°, Its behaviour to acids is as yet imperfectly known.

Oxipes o Worrram. Tungstic oxide, W20?,  Tungstic anhydride,
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W202, — There is another oxide, W40?, intermediate between these two
oxides: it is of a blue colour, and is generally spoken of as the blue
oxide. Some regard it as a tungstate of wolfram : apparently it is a
compound of tungstic anhydride n.m‘l tungstic oxide, .:}ll IE]WEI' D?El[_lt"ﬁ-
of wolfram are converted into tungstic anhydride by heating in the air or
with nitrie acid. 3

a, Tungstic Oxide. Brown Oxide of Wolfram. “D“:—A brown
powder, insoluble in acids or alkalis, obtained by heating tungstic
anhydride in a stream of hydrogen, or by fusing tungstate of potassiuin
with chloride of ammonium.

b. Tungstic Anhydride, W?0%—A soft, lemon-yellow powder, not
volatile at any heat, insoluble in water and acids, It combines with
water, forming a white compound, W*O*H?, _whiuh _possesses u{:ll’.].*pt'{l-
perties. This is fungstic acid : it combines with basic metals, forming a
class of salts called tungstates, The alkaline tungstates are soluble in
water : those of the other metals are insoluble. T'ungstic acid is pre-
cipitated from the solution of a tungstate by nitrie, hydrochlorie, or sul-

huric acid, and is insoluble in excess of the acid: non-volatile poly-

asic acids (phosphorie, tartaric) precipitate it also, but the precipitate
is soluble in excess of the reagent: hence the presence of excess of
phosphate of ammonium prevents its precipitation by acids. When
tungstic ackd or a tungstate is brought into contact with hydrochlorie,
sulphurie, phosphorie, or acetic acid, and metallic zine, a deep-blue
colour is produced, owing to the reduction of tungstic acid to the biue
oxide. Hydrosulphurie acid does not precipitate sulphide of wolfram
from an acid solution, but produces a blue colour, owing to the formation
of the blue oxide. Sulphide of ammonium does not precipitate a solution
of an alksline tungstate, till hydrochloric acid is added, when brown bi-
sulphide, W#5% is precipitated, and the solution is coloured blue. Sul-
phide of wolfram is soluble in sulphide of ammonium. Chloride of tin
gives with an alkaline tungstate a yellow precipitate, which, on addition
of hydrochlorie or sulphurie acid, and gentle heating, becomes blue. It
excess of the tin-salt be used, the colour is greenish.  Subnitrate of mer-
cury gives a yellowish-white precipitate, which is blackened on the
addition of ammonia.

Blowpipe reactions.— Tungstic acid is not changed when heated alone
in the oxidising flame : in the reducing flame it is blackened. With borax
all oxides of wolfram give a colourless bead in the outer flame : in the
inner flame, a yellow bead, which becomes darker on cooling. With
microcosmic salt they give a colourless bead in the outer flame: in the
inner flame, a blue bead, which the presence of iron changes to a blood-
red. The addition of tin changes the red bead to blue or green. When
heated on charcoal with carbonate of sodium and cyanide of potassium,
they are reduced, and the wolfram may be separated as a grey metallic
powder by levigating the charcoal.

Separation and estimation of Wolfram. — For the analysis of the
mineral wolfram, or any other insoluble tungstate, the substance is re-
duced to an impalpable powder, and digested with aqua-regia till it is
completely decomposed, evaporated to dryness in the water-bath, and
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the metallic chlorides formed dissolved out with acidulated water. The
residual tungstic acid (which also contains a little silicic and niobic acids)
is washed with aleohol, and treated with ammonia, which dissolves the
tungstic acid, leaving the silicic and niobic acids undissolved. These are
filtered off, the filtrate evaporated and ignited, when pure tungstic an-
hydride is obtained. Another method is to fuse three parts of the finely
powdered mineral with two parts of carbonate, and half a part of nitrate
of potassium in a platinum crucible, by which process the tungstic acid is
entirely converted into tungstate of potassium, which is dissolved out by
water, and separated by filtration from the insoluble oxides. The filtrate
is nearly neutralised with nitric acid, and precipitated by subnitrate of
mercury, a few drops of ammonia being added to neutralise the free
nitric acid. The precipitate is thoroughly washed, (first with water, and
lastly with a very dilute solution of subnitrate of mereury), and ignited,
when tungstic anhydride is obtained. Insoluble tungstates may also be
decomposed by heating with concentrated sulphuric acid, or by fusion
with acid sulphate of potassium.

Wolfram is always estimated as tungstic anhydride, in which form it is
usually separated.

8. Molybdenum. Mo. Atomic weight, 48,

Occurs in nature principally as sulphide of molybdenum and as molyb-
date of lead. It is a silver-white metal, very difficultly fusible, and
slightly malleable. It is not affected by exposure to the air at the ordi-
nary temperature : but when heated in contact with air it becomes first
brown, then blue, and finally white, passing through various stages of
oxidation till it is converted into molybdic anhydride, Mo*O% It is
insoluble in hydrochloric acid : nitric acid or aqua-regia convert it into
molybdie acid if sufficient nitric acid be present; if' not, nitrate of
molybdenum is formed.

Oximnes or MovyspeExuM. Protoxride, Mo*0O. Binoxide, Mo*0O-%,
Molybdie Anhydride, Mo*0* —The oxides of molybdenum correspond
with those of wolfram. There is also a blue oxide of molybdenum,
Mo*0?, intermediate between the binoxide and the anhydride.

a. Protoxide of Molybdenum. Molybdous Orxide. Mo*0.— A black
powder, obtained by digesting molybdic anhydride with a quantity of
hydrochloric acid not sufficient to dissolve it, and with metallic zine. 1t
is insoluble in acids. The hydrate, MoHO, is formed when an alkaline
molybdate is dissolved in hydrochloric acid and reduced by zine. Itisa
black powder, soluble in acids, forming molybdous salts. It absorbs
oxygen readily from the air: when heated in contact with air it takes
fire, and is converted into molybdic anhydride. When heated out of
contact with the air it is converted into molybdous oxide, insoluble in
acids,

b. Binoxide of Molybdenum. Molybdic Oxide. Brown Ozide. Mo*0%
— A brown powder, obtained by fusing an alkaline molybdate with
chloride of ammonium, and treating the fused mass with water: or by
reducing molybdic anhydride by hydrogen, at a moderate temperature.
It is insoluble in acids. The hydrate is precipitated by ammonia from
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an aqueous solution of bichloride of molybdenum. It is also brown,
soluble in acids, forming molybdic salts : slightly soluble in water. By
ignition out of contact with the air, it is converted into molybdic uxldc_.

Molybdous and molybdic salts resemble each other very closely in
their reactions. Both form dark-brown solutions, which bc{ﬁume blue on
exposure to the air, from which sulphide of molybdenum is slowly pre-
cipitated by hydrosulphuric acid. The best reagent for distinguishing
them is carbonate of potassium, which precipitates the hydrate both from
molybdous and molybdic salts; but in the former case the precipitate 1s
difficultly soluble in excess of the reagent, while in the latter it is readily
soluble. - Both the lower oxides of molybdenum, as well as the sulphide,
are converted into molybdic anhydride by ignition in the air. _

e. Molybdic Anhydride, Mo*O®% — A white crystalline powder, slightly
soluble in water, soluble in acids and in alkalis. When ignited in a
covered vessel, it fuses to a yellow liquid, which on cooling forms a light

ellow crystalline mass, much less soluble in acids than before ignition,
{Vhen heated in the air it sublimes at no very high temperature into
cerystalline needles. It combines with water, forming a white compound,
Mo*O*H?, which has acid properties. This is molybdic acid : it is bibasie,
and combines with metals, forming a class of salts called molybdates.
The alkaline molybdates are soluble in water : most others are insoluble.
Nitric or hydrochloric acid precipitates molybdic acid from a solution
of a molybdate ; the precipitate is soluble in execess of acid. Metallic
zine immersed in the ﬁydmchlnric acid solution, produces a blue colour,
which gradually becomes green, and finally dark-brown, owing to the
reduction of the molybdic acid to molybdous hydrate, which remains
dissolved in the hydrochloric acid. Hydrosulphuric acid gradually pre-
cipitates sulphide of molybdenum from an acid solution of molybdie acid:
the supernatant liquid has a blue or green colour. The same precipi-
tate is produced when an aqueous solution of an alkaline molybdate is
saturated with sulphide of ammonium or hydrosulphuric acid, and hydro-
chloric acid added to it. Chloride of tin gives with an alkaline molyh-
date a greenish-blue precipitate, which hydrochloric acid dissolves to a
green solution : if very little chloride of tin be used, the solution is blue.
Subnitrate of mercury gives a yellowish precipitate, soluble in nitric acid,
blackened by ammonia. (c) When molybdate of ammonium is mixed
with a small quantity of a phosphate or arsenate, excess of nitric acid
added, and the whole heated, a yellow solution and a yellow precipitate
are formed (p. 60).
: Blowpipe reactions.— Molybdie anhydride, when heated on charcoal
in the outer flame, is volatilised, and forms a white erystalline sublimate
on the charcoal; in the inner flame, it may be reduced (even without
carbonate of sodium) to metallic molybdenum, which is separated as a
grey powder on levigating the charcoal. With borax all oxides of molyb-
denum give, in the outer flame, a bead which is yellow when hot, and
colourless on cooling : in the inner flame, a dark-brown bead, which is
opaque if excess of molybdenum be present. By long continued heat
the molybdic oxide may be separated as dark-brown flakes, swimming in
a clear yellow glass. With microcosmic sall, in the outer flame, all oxides
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of molybdenum give a bead which is greenish when hot, and colourless
on cooling: in the inner flame, a clear green bead, from which molybdic
oxide cannot be separated by eontinued heat,

Separation and estimation of Molybdenum.—For the extraction of
molybdie acid from minerals, various processes are employed. Sulphide
of molybdenum (molybdenite) is converted into molybdic anhydride
by ignition in an open crucible, placed in a slanting position over the
lamp, the anhydride is then dissolved out with ammonia. If the sulphide
in lumps is heated in an open glass tube, through which a stream of air is
drawn by an aspirator, molybdic anhydride sublimes in erystals in a state of
perfect purity, (Waohler, Ann. Ch. Pharm.’c.) Molybdate of lead is
finely powdered, and freed from carbonates of zine, iron, and calcium by
digestion with ditute hydrochlorie acid, and thoroughly washed by decan-
tation, It is then heated with 1} part concentrated sulphuric acid, with
constant stirring, till it is perfectly white, and the sulphurie acid begins to
evaporate. Itis then allowed to eool, and a considerable quantity of water
added, and the sulphate of lead which remains insoluble filtered off. The
filtrate is mixed with nitric acid, and evaporated with constant stirring in
a porcelain basin, till the sulphuric acid begins to evaporate, when the mo-
lybdic acid separates as a white powder: 1t is freed from phosphoric acid
by washing with water, to which at the last a few drops of nitric acid have
been added. Or the mineral, after treatment with dilute hydrochlorie
acid, may be evaporated to dryness with strong hydrochloric acid: the
dry residue (containing basic chloride of lead and molvbdic acid) is ex-
hausted with ammonia, and the ammoniacal solution erystallised, or eva-
porated as before with nitric acid, and treated with water. Or the
mineral is fused with its own weight of calcined tartrate of potassium,
the fused mass exhausted with water, and the aqueous solution evapo-
rated to dryness after saturation with nitric acid. The nitrate of potas-
sium is dissolved out of the residue with water, and molybdic acid remains
behind.  For the estimation of molybdenum, the molybdic aeid is dissolved
in dilute ammonia, and the solution precipitated by subnitrate of mercury:
the precipitate is thoroughly washed with a dilute solution of the sub-
nitrate, Lll:'ieﬂ, and ignited at a moderate heat in a stream of hydrogen,
when it is reduced to brown binoxide of molybdenum, Mo*0*%, and weighed
in that form.

There is so close a resemblance between the reactions of molybdenum
and wolfram compounds, that their distinction is attended with some
difficulty. Molvbdie aeid is distingnished from tungstic acid by its fusi-
bility and volatility, and by its solubility in excess of acid when precipitated
by nitrie or hydrochlorie acid from an alkaline solution. For the separa-
tion of the two acids Rose gives the following method. Tartaric acid is
added to the alkaline solution of the two aciﬁs, and the whole saturated
with hydrochlorie acid. The mﬁlgbdenum is then precipitated as sulphide
by repeated saturation with hg rosulphurie a-::izf (a long and diflicult
process), the sulphide filtered off; and gently ignited in a stream of hydro-
wen till it no longer loses weight, It is then in the form of bisulphide,
Mo?®S% and is weighed as such. The filtrate is evaporated to dryness
and the residue ignited in the air: if the residue be at all black (owing
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to the carbon of the tartaric acid not being entirely burnt) it must be
fused with a little nitrate, and excess of carbonate, of potassium. The
fused mass is dissolved in water, the tungstic acid precipitated by subni-
trate of mercury, ignited,and weighed. The same process which effects the
separation of aftimeny from arsenic and tin, serves also for its separation
from wolfram and molybdenum, the alkaline tungstates and mo ybdates
being soluble in water. From arsenic they are separated by con-
verting the arsenic into arsenic acid, and precipitating it by a magnesium-

salt.
9. Vanadium. V. Atomic weight, 685,

Oceurs as vanadate of lead in the brown lead-ore from Zimapan : in small
quantities in many iron- and copper-ores, and in the slags from blast-
furnaces. It is a white hard metal, that may be reduced to an iron-grey

wder, It is not oxidised by exposure to moist air at the ordinary tem-
perature, but acquires a reddish tint. Heated in the air it burns vividly,
and is converted into black oxide, V*O® Itisnotattacked by sulphuric,
hydrochlorie, or hydrofluoric acid : nitric acid and aqua-regia dissolve it
readily, forming a light-blue solution.

Oxipes oF Vasapiom. Protovide, V*O. Binoxide, V*O?. Vanadic
Anhydride, V*0?, — Like wolfram and molybdenum, vanadium forms one
or more oxides intermediate between V*0? and V?*0% which are soluble
in water with a blue, green, or orange-red colour.

a. Protoxide of Vanadium. Vanadous Ozide. V?*O.— A black powder,
obtained by heating vanadic anhydride in a stream of hydrogen. When
heated in the air it is converted into binoxide. It does not combine
either with acids or alkalis; but on digestion with nitric acid or potash
it absorbs exygen and is dissolved, in the former case giving a light blue
solution, in the latter, a solution of vanadate of potassium.

b. Binoxide of Vanadium. Vanadic Owxide. Vanadous Anhydride.
V320% — A black earthy powder, obtained by heating vanadium or the
protoxide in contact with wir. It is slowly but perfectly soluble in acids,
torming vanadium-salls ; their solutions are blue, and by exposure to the
air absorb oxygen and become green. It is also soluble in fixed alkalis,
forming vanadites. Vanadium-salts give the following reactions, Hy-
drosulphuric acid gives no precipitate in a neutral or acid solution.* Sul-
phide of ammonium gives a black-brown precipitate, soluble in excess to
a dark purple-red solution, whence brown sulphide of vanadium is pre-
cipitated by a dilute acid. Ferrocyanide of potassium give a yellow pre-
cipitate, insoluble in acids, which turns green by exposure to the air.
Glallic acid gives a black precipitate, which settles slowly, leaving a bluish
solution. The fired alkulis and their normal carbonates give a greyish-
white precipitate of hydrate, soluble in moderate excess, reprecipitated
by a large excess as an alkaline vanadite. Ammonia gives a brown pre-
cipitate, somewhatsoluble in water, insoluble in water containing ammonia,

* Thongh vanadium, like wolfram, is not precipitated from an acid solution
by hydrosulphuric acid, it is nevertheless included in this group, because its
sulphide is soluble in sulphide of ammoninm, forming a sulpho-salt, and is
precipitated from this solution by hydrochlorie acid.
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Only the alkaline vanadites are soluble in water. Their solution gives
with sulphide of ammonium a fine purple-red colour, owing to the formation
of a soluble sulpho-salt. By acids they are coloured blue, owing to the
formation of a double salt of vanadium and the alkaline metal. Insoluble
vanadites, when moistened with water, rapidly become green, being con=
verted into vanadates, ;

c. Vanadic Anhydride, V03, — A red powder, obtained by the igni-
tion of vanadate of ammonium. It is fusible, non-volatile, and does not
lose oxygen at a white heat. It is slightly soluble in water : the solution,
which contains vanadic acid, reddens litmus_strongly. It dissolves both
in acids and alkalis, in the former case forming vanadic sells, in the latter,
vanadates. Its solution in acids is generally red or yellow : it is very
easily reduced by hydrosulphuric, sulphurous, ov oxalic acid, sugar, alcohol,
and many other organic compounds, the solution being coloured blue.
Sulphide of ammonium precipitates brown sulphide, soluble in alkaline
sulphides, or caustic alkalis, to a purple-red solution, whence light-brown
sulphide of vanadium is precipitated by dilute acids. Ferrocyanide of
potassium gives a green precipitate, insoluble in acids.

Vanadates are mostly soluble in water, all in nitrie acid. Alkaline
vanadates are difficultly soluble in water containing free alkali or an
alkaline salt: thus vanadate of ammonium is insoluble in a saturated
solution of chloride of ammonium. Aqueous solutions of vanadates are
coloured red by stronger acids, but the colour frequently disappears after
atime, Hydrosulphuric acid in neutral solutions gives a mixed precipitate
of sulphur and bihydrate of vanadium : in aeid solutions, it separates
sulli;hur and gives a blue solution. Sulphide of ammonium behaves as
with vanadic salts. Terchloride of antimony, lead-salts, protosalts of copper
and of mercury, give orange-red precipitates. Vanadates of a fixed base
are not decomposed by heat,

Blowpipe reactions.— When vanadic anhydride is heated on charcoal
in the inner flame, it is reduced to protoxide. With borax and microcos-
mic-salt, all oxides of vanadium give in the outer flame a clear colourless
bead, which is yellowish if a large amount of the vanadium compound be
present: in the inner flame a green bead, which, if a large amount of the
vanadium compound be present, is brown while hot, and becomes green on
cooling. On heating the green bead in the outer flame, it becomes colour-
less or slightly yellow. A blue bead cannot be obtained before the blow-
pipe with an oxide of vanadium. '

Separation and estimation of Vanadium. — To extract vanadium from
iron-ore, the powdered mineral is fused for an hour at a red heat with
one third its weight of nitrate of potassium, the fused mass when cool
boiled with water and filtered. The filtrate, which is yellow, contains
vanadate, chromate, phosphate, nitrite, and silicate of potassium and
aluminium : it is nearly neutralised with nitrie acid, the precipitated silica
and alumina filtered off; and the filtrate precipitated with excess of chloride
of barium. The precipitate (of vanadate, chromate, and phosphate of
barium) is washed, boiled while moist with dilute sulphuric acid, and
filtered. The reddish-yellow acid filtrate is neutralised with ammonia,
concentrated by evaporation, and a fragment of chloride of ammonium
Jlaced in it, when vanadate of ammonium gradually separates as a yellow




. PART IL " TELLURIUM. 111

erystalline powder, which, on ignition, leaves vanadie anhydride. Or the
ellow solution may be at once reduced by sulphurous acid, neutralised
y ammonia, the precipitated oxides digested in sulphide of ammonium,
and the sulphide of vanadium precipitated from the solution by dilute sul-
phuric acid : fusion with nitre then converts it into vanadate of potassium,

Vanadate of lead is not completely decomposed by sulphuric acid : a

complete separation is however effected by fusion with acid sulphate of
otassium, and treating the fused mass with warm water, when all the
ead remains as sulphate, while all the vanadium is dissolved as vanadate
of potassium.

Vanadium is separated from all the preceding metals, except wolfram,
by its non-precipitation by hydrosulphurie acid from an acid solution :
from most of those in the next group, by the solubility of its sulphide
in sulphide of ammonium,

Vanadium is estimated as protoxide, obtained by igniting vanadic anhy-
dride in a stream of hydrogen. To obtain vanadic acid from vanadous
salts, vanadite of mercury is precipitated by adding excess of chloride of
mercury and then ammonia: the precipitate, after ignition, consists of
vanadie acid and a little oxide of mercury, from which it is freed by
solution in ecarbonate of ammonium. From vanadates vanadic anhydride
may be obtained by combining it with ammonia, and precipitating the
vanadate of ammonium by chloride of ammonium, as above described.

10. Tellurium. Te. Atomic weight, 128,

Found native; also as sulphide of tellurium : algo in eombination with

gold, silver, lead, and bismuth. Tellurium much resembles antimony in
appearance, being bluish-white, brittle, and easily powdered. It is easily
fusible, and may be volatilised when heated strongly out of contact with
air. When heated in the air it burns with a blue flame, forming white
vapours of tellurous anhydride, TeO? It is insoluble in hydrochloric
acid : soluble in nitrie acid, forming tellurons anhydride : soluble in sul-
Phuric acid, forming an amethyst-red solution, which is decolorised by
ieat, and from which water precipitates metallic tellurium. Chlorine
tloes not attack tellurium in the cold : when heat is applied, it forms either
white perchloride, TeCl* or black chloride, TeCF, according to the pro-
portions of chlorine and tellurium employed.

‘Oxroes or Tervuvriom.  Tellurous Anhydride, TeO®  Telluric Anhy-
* dride, TeO?3,

- . Tellurous Anhydride. Telluric Oxide. TeO%.— A white crystalline
~ body, which separates gradually from a solution of tellurium in concen-
trated nitrie acid. It is almost insoluble in water, acids, ammonia, or
alkaline earbonates ; soluble in potash and soda. When heated it melts
to a yellow liquid : it may be volatilised, but requires a higher tempera-
ture than metallic tellurinm. It has acid properties, combining with
water to form fellurous acid, TeO*H®, This acid 1s precipitated asa white
amorphous body, when a freshly prepared solution of tellurium in nitric
acid, or when perchloride of tellurium, is treated with water. It is some-
what soluble in water, readily soluble in acids: its hydrochloric acid
solution when concentrated has a yellow colour; its nitric acid solution
deposits tellurous anhydride on heating. The alkaline tellurites are
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soluble in water, most others are insoluble ; they are generally soluble in
strong hydrochloric acid, and from this solution water precipitates tel-
lurous acid, unless an excess of hydrochloric acid be present. In this
reaction tellurium resembles antimony and bismuth. When a tellurite
is heated with charcoal and carbonate of potassium, it is reduced to tel-
luride of potassium, TeK?* which produces a black stain on a moist silver
plate, and is soluble in water, forming a dark red solution. When a mineral
acid is added to this solution, hydrotelluric acid, Tell?, is evolved, a gas
resembling hydrosulphuric acid in smell, soluble in water to a pale-red
solution, which on contact with the air becomes dark-red, and deposits
metallie tellurium, A solution of tellurous acid in a mineral acid is pre-
cipitated by water. Caustic alkalis, and alkaline carbonates give a white
precipitate, soluble in excess. Hydrosulphuric acid precipitates brown
bisulphide, TeS% readily soluble in sulphide of ammonium. Sulphurous
acid, or alkaline sulphites, give a black precipitate of metallic te(l)urium.
especially on heating : the more concentrated the solution the more com-
plete is the reduction. The same reduction is effected by chloride of tin,
and metallic zinc.

b. Telluric Anhydride. TeQ®.—A yellow crystalline mass, obtained
by carefully heating felluric acid, TeO*H? It is insoluble in water,
cold hydrochloric acid, boiling nitric acid, or a boiling dilute solution
of potash. At a temperature very little above that required for its
complete dehydration, telluric anhydride is decomposed into oxygen and
tellurous anhydride. Telluric acid is prepared by fusing tellurous
acid with nitrate of potassium, converting the resulting tellurate of
potassium into the barium-salt, and precipitating’ the barium by &ul-
phuriec acid. It forms large colourless crystals, which are gradually
soluble in water, insoluble in absolute alcohol: its aqueous solution is
not precipitated by acids. The alkaline tellurates only are soluble
in water. All tellurates may be dissolved in cold hydroehloric acid,
without decomposition : the solution is not precipitated by water, as
long as the least excess of hydrochloric acid is present. On boiling
the solution, chlorine is evolved, and tellurous acid precipitated, which
requires a considerable excess of hydrochlorie acid for its solution.
(Distinetion of telluric from tellurous acid.) With a neutral solution of
a tellurate, chloride of barium gives a white precipitate of tellurate of
barium, soluble in nitrie or hydrochloric acids. With su/phurous and hy-
drosulphuric acids, acid solutions of tellurates behave like those of tel-
lurites. Tellurates also behave like tellurites when fused with charcoal
and carbonate of potassium. Tellurates, when ignited, lose oxygen, and
are converted into tellurites.

Blowpipe reactions.—All compounds of tellurinm are easily reduced
on charcoal in the inner flame: the reduced metal i1s volatilised, and
forms a white deposit of tellurous anhydride on the charcoal. With
borax and mierocosmic salt, tellurous acid gives a clear colourless bead,
which, heated on charcoal, is rendered grey and opaque by the reduced
metal. The oxides of antimony and bismuth, when reduced on charcoal
in the inner flame, give white incrustations of antimonic and bismuthic
oxides, which may be confounded with tellurous anhydride. They are,
however, easily distinguished in the following manner. When heated in
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the inner flame, antimonic oxide gives a bluish tinge, tellurous anhydride
a fine green colour, to the outer flame. When heated in a tube open at
both ends, tellurous anhydride volatilises entirely, forming a white sub-
limate on the cool part of the tube, which, by careful heating, may be
fused to colourless drops. Antimonic oxide is only partially volutilised,
being partly converted into non-volatile Sh*0%: the sublimate may be
driven hither and thither in the tube by heat, but does not fuse mto
drops. DBismuthic oxide, when similarly treated, gives scarcely any sub-
limate, but melts to a dark-brown fluid, which becomes pale-yellow on
cooling, and corrodes the glass. AL i :
Separation and estimation of Tellurium.—The principal minerals in
which tellurium is found, are graphic and foliated tellurium, and telluride
of bismuth. The two former contain, besides tellurium, gold, silver, lead,
traces of other metals, and sulphur. The following are the processes
adopted for the separation of the tellurium. The powdered mineral is
first freed from all its constituents that are soluble in dilute hydrochloric
acid, and then digested in aqua-regia, which must only contain as much
nitrie acid as is absolutely necessary. When the mass has become white,
sulphuric and tartaricacidsare added, the former to precipitate all the lead,
the latter to prevent the precipitation of the tellurous acid: twice the
volume of water is then added, and the sulphate of lead filtered off. The
ld is then precipitated from the filtrate by protosulphate of iron, and
tered ofl: the filtrate concentrated, and the tellurium precipitated from
it by an alkaline sulphite. Or the mineral, after treatment with dilute
hydrochloric acid, is mixed with 2 parts acid sulphate of potassium,
and the mixture projected by degrees into 6 parts acid sulphate of
tassium, which is maintained in a state of fusicn in a Hessian crucible,
hen the fused mass is quite white, it is poured off from the gold, which
has settled at the bottom of the erucible, dissolved in water containing
sulphurie acid, filtered from the sulphate of lead, the silver precipitated
from the filtrate by hydrochloric acid and filtered off, and the tellurium
precipitated by an alkaline sulphite. ‘Telluride of bismuth is intimately
mixed with three times its weight of calcined cream of tartar (acid
tartrate of potassium), and exposed to a red heat in a closed crucible for
an hour, when telluride of potassium is formed, and bismuth separated.
The former is dissolved out by water which has been freed from air by
boiling, and the dark-red solution gradually deposits all the tellurium on
exposure to the air. Tellurium is separated from those metals whose
chlorides are not volatile, by ignition in a stream of chlorine. Tellurium
18 separated from arsenie, antimony, and tin by means of an alkaline sul-
phite, which does not reduce any of these three metals.

11. Selenium. Se. Atomic weight, 79.

Found native: also as selenide of copper, iron, lead, mercury, silver,
and other metals. It also oceurs in many specimens of pyrites, which are
used for the manufacture of sulphuric acid on a larpe seale; hence a
seleniferous deposit is formed in the leaden chambers in which the acid
is prepared. Itis abrittle dark-brown metal, with a dark-grey fracture ;
m a finely divided state it is of a dark-red colour, It is very casily fusible,

I
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and may be drawn out into long threads, like sealing-wax : when further
heated out of contact with air, it volatilises, forming a yellow vapour.
When heated in the air it burns with a reddish-blue flame, forming
selenous anhydride, SeO? and giving off' a characteristic smell resem-
bling that of horseradish. It issoluble, not very readily, in nitric acid
and aqua-regia, selenous acid being formed. It is insoluble in hydro-
chloric and dilute sulphuric acids : concentrated sulphuric acid dissolves
it, forming a fine green solution, whence water precipitates selenium as a
dark-red powder. It is somewhat soluble in potash, forming a dark-red
solution.  When heated in a stream of chlorine, liquid chloride, SeCl?, or
solid perchloride, SeCl*, is formed, according to the proportions of
chlorine and selenium employed. When fused with metals it forms
metallic selenides, closely analogous to metallic sulphides, When a
metallic selenide is heate:f in an open glass tube, a sublimate of seleniun
15 obtained.

Oxipes oF SELeNtumM.  Selenous Anhydride, SeQ®  Selenic Anhydride,
e,

a. Selenous Anhydride, SeQ% — Sublimes in white erystalline needles
when selenium is heated in a stream of oxygen, or when a solution of
gelenium in nitric acid or aqua-regia is heated, after the nitric and hydro-
chloric acids have been distilled off. It is wvolatile; its vapour has no
smell of horseradish. It is readily soluble in water, forming SeO*H?
selenous acid, which may be crystallised from the aqueous solution. It is
also soluble in alcohol. The normal alkaline selenites are soluble in
water ; most others are insoluble ; all acid selenites are soluble (Rose).
Selenites are not decomposed when heated with hydrochlorie acid, and no
chlorvine is evolved. Hydrosulphurie acid gives with an acid solution of
a selenite (or with a solution of selenous acid), a lemon-yellow precipitate
of bisulphide of selenium, SeS?, readily soluble in sulphide of ammonium.
Metallic selenium is reduced as a red powder from a solution of selenous
acid or a solution of a selenite acidulated with hydrochloric acid, by
alkaline sulphites, chloride of tin, metallic zine and iron : but not by proto-
sulphate of tron. The reduction is fucilitated by heat, when the reduced
metal becomes black. When a solid selenite is heated with chloride of
ammonium out of contact with the air, a sublimate of metallic selenium
is obtained.

b. Selenic Anhydride, SeO®.—This compound has never been obtained.
An aqueous solution of selenic acid, SeO'H?, can be obtained from the
selenate of potassium which is formed by the fusion of selenium or a
selenite with nitrate of potassium. Selenic acid cannot be obtained
in a state of perfect purity ; for when its aqueous solution is concentrated
by evaporation, it is decomposed above 280° into oxygen and selenous
acid, before all the water can be driven off (Gmelin). The concen-
trated aqueous solution is transparent, colourless, and strongly acid.
The selenates are very stable salts, and closely analogous to the sulphates.
They are all soluble in water, except those of barium, strontium, caleium,
and lead, which are insoluble in water or cold dilute acids. When a
selenate is boiled with hydrochlorie acid, chlorine is evolved, and the salt
is converted into a selenite (distinction of selenic from selenous acid).
Hence an indigo solution is decolorised when heated with a selenate and
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hydrochloric or sulphuric acid. An acid sclution of a selenate is not
pmuipitnted h}t ﬁydrmu.{‘nﬁm‘fc* or .a:ﬂfphm*mm acit!‘, UIEIEES 1t _lmﬂ 1||L*.EII.
previously decomposed by boiling with hydrochlorie acid.  With nitrate
af barium, a solution of a selenate gives a white precipitate of selenate of
harium, insoluble in water and dilute acids: boiling hydrochloric acid
dissolves it, by decomposing it into soluble selenite. Selenates behave
like selenites when heated with ¢hloride of ammonium.

Blowpipe reactions.— All selenium compounds when heated with
carbonate of sodium on charcoal in the inner flame, may be at once
recognised by their characteristic smell of horseradish. They evolve the
same smell when heated with microcosmic salt on charcoal. If a small
quantity of a selenite or selenate be added to a clear bead of siliea and
earbonate of sodinm, and the whole heated on charcoal in the inner flame,
the bead is coloured dark-red by reduced selenium : the colour disappears
on continued heating. The residue of the reduction of selenium com-
pounds by carbenate of sodium, is selenide of sodium ; if it be placed cn a
clean silver surface and moistened with a drop of water, a black stain is

roduced on the silver. Heated with acids it evolves hydroselenic acid,

H® analogous to hydrosulphurie acid: it is an inflammable, fetid,
poisonous gas, very snlyuble in water, from which solution metallic sele-
nium gradually separates on exposure to the air. It precipitates selenides
from many metallic salts.

Separation and estimation of Selenium.— For the analysis of the sele-
niferous deposit in sulphuric acid chambers, which, besides selenium,
eontains S’Ellﬂl'lil.]E of mercury, selenites and selenates, sulphate of lead,
silica, &c., the following method is adopted : — The substance is mixed
with about § its weight of nitrate of potassium, and heated with a mix-
ture of equal parts of sulphuric acid and water, till all the free nitric acid
is expelled and the substance has lost its red colour. Water is then
added, and the whole filtered. The filtrate (which contains all the sele-
nium as selenites and selenates, copper, iron, mercury, and some lead)
18 boiled with as much chloride of sodium as amounts to half the weight
of the original substance, in order to reduce the selenic to selenous acid :
the solution, when cold, is poured off from the residue, and saturated with
sulphurous anhydride, which separates the selenium; the separation is
facilitated by boiling the solution for a short time, The mother-liquid is
again boiled with hydrochloric acid, and saturated with sulphurous an-
hydride, when a fresh precipitate of selenium is generally obtained. The
selenium thus reduced contains some iron, copper, lead, and mercury.
From the three former metals it is freed by distillation, they being left
behind as selenides : from the latter by solution in aqua-regia, saturation
(after the free acid has been expelled) by carbonate of sodium, evapora-
tion to dryness and ignition of the residue. The residue is then dissolved
inwater, boiled with hydrochloricacid, and precipitated by sulphurous acid,

The amount of selenium in selenide of lead is determined by heating
the mineral in a stream of chlorine, when the selenium volatilises as
ebloride and perchloride, while chloride of lead remains behind, The

* If the base of the sclenate be a metal of this group, it is precipitated as
sulphide by hydrosulphuric acid.
12
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chlorides of selenium are collected in water and saturated with chlorine,
to convert all the selenous into selenie acid, which is precipitated by
nitrate of barium as selenate of barium, dried, and weighed.

Selenium 18 separated together with tellurium from arsenie, antimony,
and tin, by means of an alkaline su'lphitL To separate it i'mm tellurium
the reduced metals are oxidised by nitrie acid or aqu: a-Tesia in excess,
excess of carbonate of sodium added, the whole E&”tpumtml to dryness,
and the residue fused. It is then dissolved in water, and nitrate of
barium added, when all the selenium is precipitated as selenate of barium,
while tellurate of barium remains dissolved (Rose).

Group I.—Subdivision B.

1. Lead. Pb. Atomic weight, 103-5.

Occurs chiefly as galena, or sulphide of lead: also as car-
bonate and other oxygen salts, in which lead is the base. It is
of a bluish-grey colour and strong metallic lustre: extremely soft
and malleable. It is not aflected by exposure to dry air; in
moist air it becomes covered with a grey film. When heated to
fusion (825°) in the air, the yellow oxide, Pb20, forms on the
surface. Pure water in contact with air dissolves a certain por-
tion of lead in the form of hydrate: the presence of carbonie
acid in the water prevents this solution. Lead is not dissolved
by hydrochloric or sulphurie acid in the cold, and very slightly
on heating: nitric acid dissolves it readily, especially when some-
what dilute. Heated in chlorine, lead is converted into chloride,
PbCl. Out of contact with air lead is volatile at a white heat.

Oxmpes oF LeEap. Ouwxide, Pb?0. Binoxide, Pbh202,

a. Oxide of Lead. Plumbic Oxide. Pb?0.—A yellow powder,
which becomes somewhat darker when heated; obtained by fusing
lead in contact with air, or by igniting the hydrate, carbo-
nate, oxalate, or nitrate of lead. It is somewhat soluble in pure
water ; the solution is alkaline to litmus, and highly poison-
ous: it is insoluble in water containing carbonic acid, a sulphate,
or a chloride. Its best solvents are nitric and acetic acids.
Lead-salts of uncoloured acids are colourless : the solutions of nor-
mal salts redden litmus: it has a great tendency to form basic
salts, whose solutions are alkaline to test-paper. Hydrosulphuric
acid and sulphide of ammonium give with lead-salts a black preci-
pitate of sulphide, Pb?S, insoluble in dilute acids, alkalis, and
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alkaline sulphides, converted into sulphate by strong nitric acid.
If a large excess of hydrochloric acid be present, the precipitate
is reddish-brown, consisting of a mixture of sulphide and chloride
of lead. Insoluble lead-salts are converted into sulphide by diges-
tion with sulphide of ammonium, and the acid with which the lead
was combined is found in the filtrate, unless it be an acid which
is itself decomposed by sulphide of ammonium, e.g. chromie acid.
Hydroehloric acid and soluble ehlorides give with a not too dilute
solution of lead-salts, a white precipitate of chloride, PbCl,
soluble in a large quantity of water, especially on boiling, and
separating from the solution on cooling in erystalline needles :
it is soluble when heated with strong hydrochloric acid, less
goluble in dilute hydrochloric acid, insoluble in aleohol, soluble
in potash, and is not changed at all by ammonia. Sulphuric acid
and soluble sulphates give, even in very dilute solutions of lead-
salts, a white precipitate of sulphate, SO‘Pb?, almost entirely
insoluble in water, insoluble in cold dilute acids, soluble in boiling
dilute hydrochlorie acid, from which solution chloride of lead
crystallises on ecooling ; soluble in potash, and in tartrate or
acetate of ammonium with excess of ammonia, from which solu-
tion the lead is precipitated by sulphurie acid, sulphide of ammo-
nium, or chromate of potassium: also more or less soluble in
solutions of many other salts. When boiled with carbonate of
sodium it is entirely converted into carbonate of lead. (¢) fodide
of potassium gives a yellow precipitate of iodide, Pbl, soluble in
excess of the reagent: it is also soluble in a large quantity of
boiling water, and separates on cooling in beautiful gold-yellow
scales.  Cyanide of potassium precipitates white cyanide of lead,
CNPb, entirely insoluble in excess, soluble in dilute nitrie. acid.
Chromate of potassium (prepared by neutralising the bichromate
with ammonia) precipitates yellow chromate, Cr204Pb2: soluble
phosphates, arsenates, and oxalates, give white precipitates; all
difficultly soluble in dilute nitrie acid, soluble in excess of potash.
Ammonia precipitates a white basic salt, insoluble in excess: in
a solution of acetate of lead this precipitate forms slowly. Potash
and soda precipitate white hydrate, PbIIO, soluble in excess,

especially on heating. dlkaline carbonates give a white preci-
I3
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pitate of carbonate of lead, CO*Ph? (white lead, ceruse), insoluble
in excess, If this precipitate be formed in a hot solution it con-
sists of a compound of hydrate and normal carbonate of lead
(COPb2+PbHO). Ferrocyanide of potassium gives a white pre-
cipitate of eyanide of iron and lead, Cy*FePb% Metallic éron and
zine precipitate lead from its salts in the metallie state.

b. Binoxide of Lead. Puce Oxide. PhH*0% — A dark reddish
purple powder, obtained by exposing oxide of lead suspended
in water to a stream of chlorine; or by digesting minium in
nitric acid. Minium, or red lead, is a compound of lead and
oxygen, obtained by heating the oxide in a current of air: its
composition is Pbf04, and it has been regarded as an inter-
mediate oxide of lead; but with acids (which dissolve out the
oxide and leave the binoxide) it behaves like a mixture of oxide
and binoxide, 2Pb?0+Pb’0°%  Binoxide of lead is decomposed
by heat, evolving oxygen, and leaving the oxide, without any in-
termediate formation of minium. It does not combine with acids.
Nitrie acid does not dissolve it: with hydrochlorie acid it evolves
chlorine and forms chloride of lead: with sulphuric acid it
evolves oxygen, and forms sulphate of lead. It absorbs sul-
phurous anhydride abundantly, forming sulphate of lead. When
fused with alkalis it combines with them, forming salts which
may be called plumbates. Binoxide of lead is precipitated toge-
ther with chloride when a lead-salt is treated with hypochlorite
of sodium.

Blowpipe reactions.— All lead compounds are easily reduced
when heated on charcoal with carbonate of sodium, or cyanide of
potassium, in the inner flame, a malleable globule of lead being
obtained, and a yellow incrustation of oxide formed on the char-
coal, which disappears when heated in the inner flame, colouring
the outer flame blue. The oxide may be reduced by heating on
charcoal without the aid of any flux. With dorax and micro-
cosmie salt, lead compounds give in the outer flame a clear yel-
lowish bead, which is colourless when cold.

Separation and estimation of lead.— Finely powdered galena
(sulphide of lead) is entirely converted into sulphate of lead by
digestion in strong nitric acid: on adding water and filtering, the
other metals contained in the mineral (silver, copper, iron) will
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be found in the filtrate. If a more dilute nitric acid be employed,
a mixture of sulphate of lead and free sulphur is obtained, and
some nitrate of lead is found in the filtrate. White lead (car-
bonate) is dissolved in nitrie acid, and the lead precipitated as
sulphate: if, as is often the case, the mineral contains sulphates
of lead and barium, they will be left undissolved by the nitric
acid, and the sulphate of lead may be separated from the residue,
by digestion in tartrate of ammonium, with excess of ammonia.
Chrome-yellow (chromate of lead) is first treated with a large
quantity of water, to remove sulphate of caleium; then with
dilute nitric acid, to remove chalk ; and then with tartrate of
ammoninm and ammonia, to remove sulphate of lead. The re-
sidue, which consists of chromate of lead, sulphate of barium,
and eclay (silicate of aluminium), is digested with a mixture
of fuming hydrochlorie acid and aleohol, and the chlorides of lead
and chromium thus formed removed by boiling in water. The
insoluble residue is heated with concentrated sulphuric acid,
which converts the silicate of aluminium into sulphate, which is
dissolved out with water, and the alumina precipitated from the
solution by ammonia. The silica is separated from the sulphate
of barium, by boiling the residue in carbonate of sodium, which
dissolves the silica, which may be precipitated from its solution
by chloride of ammonium.

Lead is easily separated from all the metals of Subdivision A,
by the insolubility of its sulphide in sulphide of ammonium.
Lead is estimated either as oxide, or as sulphate. In the former
case it is best to precipitate it by oxalate of ammonium from a
neutral, orslightly alkaline, solution, and to convert the oxalate into
oxide, by ignition in a platinum crucible. Or the lead may be pre-
cipitated as carbonate, by earbonate of ammonium and free am-
monia, and converted into oxide by ignition. In the latter case, if
the solution be neutral, the lead is best precipitated by sulphate of
sodium: in an aeid solution precipitate by free sulphuric acid,
evaporate to dryness, ignite the residue till all free sulphurie acid
be expelled, exhaust with water to remove any soluble salts,
wash the sulphate on a filter, dry, ignite, and weigh. For pre-
cautions to be observed in igniting lead-salts, see p. 206.

I 4
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2. Silver. Ag. Atomic weight, 108.

Ocecurs native : also as sulphide (silver-glance) : as sulphide of
silver and antimony (red silver ore): as chloride (horn-silver).
It 1s a white, very lustrous metal, fusible at a somewhat lower
temperature than gold. It is not oxidised by the air at any tem-
perature : when fused in the air it dissolves oxygen, which
escapes as the silver cools, giving a porous appearance to the
metal.  Nitrie acid dissolves it readily: hydrochloric acid covers
it with a thin film of chloride, which protects the metal from
further attack: strong sulphuric acid dissolves it on boiling,
forming sulphate of silver.

Oxme oF SILVER, Ag?0.—A brown powder, obtained by pre-
cipitating nitrate of silver by potash. By ignition it is converted
into metallic silver. It is rapidly soluble in nitric acid. Silver-
salts of colourless acids are mostly colourless, but are gradually
blackened by exposure to the air: those which are soluble in
water are decomposed by heat, metallic silver being left: the
aqueous solution of a normal silver-salt is neutral to test-paper.
Hydrosulphurie acid and sulphide of ammonium give a black pre-
cipitate of sulphide, Ag?S, insoluble in alkalis and alkaline sul-
phides, soluble in strong nitrie acid. (c¢) Hydrocklorie acid
and solubl® ehlorides give a white curdy precipitate of chloride,
ClAg, which becomes violet by exposure to the light: it is inso-
luble in water and dilute acids ; slightly soluble in boiling concen-
trated nitric and hydrochlorie acids ; readily soluble in ammonia
(reprecipitated by nitric acid); in eyanide of potassium, and hy-
posulphite of sodium ; also soluble in saturated solutions of alka-
line chlorides, whence it is reprecipitated on dilution with water.
Todide of potassium gives a yellowish precipitate of iodide, TAg,
somewhat soluble in execess, insoluble in dilute nitrie acid, almost
insoluble in ammonia. Cyanide of potassium gives a white
curdy precipitate of cyanide, CNAg, soluble in excess of the re-
agent, in ammonia, and in strong nitric acid. Alkaline carbonates
cive a yellowish precipitate of carbonate, alkaline phosphates,
a yellow precipitate of phosphate, PO'Ag3, both soluble in
ammonia and in nitric acid. Pofash precipitates brown oxide,
Ac?0, insoluble in excess. Ammonia, added in very small quan-
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tity to a neutral silver solution, precipitates brown oxide, readily
soluble in more ammonia: in an acid silver solution, ammonia
gives no precipitate. Silver is very easily reduced from its
goluble salts as a black powder: this reduction is effected (es-
pecially on heating) by many metals (¢in, tron, copper, antimony,
&c.); by phosphorus, phosphorous acid, sulphurous acid (imper-
fectly), pmrmuf;mate or protacetate of iron, chloride of tin (in
excess), formic acid, and many other organic compounds, When
reduced by organic bodies, the silver f'requuntly forms a brilliant
gpecular film on the sides of the vessel.

Blowpipe reactions.— All silver compounds are very easily
reduced to metallic shining scales, when heated on charcoal
with earbonate of sodium in the inner flame. With boraw, silver
compounds are partly reduced, even in the outer flame. With
microcosmic salt they give a clear yellowish bead in the outer
flame, which is opalescent if a large quantity of the silver com-
pound be present: when cool, the bead is yellowish by daylight,
reddish by candlelight.

Separation and estimation of Silver.—(Galena frequently con-
tains a small percentage of silver, which is extracted as follows:
—The alloy of lead and silver obtained by roasting the ore, is
melted in large quantities in iron basins, when on cooling the
lead erystallises out, and is removed. The argentiferous residue
is then exposed to the action of flame on a cupel, or basin of porous
bone-earth, when the lead is oxidised and absorbed by the cupel,
while the silver, not being oxidised, remains pure. Chloride of
silver is reduced by contact with zine and sulphuric acid: the
reduced metal is fused into a button by heating it in a furnace with
borax and carbonate of sodium. (This is a convenient method
for the extraction of silver from silver residues.)

Silver is separated from almost all other metals by the insolu-
bility of its chloride in dilute acids. From other metals which
form insoluble chlorides (lead, mercury), it is separated by the
solubility of its chloride in ammonia. From lead it is separated
in the dry way by cupellation. In the wet way, the solution is
largely diluted with water, heated to boiling, and precipitated by
hydrochlorie acid, which throws down chloride of silver only.
Or the chlorides may be precipitated together, and the chloride
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of silver dissolved out by ammonia. Silver may also be separated
from lead by eyanide of potassium, excess of which dissolves the
cyanide of silver, leaving the cyanide of lead undissolved.

Silver is always estimated as chloride. For the precautions to
be observed, see p. 204.

3. Mercury. IIg. Atomic weight, 100.

Occurs sometimes native, generally as sulphide (cinnabar).
It is the only metal which is fluid at the ordinary temperature.
It is white and lustrous; it solidifies at 40° and boils at 360°
giving off colourless vapours. It is sensibly volatile even at the
ordinary temperature. It is not affected by the air at the common
temperature ; but when heated to a little below its boiling-point,
it takes up oxygen, and is converted into the red oxide, Hg?O.
It is insoluble in hydrochlorie acid : nitrie acid dissolves it easily,
even in the cold, forming subnitrate, NO3Hg?, if the mercury be
in excess, and nitrate, NO3Hg, if the acid be in excess. Aqua-
regia dissolves if, forming a mixture of chloride, HgCl (corrosive
sublimate), and nitrate. DBoiled with excess of strong sulphurie
acid, it is converted into solid sulphate, SO*Hg?2: if the metal be
in excess, and a less heat applied, subsulphate, SO*IIg?, is formed.
When mercury is gently heated in a stream of chlorine, the chloride
is formed. Mercury possesses the property of dissolving other
metals, forming compounds called amalgams.

Oxipes oF MERCURY. Suboxide, Hg?O. Owide, Hg?O.

a. Suboxide of Mercury. Mercurous Oxide. Hg*O.— A black
powder, obtained by precipitating a subsalt of mercury by potash.
It is very difficult to obtain it perfectly pure, owing to the
readiness with which it is deecomposed into metallic mercury and
oxide ; this decomposition is induced by a slight rise in tem-
perature, or by exposure to light. It is insoluble in water and
hydrochloric acid. Its salts (subsalts of mercury, or mercurous
salts) are colourless when normal: when basie, they are fre-
quently yellow. All soluble mercurous salts are partially decom-
posed by water, a basic salt being precipitated and an acid salt
left in solution: free acid redissolves the basic salt. Hiydro-
sulphurie acid and sulphide of ammonium give with mercurous
salts a black precipitate of subsulphide, Ig%S, insoluble in
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sulphide of ammonium, or nitric acid, soluble in aqua-regia, and
in sulphide of potassium. (¢) Hydrochloric acid and soluble
chlorides give, even in very dilute solutions, a white precipitate
of subchloride, Hg2Cl (calomel), which is insoluble in dilute acids,
and is blackened by potash or ammonia. Boiling nitric acid
dissolves it : boiling hydrochlorie acid decomposes it into chloride,
which dissolves, and metallic mercury, which remains as a grey
powder. lodide of potassium gives a greenish-yellow precipitate
of subiodide, Hg?l (always mixed with iodide, Hgl), soluble in
excess, Cyanide of potassium separates metallic mercury, the
subeyanide being decomposed into mereury and protocyanide
(He*Cy=Hg + HgCy). Phosphate of sodium, oxalic acid, and
ferrocyanide of potassium give white precipitates: ferricyanide
‘of potassium, a reddish-brown, ehromate of potassium, a red,
gallic acid, a brownish-yellow, precipitate. Mercurous salts are
reduced by metallic eopper and zine, chloride of tin, protosulphate
of iron, sulphurous and phosphorous acids, metallic mercury being
geparated as a grey powder. Most subsalts of mercury are de-
composed by heat: the subchloride and subbromide sublime
undecomposed. All subsalts of mercury are converted into proto-
salts by boiling in nitric acid.

b. Owide of Mercury. Mercuric Oxide. Hg20.— A brick-red
powder, nearly black when hot, obtained by heating mercury in
the air, or by carefully igniting the nitrate of mercury. When
precipitated by an alkali from a mercuric salt, it has a yellow
colour. It is decomposed by heat into mercury and oxygen,
evolving nitrous fumes it it contains a trace of nitric acid. It
is not quite insoluble in water: readily soluble in acids, forming
salts of mercury, or mercuric salts. Normal mercurie salts are
colourless; the basic salts are frequently yellow. They are
partially decomposed by water, with separation of a basic salt,
which requires free aecid for its solution. The chloride is an ex-
ception, being soluble in water without decomposition; hence a
solution of chloride of mercury differs in some of its reactions
from that of the nitrate and of other salts which are partially
decomposed by water. (¢) Hydrosulphuric acid and sulphide of
ammonium, when added in very small quantity, give with all
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mercuric salts a black precipitate of sulphide, Hg?S, which, when
agitated with the mercurie solution, becomes white, owing to the
formation of a compound of the sulphide and the undecomposed
mercuric salt; further addition of the reagent turns the preci-
pitate brown, and finally black, it being entirely converted into
sulphide. This reaction is quite characteristic of mercurie salts.
Sulphide of mereury is insoluble iu nitric acid, or sulphide of
ammonium, soluble in aqua-regia or sulphide of potassium. When
sublimed, its colour changes from black to red. Hydrochlorie
acid gives no precipitate with mercuric salts. JTodide of potas-
stum, gives a bright red precipitate of iodide, Hgl, soluble in
excess either of iodide of potassium, or of the mercuric salt.
When sublimed its colour changes to a bright yellow. Cyanide of
potassium gives with nitrate of mercury a white precipitate
soluble in excess: it does not precipitate the chloride. Phosphate
of sodium and oxalic acid give white precipitates with mercuric
nitrate : with the chloride the precipitate only appears on the
addition of ammonia. Ferroeyanide of potassium gives with all
mercuric salts a white precipitate, which gradually becomes blue,
prussian blue being formed, while the filtrate contains cyanide
of mercury. Ferricyanide of potassium gives no precipitate
with the chloride, a yellow precipitate with the nitrate. Gallic
acid gives an orange-yellow precipitate with all mercuric solu-
tions, except the chloride. Ammonia and carbonate of ammonia
give with all mercuric salts a white precipitate, which is a com-
pound of the mercuric salt with mercuramide: its composition
varies according as the ammonia or the mercuric salt is in excess.
Potash in excess precipitates yellow oxide, Hg?0, unless the
mercuric solution contains much free acid. Carbonate of potash,
or potash in small quantity, precipitates a reddish-brown basie
salt. If ammoniacal salts be present, both the fixed alkalis and
their carbonates give the white precipitate of mercuramide and
mercuric salt. Cyanide of mercury is not decomposed by alkalis ;
but it is by hydrosulphuric acid. Carbonate of barium com-
pletely precipitates mercuric nitrate as a basic salt : it gives no
precipitate with the ehloride. The same reagents which reduce
mercurous salts, generally reduce mercurie salts also: but in the
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case of mercuric salts, the reduction is frequently gradual, a
mercurous salt being first formed. Thus chloride of tin gives
with mercurie salts a white precipitate of subehloride of mercury,
which, when boiled with excess of the reagent, is further reduced
to metallic mercury. If the solution be poured off, and the
reduced mercury boiled with hydrochlorie acid, it aggregates into
shining globules. Copper, iron, and zine precipitate metallic
mercury from all mercuric solutions which do mot contain too
much free acid ; the mercury forms a grey deposit on the surface
of the metal, which assumes a metallic lustre when rubbed, and
disappears when heated. Protosulphate of iron reduces mercuric
nitrate, but not the chloride. Formic acid reduces chloride of
mercury to subchloride: no excess of the reagent carries the
reduction further, unless the solution be heated nearly to boiling.
Mercurie salts are generally decomposed by heat: the chloride
and iodide volatilise undecomposed.

Mercurous salts are readily separated from mercurie salts by
hydrochlorie acid, which precipitates only the former ; and the
- latter can be detected in the filtrate by various reagents. If
much free nitrie acid be present, the separation is not complete,
for some of the mercurous salt may be converted into mercurie.

Blowpipe reactions. — All mercury compounds, when thoroughly
dried, intimately mixed with dry carbonate of sodium, and heated
before the blowpipe in a tube closed at one end, are decomposed,
and metallic mercury condenses in the cold part of the tube. The
mercury compounds which are volatile without decomposition
(e. g. the chlorides) may escape decomposition by carbonate of
soda. In this case, the mixture must be slightly moistened with
water, the water expelled by gentle heat over the lamp, and
removed with blotting-paper, the tube being held horizontally, to
prevent the water from running down to the heated part. When
the moisture is all expelled, the blowpipe flame is applied as
before. This is an easy and certain method of detecting mercury.

Separation and estimation of Mercury.— The volatility of all
its compounds, and the insolubility of its sulphide in strong nitrie
acid, distinguish mercury from all other metals. Mercury is
separated from all the metals of Subdivision A by the insolubility
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of its sulphide in sulphide of ammonium. In the analysis of a
solution, it is better, before treating it with hydrosulphuric acid,
to remove by hydrochloric acid those metals which form inseluble
chlorides.  Silver and subsalts of mercury are thus entirely, lead
partially, precipitated. The chloride of lead is removed by
boiling the precipitate in a large quantity of water. The chloride
of silver and subehloride of mercury are separated by treatment
with ammonia, which dissolves the chloride of silver, and blackens
the subchloride of mercury; or they may be separated by aqua-
regia in the cold, which dissolves the subehloride of mercury, and
leaves the chloride of silver undissolved. But, for the complete
separation of mercury from lead and silver, it is better to ensure
the presence of mercury only as mercuric salt, by boiling the
solution with nitric acid. The silver can then be separated com-
pletely by hydrochloric acid. Or the silver may be separated
from the mercury by cyanide of potassium, as follows. The
solution is nearly neutralised with an alkaline carbonate, and
cyanide of potassium added till the precipitate first formed is
entirely redissolved : excess of nitrie acid is then added, when all -
the silver is precipitated as cyanide, while cyanide of mercury
remains in solution. ZLead may also be separated from mercury
by eyanide of potassium: the addition of nitric acid decomposes
the cyanide of lead, forming nitrate, whence the lead may be pre-
cipitated by an alkaline carbonate: the eyanide of mercury is not
decomposed, and remains in solution. Or the lead may be
separated by means of sulphuric acid, which must be in excess,
otherwise a basic sulphate of mercury may be precipitated with
sulphate of lead. Or the solution may be evaporated to dryness
with excess of hydrochloric acid, and the residue treated with
aleohol, which dissolves the chloride of mercury, leaving the
chloride of lead undissolved.

For the analysis of a mixture of oxide of mercury, cinnabar, and
red lead, W ohler gives the following process. By digestion with
dilute nitric acid, the oxide of mercury and protoxide of lead are
dissolved ; the lead is precipitated from the solution by dilute
sulphuric acid, and then the mercury by hydrosulphurie acid or
chloride of tin. The residue is then treated on the filter with a
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mixture of warm dilute nitric and oxalic acids, which dissolves
out the binoxide of lead, and the residual cinnabar is washed,
dried, and weiched.

Mercury is estimated either in the metallic state ; as subehloride,
Ho2Cl; or as sulphide, Hg®*S. In the first case, the solution,
which must not contain free nitric acid, is digested with chloride
of tin, or phosphorous acid, the reduced mercury washed, dried
without the application of heat, and weighed.  In the dry way the
operation is thus performed. About an inch of carbonate of
ealeium is introduced into the closed end of a combustion tube,
then the mercury compound mixed with quicklime, then about
two inches of quicklime. The open end of the tube is bent down
and inserted into a narrow-mouthed bottle containing water, the
end of the tube just dipping into the water. The layer of quick-
lime is then heated to redness, then the mercury-compound, and
finally the carbonate of ecalcium, when carbonic anhydride is
evolved, and sweeps all the mercury-vapour into the receiver,
which must be kept cold. The condensed mercury is then dried
and weighed. In the second case, the mercury is best precipitated
by an alkaline formate. If the mercury be contained in the
solution in any other form than the chloride, hydrochloric acid
must be added, the solufion nearly neutralised with potash, an
alkaline formate added, and the whole digested for some days at
a temperature not exceeding 80° : if the solution were boiled, the
mercury would be reduced to the metallic state. The subchloride
is collected on a weighed filter, dried at a gentle heat, and
weighed.  Mercury can only be estimated as sulphide in solutions
from which hydrosulphurie acid precipitates the sulphide pure,
(e. g. chloride of mercury): it is then sufficient to collect the sul-
phide on a filter, dry it in the water-bath, and weigh it. But if
the sulphide be precipitated from a solution containing free nitric
acid, or a sesquisalt of iren, it is mixed with sulphur, and eannot
be weighed directly. In this case, the mercury must be separated
from it in the metallic state, either in the wet or dry way, as
above deseribed.

In amalgams, the amount of mercury may be determined by the
loss of weight produced by heat.




128 BISMUTH. PART II.

4, Bismuth. Bi. Atomic weight, 208,

Found native : also in combination with oxygen, sulphur,
tellurium, &e. It is a white metal with a reddish tinge : fuses at
260°. It is not affected by the air at the ordinary temperature :
at a white heat it takes fire, forming bismuthic oxide, Bi% O3
Hydrochlorie acid scarcely attacks it: nitric acid dissolves it
readily : sulphuric acid attacks it when hot and concentrated.
Powdered bismuth burns in chlorine at the ordinary temperature,
forming volatile chloride, BiCI3.

Oxipes or BismurH,  Bismuthic Oxide, Bi20°,  Bismuthic
Anhydride, Bi?0°%,

a. Teroxide of Bismuth. Bismuthic oxide. Bi20%.—A yellow
powder, obtained by heating bismuth in the air, or by gently
igniting the nitrate. It grows darker when heated : it may be
fused to a glass, which is yellow and erystalline on cooling. Itis
not volatile. It is insoluble in water, soluble in all acids, forming
bismuthic salts, which are colourless. They are partially decom-
posed by water, a basic salt being precipitated, and troubling the
solution : the addition of free acid dissolves the precipitate,
This is the reaction chiefly employed for the detection of bismuth.
The decomposition of the chloride by water is more complete
than that of any other salt: hence it is well, in searching for
small quantities of bismuth, to evaporate the solution to a small
bulk with hydrochlorie acid in a watch-glass, and add excess of
water. The precipitate thus obtained is insoluble in tartarie
acid. (Distinction of bismuth from antimony.) Hydrosulphurie
acid and sulphide of ammonium give a black-brown precipitate
of sulphide, Bi?33, insoluble in alkaline sulphides, soluble in nitrie
acid. Sulphurie acid gives no precipitate. Chromate of potas-
stum precipitates yellow chromate, soluble in nitrie acid, insoluble
in potash ; by which it is distinguished from chromate of lead.
lodide of potassium precipitates brown iodide, Bil3, soluble in
excess.  Cyanide of potassium gives a white precipitate, insoluble
in excess, soluble in acids. Ferrocyanide of potassium gives a
white precipitate ; ferricyanide of potassium, a pale yellow pre-
cipitate, both insoluble in hydrochlorie acid. Alkaline carbonates
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precipitate a white basic carbonate, slightly soluble in excess,
precipitated from the solution by potash. Ammonia and potash
precipitate white hydrate, insoluble in excess: by boiling it is
converted into the yellow oxide. Zine, and several other metals,
reduce metallic bismuth from its salts.  All bismuth-salts, except
the chloride, are decomposed when heated in the air.

b. Bismuthic Ankydride, Bi20°.—A light-red powder, obtained
by exposing the oxide, suspended in a strong solution of potash,
to the action of chlorine. By ignition it is converted into the
oxide. Heated with strong sulphuric or nitric acid it evolves
oxygen, and forms a bismuth-salt. With hydrochlorie acid in
the cold it evolves chlorine, and forms chloride of bismuth. It is
somewhat soluble in potash, and forms a few double salts of bis-
muth and potassium.

There are several oxides intermediate between bismuthie oxide
and anhydride, which may be regarded as compounds of these
two. They are all converted into the oxide by ignition, and
evolve chlorine when treated with hydrochlorie acid.

Blowpipe reactions.—All bismuth compounds, when heated on
charcoal with carbonate of sodium in the inner flame, give a
brittle metallic bead, and a yellow incrustation, which disappears
when heated in the inner flame, without giving any colour to the
outer flame (distinetion of bismuth-oxide from lead-oxide). With
borax and mierocosmic salt bismuthic oxide gives beads which
are yellowish when hot and colourless when cold. If much
oxide be employed, the bead is opaque.

Separation and estimation of Bismuth.—The best qualitative
test for bismuth is the decomposition of its chloride by water:
the precipitate thus produced is insoluble in tartaric acid, potash,
and sulphide of ammoniom. From the metals of Subdivision A,
bismuth is separated by the insolubility of its sulphide in sul-
phide of ammonium. From [lead, by means of sulphuric acid in
excess: or by evaporation to dryness with hydrochloric acid and
treating the residue with alcohol and ether, which dissolves the
chloride of bismuth only. From silver, by hydrochloric acid.
From mercury, by the solubility of its sulphide in nitric acid, or
by the reduction of the mercury by chloride of tin.

K
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Bismuth is always estimated as oxide. It is best precipitated
by earbonate of ammonium, by which it is completely thrown down
after some hours standing in a warm place. The precipitate is
converted into oxide, Bi*03, by ignition in a porcelain (not a
platinum) erucible. Bismuth cannot be precipitated directly by
carbonate of ammonium from a solution containing hydrochlorie
acid, for the precipitate would contain some oxychloride: in this
case it must be precipitated as sulphide, the sulphide dissolved in
nitric acid, and the solution preeipitated by carbonate of ammo-
nium.

5. Copper. Cu. Atomic weight, 31'7.

Found native: assuboxide (red copper-ore): as basic carbonate
(malachite), sulphate, phosphate, &c.: as sulphide (copper-glance):
as sulphide of copper and other metals (copper-pyrites, bour-
nonite, fahl-ore, &c.). It has a red colour and a strong metallic
lustre: it is very ductile and tenacious, and difficultly fusible. It
is not affected by dry air at the ordinary temperature: in moist
air it becomes covered with a green coating of carbonate: in
presence of acids it is rapidly oxidised by the air. When heated
in the air it is converted into black oxide. Hydrochlorie acid
dissolves it but slightly, forming subchloride, Cu?Cl: nitric acid
dissolves it readily : concentrated sulphuric acid dissolves it on
heating, forming sulphate, SO4Cu2 Heated in chlorine it forms
a mixture of chloride, CuCl, and subchloride.

OxmEs oF CorrPeEr. Suboxide, CulQ. Owxide, Cu20.

a. Suboxide of Copper. Cuprous Oxide. Cu*O.—A red pow-
der, obtained by heating the oxide with metallic copper, or by
boiling a protosalt of copper with grape-sugar, arsenious acid, &e.,
in presence of excess of potash. When heated in the air it is con-
verted into oxide. All acids, except hydrochlorie, decompose it
into metallic copper, and eupric oxide, which dissolves in the acid,
forming a protosalt. Hydrochlorie acid dissolves it without de-
composition, forming a solution of subehloride, Cu”Cl, which is
colourless when pure, but rapidly becomes brown, and then
areen, by absorption of oxygen and formation of chloride (p. 6).
From the acid solution of subechloride, water precipitates white
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subchloride. Potash precipitates yellow subhydrate, insoluble in
excess, which rapidly becomes black by absorption of oxygen
and conversion into oxide. Ammonia in excess gives a colourless
solution, which rapidly becomes blue on exposure to the air. In
short, all subsalts of copper absorb oxygen very readily from the
air, and are converted into protosalts,

b. Ouxide of Copper. Cupric Owvide. Cu’0.—A black powder,
obtained by heating copper in the air, or by igniting the nitrate.
It fuses at a high temperature. At a red heat it readily parts
with its oxygen to hydrogen or carbon, which renders it a valu-
able agent in organic analysis. It is insoluble in water; soluble
in acids, forming protosalts of copper, or cupric salts. These are
mostly colourless when anhydrous: when hydrated they are blue
or green. An aqueous solution of a normal copper-salt reddens
litmus-paper. Hydrosulphurie acid ov sulphide of ammonium
gives with cupric salts a black precipitate of sulphide, Cu?®S,
which is rapidly oxidised into sulphate by exposure to the air: it
is insoluble in hydrochloric acid or sulphide of potassium; slightly
soluble in sulphide of ammonium; seoluble in nitrie acid or cya-
nide of potassium. Jodide of potassium, in presence of sulphu-
rous acid or a protosalt of iron, precipitates all the copper as
greenish-white subiodide, Cu®l, soluble in excess. Cyanide of
potassium gives a greenish-yellow precipitate of cyanide, CNChu,
soluble in excess: from this solution hydrochloric acid precipi-
tates white subeyanide, CNCu? soluble in excess: hydrosulphuric
acid gives no precipitate. (c) Ferrocyanide of potassium gives
a red-brown precipitate of cyanide of iron and copper, insoluble
in hydrochlorie acid, soluble in ammonia, decomposed by potash
with separation of hydrate of copper. In very dilute solutions
only a brown colour is produced. This is the most delicate test
for copper. Ferricyanide of potassium gives a yellowish-green
precipitate, insoluble in hydrochloric acid. ZFixed alkaline car-
bonates give (with evolution of earbonic anhydride) a greenish-
blue precipitate of basic earbonate, which on boiling is converted
into black oxide. Fived alkalis in excess precipitate blue hy-
drate, CuHO, insoluble in excess, which on boiling is converted
into black oxide. The presence of many organic substances
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prevents this precipitation. For instance, if grape-sugar be
present in a solution of sulphate of copper, potash or soda pro-
duces a deep blue solution, whence the whole of the copper is
precipitated on boiling as suboxide. (¢) Ammonia or carbonate
of ammoniwm in small quantity precipitates a greenish-blue basic
salt, readily soluble in excess to a beautiful dark-blue solution,
whence black oxide may be separated by boiling with potash.
The blue colour is perceptible in very dilute copper solutions.
Metallic zine and iron precipitate copper from its solutions in
presence of free hydrochlorie acid. All soluble copper-salts are
decomposed by ignition in the air.

Blowpipe reactions.—All copper compounds are reduced when
heated on charcoal in the inner flame with carbonate of sodium
and cyanide of potassium, yielding red metallic scales, which are
easily detected by levigating the fused mass in an agate mortar.
Both oxides of copper, and most copper-salts, when heated on a
platinum-wire in the inner flame, give an intense green colour to
the outer flame (especially on addition of a little chloride of
silver). With borax and microscomic salt, copper-salts give in
the outer flame clear beads, which are dark-green when hot,
bluish-green when cool: in the inner flame (especially on ad-
dition of tin) beads which are colourless when hot, red, and
frequently opaque, when cool.

Separation and estimation of Copper.—Copper is separated
from the metals of Subdivision A, by the insolubility of its sul-
phide in sulphide of potassium or sodium. From lead it is sepa-
rated by sulphuric acid, or by cyanide of potassium in excess,
which precipitates the lead only. From silver, it is separated by
hydrochlorie acid. From mercury, by adding excess of cyanide
of potassium, and passing hydrosulphurie acid through the solu-
tion, when sulphide of mercury is precipitated alone. From
bismuth, by carbonate of ammonium, or cyanide of potassium.

When copper is precipitated as sulphide, the sulphide must be
washed with water containing hydrosulphuric acid, to prevent
oxidation from the air and the consequent passage of soluble sul-
phate through the filter: the sulphide is then dissolved in nitric
acid, and the solution precipitated by potash. Copper cannot
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be accurately estimated by precipitation by iron in the metallic
state: since the reduced copper becomes partially oxidised during
the process of drying.—Rose.

6. Cadminm., Cd. Atomic weight, 56.

Found principally in zinc-ores. It is a white metal, much
resembling tin: it is nearly as volatile as mercury. It is not
affected by dry air at the ordinary temperature: in moist air it is
slightly oxidised: heated in the air it burns, and forms brown
vapours of oxide of cadmium. It is soluble in hydrochlorie,
sulphurie, and even acetic acids: most easily in nitric acid.

Oxme or Capmivsm. Cadmie Owide, Cd?0.—A brown powder,
obtained by heating cadmium or the hydrate in the air. It is not
fused or decomposed by the strongest heat. It is soluble in acids,
forming salts of eadmivm, or cadmie salts. 'These are colourless,
mostly soluble in water: the aqueous solution of the normal salts
reddens litmus-paper. (¢) Hydrosulphuric acid or sulphide of
ammonium gives, even in very acid solutions, a yellow precipitate
of sulphide, Cd?®S, insoluble in alkaline sulphides, caustic alkalis,
or cyanide of potassium, soluble in nitric acid. Alkaline phosphates
and oxulates give white precipitates, insoluble in water, soluble in
ammonia. Cyanide of potassium precipitates white eyanide of
cadmium, CNCd, soluble in excess: from this solution hydro-
sulphurie acid precipitates the sulphide. Ferrocyanide of potas-
stwum gives a white precipitate; ferricyanide of potassium a
yellow precipitate; both soluble in hydrochloric acid. Alkaline
carbonates precipitate white earbonate, CO3Cd2, insoluble in excess.
Fotash precipitates white hydrate, CdH(Q, insoluble in excess.
Ammonia precipitates the hydrate, soluble in excess: this solution
is precipitated by hydrosulphuric acid. Metallic zine precipitates
cadmium from its solutions.

Blowpipe reactions.—All eadmium compounds, when heated on
charcoal in the inner flame with carbonate of sodium and eyanide
of potassium, give a brown incrustation of cadmic oxide. A
little cadmic oxide in presence of excess of zinc-oxide may be de-
tected by heating the mixture with earbonate of sodium for an
instant in the inner flame, when a slight incrustation of cadmic
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oxide is formed. Much longer heat is required for the formation
of zinc-oxide. With borax and microcosmie salt cadmic oxide
gives a bead, which is yellowish when hot, and colourless when
cool.

Separation and estimation of Cadmium.—For the detection of
cadmium in zinc-ores, the mineral is powdered, and digested in
aqua-regia, the solution diluted with water, and saturated with
hydrosulphurie acid, which does not precipitate the zine. The
precipitate, which generally contains some sulphide of copper, is
washed with water containing hydrosulphurie acid, dissolved in
nitric acid, the solution precipitated by excess of carbonate of
ammonium and the whole digested for some time at a gentle heat.
The precipitate (in the absence of lead and bismuth) consists
entirely of carbonate of cadmium: the filtrate contains all the
copper.

Cadmium is separated from the metals of Subdivision A, by the
insolubility of its sulphide in alkaline sulphides. From lead it is
separated by sulphurie aeid, or by eyanide of potassium: from
silver, by hydrochloriec acid. From mercury, it is separated by
reducing the mercury by chloride of tin: or by excess of eyanide
of potassinm and nitric acid, as deseribed in the separation of
mercury from lead (p. 126). F¥From bismuth, by ammonia, or by
cyanide of potassium. From copper, by carbonate of ammo-
nium, which dissolves the copper, but precipitates the cad-
mium. Or by cyanide of potassium, as follows:—ecyanide of
potassium is added to the solution till the precipitate first formed
is redissolved (or, if the solution be ammoniacal, till the blue
colour is destroyed); the solution is then saturated with hydro-
sulphurie acid, which preeipitates only sulphide of cadmium.
The filtrate is heated to expel excess of hydrosulphuric acid,
more cyanide of potassium added, the whole heated with hydro-
chloric acid with addition of nitrie acid until all the hydrocyanic
acid is expelled, and the copper precipitated from the solution by
potash.

Cadmium is always estimated as oxide. Tt is precipitated by
carbonate of sodium as carbonate, which by ignition is converted
into oxide.
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7. Palladium. P’d. Atomic weight, 53.

Found native in platinum-ores, and in gold-dust from Brazil. 1t closely
resembles platinum in appearance, but is not nearly so heavy. It isin-
soluble in hydrochloric acid: somewhat soluble in boiling concentrated
sulphuric acid: slowly but completely soluble in nitric acid (which
distinguishes it from platinum): readily soluble in aqua-regia, the solution
containing a mixture of nitrate and chloride of palladium,

Oxips or Parrapivsm,—The most important oxide is

Protoxide of Palladium. Palladous Oxide. Pd*0.— A black powder,
obtained by dissolving palladium in nitric acid, evaporating the dark-
brown solution to dryness, and igniting the nitrate at a gentle bheat.
The hydrate, PAHO, is dark-brown: it is obtained by precipitating a pal-
ladium-salt by carbonate of potassium: at a moderate heat it is converted
into the oxide, at a stronger heat it is reduced to the metal. Hydrosul-
phuric acid or sulphide of ammoniwm gives with salts of palladium a dark-
brown precipitate of sulphide, Pd*S, soluble in strong acids, insoluble in
alkaline sulphides. Hpydriodic acid and soluble iodides give even in very
dilute solutions a black precipitate of iodide, PdI, somewhat soluble in
excess of iodide of potassium. This reaction serves for the estimation of
iodine in mineral springs. Cyanide of mercury gives (sometimes not
immediately) a yellowish gelatinous precipitate of’ cyanide, CNPd, which
becomes white on standing : it is soluble in eyanide of potassium, ammonia,
and in a large quantity of hydrochloric acid. Carbonate of potassium
precipitates brown hydrate, PdHO, soluble in excess, reprecipitated by
boiling the solution. Pofash precipitates a yellowish-brown basic salt,
soluble in excess. Ammonia and carbonate of ammonium do not precipi-
tate nitrate of palladium, but 1f added in excess, they decolorise the
solution. With chloride of palladium they give a reddish-yellow pre-
cipitate of chloride of palladammonium, N H*PdCl, soluble in excess, and
reprecipitated by hydrochloric acid. Chloride of ammonium does not
precipitate palladium-salts. Chloride of tin gives a black precipitate,
which dissolves in hydrochlorie acid with an intense green colour. Palla-
dium-salts are reduced by phosphorous, sulphurous, nitrous, and formic
acids, metallic zine and iron, and by aleohol, Protosulphate of iron reduces
the nitrate, but not the chloride. ~All palladium-salts are decomposed by
ignition, leaving metallie palladium.

Separation and estimation of Palladium.—Palladium is separated from
most other metals by cyanide of mercury. If, however, the solution
contain aleohol, gold, platinum, and some other metals would also be
precipitated by cyanide of mercury. Palladium cannot be separated from
platinum by nitric acid, for an alloy of palladium with very little plati-
num is completely dissolved by nitric acid. They may be separated by
fusion with acid sulphate of potassium, when the platinum is not oxidised,
while the palladium is converted into sulphate. An effectual qualitative
reaction for distinguishing palladium-foil from platinum-foil is to moisten
it with a drop of an aleoholic solution of iodine, which is then left to
spontaneous evaporation ; when on palladium-foil a black stain is produced,
which disappears on heating, while platinum-foil remains unaltered,
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Palladium cannot be separated from copper (which often occurs in plati-
num ores) by cyanide of mercury. Berzelius gives the following pro-
cess. The two metals are precipitated as sulphides, and the precipitate,
while still moist, roasted together with the filter, as long as sulphurous
anhydride continues to be evolved. They are thus converted into basic
sulphates, which are dissulved in hydrochloric acid, chloride of potas-
sium added, and the whole evaporated to dryness. A dark residue is
left, consisting of chloride of potassium, chloride of copper and potassium,
and chloride of palladium and potassinm; the two former salts are dis-
solved out by alcohol of sp. gr. 00833, the residue dried, weighed, and
the amount of palladium calculated fromit. According toDébereiner,
copper may be separated from palladium by reducing the latter metal by
an alkaline formate.

Palladium is always estimated in the metallic state. It is precipitated
by evanide of mercury (the solution having been nearly neutralised by
carbonate of sodium) : the cyanide on ignition leaves metallic palladium.

8. Rhodium. R. Afomiec weight, 52.

Found in small quantity in }:latinum-m-es. It is a grey powder, which
can only be imperfectly fused to a coherent mass. It is oxidised when
strongly heated in the air. When Fure it is insoluble in acids: when alloyed
with other metals it may be partially dissolved. It is dissolved when fused
with acid sulphate of potassium or glacial phosphorie acid. Itisoxidised
when ignited with potash and nitrate of potassium. When rhodium is
mixed with powdered chloride of potassium, and heated to redness in a
stream of chlorine, a double chloride of rhodium and potassium is formed,
which is soluble in water.

Oxipes or Buopium.—The most important oxide is

Sesquioxide of Rhodium. Rhodic Qxide, R'0°%—A Dblack powder,
insoluble in acids, obtained by the prolonged ignition of the hydrate. The
hydrate is obtained by fusing rhodium with potash and nitrate of potas-
sium, washing with water the compound of rhodie oxide and potash
which is thus formed, and digesting it in hydrochloric acid, when the
hydrate remains of a greyish-green colour, insoluble in acids, The hydrate
obtained by precipitating the double chloride of rhodium and potassium
by an alkali, and evaporating to dryness, is slowly soluble in acids, to-
gether with the alkali which adheres to it, forming double salts. Rhodium-
salts are diflicult to obtain, owing to the insolubility of the metal and its
oxide in acids: they are best prepared in the dry way by one of the
methods described above. Their solutions are generally red. They are
slowly precipitated by hydrosulphurie acid or sulphide of ammonium, as
brown sulphide, insoluble in alkaline sulphides. Chloride of tin gives no
precipitate, but colours the solution dark-brown. Nitrate of silver gives
with chloride of rhodium a red precipitate, analogous in composition to
the iridium precipitate (p. 104). Potash gives with chloride of rhodium a
yvellowish-brown precipitate of hydrate, soluble in excess: in other rho-
dium-zalts this precipitate only appears on boiling. Ammonia gives with
all rhodium-salts a vellow 1)1'ecipitate containing rhodic oxide and am-
monia, soluble in hydrochloric acid. Rhodium-salts are reduced by
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metallic zinc: not by protosulphate of iron. (c) From a H?lutiun of a
rhodium-salt, saturated with potash, aleokol reduces metallic rhodium,
even in the cold, as a black powder: with other platinum-metals®, this
reaction only takes place on heating.

Separation and estimation of Rhodium.—Rhodium may be S{.'[‘lﬂ-!"-’_tﬁﬂil
from all the noble metals (except palladium and silver) by its solubility
when fused with acid sulphate of potassium. The insolubility in alcohol
of chlororhodate of sodium affords a method of separating it from other
platinum-metals.— Rose. )

For further details as to the separation of rhodium from the platinum-
metals, see the article on platinum-ores in Part 1V. p. 237. For the sepa-
ration of rhodium from copper, Berzelius gives the following method :—
The solution is saturated with hydrosulphurie acid and left in a stoppered
bottle for twelve hours in a warm place: the sulphides are then filtered
off, and the filtrate heated, on which more sulphide of rhodium generally
separates. The sulphides are then roasted in a platinum crucible ll_ll
they are completely oxidised: they are then treated with hydrochloric
acid, which dissolves out the copper and leaves the rhodic oxide. The
filtrate from the sulphides still contains some rhodium, which is separated
as rhodic oxide by evaporating to dryness with carbonate of sodium, and
treating the residue, after ignition, with cold water. The rhodie acid is
then reduced by hydrogen at a gentle heat and weighed.

Rhodium is always estimated in the metallic state. The rhodie oxide is
obtained by evaporation with carbonate of sodium as above, and reduced
by hydrogen.

9. Ruthenium. Ru. Atomic weight, 52.

Found in small quantity in platinum-ores. It is a grey metal, closely
resembling iridinm. When heated in the air it becomes covered with
black sesquioxide, Ru*0% When pure it is insoluble in acids, or in fused
acid sulphate of potassium. When heated with potash and nitrate of
potassium, it is oxidised and econverted into ruthenate of potassium, a
dark-green mass which is soluble in water, forming a yellow solution,
from which nitric aeid precipitates a black hydrate.

Oxipes or Rurnexiom.  The most important oxide is

Sesguioxide of Ruthenium, Ru*03—A black powder insoluble in acids,
obtained by heating ruthenium in the air. It does not lose its oxygen at
a white heat. The hydrate precipitated by nitrie acid from ruthenate of
potassium is soluble in hydrochloric acid, forming a dark brown solution
of sesquichloride of ruthenium, which gives the following reactions:—
It is decomposed by heat into black sesquioxide and hydrochlorie acid.
(c) Hydrosulphuric acid slowly precipitates brown sulphide of ruthenium ;
while the solution is coloured blue, owing to the reduction of the sesqiii-
chloride to protochloride. This is a very delicate and characteristic
reaction.  Sulphide of ammounium precipitates brown sulphide, slightly
soluble in excess, forming a yellow solution, Cyanide of merecury gives

* By this term are meant those metals which are usually found accompanying
platinum in its ores.
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a blue precipitate and colours the solution blue. Sulphocyanate of potas-
stum gives (when other platinum-metals are absent) a purple-red preci--
pitate, which becomes violet on heating. Acetate of lead gives a purple-
red precipitate. (c) Nitrate of silver gives a black precipitate, which is
a mixture of chloride of silver and sesquihydrate of ruthenium: the latter
gradually dissolves in the free nitric acid, leaving white chloride of silver:
the addition of ammonia dissolves the chloride of silver and reprecipitates
the sesquihydrate. Cuustic alkalis, alkaline carbonates, and phosphate of
sodium, precipitate black hydrate, insoluble in excess. Metallic zine first
gives a blue colour to the solution, and then gradually precipitates metal-
lic ruthenium, while the solution becomes colourless. Sulphurous, oxalic,
and formic acids decolorise the solution, but do not reduce the metal.
The chlorides of potassiwm and ammonium precipitate crystalling violet
double chlorides, difficultly soluble in water, insoluble in alcohol. The
solution of the double chloride of ruthenium and potassium is decom-
posed by heat, with separation of a black oxychloride.

Separation and estimation of Ruthenium.— Ruthenium has hitherto been
found associated only with the platinum-metals, from which it is separated
as described in Part IV. (p. 239).

Ruthenium is always estimated in the metallic state. It is precipitated
as sesquihydrate from a solution of sesquichloride, either by simple heat or
by an alkali; and from ruthenate of potassium by nitric acid. The sesqui-
hydrate generally contains some alkali, which cannot be removed by wash-
ing. It must be reduced by gentle ignition in a stream of hydrogen, the
reduced mass thoroughly washed with water, and the residual ruthenium,
before weighing, again ignited and left to cool in a stream of hydrogen,
as it would be partially oxidised if allowed to cool in the air.

10. osmium. Os. Atomic weight, 100,

Found in platinum-ores, chiefly as osmide of iridium. It is generally
obtained as a grey porous metallic mass. It combines with oxygen more
readily than any other platinum-metal. When heated in contact with
the air it is entirely converted into osmic anhydride, OsO% It is slowly
soluble in ordinary nitric acid, more readily in aqua-regia, or fuming nitric
acid: the solution in all cases contains osmic acid. After strong ignition,
out of eontact with air, osmium is insoluble in acids., Heated in chlo-
rine, it is converted into a mixture of green chloride and red bichloride
(0sCl and OsCI?), of which the latter is the more volatile.

Oxroes oF OsmroM,—Osmium forms several compounds with oxygen,
of which the most important are the Binoxide, Os*O% and Osmic Anhy-
dride, 007,

a. Binowide of Osmium. Osmic Ozide. Os*0*.—A black powder, ob-
tained by igniting the hydrate in an atmosphere of carbonic anhydride. The
hydrate is precipitated (black) when an aqueous solution of chlorosmate
of potassium is boiled with carbonate of sodium., The chlorosmate of
pntu.ssium, 0sCIPK, is obtained by heating a mixture of metallic osmium
and chloride of potassium in a stream of chlorine. It is a red compound,
insoluble in aleohol, somewhat soluble in water, forming a yellow solution,
which gives the following reactions, Hydrosulphuric acid and sulphide of

=
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ammonium precipitate slowly yellowish-brown sulphide, insoluble in alka-
line sulphides. Tamnic acid, on heating, gives a blue colour, and no
precipitate : ferrocyanide of potassium, first a green, then a hi}le, colour :
wdide of polassium, a 114,_\{31]. [HII‘[}IL‘"I'E‘I colour, which does I'IFUT_. IIlIS-‘l!IlIL‘!II‘ on
heating : chloride of tin, a brown precipitate: nitrate of silver, a dark
olive-green precipitate, which contains the whole of the osmium. Oxalic
acid and protosulphate of iron give no reaction. Potash gives a black,
ammonia a brown, precipitate, slowly in the cold, immediately on boiling.
Metallic zine and formate of sodium reduce metallic osmium.

b. Osmic Anhydride, Os0® A white crystalline mass, ﬂ!-t:_unml I‘_}' heat-
ing osminm or any of its lower oxides, in contact with the air. ltis v:-l:g.-
tile, and may be sublimed in needles, evolving vapours of a characteristie
and disagreeable smell, which irritate the eyes violently. 1t is somewhat
soluble in water : the solution contains osmic acid, and reddens litmus very
feebly, if at all. The addition of potash gives a yellow solution {}I’_:;snmh-‘
of potassium, in which a few drops of alcohol give a l'l.:'.lﬂi."-l‘l.:‘ll precipitate ot
osmite of potassium. This lower oxygen-acid of osmium (osmous acid) 1s
only known in combination with two or three bases. The addition of a
mineral acid to a solution of osmate of potassium sets free osmie acid,
which may be recognised by its peculiar smell, and which may be isolated
by distillation. Metallic osmium is reduced from an aqueous solution ot
osmic acid by sulphurous acid, protosulphate of iron, or metallic zinc.
Chloride of tin gives a brown precipitate, soluble in hydrochlorie acid to a
brown solution. Hydrosulphuric acid or sulphide of ammoniun precipitate
black-brown sulphide,

Separation and estimation of Osmium.—The best method of separating
osmium from the other platinum-metals (especially iridium) is to volatilise
it in the form of osmic anhydride, either by distillation with aqua-regia
(if the compound be soluble therein), or by roasting in a stream of oxygen.
The acid vapours are collected in a strong solution of 11::1‘,:1331, whence a
few drops of aleohol precipitates all the osmium as osmite of potassium,
The precipitate is dizested with chloride of ammonium, and the double
chloride thus formed reduced to metallic osmium by ignition in a stream
of hydrogen. (Frémy.) The separation of osmium in the native osmide
of iridium is a difficult matter: for the osmium cannot be completely dis-
solved out by acids, nor converted into osmie acid by heating in oxygen,
nor into chloride by heating in chlorine. The best way to decompose
this compound 18 to oxidise it by fusion with nitrate of potassium, or a
mixture of caustic potash and chlorate of potassium.—(Fritzsche and
Struve. J. Pr. Ch. xxxvii. 483.)

Osmium is generally estimated in the metallic state,
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GROUP IIL

Metals which are not precipitated by hydrosulphuric acid,
but which are completely precipitated by sulphide of
ammonium, from acid solutions.

This group like the former, comprises two subdivisions : —

A.—Metals which are precipitated as sulphides: nickel, cobalt,
manganese, zine, iron, wranium,

B. — Metals which are precipitated as hydrates: aluminium,
beryllium or glucinum, zirconiwm, thorium, yttrium, erbium, ter-
biwm, cerium, lanthanum, didymiuwm: titanium, tantalum, niobivm,
chromium. The first ten metals in this subdivision are known as
the metals of the earths, or earthy metals.

Group II.—Subdivision A.

The sulphides of these metals are insoluble in water, but more
or less soluble in dilute mineral acids : hence they are not pre-
eipitated by hydrosulphurie acid from a solution containing
sufficient free mineral acid. From a neutral solution their
precipitation by hydrosulphurie acid is not complete: for the acid
with which the precipitated metal was combined, is set free, and
(if a mineral acid) holds, at least, a portion of the sulphides in
solution. From an alkaline solution they are completely pre-
cipitated by hydrosulphuric acid. By sulphide of ammonium they
are completely precipitated, either from an acid or a neutral
solution, the free acid being neutralised by the alkali contained in
the alkaline sulphide.

The metals of this division are all soluble in dilute mineral
acids, generally with evolution of hydrogen : their sulphides, when
treated with dilute mineral acids, evolve hydrosulphuric acid.
The sulphides of nickel and cobalt are decomposed with difficulty
by acetic or dilute hydrochloric acid: sulphide of zine is insoluble,
sulphide of manganese readily soluble, in acetic acid. All these
metals (except zinc) form sesquisalts, as well as protosalts : the
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sesquisalts of manganese, cobalt, and nickel, are less stable than
those of iron and uranium, being reduced to protosalts on boiling
their solutions. The protosalts are not precipitated by ammonia
in presence of chloride of ammonium, a double salt of the metal
and ammonium being formed, which is not decomposed by am-
monia. The sesquisalts of these metals are completely pre-
cipitated by ammonia in presence of chloride of ammonium.
The presence of tartaric acid, and of many other non-volatile
organic compounds, hinders the precipitation of the sesquisalts by
caustic alkalis, or alkaline carbonates; but not that by sulphide
of ammonium. When in the form of double cyanides, these
metals are not precipitated by sulphide of ammonium (p. 39).
The sesquisalts are precipitated from their neutral solutions by
digestion with carbonate of barium or of ecalcium, in the cold;
by benzoate or succinate of ammonium ; orv by heating with acetate
of sodium. The protosalts are not precipitated under similar
circumstances.

1. Niekel. Ni. Atomic weight, 29.

Found as arsenide (copper-nickel) and arsenate (nickel-ochre);
as sulphide, both alone and combined with other metallic sulphides:
in very small quantities, and generally accompanied by cobalt, in
meteoric iron, olivine, manganese-ore, &ec. It is a white metal,
hard, malleable, and magnetic. It is not oxidised by the air at
the ordinary temperature: heated in the air it is slowly and
imperfectly converted into the oxide, Ni?0. When finely pow-
dered, and heated in chlorine, it takes fire, and is converted into
chloride, NiCL

Oxmes oF NickeL. Protoxide, Ni?0. Sesquioxide, Nit(Q3,

a. Protoxide of Nickel, Ni’0O.— A black powder, obtained by
igniting the hydrate, nitrate, or ecarbonate of nickel. It is soluble
in acids, forming nickel-salts, which are green when in solution
or when they contain water of ecrystallisation, yellow when per-
fectly anhydrous. Their solution reddens litmus. Hydrosulphurie
acid does not precipitate nickel-salts at all from an aecid solution ;
only very partially from a neutral solution of a salt of a mineral
acid : acetate of nickel, or any nickel-salt mixed with acetate of
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sodium, it precipitates entirely on heating the solution, unless =
large excess of free acetic acid be present. The precipitatec
sulphide, Ni2S, is black, difficultly soluble in dilute hydrochloric
or acetic acid, readily soluble in nitric aecid, or aqua-regia.
Sulphide of ammonium precipitates sulphide of nickel, slightly
soluble in the reagent, forming a dark-brown solution, whence
the sulphide is precipitated by boiling. (Hence, if the filtrate
from the sulphide of ammonium precipitate has a brown colour,
it is a sign of the probable presence of nickel.) Hydrocyanic acid
precipitates all the nickel as greenish-white eyanide, CNNi, from
acetate of nickel, or from any nickel-salt mixed with sufficient
acetate of sodium. Cyanide of potassium precipitates the eyanide
from all nickel-salts : execess of the reagent dissolves the cyanide
of nickel, forming a soluble double eyanide of nickel and potas-
sium, which is decomposed by dilute sulphurie or hydrochlorie
acid, hydrocyanic acid being evolved, and eyanide of niekel pre-
cipitated, which requires boiling with excess of acid for its
conversion into a soluble nickel-salt. Ferrocyanide of potassium
gives a greenish white precipitate, ferricyanide a yellowish-green
precipitate, both insoluble in hydrochloric acid. Phosphate or
arsenate of sodium gives a greenish-white precipitate of phos-
phate or arsenate of nickel. Owalic acid gradually precipitates all
the nickel as greenish-white oxalate, soluble in ammonia: when
this solution is exposed to the air, the oxalate of nickel slowly
separates out. Alkaline carbonates precipitate an apple-green
basie earbonate, soluble in excess of carbonate of ammonium to a
greenish-blue solution. Potash precipitates apple-green hydrate,
NiHO, insoluble in excess, soluble in ammoniacal salts. Ammonia
does not precipitate nickel-salts when free acid or chloride of
ammonium is present: from neutral solutions it partially pre-
cipitates the hydrate, which is soluble in excess, forming a blue
golution, whence the hydrate is precipitated on the addition of
sufficient potash. If but little nickel be present, the ammoniacal
solution becomes distinetly blue only after long exposure to the
air. All soluble nickel-salts are decomposed by heat, and are
then not entirely soluble in water.

b. Sesquioxide of Nickel, Ni'O3 — The hydrate is obtained
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when chlorine is passed through water in which hydrate of nickel
is suspended, or through a solution of a nickel-salt mixed with
carbonate of barium, or through a solution of eyanide of nickel
in presence of free alkali. Excess of dilute hydrochlorie acid
hinders its formation, decomposing it into chloride of nickel and
free chlorine. (On this reaction depends a process for the sepa-
ration of nickel from cobalt.) It is a very unstable compound :
being decomposed by heat into protoxide and free oxygen ; and
by acids into a protosalt of nickel, and chlorine (by hydrochlorie
acid) or oxygen (by other acids).

Blowpipe reactions.— All nickel-salts, when heated with car-
bonate of sodium on charcoal in the inner flame, are easily reduced
to a grey metallic powder, which is attracted by the magnet.
With dorax they give, in the outer flame, a clear bead, which is
hyacinth-red when hot, and pale- or dark-yellow (according to
the quantity of nickel present) on cooling: the addition of nitrate
or any other salt of potassium gives a blue or dark-purple colour
to the bead. In the inner flame the bead becomes grey and
opaque, owing to the reduction of the metal. With microcosmic
salt they give in both flames a clear bead which is dark-yellow
when hot, and almost colourless when cool.

Separation and estimation of Nickel. —For the analysis of
arsenide of nickel (natural or artificial) or of other ores which
contain nickel and cobalt with other metals, the finely powdered
compound is fused with 6 times its weight of a mixture of equal
portions of nitre and carbonate of sodium, the alkaline arsenate
thus formed extracted by water, and the remaining oxides
dissolved in hydrochlorie acid. Or the compound may be fused
with three times its weight of sulphur and carbonate of potassinm,
the alkaline sulpharsenate formed extracted with water, and the
residual sulphides dissolved in hydrochlorie acid with gradual
addition of nitric acid. The acid solution in either ease is then
nearly neutralised with earbonate of sodium, acetate of sodium
added, and the whole heated to boiling, when all the iron is pre-
cipitated. The filtrate is acidulated with hydrochloric acid,
saturated with hydrosulphuric acid (to remove copper, bismuth,
&c.), and filtered: the filtrate heated to expel hydrosulphuric
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acid, and the cobalt and nickel precipitated by carbonate of so-
dium, and separated by one of the methods hereafter described.
Or the compound is dissolved in eoncentrated hydrochloric acid,
with gradual addition of nitrie acid, heated to boiling, nearly neu-
tralised with earbonate of sodium, with addition of acetate of so-
dium, and (unless the precipitate formed has a reddish-brown
colour) of sesquichloride of iron also, the whole boiled for a time,
and then filtered from the basic arsenate of iron : the filtrate, which
is free from arsenic and iron, is then treated as before. To obtain
pure metallic nickel, the solution containing nickel, cobalt (and
iron), is treated with acid oxalate of potassium, which preeipitates
the oxalates of nickel and cobalt: these are thoroughly washed,
dissolved in ammonia, and the solution allowed to evaporate spon-
taneously, when the oxalate of nickel separates out first, while the
cobalt-salt remains dissolved, forming a red solution. On igniting
the oxalate of nickel pure metallic nickel is obtained. This re-
action serves to detect very small traces of cobalt in presence of
nickel, but it will not effect an accurate quantitative separation
of the two metals.

Nickel is separated from all the metals of Group I. by the non-
precipitation of its sulphide from an acid solution.

Nickel is estimated as protoxide. Totash completely pre-
cipitates nickel from its salts as hydrate (if the solution be heated):
and the hydrate, when washed with hot water, dried, and ignited,
is converted into protoxide.

2. Cobalt., Co. Atomic weight, 30.

Occurs as sulphate: as arsenate: as arsenide: as sulpharsenide
(cobalt-glanee): and generally, in small quantity, in nickel- and
iron-ores. It is a grey metal; somewhat malleable and magnetic.
It is not oxidised by the air, except at a high temperature.
Heated in chlorine, it takes fire, and is converted into blue
crystalline scales of chloride, CoCl.

Oxmes or Cosart. Protovide, Co?0. Sesquioxide, Co'0%.
Cobalt also forms other intermediate oxides.

a. Protoxide of Cobalt, Co?0.— An olive-green powder, ob-
tained by gently igniting the hydrate or carbonate out of con-
tact with the air. The hydrate is of a rose-red colour. Both
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the oxide and hydrate are readily soluble in acids, forming cobalt-
salts, which are red when in solution, or when they contain water
of erystallisation, blue when anhydrous, or when in solution in
concentrated free acid. With Aydrosulphuric acid and sulphide
of ammonium, cobalt-salts behave precisely like nickel-salts: the
black sulphide, Co?S, is insoluble in sulphide of ammonium: when
once formed it is very difficultly soluble in dilute hydrochloric or
sulphurie aecid, or in acetic acid. (Hence if a black residue
remains undissolved when the sulphide of ammonium precipitate
is treated with hydrochlorie acid, it is probably sulphide of cobalt).
A solution of a cobalt-salt mixed with acetate of sodium is com-
pletely precipitated by hydrosulphuric acid on heating, more
easily than a nickel-salt in similar cireumstances. (Separation of
cobalt and nickel from manganese.) When nitrite of potassium
is added to a solution of a cobalt-salt acidulated with acetic or
dilute nitric acid, the whole of the cobalt is precipitated as a
yellow crystalline compound, which is decomposed by hot nitrie
or hydrochloriec acid, or by potash, very difficultly soluble in
water, insoluble in potassinm-salts, and strong aleohol: hence the
precipitate is best washed first with acetate of potassium, then
with alcohol. This reaction is said by Stromeyer to serve for the
separation of cobalt from nickel. Cyanide of potassivin gives
with all cobalt-salts (or hydroeyanic acid with acetate of cobalt)
a reddish-brown precipitate of cyanide, CNCo, soluble in excess
of eyanide of potassium, in ammonia, or chloride of ammonium,
insoluble in water or dilute acids. If the cobalt solution contains
free aeid, (so that hydroeyanic acid is set free on the addition of
eyanide of potassium,) and if the solution of eyanide of cobalt in
excess of eyanide of potassium be heated for a time, the addition
of dilute sulphurie or hydrochloric acid produces no precipitate,
all the cobalt being converted into sesquicyanide of cobalt and
potassium (cobalticyanide of potassium), Cy5Co2K3, which is not
decomposed by dilute acids.  If the cobalt solution contain any
nickel, the addition of hydrochloric acid to the solution of cyanide
in eyanide of potasgsium produces a greenish precipitate, which
always contains all the nickel, but only all the cobalt when at
least 3 atoms of nickel are present for every 2 atoms of cobalt: in
L
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which case the precipitate consists of pure sesquicyanide of
cobalt and nickel, Cy’Co®Ni3, If a larger proportion of nickel be
present, the precipitate contains also cyanide of nickel, which by
prolonged boiling in |lj'i{|'uv]|ln.-l'iq_* acid is decomposed into hydro-
cyanic acid and soluble chloride of nickel. If, on the other hand,
a larger proportion of cobalt be present, the precipitate consists of
sesquicyanide of cobalt and nickel, and some cobalt remains in

solution as sesquicyanide of cobalt and potassium. The pre-
cipitate of sesquicyanide of cobalt and nickel (when all the
cyanide of potassium and cyanide of nickel present have been de-
composed by boiling in hydrochloric acid) is decomposed by
caustic potash into hydrate of nickel which is preecipitated, and
sesquicyanide of cobalt and potassium which remains in solution.
This reaction is applied as follows for the detection of nickel in
presence of cobalt. The solution (which must not contain iron
or manganese) is slightly acidulated with hydrochloric acid,
excess of cyanide of potassium added, and the whole heated to
boiling : if a precipitate is produced by the addition of dilute
:@ll]lﬂtm'iu or hydrochloric acid, nickel 1is present. A solution
containing cobalt as sesquicyanide of cobalt. and potassium remains
clear when mixed with an alkali and saturated with chlorine in
the eold : if a trace of nickel be present an inky-black solution is
produced. Ferrocyanide of potassium gives with cobalt-salts a
green, ferricyanide, a red-brown precipitate, both insoluble in
hydrochloric acid. Alkaline phosphates and arsenates give a
peach-red precipitate, readily soluble 1n acids. Oxalic acid oIVes
a pale-rose precipitate of oxalate of cobalt, which forms slowly :
it is soluble in ammonia, and the oxalate separates out again on
exposure to the air, but much more slowly than the oxalate of
nickel. Alkaline carbonates precipitate a peach-red basiec car-
bonate, readily soluble to a red solution in carbonate of ammonium,
very slightly soluble in earbonate of potassium or sodium. Potash
precipitates all the cobalt as a blue basic salt, which, if the air be
excluded, is gradually converted into rose-red hydrate, CoHO ;
this change is facilitated by heat. In contact with the air it
becomes olive-green, owing to the formation of an intermediate
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to a red-brown solution. If this solution mixed with chloride of
ammoninm be allowed to absorb oxygen, it becomes brown :; and
on boiling it in strong hydrochloric acid the whole of the cobalt
is precipitated as a peculiar compound, having the formula N3I16
CI3Co®% (Claudet. Chem. doc. Qu. dJ. iv. 3553.) If the cobalt
solution contains free acid or an ammoniacal salt, ammonia
produces only a red-brown solution, in which potash gives no
precipitate. All soluble cobalt-salts are decomposed by heat, and
after ignition are not completely soluble 1n water.

b, Sesquioxide of Cobalt, Co*O% — A black powder, obtained by
gently igniting the nitrate of cobalt. When heated it loses oxy-
gen, and forms an intermediate oxide. The sesquihydrate is a
black mass, obtained by passing chlorine through water in which
the hydrate is suspended. Sesquichloride of cobalt is formed when
a very dilute solution of cobalt containing no acid but hydrochlorie
is completely saturated with chlorine in the cold: from this solu-
tion carbonate of barium precipitates sesquihydrate. It is decom-
posed by most acids, with formation of a protosalt, and evolution
of oxygen or chlorine. Acetic acid dissolves it without decompo-
sition, forming a dark-brown solution, whenee potash precipitates
the sesquihydrate.

Blowpipe reactions.— Cobalt-salts are reduced when heated on
charcoal with carbonate of sodium in the inner flame, cobalt being
separated as a grey magnetic powder. (c¢) With borax or micro-
cosmic salt they give in both flames a dark-blue bead, the colour
of which 1s scarcely affected by the presence of any other metal.

Separation and estimation of Cobalt.—'The best reactions for
the qualitative detection of cobalt are the blowpipe reaction, and
the difficult solubility of its sulphide in dilute hydrochloric acid,
in which it is less soluble than the sulphide of nickel. The least
trace of cobalt and nickel may be detected in iron-ores or other
minerals by dissolving the substance in hydrochlorie acid, saturat-
ing the aecid solution with hydrosulphuric acid (to remove the
metals of Group 1), adding sulphide of potassium to the filtrate,
and washing the precipitated sulphides with cold dilute hydro-
chlorie acid. The black residue (sulphides of nickel and eobalt)
1s tested for cobalt by the blowpipe, and for nickel by eyanide of
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potassium in its acid solution. If a large quantity of iron be
present, it is best to remove it first by nearly saturating the acid
solution with carbonate of sodium, and boiling with acetate of
sodium. The general method for analysing cobalt-ores is the same
as that described in the case of nickel (p. 143).

The separation of cobalt from nickel is very difficult. The
best method is that given by H. Rose. The metals, or their
oxides, are dissolved in hydrochloric acid, the solution very largely
diluted with water, and chlorine passed through it in the cold for
several hours till it 1s 1!'.”]'“11.:']:]_‘-.' saturated. The chloride of
cobalt is thus converted into sesquichloride, the chloride of nickel
remaining unchanged. Carbonate of barium is then added, and
the whole allowed to stand for twelve or eighteen hours, being
shaken up from time to time: and then filtered. The precipitate
15 washed with cold water, dissolved in boiling hydrochlorie aeid,
freed from barium by sulphuric acid, and the cobalt precipitated
by potash. The green filtrate is also treated with sulphurie acid
to remove any barium it may contain, and the nickel then preci-
pitated by potash.

Liebig’s method is based on the reaction with eyanide of potas-
sium above deseribed. The solution of the two metals is treated
with excess of potash and hydroeyanie acid (or eyanide of potassium
perfectly free from cyanate) till the precipitate first formed is re-
dissolved. The solution i1z boiled to ['."{]_H‘]. free ]::-'I}]'ill':-'}'-llrli_' :1t'iil,
and mixed while warm with finely divided oxide of mercury,
which preeipitates all the nickel as hydrate and cyanide: the pre-
cipitate, when washed and ignited, yields pure oxide of nickel.
The filtrate, which contains all the cobalt as sesquicyanide of
cobalt and potassium, 18 neutralised by mitrie aecid, and precipi-
tated by a neutral solution of subnitrate of mercury: the preci-
pitate is washed, ignited, and heated in a stream of hydrogen,
when pure metallic cobalt is left. Or the solution of the eyanides
in cyanide of potassium may be saturated with chlorine in the
cold, ki'-lﬂ'. occasional addition of caustic 11r.li::r-".:t or soda: the whole
of the nickel 1s thus preecipitated as sesquihydrate, while the cobalt
remains in solution,
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tated bv im[:tsh as a basic salt. whieh 1s converted into the ]J}'ell'.'ln'
by heat: the hydrate is washed with hot water, dried, and ignited

in a stream of hydrogen, and the reduced metal weighed.

3. Manganese. Mn. Atomic weight, 26.

Found as sesquioxide (braunite); binoxide (pyrolusite); and an
intermediate oxide (Hausmannite): as sulphide, carbonate, silicate,
&e.: and in most iron-ores. It is a greyish-white, brittle, difh-
cultly fusible metal. It is readily oxidised by exposure to moist
air at the ordinary temperature, forming a black powder.

OxmEs oF MaxcaNese. Protoxide, Mn?Q. Sesquioxide, Mn*O?,
Binoxide, Mn*02.  Manganie Anhydride, Mn203.  Permanganic
Anhydride, Mn*07,— There are also two intermediate oxides,
Manganoso-manganic Oxide, Mn50* (Mn?0 + Mn*(?), found native
as Hawusmannite; and Mn®*07 (Mn'O3+42Mn20?), found native
as Varvicite.

a. Protoxide of Manganese. Manganous Ozide Mn*0O.—A green
powder, obtained by igniting any of the higher oxides in a stream
of hydrogen. It readily absorbs oxygen from the air, turning
brown. It is not reduced by ignition in a stream of hydrogen.
It 13 !'n':inli]_‘,' soluble in aecids, forming !J.n"r,ifr.rh'.r.'.l'r.l".'i ;_{j" manganese, or
manganous salts, which are either colourless or of a }ll:ll{1 Irose-
colour: they are mostly soluble in water, all in hydrochloric
acid, forming colourless solutions, which are not converted into
manganic salts by exposure to the air or boiling with nitric acid.
All the higher oxides of manganese, when heated with hydro-
chlorie acid, evolve chlorine, and are converted into the chloride,
MnCl: hence any manganese compound, after treatment with
hydrochlorie aeid, exhibits the reactions of a manganous salt,
Manganous salts are isomorphous with magnesium-salts. Hydro-
.~..'.hf.l‘:;.|,"r.ra'r.r'fr‘ acid does not |JI‘['{:i]rii'rlh.' a neutral solution of a man-
ganous salt containing a mineral acid: even acetate of manga-
nese is precipitated very slowly and imperfectly, and not at all if
free acetic acid be present. (¢) Sulphide of ammonium precipi-
tates flesh-coloured sulphide, Mn®5, readily soluble in acetie acid,
absorbing oxygen and turning brown on exposure to the air.
Yellow sulphide of ammonium gives a yellowish-white precipi-

L
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tate, which gradually becomes flesh-coloured by exposure to the
air, or more rapidly on heating. Cyanide of potassium gives
whitish precipitate, soluble in a large excess to a brown solution,
which is not precipitated by sulphide of ammonium. Ferrocy-
anide of potassium gives a reddish-white precipitate, soluble 1n
acids: ferrieyanide of potassium, a brown-yellow preecipitate, in-
soluble 1 acids. Alkaline ‘u:"u.l.n'f.u'r.wfﬁwz arsendates, oralates, and
carbonates, give white precipitates. Potash precipitates white
hydrate, MnHO, insoluble in excess: it absorbs oxygen from the
air and turns brown, and is then not completely soluble in ehloride
of ammonium. Ammonia precipitates white hydrate from neutral
golutions: in solutions containing free acid or ammoniacal salts, it
cives no precipitate: but, if sufficient ammonia be added, the
solution, on exposure to the air, gradually deposits all the man-
canese as brown sesquihydrate. (c) The least trace of a man-
canous salt is detected by heating the solution with a little
binoxide of lead (or minium) and nitric acid (which must be free
from hydrochlorie acid), when an intense purple-red colour is
produced, owing to the formation of permanganic acid: the
colour is readily perceptible when the excess of lead-oxide has
subsided. This is the most delicate test for manganese in the
wet way.

b. Sesquioxide of Manganese. Manganic Oxide. Mni03? — A
black powder, soluble in some acids without decomposition, form-
ing manganie salts, which are isomorphous with sesquisalts of iron
and aluminium. Their solution is red: potask precipitates from
it black sesquihydrate, unless chloride of ammonium be present.
They are very unstable, being reduced to manganous salts merely
by heating: the same reduction is effected, and the solution de-
colorised, h}' I-,}'rh'lwhlc:ri{:, gulphurous, or nitrous acid, by any
organic compound, &e. When any oxide of manganese, or a de-
composable manganese-salt is heated in the air, manganoso-man-
canic oxide, Mn%04, is formed.

o, PBinoxide -‘_Jj".umnlr,.rr.f.uf'sr*._ Mn®0?2 —This is the most i]1'|1:f:-1‘[.‘1]]L
native ore of manganese. It is a black earthy powder: the
hydrate is brown, and is obtained when a manganous salt is pre-

mritatad hv a hvoonohlorite. Whan heated aloma or with enle
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phuric acid, it evolves oxygen, (3Mn202=Mn"0Q*+4+0?%; Mn*0-+4
SO{H2=SO'Mn?+0OH2+0): when heated with hydrochlorie
acid, it evolves chlorine (Mn?02+4CIH=2MnCl+20H*+CI?):
with oxalie acid it evolves earbonic anhydride ( Mn202 4+ 2C201H*®
=C20'Mn242C02 + 20H?). In all these reactions, a manganous
salt remains in solution,

d. Manganie Anhkydride, Mn203. Manganic Aeid, Mn20+HE, —
This compound has never been isolated. It is only known in a
few metallic salts (manganates). Only the alkaline manganates
are soluble in water. Manganate of potassium, Mn?O'K? is formed
when a manganese compound is fused with excess of caustic potash
or earbonate of potassium, with addition of a little nitre: it forms
a green mass which dissolves in water to a green solution. On
this reaction depends one of the most delicate tests for manganese
(see Blowpipe reactions). This green solution is very unstable,
rapidly becoming red on exposure to the air, owing to the for-
mation of permanganic acid and depositing brown bihydrate : this
change is retarded by the presence of excess of alkali. Nitrie,
sulphurie, or hydrochloric acid effects the change at once : with
hydrochloric acid the red solution gradually becomes brown, and,
when heated, colourless, manganous chloride being formed. Swul-

phurows and hydrosulphurie acids, and other reducing agents,

decolorise the solution.

e. Permanganie Anhydride, Mn*Q7. Permanganic Acid, Mnt
O*H?.  Only known in a few metallic salts (permanganates),
whieh are soluble in water, forming intense purple-red solutions.
Permanganates are very readily reduced by organie compounds,
and |:-:.' all reducing Arents !'f'.‘f,l'_ .-"'JlJfrf.r‘rrr'fJfru"fr': .i:r.!f‘,w'r.r.r”'rur,'.'_ H,i“_'u'f’,HhH{.'q‘,
nitrous, hydrosulphuric acids, protosalts of iron, &c.), the solution
being first turned green and finally decolorised. On its reduction
h_’-.' 1h!'|::‘1.~'.|][.-= of il‘lm, 18 f'-:Jllmlir{l A ]r1c~1|j:u]_ ful" ”LU \'{I]Elllll.'ll‘iLf
estimation of iron (p. 257).

Blowpipe reaetions. — (¢) All manganese compounds, when
finely powdered and heated on platinum-foil in the outer flame,
with 2 or 3 times their weight of carbonate of sodium and a little
nitre, are converted into manganate of sodium, which has a green

L 4
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colour when cold. TIf the fused mass is hrown, too little nitre or
too much of the manganese compound has been taken. The best
way of applying the heat is to direct the hottest portion of the
flame on the under-side of the platinum-foil, immediately beneath
the mixture. In testing for traces of manganese in ores which
are rich in iron, it 1s best to treat them with nitrie acid, which
dissolves the iron as sesquisalt, to nearly saturate the solution
with carbonate of sodinm, and preecipitate the iron by acetate of
sodium : then saturate the filtrate with ammonia, add one drop of
sulphide of ammonium, and test the precipitated sulphide by
fusion with nitre and carbonate of sodium. With berer and
microcosmic salt all manganese compounds give in the outer flame
a clear amethyst bead, whieh is rendered colourless in the imner
flame. The amethyst colour is most distinet in the borax head :
and the decolorisation in the inner flame is most easily effccted in
the microcosmic bead. If so little manganese be present that the

amethyst colour eannot be perceived, the microcosmie bead should

be heated in the outer flame, and brought into contact while still

hot with a erystal of nitre, when 1t swells up to a spongy mass of
a violet colour.

Separation and estimation of Manganese.— Manganese is sepa-
rated from the metals of Group I. by the non-precipitation of its
sulphide from an acid solution. Its separation from eobalt and
nickel is not easy. The best method is to convert the mixed oxides
into chlorides by ignition in a stream of chlorine, and to ignite
the mixed chlorides in a stream of hydrogen, when the cobalt and
nickel are reduced to the metallic state, while the chloride of
manganese remains unaltered, and may be dissolved out by water.
An easier and 1:J|H‘;15r]}' accurate method is to separate them h}'
hydrosulphurie acid. The solution, which must not contain much
free acid, 18 mixed with acetate of sodium and saturated with
hydrosulphuric acid, when the sulphides of cobalt and nickel are
precipitated, while the sulphide of manganese remains dissolved,
Or the mixed oxides are converted into sulphides by ignition in a
stream of hydrosulphurie acid, and the mixed sulphides treated
with very dilute cold hydrochlorie acid, which dissolves the

sulphide of maneanese only. The separation bv either of these
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methods may be rendered almost absolute by repeating the process
two or three times,

Manganese is estimated as manganoso-manganic oxide, Mn"O%
It 18 '!*l'i"'-l';lil.‘t[l'nl h"l,' carbonate of sodium, the EJI‘L'q_'llhllallL' washed
with hot i;.::[t'l‘. dried and ijjll]h't!_ ||:.' which means 1t i:*l:u]:‘n".'h'ti

1 1 Ay
into pure Mn%01, and so weighed.

4, Xron. Fe. Atomic weight, 28,

One of the most abundant of the metals. It is found combined
with oxygen, as ferroso-ferric oxide (magnetie iron-ore), and as
sesquibiydrate or sesquioxide (red and brown hamatite, specular
iron-ore, &e.): as bisulphide (iron-pyrites): as carbonate (spathic
iron-ore): and in many other combinations. Itisa areyish-white
metal, highly magnetic. [t 1s not oxidised hj_.' dry air at the or-
dinary temperature: but in moist air it is gradually converted into
gesquihydrate. Heated in the air, 1t becomes covered with a film of
black oxide. Itisreadilysoluble in dilute acids; but nitric acidot a
certain strencth does not dissolve it under certain circumstances.

Oxmoes oF Irox. Protoxide, Fe?0), ,"\'r*,a‘;‘;.r.r.r-.r.u,rfr.['f*‘ Fet()®, Ferric
Anhydride, Fe?03, — There is also an intermediate oxide between

the protoxide and the sesquioxide, which is in fact a compound

of these two oxides: 1ts tormula 18 Feb04: it is F_:'i.'ilt'l':ll]}' called
Ferroso-ferric Oxide ovr Magnetic Oxide.
a. Protoxide of Iron. Ferrous Oxide. Fe?(),

u;l_l'l.r:l'l':-”ul atate. 'i'lll‘t i|1'||'|i|'*-|_[¢l-1I I-*'."I..I‘-__:'_ ]:_‘_ '[:I'['i":'i]}ilftltfll l“'ili.i(_' IJ}- “.I_

Not known in the

kalis from a protosalt of iron: it is very difficult to obtain it pure,
as it oxidises rapidly by exposure to the air: when dried it has a
ereen colour, probably owing to partial oxidation. Protosalts of
iron, or ferrous salts, are formed hj{ dissolving iron in acids. LThey
are white when anhydrous; but bluish-green when in solution, or
when they contain water of crystallisation. They are decomposed
].I‘.' heat, 'Ii::'-.l]'lj_" their :H‘ii]., and ]‘n'iul[: converted into red-brown
sesquioxide. Even in the solid state they absorb oxygen from
the air: in solution the oxidation is much more rapid, a yellow
basic sesquisalt separating out, while the solution contains both
proto- and sesquisalt., This solution is readily and completely
converted into a sesquisalt by boiling with nitric acid; or, in the
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cold, by chlorine, hypochlorous acid, or hydrochloric acid and

chlorate of potassium. The first action of nitrie aeid is to produce
a dark-brown solution, owing to nitric oxide being dissolved in
the unoxidised portion of the ferrous salt : on adding more nitrie
acid, or on heating, so as to oxidise the whole of the ferrous salt,
the dark-brown colour l]iﬁ:llrlu';sl‘n, nitric oxide ]_rL'iII.'_: evolved. In
order to avoid the separation of a basic sesquisalt in this reaction,
half as much free acid as is already contained in the ferrous salt
must be added to the solution.

Hydrosulphuric acid does not precipitate neutral or acid solu-
tions of ferrous salts: even acetate of iron is only partially preci-
pitated. Sulphide of ammonium precipitates all the iron as black
sulphide, Fe?S, insoluble in excess unless a large quantity of car-
bonate of sodium be present, in which case it is slightly soluble.
It is readily soluble in dilute hydroehlorie acid, hydrosulphurie
acid being evolved, and protochloride, FeCl, formed. It readily
absorbs oxygen from the air and turns brown: hence it must be
washed with water from which the air has been expelled by boil-
ing, and to which a few drops of sulphide of ammonium have been
added. (c¢) Ferrocyanide of potassium gives a white precipitate,
':_“‘,""i'ﬂt-'h’}.{. immsoluble in IIJ"[!]'H!']][U]'iL' acid: h}' the action of the air
or of any oxidising agent, it is rapidly converted into prussian
blue, Cy°Fe’. Potash decomposes both these compounds, separat-
ing ferrous hydrate in the first ecase, and ferric hydrate in the
second. (¢) Ferricyanide of potassium gives a dark-blue preeipi-
tate of CySFe’, insoluble in hydrochlorie acid, decomposed by al-
kalis. These precipitates do not form in an alkaline solution.
Grallic acid gives no precipitate with pure ferrous salts.  Terchlo-
ride of gold and nitrate of silver are reduced by ferrous salts, with
separation of metallic gold and silver. Owalic acid precipitates
yellow ferrous oxalate, insoluble in excess, soluble in hydrochlorie
acid. Alkaline phosphates and carbonates give white precipitates,
which become dirty-green by exposure to the air. Caustic al-
kalis precipitate white hydrate, which becomes green and finally
red-brown by exposure to the air. It iz soluble in chloride of
ammonium: hence ammonia gives no precipitate in a ferrous solu-
tion containine sufficient chloride of ammonium : but when the
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solution is exposed to the air, red-brown flakes of ferric hydrate
eradually separate out.

b. Sesquioxide of Iron. Ferric Oxide. Fel(Q3, — A brown pow-
der, obtained by igniting, at a moderate red heat, the sesqui-
hydrate obtained by precipitating a ferric salt by ammonia. At
a white heat it loses oxygen, and is converted into ferroso-ferrie
oxide, Fe®O4, It is soluble in acids (more slowly after ignition),
forming sesquisalts of iron, or ferric salts. Their aqueous solu-
tion is orance-red, and reddens litmus: if it contains free acid, it
is yellow, but becomes red on boiling. On boiling a very dilute
aqueous solution, almost all the iron separates as an insoluble
basic salt. Hydrosulphuric acid reduces ferrie salts to ferrous
salts, with separation of salphur, which renders the solution milky
(2Fe?C13 + SH2=4FeCl +2CIH +S). The same reduction is ef-
fected by heating a ferrie salt with metallie iron or zine ( FezCI3
4+ Fe=3Fe(Cl) or with .w.*fpfmmr.fm acid (2FeCI? + SOH=+ OH*
=4FeCl42CIH 4 SO'H?).  Sulphide of ammoniwm also reduces
ferric salts, and precipitates protosulphide, Fe®S, mixed with
sulphur, which is left undissolved on addition of hydrochlorie acid.
(c) Ferroeyanide of potassium precipitates prussian blue, Cy'Fe’
(3Cy FeK? 4+ 2Fe?CI3=Cy"Fe? 4+ 6CIK), insoluble in hydrochloric
acid, decomposed by potash into ferrocyanide of potassium and
ferric hydrate. Ferricyanide of potassium gives no preeipitate or
change of colour, unless a trace of protosalt be present, in which
case a dark-coloured solution is produced. (c¢) Sulphoecyanate of
potassium gives a dark-red colour even in very dilute ferric
solutions, which is not destroyed by hydrochlorie acid, but dis-
appears on the addition of chloride of mercury, or of tartaric or
phosphorie acid, and is partially reproduced on addition of hydro-
chloric acid.  Gallic acid gives a bluish-black precipitate, soluble
in free acids. Owxalate of potassium precipitates yellow ferric
oxalate, soluble in free oxalie acid., Phosphate or arsenate of sodium
gives a white preecipitate of ferriec phosphate or arsenate, insoluble
in acetic acid, soluble in ferrie acetate or chloride, or in ammonia
in presence of excess of phosphate of sodium.  Carbonate of barium
precipitates ferric salts completely in the cold: benzoate or suecin-
ate of ammonium also precipitates all the iron from a neutral ferrie
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solution. These reagents do not precipitate ferrous salts at all in
the cold. Caustic alkalis and alkaline carbonates precipitate
red-brown ferrie hydrate, insoluble in excess, (except in excess of
carbonate of ammonium,) even in presence of ammoniacal salts.
4he precipitate always contains some alkali, which cannot be
entirely removed by washing. Non-volatile organic bodies (e.g.
tartaric acid, sugar, &e.) hinder this precipitation, but not that by
sulphide of ammonium. Soluble ferric salts are decomposed by
1enition in the air.

The reactions with ferro- and ferricyanide of potassium, and
with sulphocyanate of potassium, enable us to detect ferrous and
ferric salts in presence of each other. Their separation is effected
by carbonate of barium in the cold, or by benzoate or succinate of
ammonium in a perfectly neutral solution (the air being excluded
as far as possible) which precipitates ferrie salts completely, while
ferrous salts remain in solution. The best way to obtain a per-
tectly neutral solution is to add ammonia drop by drop, continually
stirring the solution, until the slightest possible permanent pre-
cipitate is formed.

Ferroso-ferric Oxide, or Magnetic Oxide, Ie0O4 (aswell as an-
other intermediate oxide, known as Seale-oxide, Fe'%()?, obtained
by heating iron to redness, in eontact with the air) is soluble in
hydrochlorie acid: caustic alkalis precipitate black ferroso-ferrie
hydrate from this solution. In other respects the solution behaves
like a mixture of ferrous and ferric chloride.

c. Ferric Anhydride, Fe?03. Ferric acid, Fe*O'H? — This com-
pound has never been obtained in the separate state. It is only
known in its alkaline salts, which are obtained in the same way
as the manganates. Their solution 1s of a fine red colour: they
are reduced even more readily than the manganates, with separa-
tion of ferric hydrate.

Blowpipe reactions.— All iron-salts are reduced when heated
on charcoal with carbonate of sodium in the inner flame, metallic
iron being obtained as a magnetic powder. With borax they
give in the outer flame a bead which, according to the quantity
of iron-salt present, is red or yellow when hot, yellow or colour-
less when cool : in the inner flame they give a bottle-green bead.
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With mierocosmie salt they give in the outer flame a bead which
is yellowish-red when hot, colourless when cool: in the inner
flame no coloration 18 |.~1'm‘|llm--.] unless a considerable quantity of
iron-salt be +-||11:'l:-_n_-|l, when the bead is red while hot, and reddish
when cool.

Separation and estimation of Iron.—Most native compounds of
iron are dissolved by concentrated |l_1;L||‘m'h|u|'iv acid ; some re-
l.iH;['l.' the addition of [lilt‘il‘ :ll'iL[. Il‘iltl—ﬁl'lll‘i;l', W]lit,']! t,‘qlll..-«‘l'-i[ ot
ferrous silicates, are decomposed by hydrochlorie aeid : ferrie
silicates, which are not attacked by acids, are fused with car-
bonate of potassium and sodium. For the detection of the foreign
elements contained 1m ecast-iron I:".‘n'hil,*h seldom amount to more
than 5 p. ¢.) the residue left after dissolving the iron in dilute
sulphuric acid is usually employed: it contains generally silicon,
carbon, carbide, phosphide, and arsenide of iron, chromium, vana-
dium, molybdenum, and sometimes cobalt.

[ron is separated from the metals of Group I. by the non-pre-
cipitation of its sulphide from an acid solution. For its separation
from nickel, cobalt, and manganese, the tollowing is the best process.
The solution of the metals in hydrochlorie acid is thoroughly
saturated with chlorine, in order to convert the whole of the iron
Into =':-=|glli=.'ll=.. and then boiled, in order to reduce to I‘:-t'utn.A:LH-:
any sesquisalts of the other metals which may have been formed.

The solution is then earefully neutralised with ammonia, chloride
of ammonium having been added in order to prevent the precipi-
tation of any of the protoxides. (If the solution be very acid,
.-|_||'|'it':--‘.il ?:1:11FIFITI‘:".i':Ii ~-'EIL1 will be [:J:'IIII'-i in the I:.:‘n{_'ir,t:.: cj[' II‘:"HH’HI'—
1sation.) Suceinate of ammonium i1s then added, which precipi-
tates the iron alone as ferric succinate: the precipitate is washed,
dried, and ignited in an open platinum crucible, with full access
of air, in order to prevent any reduction of iron by the earbon of
the oreanic acid., Should any iron be so reduced, it must be re-
oxidised h:.' nitric acid. The H"-'IEH“L"L]”[" of 1ron 18 then welrhed.,
The success of this method 1[1'}“":“1.1; on the exact neatralisation of
the solution : this is ensured by adding ammonia drop by drop to
the point when a permanent precipitate is first formed. The iron
may be precipitated by earbonate of barium in the cold, instead
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of by suceinate of ammonium : the precipitate is dissolved in
hydrochlorie acid, the barium removed by sulphurie acid, and the
iron thrown down by ammonia. In the case of eobalt, however,
carbonate of barium does not answer so well as succinate of
Ammoninm.

[ron is always estimated as sesquioxide. It is precipitated by
ammonia as sesquihydrate, which, when dried and ignited, leaves
pure sesquioxide. If potash be employed as the precipitant, the
precipitate always contains some alkali, which cannot be removed
i:_*-.' washing, but [5115_\.' ]1:.' dissolving the sesquioxide in hydrochloric
acid, and reprecipitating by ammonia. If any organic matter be
present, which would prevent the precipitation of ferric oxide by
ammonia, the iron must be precipitated as sulphide, the sulphide

dissolved 1n nitrie acid, and the solution I:-t'L-{'iiwi'{:H::tE 11}-‘ ammonia,

5. Einme. Zn. Atomic weight, 32-5.

Found chiefly as sulphide (zine-blende): as carbonate (cala-
mine): as silieate (zine-glance). It is a bluish-white metal,
malleable when pure, easily fusible. It is not oxidised by dry
air at the ordinary temperature : 1n contact with water and air
containing carbonie acid 1t is eradually converted into a mixture
of hydrate and carbonate of zine. Heated in the air it burns with
a bright bluish flame, forming oxide of zine. It is volatile, and
may be distilled. It 1s soluble not only in mineral acids, but
even in many organic acids: also, to a certain extent, in caustic
alkalis.

OxipE or Zinc. Zinc-oxide, Zn*0.—A white powder, obtained
by the combustion of the metal in the air. When heated, it
assumes a yellow tinge, but becomes white again on cooling, It
is not volatile. It is readily soluble in acids, forming zine-salts :
soluble also in alkalis. Zine-salts are colourless, and give colour-
less solutions. Hydrosulphurie acid gives with neutral solutions
of zinc-salts a white precipitate of sulphide, which does not
contain all the zinc: in solutions containing sufficient free hydro-
chloric acid there is no precipitate. Acetate of zine, or any zinc
solution mixed with acetate of sodium, is completely precipitated
hv hvdrosulohurie acid. even it a larce anantitvy of free acetio
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acid is present. Sulphide of zine is insoluble in caustic alkalis.
,.‘:hr.in'pf#hﬂ"e' flrf' AIIMORLHIN Inl‘vt'i[-lt.'ll‘u.-': zine solutions l‘.‘i*iili‘]l'h'l}'-
Cyanide of potassiwm precipitates white cyanide, soluble in excess,
10t reprecipitated by sulphide of ammonium. Ferrocyanide of
potassium gives a white precipitate, insoluble in hydrochloric acid.
Oxalic acid and phosphate of sodium precipitate white oxalate
and phosphate, soluble in acids and alkalis : the phosphate is not
precipitated in presence of chloride of ammonium and ammonia.
Fixved alkaline carbonates ill'l'{':lll'-l:llt{.’ a white basie L':ll'ht]ttutl‘,
insoluble in excess, soluble in alkalis: chloride of ammonium
hinders this precipitation in the cold. [Potash, ammonia, and
carbonate of ammontwm give white precipitates, soluble 1n excess,
reprecipitated on diluting with water and boiling : soluble also
in chloride of ammonium. (¢) Hydrosulphurie acid precipitates
the sulphide from these solutions. Most zine-salts are decomposed
by heat, zinc-oxide being left.

Blowpipe reactions.— All zine compounds, when heated on
charcoal with carbonate of sodium in the inner flame, give an
incrustation of zine-oxide, which is yellow while hot, but white
on cooliner @ it is not volatile in the outer flame. With borax or
microcosmic salt they give in both flames a bead which is yellowish
while hot, white on cooling, and opaque if much zinc-salt be
present. If the colourless bead, or the white incrustation, be
moistened with a dilute solution of nitrate of cobalt, and strongly
heated in the outer flame, a fine green colour is produced.

;":!nrr".'}.'f.w.rh'n.r.r and estimation -‘ff’ Zine.— All zinc-ores are decom-
posed by digestion in hydrochlorie acid, except the sulphide, which
requires aqua-regia. The qualitative detection of zine is very
easy : the precipitation of the solution of its hydrate in an alkali
by sulphide of ammonium is quite characteristic of zine.

From the metals of Group I. zine is separated by the non-pre-
cipitation of its sulphide from an acid solution. From iron, by
succinate of ammonium, or earbonate of barium, as deseribed in the
case of manganese (p. 157). From manganese by converting the
metals into acetates, adding free acetic acid, and saturating with
hydrosulphurie acid, which precipitates the sulphide of zine only.
If any mineral acids be present in the solution, they must be re-
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moved by precipitating the metals by carbonate of sodium, and
dissolving the washed precipitate in acetie acid ; or, if the acids
are volatile, by boiling the solution with sulphuric acid, and de-
compesing the sulphates thus formed by acetate of barium. From
cobalt and nickel, zinc may be separated in the same manner as
from manganese, but the quantity ot tree acetic acid must be
very large: or the mixture of the three oxides (obtained by adding
carbonate of sodium to their solution, evaporating to dryness, ex-
tracting with water, and washing and igniting the residue) may
be heated in a stream of dry hydrogen as long as any water is
’[1~'|!']]'.|-Ii, when I]Il.‘ L'-ilil.'l:l :'.!UL?h nickel arc reduced to the |||n'[:EI]i-;_'
state, while the oxide of zine remains undecomposed and may be
diszolved out h‘v digestion in a conecentrated solution of ecarbonate

of ammonium. Zine¢ may also be separated from cobalt and man-

ganese by the conversion of the latter metals into sesquisalts by
saturating their solution with chlorine, and then precipitating
them by carbonate ot barium in the cold. Zine may be separated
from nickel by mixing the concentrated solution with excess of
potash and then with hydroeyanic acid, so that the two metals
are dissolved as double ecyanides. From this solution sulphide of
potassium (not gulphide of ammonium) completely precipitates the
zine as sulphide: the filtrate is boiled with aqua-regia, and the
nickel ]H'w['iph:Lh-LI by ammonia as hydrate.

i

J.»_-';”-. ]H l-,-;1i|1;;11t'1] L ':'l:\i|!.'|'. i[ [.- 1|I‘1't'i||}1:1[i-|: ]_5:-.' 1I=-||-' 1,1.;-",

L1
excess of carbonate of sodium : or, as a basic salt may be formed
in this way, it is better to pour the zine solution into the boiling
alkaline carbonate. The precipitate, when washed, dried, and
ignited, yields zinc-oxide. [f the zine solution contains ammoniacal
salts, they must be removed by boiling with enough alkaline
carbonate to r!-l't,'ilflii_‘-ll."l,' I].i".]], l‘H':']W]‘:E[]H;’ 1O IEI'L'm'J!i-.u.H as 1|:L1'+'L]:\'
a3 'iu:qai]y][': 11555:1%1"&11;5 out the r-ln];l.i]-&]t* salts 1n a ]:il‘.'_fl' I;LIJ::,HIH:I.‘ of
water. and collectine the residual earbonate of zine on a filter.
When zine is precipitated by sulphide of ammonium, the solution,
if acid, must first be neutralised by ammonia: the sulphide must
be allowed to subside before filtration, as otherwise it would stop
up the filter: it is then washed with water containing a little

enlnhide of ammoniom. dizzolved 1in hvdroehlorie amd and the
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6. Uranium. [J. Atomic weight, 60.

L :'-.'l'IH'w_ ot :|1|1||,,r||]:1:|1]'.,‘ a5 il[JFIEH'L' II]"!_"]IHIr-LJI"lIIiI' H‘{i'].t‘ { I]1I'!I~] l-'li'l'.']
as uranic hydrate (uran-ochre) : as phosphate of ur anium and copper
[l||':l|:i!-"'. \, 1| 15 -__-u;u-.-‘;[l_ll.' ||]Il;l;i|LLI1 a8 i |rl.l.l ]'L [ HOAY 1:I.'l'. (R LS LS |||"r
in small compact plates, of a silvery lustre and slightly malleable. It is
not oxidised by the air at the ordinary temperature. Heated in the aiv
it burns vividly, formine ereen uranoso-uranic oxide.

Oximves oF Uraxium. Protozide, U0, Sesquioxide, U'0% —There
Er- disy an i'.||;-:t||v-.1._|iu- »an.f.iu, Ii.:';tl'.-l'-ilI-LLL';LtIi.I.' ::ti-fl'. ["[l:, ‘u'|.'|lllx:]1 I=~ il
|'-.an!||[|-'!.ll.-4. ||t' _[ll'-.r[n'a;i.-!x' ;ll:w.] 1-|_'--|Ilill\-ll|l*,

a. .l'.'.".J_'.J;'.-..f'-' .-_-l.l" !'-.-'.-f_r.'-'f.l.l.'.r, |II LTS I"jlf. .'rn'. ]'- } 1'|. ”Il". ]l'?"'-']t g™
obtained from uranoso-uranic oxide by izniting 1t 1n a stream of hwhn ren,
or by heating it strongly in a blast-furnace in contaet with charcoal : also

by reducing uranic oxalate by hydrogen. The oxide is soluble Hrllﬁ'
strong sulphurie or nitrie acid. The hydrate, UHO, is soluble 1n acids,
1'ur|||i:.:' HrANONS Salls. These are oreen ; in solution they are readilv

converted into uranie salts by exposure to the air or by treatment with
nitric acid. ."W“ Wi -"--'u.u" NN s.'.'rm' prec I“h ates from IEH m black uranous
.-:|L||-||i le - -'.a.'..x.*.. il ilis precipitate re 11—|J]n wn uranous hvdreate.

b. SNesouwioxide |J,l" f'.-"..'.u.rl-'.'.ul_ Urante Oxide,. UM, — A brick-red
'|u'|'|'-'-'.-.'|' obtained by heatine vellow uranie hydrate to about 300° When

|_']|!i-'-!, LT S8 0Xyoen ani 1= I‘IJ'.I'n.'!"I'|I_"i mnto l.'l':llll1r-'l.r-i||;|_1|1||‘ H,.\Lil]l", rriu'
hvdrate is soluble in acids, formine wranie salts, which are yellow and
mostly soluble in water to vellow solutions. Uranie oxide also forms

compounds with alkals. ff_rl,-f['x'..l.wu!'l,.-;f.'-H'x'r' actd oives no !J]'L'{'i!_li_|:|_rl._! with
uranie salts, but reduces r|l--‘.u to uranous .-l;l![r': the same reduction is

effected by aleohol or ether in the .H'ilu.-hiln'. Sulphide of ammoniwm pre-
cipitates brown uranic sulpl ||1 , insoluble in excess, which de posits very
slowly,  Ferrocyanid "f"' potassium gives a red-brown prec ipitate, whie h
ii l:-'l.'!':llil'l‘ll... 5‘-.'-»' i1l J=III |Hll.| | I.r|1|| 1|1|||L \. itl]"]l IE lliﬂ 1=~=-|Ii!]L Hllt a
_\'.'li w compound of uranie oxide with [m-;a-:h. Phosphate and arsenate

af sodtum and oraid acid oive vellowish-white ]'1'|-|'l|'I1:|IL'.~:. unless much
; - . —— I bWy pmy ol ; . . o ¥ ]
iree acud 1s present. Secinale of ammoninm Or carbonile rJl." ."'Jr.',l'.-'.n'Hr.r ]I]'I__""
. ' 1 - i i "
cipitates uranic salts compiet lv in the cold. Alkaline carbonates riy
L v -
pale vellow precipitates, soluble in excess, especially of carbonate of am-
monium, reprecipitated by potash, or by boeiling the _mlmin”, Clanstic
alkalis precipitate yellow compounds of wranic oxide with the ;||."--|i
| i . i &

insoluble in excess. Metallic zine does not reduce metallic u iranium fro
nranie salts, but after a lon {r time jn HI]II.I 235 0 1”_]:“1.1. e |] |I |T.|.”= Uranie
oxide, Soluble uranie salts are dec |||u|m-uri Iu. '-rm.nu in the

Uranoso-uranic Oxide, U*0O*, 1s a oreen pow der. obtained '|.~, '_“‘,1',,| !
uranic oxide, or burnine the |~||r|l n the air. It 11 _..;.;[|||,|..' mn :In'-|-|:,
forming egreen solutions, whose reactions are intermediate between those
of uranous and uranie salts,

Jif."---'.'r'llr-al;-.f- ;'-'r!r'-’a'..'.r.'.\',—|_1!';tnlll' rr.‘i]l]-' [q ok IEIHH]'-.I |] I I'-*l]ll.n d wlh I
]w;”,.,| 11 (']|:|1'|'r?:l] ‘.\]'.h 1':]}'1|J|||:;1iL: of -upl.;u':” im the |||p ' H.:ill-', Wit
borax and microcosmic salt it gives in the outer flame a clear bead, whicl

1|
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18 }'LHmt while hot, yellowish-green on cooling: in the inner flame the
'-JL';lli 18 T een when [JUT i]|||_ i :-ul.ll 1||:]+‘: :!_fln;l]L 'L‘;}u,‘n c‘nn],

a""n'l,rm'.rn:a-"f'lre and estimation -r-.r“ Uranium. — Uranium is detected tJH‘l“[‘l-
ti*.'x_-]}' ].\ its prec I'l.lH it1on hx uull vhide of ammonium and by .]uJ-“L||-~1 even
in presence of chloride of ammonium : and by the solubility of uranic
hydrate in carbonate of ammonium, by which it is L[Ir[lli.'_fllmu‘d from
1T OI1. '

For the extraction of uranium from E"”' ‘hblende {‘l.'n.lur h eenerall Yy con-
tains also silica, iron, nickel, cobalt, zine, copper, h:a.'mn]l lead, man-
ranese, arsenie, antimony, calcium, magnesium, ~=|1|[+mu'. and sometimes
selenium and vanadium), the fine ly-powdered mineral 15 digested with
motlerately dilute sulphuric acid with gradual addition of nitric acid, till
it 15 converted into a white powder : . the excess of acid is then |I11u.|n ofl,
the residue digested in cold water, and the solution filtered. The residue
contains silica, sulphate of lead, and basie sulphate and arsenate of bismuth.
The solution, heated to about 60° is saturated with hydrosulp |t|.I|]+.,' acid,
and allowed to stand for twenty-four hours: it is 1]un heated to exlaui
the excess of the oas, and the -Irl'[ hides of arsenic, anti mony, 1-»“ er, ]{1|:]
and bismuth, hilte ]l:i off. The filtrate is heated to boilin: a, and ].|11]| acid
oy ulu ly added till all the iron 15 converted into -1'=:1u|- alt, and the solu-
tion 18 u]]uu when it 18 IIII;_"I |]||1 ited |!n excess of ammonia and filtered.
The ]u|ut|-1t.|[u besides ferric and uraniec oxides, contains traces of
nickel 3 ln];.l]l, zine, I]|:1f_~']1[‘:-'il11|i. and ealeium : the rest of these metals 1s
in the filtrate. The precipitate 15 washed, and digested with a concen-
trated solution of earbonate of ammonium, until it has the pure re d-brown
colour of ferrie hydrate: it is then filtered while warm, and the filtrate
on .:.m]i”u lll,]ﬂ:ﬁ.ii‘-u eryst: als of earbonate of uranium and ammonium,
which on ignition yield uranoso-uranie oxide. The mother-li quor from
these ¢ rysti als is then treated by sulphide of ammonium, drop by drop, as
long as a dark-brown prec IE:-.I e {HiiE:hulcrh of cobalt, mckel, and zine) 1s
produced ; it is then filtered, and the filtrate boiled for a long time, when
all the uraninm is |ma1]nl ited as uranate of ammonium, which on ignition
1]1 Jds nranoso-uraniec oxide. The ferriec hvdrate still retains traces of
uranium, which may be separated by +]|~-nhm-r the uhuu in as little
hyvdrochlorie acid as 3n~-1h|v neutralising with carbonate of ammonium,
.HII] [rullll]l r the solution into a mixture of carbonate and ~|3]|}:5||:.1§|: of
ammonium, when the iron is precipitated as sulphide, while the uranium
remains in solution. For the detection of selenium and vanadium the
powdered ore is fused with a quarter of its weight of nitre and carbonate
of sodinm, and the fused mass treated with water, which dissolves out the
alkaline selenates, vanadates, and arsenates.

|_ I |]|||1r|1 L-H separ ated from the metals of '[utn'll } ] 1] e non-prec IEr[*
tation of its -11|||h|lh' from acid solutions, From mra’m.m halt, manganese,
and zie, it 18 se ihﬂ ated by saturatine the solution with chlorine. |m|[||w
anid precipitating by c arbonate of barium in the eold, which carries down
the uranium only. From iron by neutralising the solution with ammonia,
diluting with water, and adding normal carbonate of ammonium wal
from excess of carbonie acid by lml].nu} which precipitates only the iron,

l|..| e T E I EEEE RS I LY '|'|'|||'|'| r Ilh -L.-a.rilllu ™
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Uranium is estimated as uranoso-uranic oxide, or as protoxide, It is
precipitated by ammonia, washed with water containing chloride of am-
monium, dried, and converted by ignition into uranoso-uranic oxide,
which is allowed to cool in a covered erucible and weighed. Or the pre-
cipitate is reduced by ignition in a stream of hydrogen, and weighed as
uranous oxide, If the uranium solution contain much of a fixed alkali
or alkaline earth, the Ep:'.l-l'i_lfr.:l'ﬂ_“ !:n, ;I,'II.]I:]I.I.'II:i.:l will ciarry down \':-'ilil Ft
some of the alkali or earth, which eannot be removed li}' ienition : in this
case it must be dissolved in hydrochloric acid, and reprecipitated by
AMIMOnia.

Group II,—Subdivision B,

The metals of this group do not combine with sulphur in the
wet way, and consequently are not precipitated by hydrosulphuric
acid under any circumstances. Their oxides, however, being 1n-
soluble in water or ammoniacal salts, are precipitated from their
neutral or acid solutions by sulphide of ammonium, the acid by
which they were held in solution being neutralised by the am-
monia of the reagent, while the hydrosulphuric acid escapes.®

The oxides of some of the metals in this group are known as
earths : hence these metals are called earthy-metals. The earths
are white, yellowish, or brownish powders, infusible, generally
exhibiting a vivid incandescence on ignition : they have no alka-
line reaction, are insoluble in water, and after ignition are diffi-
cultly soluble in acids. They cannot be reduced to the metallic
state by heating in contact with hydrogen or charcoal. Sulphide
of ammonium, ammonia, and fixed alkalis throw them down from
their salts as gelatinous precipitates.

1. Alaminiam. Al Atomic weight, 13-6.

One of the most abundant of the metals. It occurs chiefly in
combination with siliea, in elays, and several minerals: also with
sulphurie, phosphorie, and other acids. Itisa white, very light

* Or we may suppose a :-iulp]]'lnl-._' to be first formed and then Liq_-i_'-:r]ulul:-'-;tl !-:;
water —
2ARCP + 3(NHY)Y'S = AlI'S* + 6NH'CL.
Al'S* +3H*O = AP + JHES.
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metal, which does not oxidise in the air even at a strong red heat.
Lt 18 insoluble in cold, very slowly soluble in boiling,.nitric acid :
insoluble in cold dilute sulphurie acid: readily soluble in hydro-
chloric acid.

OxipE oF AvvmiNiosm.  Alumina, AYO3.— A white powder,
prepared by igniting the hydrate : at a strong red heat it fuses
to a solid, very hard, mass. It is soluble in acids before ignition,
but not very readily; the hydrate is readily soluble in acids,
forming salts of aluminium. These are colourless, unless their
acid is coloured : those which are soluble in water give solutions
which redden litmus. Those which are insoluble in water are
mostly soluble in hydrochlorie acid. Many native aluminium
compounds, which cannot be decomposed by hydrochlorie aeid,
are dissolved by boiling with strong sulphuric acid: all are de-
composed by fusion with aecid sulphate of potassium, or an alka-
line carbonate. Sulphide and earbonate of ammonium give with
aluminium-salts a white gelatinous preeipitate of hydrate, insoluble
in excess: the fived alkaline earbonates and ammonia give the
same precipitate, somewhat soluble in a large excess. Phosphate
of sodiwm precipitates phosphate of aluminium, very closely re-
sembling the hydrate in appearance, and like it soluble in potash
and in acids (not in hot acetic acid). Chloride of ammonium repre-
cipitates the phosphate from the potash solution : alkaline silicates
precipitate silicate of aluminium from the potash solution either of
the phosphate or hydrate, the phosphoric acid in the former case
remaining in solution. Chloride of barium or baryta-water added
to the potash solution of phosphate of aluminium, precipitate all
the phosphorie acid as phosphate of barium, while, if excess of
potash be added and the whole heated, the alumina remains in
solution. (¢) When acid sulphate of potassium is added to a hot
concentrated solution of an aluminium-salt, the solution on eooling
deposits octahedral crystals of alum (sulphate of aluminium and
i""t”"“'[‘”” ). Owxalic acid and soluble oxalates zive no ;.1':-[-iIal1;1ll_-
with aluminium-salts. Carbonate of barium in the cold IH'E.'i'i}li-
tates all the alumina very slowly. Potash or soda precipitates the
hydrate, readily soluble in excess, reprecipitated by chloride of

[T SN, U . S et g [ SRSy g a gy, [ e pqeqeenppanes b Mo RO [N
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chloric acid and saturation with ammonia. The alkaline solution
is not precipitated by sulphide of ammonium. The aluminium-
salts of volatile deids are decomposed by ignition, losing their acid.

jrffriu';r.r-lm* J"I'Hr'ﬁ:f.ﬂ”.\.‘,—‘\\rril.l‘]l an :llill]lil!i‘.llll i.‘LI]!‘l'[!tJIIHLl 15 heated
on charcoal, moistened with nitrate of cobalt, and again heated, a
fine blue colour is produced.

Separation and estimation of Aluminium.—From the metals of
Group L. aluminium is separated by hydrosulphurie acid in an acid
solution. It cannot be _q-E:;lr;m-:i IJ_\." Emi:l::h from those metals
whose hydrates are insoluble in potash, except in cases where the
insoluble hydrate is present in very small proportion (not more
than 1 p. ¢.): for in other cases the insoluble hydrate always re-
tains some alumina. From cobalt, nickel, manganese, and zinc 1t
is best separated by earbonate of barium in the cold, when these
metals, being in the form of protosalts, are not precipitated. For
its separation from éren and wraniuwm, the metals are precipitated
together by sulphide of ammonium, and the precipitate boiled in
caustic potash, and filtered. The residue, which still contains
alumina, is dissolved in hydrochlorie acid, again super-saturated
with potash, boiled, and filtered: and this process must be re-
peated until the alkaline filtrate gives no precipitate with sulphate
of ammonium. The alkaline solution of alumina is then neutra-
lised with hydrochlorie acid and precipitated by sulphide of
ammonium. A better method for the separation of aluminium from
tron i3 to heat the aeid solution to boiling, and add sulphite of
sodium or sulphurous acid, in order to reduce the iron to protosalt,
to neutralise with earbonate of sedium, and then to boil with
excess of caustic soda until the white precipitate of hydrate of
iron is converted into black ferroso-ferric oxide, which is filtered
off and the alumina precipitated as before ]n:,; sulphide of am-
monium.

Chancel (Compt.rend. xlvi. 987)states that iron and aluminium
may be completely separated by hyposulphite of sodinm, which
merely reduces ferrie salts to ferrous salts ; but precipitates alu-
mina from salts of aluminium, being itself decomposedin the nusual
manner by the acid of the aluminium-salt (2A12C13 4+ 3520%Na?
=AM} 4+ 6NaCl+3502 453, The iron and aluminium being

T
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both in the form of sesquisalt, their solution iz nearly neutralised
(it necessary) with sodie carbonate, and largely diluted* with
water. A slight excess of hyposulphite of sodium 1s added in the
cold ; (if it be added to a hot solution some ferric hydrate would
be 1:1'{":']!1”{11':'{1{] and the whole boiled as long as sulphurous
anhydride is evolved. The precipitated alumina, which is pul-
verulent, not gelatinous, is filtered off, washed, freed from sulphur
h}' ]u‘LHi]];I1!1{1:](4‘:}:[:,'—]}', ionited, and weighed. The filtrate con-
taining all the iron is concentrated by evaporation, and boiled
with hydrochloric acid and chlorate of potassium till lllc‘::'v]r:u';nw'l
sulphur is bright yellow, and begins to agglomerate: it is then
diluted, filtered from the sulphur which is 1II1_+]'1Jll:__"]11:.' washed,
and precipitated by ammonia.

Aluminium is always estimated as alumina. It is precipitated
as hydrate by sulphide of ammonium (which is better than
ammonia or carbonate of ammonium): if the solution contain any
alkaline-earthy metals, the access of air must be prevented as far
as possible, otherwise these metals may be partly precipitated as
carbonates. The hydrate, when dried and ignited, yields pure
alumina, Al4Q3,

2, Glucinum or Beryllium. G. Atomic weight, 47,

A rare metal, found chiefly as silicate, in some minerals. It is a white
very licht metal, which, when heated in the air or in oxygen, becomes
coated with a thin film of oxide, which proteets it from further change,
[t is soluble in hydrochlorie or sulphuric acid: insoluble in cold, :=_n'l.".]l‘.
soluble in boiling, nitric acid: soluble in potash, but not in ammonia.
(Debray. Ann. Ch. Phys. [‘J xliv. 3).

Oxipe or Grucivom. Glucinag, G*0).— "L white powder, obtained hy
i":_"]'l“i'll:: I]H._II 1':”']":”1:“1'. Ir 15 ."‘r]]“hlt" 111 f|| 18, |.|..|] Ill.rl” '*-“.'illr‘h ”_.r fr,lr”(,rf”””
These closely resemble aluminium-salts in their reactions: there are,
howey i the followine differences between them. Acid .ﬁ-'."-l,r?.‘rr-'.f-" of I,i'Jrs.I" 15=
sium forms no erysts 1!|- with gluemum-salts : neither does carbonate af

Bierrriem jﬂt'r']!rlhltt.‘ them in the cold. Alkaline earbonates prec itlil ite ¢car-
bonate of elucn 1m, goluble in excess fhEn cially of earbonate of ammo-
nium ) : the solution is reprec ipitated on boiling. otash precipitates

hydrate of glucinum, soluble in excess, reprecipitated on p.whmfr 'l boil-
mno, ”_tu]] ite of ;lurmlml 18 soluble in boiline chloride of ammoniun,
ammonia being evolved. When treated with nitrate of cobalt before
the blowpipe, glucinum-salts give, not a blue, but a grey colour.

# 50 ee. golution ghould not eontain more than 001 eerm. alumina
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."ﬁ'r'lli'.l.-g.r'..l'-.u.l |.',l-.--_f esfvmation .-II.I" r;rfr”f'i'l.l'.'I'!.l”_.—}:il[i‘|'l=' _'_:iil‘i‘i]ll”li--:'xllji‘lh:-‘.i!'l'}"'
(beryl, emerald, euclase, phenacite, &e.) are completely -ll.-r+-||a[um--ll by
fusion with three or four times their weight of carbonates of potassium
and sodium.

Glue num 15 separated from all the prece ydline metals in the num' man-
ner as aluminium. From iron it may also be separated by carbonate of
barimam. '|' m aluminiwm 1t 18 se |+L| uul ]-x carbonate of ammonium ; or
by boiling the potash solution of the two hydrates; or by carbonate of
barium,.

3. Tirconium. Zr. Atomic ‘n'nl"lh 29:4.

A rare metal, found as silicate in some minerals (zircon, &e.). It is
obtained as a black [lun'nh"', which burns with a 1l|'i:4'||[ flame when
heated in 1
fluoric acud,

Oxipe or Zikcostom. Zirconta, Zr*0.—A white ]m'.ulu obtained
by the combustion of zircomum mm the air:; also b 'y :I"'III[I“"' Thv lnnil LlLe.
After ienition it is soluble in no ;1n-i-l. but strong ’Inn]m-- nu]]dtm 1 acid,
The hydrate is readily solub | acids, mmm“ ZUrCONTUIM-Saits. Sul-
phate Ia-.f'!.-;.--’..n.‘-"'u pre u'lj-‘.i ites a white -u| hate of zirconium and potas-
sium, insoluble 1n water, .'LIJ11_ !'lnt: i :I!h,l:.ll:i i from a hot -.u]ll!lut] mwh:hl
in hydrocl ]--'l acid.  Owxalic acid precipitates white oxalate, insoluble
in excess, EIJll‘. 1 '.'ll.}:'.ll in []‘n:| ochlorie acid, Alkalis F-!Hf!’l a‘:fl'l;m'rr-.r!r'
carbonates FIve W |1.||* prec ||'n.[ ites insoluble in exe e85, exce i:1 in excess of
carbonate of ammonium : the solution is re precipitate «d on boiling.

Separation and estimation r-,r Zircontum. — Native zirconium com-
].|1L:t|||=.' li-._'-'ﬂlllljllll‘ﬂ:_!ll by fusion with earbonate of sodium. ‘1'he fused .
mass is treated with water, which dissolves the alkaline silicate, leaving a
crystalline residue of silicate of zireonium and sodium, from which
the silica is removed by evapor: lfll.lri to dryness with hydrochloric acid,

After filtering off’ the silica, the zirconium is prec |1;|1 wited as iu,-.al.uu hv
Imnonil.

he awr. 1t 15 scarcely soluble in any acids except h:nh'u-

From most of the ]mn-uhn-r metals of this group, zirconium may be
:L[r':--l'u\inr tely separate il by the s II!“].I“”‘r of 1ts ]lulr ate 1n LJI!JL]I].:IU of
ammonium. From aluminium it may be separated by potash. From
manganese by ammonia in presence of chloride of ammonium. From

i rlie rr.l-': M, ACe -"41 neE 1o E:l rthier, by suspe milnlr the ]n:h ates 1n water,
Ps 1ssing sulphurous |||‘|n|||| le into the 1 till the 'y are ¢ m:li:uh'h Jy dissolved,
and botline the =..| HIHH when Hll KHHJ Hum 18 prec L|-|1 ited as a basie

sulphite, while [|'Jn'_'_',11ln']!|||.m remains dissolved. None of these separa-

tions are ""'“i'!"'-"-

Zirconium is ~-=["|t|-s-'+--! as oxide. It is preecipitated as hydrate by
:I,I:I:II.'III::.I. .!I'.'t l!l-' I: "2 1]||| ite On i"|| [1|p1 1,||,- -:ln l;n_hy _.-"”1 ”“] b
4, Thorium. Th. Atomic weight, 59-5.

A very rare met: .', only found in thorite, monacite, and pyrochlorite.
[t 1s obtamed as a black |HH\I]| r, which burns brilliantly when heated in
the air. It i1s most soluble in [._u]]m hlorie acid.
Oxipe of LuorioM. Thoria. 'Th?0.—A white powder, obtained by
M 4
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e eombustion of the metal in the air, or ':._'..' ienitine  the ]3_1.1]|':|Ti=.
After ignition it is soluble only in strong boiling sulphurie acid, The
:‘_'-'-!3':.'1' 15 !':'.I']”I\' ""!II] |" i!l il-l'il|.=~, 1;H-.’.'||i!!'_T thorinm-salls, which -:']II*-l'|_\'
wsemble zirecomume-salts in their reactions. ‘The double sulphate of
horium and P tassium ditfers from the co I'L'=:,J!"JII|1;|.'_" zirconiume-salt 'I:Ix'

ine soluble in hot water. It is insoluble in a saturated solution of sul-
phate of potassium.

."'nl-],r.-.'.-.i"r.-."-".J-'.l el estimeation .-rf' T harim. -’I‘]ml'lrll"ll ]']|'|5.' be 5] 'l]"|1_l.‘|[

om the preceding metals, except zirconium, by com F’ tely s .IIL" ating
their solution with sulphate of potassium. J:;--‘.l'nn';‘,J.:::h- is dissolved in

wiater, and the 1|m..|.1|1 ]nlu ;[r.l ated : |-‘--,'1;|f|- ]J}' AMIMonia. From

elmnium and gluweinum it 15 also sep I...II'.|| ||_\' ]ln‘.::=]|. No method 1s
known for se par atine it from zirconium.

Thorium 18 estimated as oxide. It is !ﬂ‘t':ijlil:ll--ll by ammonia as
|;}'f]]‘:;[|', 'n.'nhi(;il 0n i;_;|||1||-‘.| _'n'i:'m-i ]II:]‘:' llxiliL',

Thorite 1s I'HI||]-E-'[-..']_V 1'11'1'|||1]E:n:~|‘11 l:_-.' direstion with concentrated tl_\'—
drochloric acid.
J. ¥ttrium. Y. Atomic weizht, 33.

Terbium. 1'r.

Erbium 5 Atomic '-‘.'l.'.!_'_'_'!'u‘u not determined.

These wverv rare metals exist 1n a few minerals (eadolinite. orthite,

‘;'[[:‘-:1‘.'_|]|l.||;'_|':|. f[1]||"; are H':II'I'I']"I' J{I:I-:ﬂ.'-.'ll I. I|]*' 'III"':'.H-II' sLate. J|‘|.
;n‘.k'-llh':n Ia;"'.".f'."u, Y20, ."--'rr'mr._ Te=0), anil erbia, 1L°0), ays occur together,
and no method for their separation is known. T’ |;-:'1.' l]lﬂwl' {rom most other
earths in beine readily ~=4-':|| le in acids after ij_'!|j1.iu]|. Y ttria and terbia
we white : erbia is dark-vellow. They are insoluble in fired alkalis .
soluble in carbonale of ammontum, but less readily than olucina. Oxalic
aciid _'_"E".'L':" a white E-:'ﬁri:af[:tr.' with their salts, insoluble in water. _Aecid
.'u'-'a'-':,rf.-"-'rr?'r* of polassium [r:‘-\'l']'pilcllt'ﬁ a double salt, h;nw]_\' soluble 10 a |;:!‘:_*=*
quau ity of water, more gsoluble in a saturated =olution of ~'|;:_'-]|:11-.- of
|H tassIim. { 'u'.-"a"r.'Jf.lr.lJ'{f ,:.J,r",-',.l.”-,'””, II,I.II.",‘," 1100 ]II'L'1'i]I-I1:_,";|_: |_|.'-\'J“. ;'il||_--|' ]:1 1]:|_~_

cold or on ilt!:-LiH;‘.

Separation and estimation of Yitrium. — Yitrium 1s geparated from
alwminim ]'."' carbonate of barium. From gluweinium ]-_!.' oxalic acid * or
better, by calcining the earths with some orgzanic body (e. g. suzar) and
heatine the mixture in a stream of chlorine, when ehloride of elucinum
volatilises, while chloride of :\'I1|'i|l|:| remains behind,. No :||I|.-i]|m] IS
J{rmwn for its “'l]l”.ll] mn from zircomum and thoriwm. Ammonia preci-
i itates erbia before tert . and terbia before _‘~'E1}'i:: * but no L"'“'l'l' [ sepa-
ation ean thus be :1I1-c-1|_'-|.

Yttrium is estimated as oxide, obtained by igniting the hydrate preci-
pitated by ammonia. '

6. Cerium. Ce. Atomic 1.'l.'L'ij_f]|r: 46.

Lanthanum. [La. Atomic weight, 46,
Didymium. Di. Atomic weight, 48,

Thesae rare metals are alwavs found 1orether : they oeeur in a fow
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- 3 . . 5 . "I'I"'.I:.'-\.\_' .
metals, iron, and calecium. Little is known of them in the metallic state,

except that they dissolve readily in acids. ., "
Oxipes or CeriuMm. Protoxiude, LUel), .‘~'u-.~'rf-n.'-"\1'm'r', Cer()?,
a. Protorde ..u,r'i_’ erinm. Cerous Oride. Ce*Q).—1t 18 doubtful whi -]‘En't'
El:w LU|H1H-HJUI]|1H been obtained pure. The h\iH.Hl'I“ readily obtained
y precipitating the chloride with a caustic alkali. It dissolves readily
]Ii HIHL -'-1. tor |t||.l 1F PEPONS \rr.-?h whic ]l I] e '[}u' ]I.Ill.ll'l.' inr JL.ILHHIIM ”Im‘l
acid precipitates s white oxalate, insoluble in excess, converted by ignition
Aewrd x.u.'llrr.n".'mfr 4-}' Jlr.l-l.".r:'-.\.'h.r.u.' s [rlr ates gr atlu: |]|'I. a
nearly i hld|'1tL||l””1 water, quite insoluble m a
Alkaline carbonates rive a
white precipitate, scarcely soluble 1n excess. (C ) Potash precipitates
\‘-]-Iill‘ |1'--!:':;.:1-, imsnluble 1In excess, 1nr:u]1v11 mnto ye H:m S a-i1|L||H||r.-li*
by the action of chlorine or |.:. poc hlorous acid. Ammonia prec |]n..|h g 1

| i)

Into ¢« II-‘-ll':l.]Ili i"'\'-'.
Ty stalline double salt
gaturated solution of -“tl-llll-tﬂ' of potassium.

basic salt.
b. NSesonioride .-r.-" { erium. Ceric  Ourxide, Cet()s, — It 1s doubtful

il
I

whether this compound has been obtained pure. The salmon-coloured
powder obtained E-_\' oniting cerous oxalate or hydrate, is not pure cerie
oxide, but n:uix1na--an-znha.uwl1=||u oxides (ceroso-ceric oxide), not
|'l|4::1' constant n 1ts |:'||||.|Em--;1-|.1:||_ If oxide of |I]1J\lIII1IHI be IIHH mt, 1t
has il d-brown .:-..I..m- ;|1|LE ilizsolves 'LI: ]....Im»r EJ‘N-IIIL nlu 1¢ Ac li|~
When pure it dissolves only in strong boiling hHlP}Hi]h acid, form-
g a yellow solution, whence potash pree |[||1;J.|~- a vellow hydrate, which
1s readily soluble in acids, forming ceric salts. T heir solutions are yvell W,
and are converted into cerous salts by boiline with hydrochloric acid.

According to Bunsen (Ann. Ch. l|||1n1 cv. | } when ﬂl\ cerous oxalate

15 heated with I HELE T sia alba, a cinn: mmon=-brown ]umeh' 15 obtained,
which contains all the cerium in the 1n|m of .‘-l'hlllll“f\lll.. o

(ride "-f,lr-- Fanthanum, La20).— A white !"1“'I|.I."]'.| obtained ]l}' I_;_f]ti[il:;]_’ the
||_'~'|]1';Lh- or carbonate in a covered crucible: [1r|:'L[--1] in the air 1t turns
brown, probably from the partial formation of a bigher oxide. It dis-

mJn$rmMHyEnnmunuwmuth|gmhnmfunmnﬁﬁmMﬁmm~Mﬂx:ﬂis
also soluble i boi El. r chiloride of ammonium. Fotash ]ITI.‘I'-I]I-IH:I'I.“-C white
hydrate, completely ~~fu le in chlorine-water, without the formation of
any }-Ihnu deposit. This is the only reaction in which lanthanum differs
from cerium. Lanthanous salts are colourless 1f 11|J.|-.[L' free from
l:{ill}'lbilllll.

Qzide of Didymium, Di*0.— A white powder, obtained in the same way
as oxide of lanthanum. It is readily soluble in all acids, and in ammo-
macal salts. IJ‘.'-'."'I.-_.'.'-'.'.-.-'.l.'—.r.r:."-;'\' a0 :‘4|-;l'—L'£:]|J|[t‘g_'r|1 or 1..'ifl||."1. . ”ll.' ||'l.'|]|'.'l||.* 11.
pale rose-colour. Their reactions closely resemble those of lanthanum-
.‘nllr"- :

Blowpipe reactions.—All cerium compounds give with boraz or micro-
CosmNe st i.|4 the outer ”:IIH" | 1-||=::|]‘ |'h':lI|, 'ﬂ"lil'!] I'-» 11:1]t-§,-r‘1'l| ':.':.'Ijijl‘ |In1,
enlourless on cooling : in the inner flame, a colourless bead, or, if excess
of oxide of eerium be present, a _'n'uiinw opacue bead. Lanthanum com-
ounds give colourless beads.  Didymium compounds give pale rose-
|;_'||||||J|'|--l || ads in the ilitll'l' 1|.;l||l1"_

""r paration and estimation ”f 'If- ar :'m.i'.' L f.'.u"fxrf.'a.rru.l, el I rh;.r#.-#m.l
Lnﬂ|~1'|=+l|1-|4qln-r-l]-u uu:lut; for some hours instrong hydrochloric acid,
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3"'.:|-E";".. I ;:-_ "‘l'li-'”"-'“ll."]. I!I]ll" :‘:'}li]ril'l][ i"-u I."'l.';l:l"I] 1I-"|'-|:.|| :J“l‘ll]':'-!li.'“ ‘ﬁlilil']l .["E-l'_
n'i]J-l!:;'l'« all the metals except caleium. The ].ll'-'l.'illi.l'.l|'.' 15 redissolved n
hydrochlorie acid, and oxalie aeid added in execess, which gives a pale
rose-coloured precipitate of oxalates of cerium, lanthanum, and didy-
mium. DBy ignition this is converted into a red-brown mixture of the
three oxides, from which the oxides of lanthanum and didymium may be
'.'-IIHE-:-'l- !_\' dissolved 1:_\' huili:n_: for some hours with a concentrated solu-
tion of ¢hloride of ammonium (Watts); or by treatment first with dilute,
and then with strong, nitric acid (Marignac). . This effects a complete
separation of cerium from lanthanum and didymium., The only method
for separating lanthanum from didymium 1s one founded on the different
solubility of their sulphates: but it is not sufficiently exact for quanti-
tative purposes.

The three metals are separated from all the metals |.f' {i:‘fn]]u I1.. Sub-
division A., by means of a satur: |1|11 solution of =-|.!.i1 ate of potassium.

From aluminium, by carbonate of barium. From glucinum and wyttrium
]n‘ HI|]| ]i'II" of 1H='[il.‘-':'~illltl. |"tut1| zircomum and thorium [1.-]1|_x 11]-j-l'ir.‘-'.i-
mately ) by sulphate of potassium.

Since L|I - 1'LIIH‘]IJ--EEUEI of ceroso-ceric oxide, u]]L-L]:w.] bv the i_*_rr;i[inn of
Cerous oxalite or ]l‘l'l: ate, 18 not 1':|'|l|1l. constant® 1'|.']']11"|1:'-|] inot be esti-
mated 1n LI is form with perfect accuracy. It 1s better to precipitate the
hydrate by potash, dissolve it in di lute sulphuric acid, evaporate to dry-
ness, and heat 1]|u|u|-1m to commencing redness, when pure sulphate of
cerium, S0*Ce?, 1s obtained. Lanthan um and didymium are estimated as
oxides, n:.-1:|i:u-:] by igniting the hydrates or oxalates in a covered crucible,

7. Titanium. 1i. Atomic weight,

Occurs as titanie anhydride (rutil, anatase, and Brookite): as 1ii:1n—
ate of calcium (titanite), of iron (titaniferous iron ): as a compound of
eyanide and nitride of tit: m'nm in bright copper -coloured crystals uhl: h
are found in blast-furnaces in whic h titaniferous iron has been smelted.
These erystals were supposed, till lately, to be metallic titanium, It is
a |l||.~.--r*n1| powder, which burns 'l.n"n,' brilliantly when heated in
oxyeen or chlorine. It 1s soluble 1n warm hydrochloric acid.

Oxipes oF Trrasium.—The most important oxide is

Titanic Anhydride, 1107, A white powder, insoluble in water or
acids (except hydrofluoric and strong sulphuric acids) obtained by the
['II][]..H;*1.|IIII of the metal in OxXygZen, o h‘q. ‘F]t|1l'|‘jl" '[lI l'|;|l|. .'n_'i|1,

Titanie Aeid, T10O3H=, is obtained ]l". ]lll.l ipitating a solution of the chlo-
ride, TiCl% by ammonia: it is white, insoluble in water, soluble in acids,
even after drying over Lulnhmi{ acid, But titanic acid, like silicie
acid, appears to exist in an insoluble, as well as a soluble, modifieation :
{or when an acid solution of titanic acid 15 boiled, the titanic acid is re-
].rn.i||i1-11111 and i1s msoluble in acids: 1t 18 converted into the soluble
.|+J-||=|| l[ll.l[l biv |11‘-Jul1 1.1.111I ac Il] *~1L|||]I1L|l. Hi' ]IHI' H:-Illi'.'ll. “-:-'.h ]|||I||i1i.c'::~
Ilutj- I."“' .||1 H".lll IrIL l'Itl-.E_"wEl,I'ILl" ".".JH I I'T]I[.L! .'l,lni are |_'-.::|'.'|=:':1_'-.5| i.m..

* Bunsen (Ann. Ch. Pharm. ev. 1) states that the composition of this oxide
is expressed by the formula CefQ'=(Ce*0 + Ce' ().
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titanic anhydride. With an acid solution of titanic acid, oxalic acid

gives a white :J'-L'Ilai[ ate : ferroc !,’uuufr of potassium gives a red-brown
}Htllllllul |:_"ﬁ]|.|1|l |-"~ .f[,l_ul 11 || |]“;|_ '|_-|I '|'||L-\.|, ]Lt} [ } f;{h‘r.!"r-: .H'l'l"!'l ||-i'||.-|;'-.
an orance-red prec |]::|t ate. Alkaline NFIJII-;.?.IIIH-!'JFE s and carbonates, .Lmi CUns-

tic alkalis precipitate titanie ac id, insoluble In excess: this pre eipl tation |~.
prevented by tar arie acid, not by chloride of ammonium. Carbonate of
bariwm pr |]:- tates titanic ac T n1|=|r]l Le l‘.’ in the cold. An ac 1l -»ultnltll:l
of [i[;t:.l'.- acid is reduced by metallie zine, iron, coppér, or tin, a blue
solution being formed, whence a violet precipitate gradually separates.
A solution of titanic acid in sulphurie acid 13 :H'It:l[lh‘[:]". ]uvtl||11.1tu1
by boiling: a hydrochlorie acid solution only parti ally : the precipitation
is facilitated by the addition of Hmir'n[v of sodium, o

When titanie mlmllhiv is ignited in a stream of hydrogen, it 1s con=
ver r» (] into black u-mlumu-lh Ti203%, insoluble 1n nitrie or h_ulmrlu'lul'n:
acids, soluble (to a violet sol |IL||||} in HLiIErhmlL acid. {l:-hUtHH n.)

i3 |".-r..rl,rr.' e reactions.—Titanie .Ll.]|l||".I1] ide 18 not reduced to the met: allic
state when heated on charcoal with carbonate of sodium in the inner
flame : this reaction ﬂt[.‘*[l]t:—_ﬂ’lll‘-hk'ﬁ titanium from tin,  With microcosmic
sirll l\'ge g3 easily with borax ] titanic 11|'||1.|]]I:i-|' ”L'u. s 1n the mner flame a
bead which is violet while 1 hot, !.._Hnm] hn:] u_uuhn 7 : the colour illmll]]]l.ﬂl]'-

in the outer flame. If 1ron be ]1|L“L'|lt a blood-red bead is pr oduced.
The formation of the violet colour is facilitated :|J". the addition of me-
tallie tin : it is more easily obtaine |1 on charcoal than on plannum-wnv

‘trerar'.l-rhu..l and r-.f.'.r.l.rm!'.'u.'.! rJ,.* Titanium. — To obtain titanic .1|1!1}E111L1L

from rutil or titaniferous iron, the mineral is finely powdered and fused
with four times its weight of alkaline arbonate, and the fused mass
treated with cold water, when erystalline alkaline titanate, tntfuht‘:l with
ferric oxide, remains undissolved. This is dissolved in hydrochloric acid,
and the solution boiled, with addition of sulphite of sodinm, when the‘
titanie acud 18 Jn'm iihit;L[e 1+ or the solution 1s 'In‘n.'[_'.iihilil‘.ml hj.‘ Hil]]]lll-ll].c of
ammonium, and 1l|u Erw:-ipit ite washed with -'-ulpluu':rm' acid, which dis-
solves the sulphide of iron as hyposulphate, leaving the titanic acid un-
dissolved. Or the mineral may be fused with six times its weight of acid
sulphate of potassium, and treated as above : the precipiti tion of titanic
acid |-‘- tm.lm'f bei Ang more i[”l]]ll! te from a ‘-Ll]]]_]l]lHH acid solution,
Another method is to treat the fused mass in a platinum erucible
with dilute il_'l-'ﬁi':'i"l.[tllll']t" acid, to Enll‘if}’ the fluotitanate formed ]’.1"
re-crystallisation from hot water, and to convert it into titanate of
AMImon | im by beiling in aqueous ammonia : on ignition, the titanate of
ammonium yields titanic anhydride. Titanite is .Lll.'L'UI:HlH}Hl:!] by gentle
jgnition wit h acid sulphate of ammonium,

From the metalsof Group IL., Subdivision A., titanium is separated by
adding ['ll'-’sll'il' acid to the acid solution, and then excess of ammonia
{\t]lll b should produce no precipitate), and then sulphide of ammonium,
which |-x|]-lt ales ey 1‘1'1.11|]n-| but the titanic acud. The filtrate is
fﬂ.‘:tpn}‘.]h il to ‘]J_‘HH g8, and [fh: residune '_i,1|tr:*-1 till the carbon of the
organic acid 1s entirely burnt (which is best done in a muflle-furnace) :
pure titanie dﬂil\l]lllil‘ 15 left.  From aluminiwm and glucinum titanium is
separated by the precipitation of titanic acid by hmhn--' from a sulphuric
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1d solution : from yiir: s 1n the same w ay, or h_".' carbonate of barium.
From cerium, by "|l|[ of potassium. No accurate method is known

rits separation from sircontim, which often oceurs with

Titanium 15 estimated as titanic anhvdride. [t is 5-:'t't':'-1-i: ited by
" 1§ -
- i L 1 " - i & TP |
ammonia a8 hydrate, which, when pormited, v ields titanmie anhvdride. A
i H 2 ' 3 " - * "
aroce excess of ammoma must be avowded, as some of the titanic acid

would be redissolved therein,

5. Tantalum. la. Atomic weight, 1376.

Found in a few rare minerals (tantalite, yttro-tantalite, &ec.). Itis a
black ':n-'.'.'-l--}'H imaoluble :Jn'illr, EXCepL in a4 mixture of nitric and
hydrofluorie acids,

Oxine o Tavtarnom. Tantalie _]_r,-_.".-.-,'r.f..-".'.r-".- . Ta(Q*.—A white !lZ-I"-‘."!-.']'.
insoluble in acids, obtammed ]-_ﬁ.' i._']l-l1il.|_',,'_' the ]II".'IiI'.'ll'.'. [t can I'Iti_‘-' De made
soluble ":n.' fusion with ’j]lll‘.:i‘-]l or carbonate ot po tassium, when 1t forms
tantalate of potassium, soluble in water. The hydrate, fr*rl’ﬂ"r acid, 18
obtamed by 1-|'|L-n'i||i1i1‘-iu-_‘ tantalate of [r--'.:,-~-i:i|:| by b *.-i. wehlorie acid, or
by 4]-uu||~[r>=-1|r chloride of tantalum, T'aCl®, by water containine a

little ammonia. It 18 soluble in excess of hvdrochloriec acid. Carbonic

b . . : Menls 1 - :
-.!!-'.’.'f_.m.rn"a'. ]-.|-:~---1 1]|]'HI;_'_f|| a solution of an alkaline tantalate, pre Apitates
all the tantalum as an acid tantalate. .H'a:flja-.-"f.lrfr: of ammaoniym CIves no

]||'L-|'i||i|;|1--_ Chloride of bartwum |:-t'|-c-".|lti|:|'v~' tantalate of barinm, insoluble
in water or ammoniacal salts, Gallic acid gives a |:_'_'_:u'.-_'L"-'|||l'~'-r pPres -:}-:‘.::11‘.

oluble in alkahis. Ferrocyanide rJ,.l"'].rJ-J!r'cwu.lu owves 1n a shightly aeidu-
tated solution. a vellow ]1 e |]||..].|-: fo r:.'u.frf.-fr.'ﬂ al,l’ J.u Wassiim. a4 white
precipitate. Metallic zine does not chanee an acidulated solution of
a tantalate: but in a solution of chloride of tantalum in sulphuriec or

hydrochlorie acid, to which a little water is added, it gives a h_‘ii!: - Hm-
colour, which soon disappears without changing to I-t' WL

.‘r;.-JrJ-'-"J."-';f.lr’ .-"r'-n'r'.".l:lf.'j.\'.—'|':L]'.r:|li" .'II‘]*.] ih Not redunee |I‘. ]'l "HI r 0 lll:it‘—
coal with carbonate of sodinm in the inner flame. With ,h. rar ani
microcosmic salt it oives in both flames colourless beads, which do not
become red on addition of an 1ron-salt.

Separation and estimation of Tantalum., — Tantalite i1s an: I]' sed by
fusion with six times its weight of acid sulphate of potassium : the fused
mass 18 treated with witer, which dissolves out hl.jz"llll"" of [=-.~:::~»~||:l11._
iron, and manganese, leaving a residue of titanmie aecid, stanne ~m:!
tungstic acids, and ferric oxide. By digestion in -l4]]|J|11]|' of ammonium
the stannic and tunestic acids are removed, and the 1ron converted into
=J||||Ii1]-‘1 the residue 15 filtered off, the -‘"'Il]'-ll?-ll.' of wron dissolved ‘.-}'
hvdrochlorie acid, and the residual tantalhic acid converted by ilﬂI]I]IEL?[l
i|-|_l-c5 ’[;t.*|1:|I|I]t' :|1|.|t‘."i:':.f|=|', '

Tantahc :!tuh_k':'l‘."]IiI' 15 distinguished from titanie :iil]l:l.'l]l"ln?ﬂ. which
much resembles, by its b llm]-l’w reactions, by its insolubility in strong
sulphurie acid, and Dby its 111"!IIIIIL.E a comj ound insoluble in water when
fused with acid sulphate of potassium. * This last reaction affords the
hest method for separating tantalum from fitanium, yitrium, zirconium,
I ANESE, and cIE.}H'i' metals with which 1t 1':'1-<|1|y1-.!'|_".' occurs, It 18 dhs-
. B S L e S e L e e e e B RO e e e T e e e T
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chloride of tantalum with zine. Tt is separated from silicon by volatilising
the latter as l]'m:'i-.in:. The same method serves for the separation of
fitantum trom silicon.

Tantalum is estimated as |;mr:|]'u- ;111]1}'15."iuh?.

(j, Wiobium or Calumbinm. Nb. A tomie “'L'il'_';ElE. not determined.

Ueeurs 1:|] i 1:-1,1.' rare §|l_-||1|-]',|]_-' {-.*11|||,H|I‘I"IE E l.‘n"l.t'['l]l 1.'|.|i|[iE:ir|.'-.":| -IT 13
a black powder, soluble in hydrochlorie, hydrofluorie, and sulphuric acids,
not in mtrie acid. I,I:“H'- Pooe, Anm. -.]

Oxipes or Niosiom.—Niobium forms two oxides, whose composition
has not been determined, Niobous and Niobic Anhydrides. Rose has
lately determined that these tworoxides contain the same metal : formerly
he 1.':--_5:.1 d the latter as the oxide of another metal, which he called

Niobous Anhydride is a ulw[ E'““'l'1 insoluble in acids, obtained by
heatine the metal in the air, or :._'L' I 'I||11I1l' niobous acid, "I'his 1s obtained
-i-----ﬁ:;u}-i-ain:‘ the chloride with water, or an alkaline niobite E:_‘»-' hydro-
chlorie acid. It 1s .‘-l'.II""'I}- soluble in l'l_'l-"-il!'i!‘l'lll'll.'il.' acud,. A hl.l]ll.!ili-l'l af
an alkaline niobite, acidulated with ]nnll'uvh]m'ir or *I!l[rll:ll'il,‘ acid, aives
a red !-I'-I'ij'gl;lh' with __,-'.;,l,-'.-r.-'l.-,r.r.-'_'."r."‘J' u,f' II|'J|'.|'|'|"\".l'I'J-"J'-" IIJIE'Tli' ‘-I.]JII'L'- with
ferricyanide, orange-red with gallic acid. ~ Zine oivesab lu » colour, which
L"t];i,r]:m- to brown.

Niobic Anhydride closely resembles tantalic anhydride. It is insoluble
in all aci !H after 1enition. From its alkaline solutions ac ]I]i htchrH[.all
niobic acid 2 ~ll-.lH |.r] excess of |H';ttli]|llllll' ||.I.||. from 'H.!JI-: ]L ‘-IJ]II..-.JH 10
18 reprecipitated by =.|]]u-n|tn acid at boiling l-ml The acidulated solu-
tion of an alkaline niobate gives a brown-red precipitate with ferro-
|"I-'.'r,'_'-.l.|.:Fr' -_a.r",.u wasstum, white with f ;.i'frf,rr.'.'mf.r* orange-ye How w |L|| oallie
actd. V) ir“ =ine, alkaline niobat nmmnt chloride of !uul} um behave e k, T 1]-.
like the corresponding tantalum-c ‘ompounds.

.I'r:."l--'-'-"l_’-].'-- ;rmu--n.«..—ﬂ ith borazx in the outer flame niobous anhydride
gives a colourless bead : in the inner flame a greyish-blue bead, it suffi-
cient anhvdride be present to make the bead opaque on :uuliill;, With
microcosmic salt 1t oives n the '||-JTI.:I flame a colourless bead : in the inner
flame a violet or !-1::;-- bead, the colour dis: lppe .|.|.|]t r 1n the ouiter flame,
The addition of an iron-salt e duces a blood red col mr.  Niobie .4]1|11.-
.il'i-;.-' :.---|.-;L*.'---c tIL - T.|1|1:41|51' i!.‘1"|_'-.'11]':,--fa' 1|‘r'-l11| .-"m.f'r.r_." 1||1|| ||]| e ORI .,,_”-'
5'. :E\'l'* EII EEI-' ouLer 1l.|'||'. A | |'|-]||||['||-_-'-1 }Il 'H]' I‘.I. IEH' ]lI]lL] 1[ e ]I 'I]1-
brown bead, |i|:_--] with wviolet, the ecolour rll-LE[u wring in the outer
flame, and ben o turned b lood-red by an 1ron-salt.

Separation and estimation of N iobium.—The methods for the analvsis of
||||||IIIH|I. compoun ds and for the se par ation of niobium irom ot ]“ R |'”|.;“]._~

are the same as those .rn,.-,-] in the case of tantalum. No 1 nethod
known for separating it from tantalum,

15

10. Chromiam. Cr. Atomie weicht, 262,

CUecurs as H-'E"."I|"|!Ill'."ii'i]l.' ( chrome-ochre): as ﬁf'ﬁEJPliil_‘\Cil

e combined
with ferrous oxide (chrome-iron-stone): as chromate of lead, &e
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Lt is a greyish-white, non-magnetic metal, which does not oxidise
in the air af any temperature: in the compact state 1t 1s soluble
only in hydrofluorie acid.

Oxipes oF CHrROMIUM, Sesquioxide, CrtO3,  Chromic anhy-
dride, Cr?03,—There are several other oxides of chromium, e. g.
Protoxide, Cr20), and four more intermediate between the sesqui-
oxide and anhydride: but, as they are readily converted into one
or other of the two mentioned above, it is not necessary to go into
details respecting them,

a. Sesquioxide of Chromium., Chromic Ouxide. Crt(Q3,—. A green
powder, obtained by igniting the hydrate. A solution of sesqui-
chloride of chromium is obtained by boiling a solution of bichro-
mate of potassium, and adding hydrochloric acid and alcohol in
small quantities until the solution has a deep-green eolour, and
ceases to evolve carbonic anhydride: from this solution ammonia
precipitates sesquihydrate of ehromium, of a bluish-green colour,
which by ignition is converted into sesquioxide. The sesquioxide
13 insoluble in acids: by fusion with an alkaline carbonate and a
little nitre, it is oxidized into chromiec acid, which is dissolved out
by water as an alkaline chromate. The hydrate is soluble in acids,
forming sesquisalts of chromium or chromic salts. These saltsare
always coloured: there appear to be two modifications of chromie
oxide, one of which forms green, the other violet, salts. Their
solutions are green or violet: by transmitted light, purple-red.
Sulphide of ammoniwm precipitates chromic hydrate, insoluble in
excess. Alkaline carbonates give greenish precipitates, somewhat
soluble in excess. Carbonate of barium precipitates the hydrate
completely but slowly in the cold. Ammonia precipitates the
hydrate, not quite insoluble in excess. Fired alkalis precipitate
the hydrate, readily soluble in excess to a green solution, which is
reprecipitated on boiling. Zine slowly reduces chromic chloride
when air is excluded, a fine blue colour being produced. Soluble
chromic salts are decomposed by heat.

b. Chromie Anhydride, Cr?03, — A searlet, crystalline solid,
which is decomposed by heat, losing oxygen, and being converted
into chromic oxide. It deliquesces in the air, and is very so-
luble in water, forming a dark-brown solution of Chromic Aecid.
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Cr20*H?: a dilute solution is yellow. The alkaline chromates
are soluble in water, and are isomorphous with the corresponding
sulphates: the normal salts are yellow, the acid salts red. The
chromates of strontium, caleium, and magnesium are also soluble :
all others insoluble in water, soluble in nitrie acid. All chro-
mates are coloured. Chromiec acid is a powerful oxidising agent,
bleaching vegetable colours, and being itself reduced to chromic
oxide. All chromates are reduced by heating with strong sul-
phuric acid, oxygen being evolved and chromie sulphate formed
(2Cr20VH? + 3SO4H? = S20'12Crt 4 50H® 4 0%): with strong
hydrochlorie acid, chlorine is evolved, and chromie chloride formed
(Cr20tH2 4+ 6CIH=Cr2CI?4+40H2+CI13). Solutions of alkaline
chromates are also reduced by hydrosulphuric, sulphurous, and
oxalic acids ; by protosulphate of iron ; by chloride of tin on addi-
tion of hydrochloric acid ; by zine on addition of dilute sulphurie
acid ; by aleohol, sugar, and other organic compounds, in presence
of free acid. The same reduction is effected by heating a solid
chromate with chloride of ammonium, charcoal, or sulphur. If
sufficient free acid be present, the chromie oxide formed remains
in solution : if not, hydrosulphurie acid precipitates chromic
hydrate mixed with sulphur. The same precipitate is produced
by sulphide of ammonivm. Barium-salts give with soluble chro-
mates a yellow preeipitate : lead-salts, a lemon-yellow, silver-salts,
a purple-red, and subsalts of mercury, a brick-red, precipitate,
which is converted by ignition into chromic oxide. Chromate of
lead is soluble in potash. (c) A solid chromate, heated with per-
feetly dry chloride of sodium and fuming sulphurie acid, gives off
red vapours of ellorochromie acid, Cr20*CI2 (Cr204H? 4+ 2CINa +
SOVH?2 = Cr202C12 + SO'Na2 + 20H?), which are {h-:*nt|1pur¢:wl bv
water into chromie and hydrochlorie acids ({._‘r'f(.)'-{_‘]':-1_2{_}1]2__"-
Cr20MH?2 4+ 2CIH). ( See p. 26.)

Blowpipe reactions,— Chromium compounds eannot be reduced
to the metallic state by heating on charcoal with earbonate of
sodium in the inner flame. With borax and microcosmic salts.
oxides of chromium give dark-green beads in either flame.

J'fr"r-:r.u'r.fh'rw and estimation of Chromium. Chrome-iron-ore is

analysed by fusing the finely powdered mineral in a platinum
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erucible with four times its weight of bisulphate of potassium: to
the fused mass, when eool, twice its volume of a mixture of equal
parts of nitre and carbonate of sodium is added, and the whole
acain fused. The whole of the chromium is thus converted into
an alkaline chromate, which is dissolved out with water: the
yellow solution is exactly neutralised with nitric acid, and pre-
cipitated by subnitrate of mercury ; or reduced by hydrochlorie
acid and alcohel and precipitated by ammonia: the precipitate
in either case yields on ignition pure chromie oxide. Chromate
of lead is analysed by digestion with fuming hydrochlorie acid
and aleohol, when the chromium is dissolved as sesquichloride,
while chloride of lead remains behind.

[n a solution containing chromie acid, tocether with chromic
oxide, the former may be estimated by precipitation from the
perfectly neutral solution by subnitrate of mercury. From most
of the metals of Group I. chromium is separated by hydrosulphuric
acid in an acid solution. From molybdenum, wolfram, and vana-
dium, by converting the chromium entirely into chromic oxide
by means of hydrochlorie acid and aleohol, expelling excess of
aleohol by heat, adding ammonia and sulphide of ammonium, and
heating, when the chromium alone is precipitated as sesquihy-
drate, the other metals being converted into soluble sulpho-salts,
Chromium cannot be separated from iron by means of potash -
fln:-l',_ i1 the 1ron ]_H‘ in €XCess, some chromic ]1}.'11]'.'1.’.|.' remalns un-
dissolved; and if the chromium be in excess, some ferric hydrate
is dissolved. Chromium is best separated from all metals of
{;l'n]:l: [[.. Subdivision A. |'I.'.‘H,'I.'tl; manganese ), ..il:..' fusion with
nitre and carbonate of sodium, and dissolving out the alkaline
chromate with water, the other metals remaining undissolved as
oxides. Another method is to treat the solution with excess of
potash, and heat it with binoxide of lead, when the chromium is
all converted into chromate of lead, which remains dissolved in
the alkaline solution, and, after filtration, is precipitated from it
by saturating the filtrate with acetic acid. (Chancel. Compt.
rend. xliii. 927.) The oxidation of chromium-salts may also be
effected by boiling with hypochlorite of sodium. From manganese,

cobalt, nickel, and zine, 1t may be scparated by carbonate of
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barium. From aluminium and glucinum by repeated boiling with
excess of potash: or better, as above, by fusion with nitre and
carbonate of sodium, or by heating with potash and binoxide of
lt‘.:hl.

Chromium is generally estimated as chromic oxide. If any
chromic acid be present, it is reduced fo chromie oxide by
hydrochlorie acid and aleohol: the chromium 1s then precipitated
by long boiling with ammonia (avoiding excess) as hydrate, ionited,
and weighed. If chromic acid only be present, it may be pre-
cipitated at once by subnitrate of mercury. Or chromic acid
may be estimated directly by means of oxalie acid, which re-
duces it to chromic oxide, being itself converted into carbonie
anhydride. If the reduction be effected in an apparatus for the
estimation of carbonic acid, the carbonic anhydride may be esti-
mated by the loss of weight, and the amount of chromic acid
calculated therefrom, 3 eq. earbonie anhydride corresponding to
I eq. chromic acid (2Crf(O*H24-3C20H2=Cri(* 4+ 6C0O%2 4 50H?).

For the volumetric estimation of chromic acid, see p. 252.

GROUP III

Metals which are not precipitated by hydrosulphuric acid or
sulphide of ammonium: but are precipitated more or less
completely by normal carbonate of ammonium,

Thesze are bartwm, strontivm, calcium, and ‘.i'.iir'!_r;ff.i'n“."u's'!.i'ﬂ. They
are known as the metals of the alkaline earths, or athaline-earthy
metals.

These metals decompose water, and are oxidised by moist air
at the ordinary temperature. Their oxides, the alkaline earths,
are more or less soluble in water, except that of maconesium,
which is insoluble: the hydrate of magnesium is also difficultly
soluble. The solutions have a powerful alkaline reaction. 'lilu-i.r
normal carbonates and phosphates are insoluble in water: hence
they are precipitated from their neutral solutions bv soluble
normal carbonates and phosphates. Their oxides decompose
chloride of ammonium either at the ordinary temperature or at

N
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boiling heat, ammonia being evolved, and the metal dissolved as
chloride. Their sulphates differ in solubility: sulphate of barium
1s insoluble in water or dilute acids ; sulphate of strontium is very
slightly soluble; sulphate of ecalecium somewhat more soluble;
sulphate of magnesium readily soluble. Sinee the sulphides of
these metals are either soluble in, or decompozed by, water, they
are not precipitated by hydrosulphurie acid under any circum-
stances: nor are they precipitated by sulphide of ammonium
unless they are present as salts which are insoluble in water,
but soluble in free acid (e. g. phosphates), in which case, the free

acid being neutralised by the ammonia in the sulphide of ammo-
nium, the salt is precipitated undecomposed. Under certain
circumstances, therefore, these metals may appear in the sulphide

of ammonium preeipitate (see p. 198).

l. Barium. Ba. Atomic weight, 68°6.

Oceurs chiefly as sulphate (heavy-spar), and as carbonate
(witherite). It is a silver-white metal, readily soluble in acids.

Oxipe oF Bariom. Baryta, Ba’0.— A greyish friable mass,
obtained by the oxidation of the metal in the air, or by ignition
of the nitrate. It combines with water very readily, evolving
great heat, and forming ]]_‘n’i]l‘ﬂ!l:* of barium, BaHO, which after
fusion forms a white crystalline solid, readily soluble in water,
The solution is known as baryta-water : it has a strone alkaline
reaction, and readily absorbs carbonie Fi]II!J“n'l‘il'i'ii' from the air, the

1

whole of the barium being gradually precipitated as carbonate.

I:_.'I".] H.r.-'.'"‘,r”"'.a.r.rr.f';' acid or soluble .\'JJ.!F‘;J.-'?H."!:'K_. even the .='.E1L|:|.:i:|'.-l of
calcium or strontium, precipitate barium completely from all its
salts as sulphate, SO'Ba? insoluble in water, dilute acids, or
alkalis.®* Chromate or bichromate of potassium precipitates yellow
chromate of barium, soluble in nitric acid (distinetion of barium

from strontium and ealeium). (¢) Fluosilicic aecid gives a white

crystalline preecipitate, very slightly soluble in water, insoluble in

alcohol or dilute acids. Owalic acid gives no precipitate, except
* The ]-1---:-i[1i:.|:inr; of inzoluble barinm-salts, even of the .~'I|f|-|::t|., s in greas
measare prevented by the presence of an alkaline citrate. This is the case

also with strontium and ecalcium, and with several of the heavy metals,.—
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in a very concentrated barium solution. FPhosphate of sodium
rives with neutral barium solutions a white precipitate of phos-
phate, PO'Ba%H, readily soluble in nitrie, hydrochlorie, or acetic
acid. Alkaline carbonates f::‘l't'ilﬁl:L[L' barium L'{rlli]‘-lc.'h'|_'-.‘ s
sarbonate, C0O3%Ba2, soluble in all acids, even in ecarbonie acid: if
earbonate of ammonia be used as the precipitant, ammonia must
be added, and heat applied. Fotash precipitates hydrate of barium,
soluble in excess of water. Ammonia gives no precipitate.
Chloride and nitrate of barium are insoluble in absolute aleohol,
or in strong hydrochlorie or nitric acids. Chloride of barium is
the only soluble barium-salt which 1s not decomposed by ignition.

Blowpipe reactions. — Barium compounds, when heated in the
inner flame, colour the outer flame green. An alcoholic solution
of a barium-salt burns with a green flame.

Separation and estimation of Barium.— Barium is separated
from all the foregoing metals, except lead, by sulphuric acid:
from lead, 1t is separated by hydrosulphuric aeid.

Barium is best estimated as sulphate. It is precipitated from
a dilute solution by sulphurie aeid, the precipitate ignited and
weighed. It may also be estimated by precipitation by earbonate
of ammonium and ammonia: the carbonate is not decomposed

by 1ernition.

2. Strontium. Sr. Atomie weight, 43-9.

Oceurs t.']]irf]}' 13 H:l![:huh' {El']c‘.ﬂine-] and carbonate (:tirf:n-
tianite). It i1s a light-yellow ‘Im-l:d, which oxidises in the air
more rapidly than caleium.

OXIDE OF STRONTIUM. Strontia, Sr*Q, — This compound is
obtained in the same manner as baryta, which it closely resembles.
It combines with water, forming a hydrate, StHO, which is
soluble in water, thouch somewhat less so than hydrate of barium.
The reactions of strontium-salts closely resemble those of barium-
salts. Sulphate of strontium is somewhat more soluble in water
than sulphate of barium: henee sulphuric acid or a soluble
sulplate does not precipitate a dilute solution of a strontium-salt
so immediately as it does a barium-salt. A barium-sali cives a
precipitate with a solution of sulphate of strontium, which a

wr )
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strontium-salt of course does not. Richromate f}'fjiurxfrm',\'.;a#.r.u or
If."*ru.h‘.f-!'u';r' acidd do not }H'H‘i[-'ll.'lil' strontinm-salts, Oxalic acid
precipitates strontium-salts more readily than 1t does barium-salts.
Alkalis, and alkaline carbonates and phosphates behave with
strontinm-salts in the same manner as with barium-salts. Chloride
of strontium 1is soluble, nitrate of strontium insoluble, in absolute
i:‘,,ll_il'l:'.ll'll.-.

Blowpipe reactions.—Strontium compounds, when heated in the
inner flame, colour the outer flame carmine-red. An alcoholic
solution of a strontium-salt burns with a carmine-red flame. In
both cases the coloration is distinetly perceptible in presence of a
considerable quantity of a barium-salt.

Separation and estimation of Strontium.— The presence of
strontium is detected in a mixture of the sulphates of strontium
and barium by converting them into carbonates by fusion in a
platinum crueible with three parts of carbonate of sodium, convert-
ing the carbonates into chlorides by evaporating to dryness with
hydrochloric acid, treating the mixed chlorides with absolute
aleohol, and :cq'1iill;1' fire to the alecoholie solution of chloride of
strontium. The two metals may be separated in this manner.
For qualitative analysis it suffices to boil the sulphates in a
strong solution of earbonate of sodium, to filter hot, and proceed as
above. DBut a better method for the separation of strontium from
barium is to add fluosilicic acid to the hydrochlorie acid solu-
tion of the ecarbonates, when the barium is completely precipitated,
while the strontium remains in solution. From the metals of the
forecoing groups strontium 18 :~:'11:11‘;11L'11 ]_!'_}' hydrosulphuric aecid
and sulphide of ammoninm,.

Strontium is best estimated as carbonate, by precipitation by
carbonate of ammonium and ammonia from a hot solution. The
precipitation of strontium by this method is more complete than
that of barium. Carbonate ot strontium is not decomposed 3|_'5.'
ignition over the lamp. Strontium may also be estimated as
sulphate : but, as sulphate of strontium is not absolutely insoluble
in water, it is necessary to add alcohol to ensure complete pre-
cipitation, which ecan only be done when the original strontium-

||.|4 : f'r'.lll]L]i\ {11 |'I1J"i|.‘|i|l.]
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3. Caleimm., Ca. Atomic weight, 20.

Occurs very abundantly, chiefly as carbonate (marble, lime-
stone, arragonite); as sulphate (anhydrite, gypsum); as phos-
phate (bone-earth); as chloride : and in many other salts. It 1s
a light-yellow metal, which oxidises slowly in moist air. 1t
q]x-t‘:nllj[h.;_:ys water 1';[115&1}'_._ Elllkl 1_151[11&‘ ilk‘iﬂ:‘, :lil[ morea ]'.'I]r]+1]_‘-'._.
evolving hydrogen.

UXIDE OF CALCIUM. Lime, ('a20. — A white friable .-'nlil:]:
obtained by igniting the carbonate. It is almost absolutely
infusible. It combines with water very readily, evolving great
heat, and increasing largely in volume, being converted into
hydrate of caleium, CaHO, or slaked lime. The hydrate 1s not
very soluble in water: the solution (lime-water) has a strong
caustic taste, and an alkaline reaction. It dissolves readily in
acids, forming ecaleium-salts. 'These closely resemble barium-
and strontium-salts in their reactions. Sulphuric acid or soluble
sulphates give no precipitate in very dilute solutions of calcium-
salts, In concentrated solutions they precipitate slowly white
sulphate of caleinm, SO*Ca?, soluble in about 500 parts of water,
more readily soluble in aeids, insoluble in alcohol: hence, if
sufficient aleohol be added to a caleium solution, all the caleinm
may be precipitated by sulphurie acid. A solution of sulphate of
calcium precipitates barium- and strontium-salts, not ecaleium-
salts.  (¢) Soluble oxalates precipitate caleium completely as
oxalate, insoluble in water, oxalic and acetie aecids, soluble in
mineral acids: hence an acid solution of a ecaleium-salt must be
neutralised with ammonia before adding oxalic acid. Chromate
and bichromate I:Ijlr-l;]‘”‘f.r.l'.\'.\',;.n'f!.f.l‘__ ;l:nr]L,“.-'F.*.fr.l.ﬁ:g'f.-":-l,';a ,,-,r;-.r-h'r., do not ]I]'I:--"IE|!IE1.:1’[!‘
caleium-salts. Alkalis, and alkaline carbonates and phosphates
behave with ealeium-galts in the same manner as with barium-
and strontium-salts, Chloride and nitrate of calcium are soluble
in aleohol.

Blowpipe reactions.— Most caleium compounds, when heated
in the inner flame, colour the outer flame yellowish-red. Alcololic
solutions of calcium-salts burn with a yellowish-red flame.

Caleium cannot be detected in this wav in presence of strontium.

R
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Separation and estimation of Caleium,.—For the qualitative de-
tection of ealeium 1in presence of barium and strontium, the
solution is diluted, and the whole of the barium and strontium
precipitated by dilute sulphuric acid or sulphate of potassium :
the whole 1s then heated to boiling, filtered, the filtrate neutralised
with ammonia, and oxalate of ammonium added, when the for-
mation of a preeipitate insoluble in acetic acid indicates caleium.
If very little calcium be present, the precipitate does not form at
once.

Calcium is separated from the metals of Groups I. and IL by
hydrosulphuric acid and sulphide of ammonium. From barium
and strontium, it is separated by precipitating all these metals as
carbonates, by carbonate of ammonium and ammonia, dissolving
the carbonates in nitric aeid, evaporating to dryness, and treating
the residual nitrates with absolute alcohol, which dissolves only
the nitrate of ecaleium. The aleoholic solution is diluted with
water, boiled to expel the aleohol, and precipitated by oxalate of
ammonium,

Caleium is generally estimated as carbonate. The solution is
neutralised by ammonia, and the calcium precipitated by oxalate
of ammonium ; the oxalate is converted into earbonate by ignition
at a moderate heat, and weighed. If the heat be not raised above
low redness, the carbonate is not at all decomposed. It 1is,
however, safer, after the first weighing, to moisten the carbonate
with a concentrated solution of carbonate of ammonium, to dry it
in the water-bath, heat it gently over the lamp, and weigh it again.
This method of estimating caleium cannot be applied to solutions
which contain a calcium-salt which is insoluble in water, (e. g.
phosphate,) dissolved in free acid : for the calcium-salt would be
precipitated at once on neutralising the solution by ammonia.
In such cases, the calcium is estimated as sulphate, being pre-
cipitated by dilute sulphuric acid, complete precipitation being

insured by the addition of aleohol.

t. Magnesium. Mg, Atomie weight, 12.

Oceurs as h}*uh‘;ﬂﬂ, ecarbonate, sulphate, phosphate, silicate, and
o Wbt e R e st B e g e S e e =
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silver-white metal, somewhat malleable. It is not oxidised by dry
air at the ordinary temperature, but when heated to redness, 1t
burns with a brilliant flame, forming magnesia. In moist air, 1t
becomes covered with a film of hydrate. [t decomposes pure
water very feebly; dilute acids with great rapidity. 1t seems to
be intermediate in its properties between the metals ol the earths
proper, and those of the alkaline-earths.

Oxipe or Maenesiom. Magnesia, Mg?0.—A white powder,
obtained by prolonged ignition of the carbonate. It i1s almost
entirely insoluble in water, readily soluble in acids, forming
magnesium-salts. The hydrate, MgHO, obtained by precipitating
a magnesium-salt by potash, is scarcely soluble in water, readily
soluble in ammoniacal salts. Sulphurie, fluosilicie, or oxalic acid,
rives no precipitate with magnesium-salts. Phosphate of sodium
rives no preciptiate with a dilute magnesium solution in the cold;
with a concentrated solution, it precipitates phosphate, PO*Mg2H.
(¢) On adding ammonia, the whole of the magnesium is preci-
pitated as phosphate of magnesium and ammonium, PO*Mg>NH",
slightly soluble in pure water; insoluble in water containing
ammonia, even in presence of ammoniacal salts ; soluble in mineral
and acetic acids. If very little magnesium be present, the preci-
pitate forms very slowly, so that the solution must be allowed to
stand for at least twelve hours in a warm place. The formation
of the precipitate is facilitated by rubbing the inside of the vessel
with a glass-rod. Alkaline acid carbonates and carbonate of am-
montum give no precipitates in the cold. Carbonate of potassium
or sodinm precipitates a white basie carbonate, soluble in am-
moniacal salts; the precipitate does not form in presence of
ammoniacal salts. Potash, soda, lime- or baryta-water, precipi-
tates white hydrate, insoluble in excess of water : ammoniacal
salts dissolve it readily, and hinder its formation in the cold.
Ammonia (in absence of ammoniacal salts) precipitates half the
magnesium as hydrate from a newtral magnesium solution, the
other hall’ remaining in solution as a double salt of magnesium and
ammonium, which is not decomposed by more ammonia { S P Me?
+ NH'HO=SO0'MgNH!+MgHO). Chloride of ammonium, or
any ammoniacal salt, dissolves the precipitated hydrate, with

-
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evolution of ammonia (MgHO + NHCl=MgCI + NH? + OH?),
If the magnesium solution contain sufficient free acid, ammonia
gives no precipitate, the hydrate being dissolved in the ammoniacal
salt formed. Chloride of magnesium is converted into oxide by
heating with merecuric oxide, or by repeated ignition with car-
bonate of ammonium,

Blowpipe reactions.—Magnesium compounds do not colour the
outer flame,. Heated on charcoal, moistened with nitrate of
cobalt, and again strongly heated, they assume a pale rose-colour :
the presence of other metallic oxides interferes with this re-
action.

Separation and estimation of Magnesium.—Since the hydrate
and carbonate of magnesium are soluble in ammoniacal salts, it is
obvious that magnesium cannot be completely precipitated by
ammonia and carbonate of ammonium from a solution which,
having been treated with sulphide of ammonium, must contain
ammoniacal salts. It 1s, thereftore, advisable to ensure the com-
plete non-precipitation of magnesium by adding echloride of am-
monium before precipitating the other alkaline-earthy metals by
carbonate of ammonium., The filtrate from the ecarbonates of
barium, strontium, and caleium may then contain magnesium and
the alkaline metals. A portion of it is tested for magnesium by
phosphate of sodium and ammonia : and if magnesium be present
it must be removed before proceeding to examine for the alkalis.
This is done in the following manner : the solution is evaporated
to dryness and ignited to expel the ammoniacal salts ; the residue
13 dissolved in water, baryta-water added, and the whole heated,
when the magnesium is completely precipitated as hydrate. The
filtrate is then freed from barium by heating with carbonate of
ammonium and ammonia: the solution again evaporated to dry-
ness, and ignited, to expel the ammoniacal salts ; and the residue,
which contains only the metals of the fixed alkalis, dissolved in
water, and analysed as hereafter deseribed.

Magnesium 18 :«1-1::11'.'11&:[[ from the metals of (irm]l|_~ I. and 11. h:.r
hydrosulphuric acid and sulphide of ammonium. From barium,
strontium, and ecalciwm, by carbonate of ammonium in presence of

'||?'IIIIII'I||;.':'I':!I1 *-i'l.l‘.'-i‘.' ™ 'rl"-!'lr'l'l I;.'.I'.I'."f..ifn’l.". :'I'I'Il:1 ey M9 08 ¥ ]!'I'x' :-i'll.l'llll'II]'l'iI'.
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acid, and from ealeium, by oxalate of ammonium in presence of
chloride of ammonium,

Magnesium is generally estimated as pyrophosphate, P*0 Mg
It is precipitated by phosphate of sodium and ammonia, as phos-
phate of magnesium and ammonium, which is washed with dilute
ammonia, dried, and ignited, when it is converted into pyrophos-
1r1|_:l_11' (2 PO'Ma*NH{=P20" Mot 4 ONH3+ lHi'EjJ. If no other
fixed substance be present, magnesium may be estimated as
sulphate, by evaporating to dryness, moistening the ignited
residue with slightly diluted sulphurie acid, and expelling the
excess of the acid at a low red heat.

GROUP 1V,
Metals of the alkalis, or Alkaline metals.

Potassium, Sodium, Lithium, Ammonium.

These metals are lichter than water. They decompose water
violently at the ordinary temperature, evolving hydrogen, and
forming a solution of an alkaline hydrate, which has a caustic
taste, and a powerful alkaline reaction. The compounds of these
metals with chlorine, bromine, iodine, fluorine, eyanogen, and

sulphur are soluble in water : as are nearly all the rest of their

salts. The sulphates of potassium and sodium are completely
converted into chlorides by repeated ignition with chloride of

Ammoniuin,

. Potassium, or alium. K. Atomic weight, 39.

Occurs abundantly as nitrate (saltpetre or nitre); as sulphate
(in alom); assilicate (1n various minerals); also in mineral springs,
and in the ashes of plants. It is a white metal, which oxidizes with
great rapidity in moist air, so that it is necessary to preserve it
from contact with the air by keeping it immersed in some liquid
on which 1t exercises no decomposing action: petroleum or rock-
oil is generally employed for this purpose. It decomposes water
with extraordinary violence, evolving so much heat that the libe-
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rated hydrogen is set on fire, and burns with a violet flame. It
15 volatile at a red heat.

OxipE oF Porassium. K20, — A grey solid mass, obtained by
heating potassium with hydrate of potassium in the proper atomic
proportion. 1t combines readily with water, forming the hydrate,
KHO (potash), which is a white, hard, brittle substance, that
deliquesces in moist air, and is very readily soluble in water,
(torming solution rg.fkpﬂ."rr.h'fr ), and 1n acids, (forming l,n'.-'f-'l!'ﬁ'.\'.'-.':"Jg",r.r;—.k'r“'rl'rh'f:l.
(¢) With bickloride of platinwm, potassium solutions, if not too
dilute, give a yellow erystalline precipitate of chloroplatinate of
potassium, PtCI?K, slightly soluble in water, insoluble in aleohol
and in acids. If very little potassium be present, the solution
musi be saturated with hydrochloric acid, bichloride of platinum
added, the whole evaporated to dryness, and the residue treated
with alcohol, which leaves the chloroplatinate undissolved. (c)
Coneentrated potassium solutions are precipitated by acid tartrate

of sodium, as acid tartrate of potassium, C*HYOSKH; it is white;

erystalline, soluble in about 180 parts ecold water, readily soluble

in mineral acids or in alkaline solutions. The formation of the
preeipitate is facilitated i,l_\.' :l.'jh.'l[itll'__:‘ the solution. Fluosilicie acid
gives a white gelatinous precipitate of fluosilicate of potassium.
Perchloric acid gives a precipitate of perchlorate, insoluble 1n
alcohol. When a concentrated solution of .ﬂ.f-fl':.ufmfr* of alumineum
18 added to a concentrated solution of a potassium-salt, ocathedral
crystals of alum are deposited on evaporating the solution
(p. 164). Normal sulphate, carbonate, phosphate, arsenate, and
]JIJI':lTl! of t"l_:-[:l-"-ii‘.!]li are not 11('1'[:“.‘1“141-(1 Ir_‘g,-' ]IL'IH. The {‘IEI.]III"lLI{?..
bromide, and iodide are volatile without decomposition at a very
strong heat. Most other potassium-salts are decomposed by
heat.

Hfrm*;n}fr’ reactions. — Potassinm compounds il:l]u:l]'i a violet
colour to the outer flame. Aleoholie solutions of ‘|m1;|_--‘][1]|[—_-::{]!:7:
burn with a violet flame. The colour is not pereeptible to the
naked eye in presence of sodium (or lithium): but if a thick piece
of dark-blue glass be interposed between the eye and the flame,
the yellow sodium-flame is completely cut off, and the qu::ﬁ.ﬁainln-

Aame ie digtinetls wicihle of a rieh reddich-viclet calonre  TIn thia
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manner a very small amount of potassium may be detected in
presence of a large quantity of sodium (Cartmell).

."\’rjru.uw."ﬂ'.;w.f and estimation ".’-'fl Potassuem, — ]J'ul:!r-i*‘llllll 13 SCPil-
rated from all the forezoing metals by hydrosulphurie acid,
sulphide and carbonate of ammonium. It is estimated as chloro-
platinate: aleohol is added to complete the precipitation, the pre-
eipitate is washed with alcohol, dried at 1007, and weighed.

Potassium, when it oceurs in a compound not containing any
other metal, is estimated as sulphate or chloride. Any potassium-
salt of a volatile acid is converted into sulphate by heating with
sulphurie acid, excess of sulphuric acid is expelled by heat, and
the residual sulphate weighed. The expulsion of the last traces
of sulphurie acid is facilitated by dropping a fragment of car-
bonate of ammonium into the erucible. In estimating potassium
as chloride, ignition must be performed in a covered crucible, the

¢hloride being somewhat volatile at a strong heat.

2. Sodium, or Natrimum. Na. Atomic weight, 23.

Occurs, like potassium, as carbonate, nitrate (Chili saltpetre),
&e.: abundantly as chloride, both solid (reck-salt) and in solution in
sea-water. It much resembles potassium in appearance and pro-
perties, and requires the same precautions for its preservation.
It does not however combine with oxXygen {iHEH: B0 Tiuli-nﬂ_v:
when it decomposes water the heat evolved is sufficient to fuse
the sodium, but not _Lf!'m'!':!]:_'-.' to inflame the liberated }I}"l]'“_’,{'i']].

Oxme or Sopiom, Na*O.—Prepared in the same way as oxide
of potassium, which it most closely resembles. There is the same
resemblance in external appearance, solubility, &ec. between the
hydrate of sodinm (soda), and potash. Sodium-salts are even more
generally soluble than potassium-salts: they give no precipitates
with bichloride of platinum, tartaric or perchlorie acid, and no
erystals of alum with .k'fff}rrfrrrfs' of aluminium. Fluosilicie acid cives
a gelatinous precipitate in concentrated solutions. Metantimonate
of potassium (p. 91) gives (in dilute solutions only after some time)
a white precipitate of metantimonate of sodium. The sodium
golution must be neutral or rtli;rllTl_j.r' alkaline, for free acid would
separate antimonic acid from the reagent. This reaction detects
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sodium in presence of the other alkaline metals: but no other metals
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must be present in the solution. When ignited, sodium-salts be-
have like potassium-salts : chloride of sodium is less volatile than
chloride of potassium.

Blowpipe reactions, — (¢) Sodium compounds impart an intense
yvellow colour to the outer flame, which quite conceals the colora-
tion produced by any other metal. _Alecoholic solutions of sodium-
salts burn with a yellow flame.

,H'.-",rrr:r.r,fr.r'rm and estimation of Sodiwm. — Sodium is separated
from all the metals of Groups L., II., and IIL. by hydrosulphurie
acid, FLl]phit!U of ammonium, and ecarbonate of barium. From
potassium by bichloride of platinum and aleohol. This separation
15 best effected when the metals are in the form of ehlorides. The
amount of potassium being determined from the weight of the
chloroplatinate, that of sodium may frequently be estimated by
difference. To estimate the sodium llii':'t'[]}': the filtrate from the
potassium-salt must be evaporated to dryness at a very gentle heat,
and the residue ignited in a platinum eruecible till the chloroplati-
nate of sodium and the excess of platinic chloride are entirely
decomposed : this decomposition is facilitated by the additionof a
few crystals of pure oxaliec acid during ignition. The chloride of
sodium thus formed is dissolved out with water, evaporated to
dryness, 1gnited, and weighed. RKemoving the platinum by hydro-
sulphurie acid does not answer (Rose).

Sodium is estimated as sulphate or chloride. The process is the

same as that “‘l'-.[[l: for ]ru1;t.--:illm.

3. Lithium. Li. Atomic weight, 6-5.

Ocecurs, not ve ry I]'lllllllllfl‘- in certain minerals (J.-E| +-l1* 11[-’.:3—

lite, ¢ spot lumen, T||||.n] ine, '1|I.I||'~"-> 1te ). It 15 a white met ;1., much
harder than potassium or sodium. It is lichter than any known solid or
l..‘JHI d. It is not oxidise 'l in dry air:; in moist air it tarnishes slowly:

when heated in air it combines with oxyeen, burning with a dazzling
white flame. [t Il'*"ll‘H'l'* 5 waler ag :5“:.'-”_..““;“.}. [L‘:Ji]u']';ﬂll!'l : but l-:.«zrc
viole rn..'i. than ]nnl ssium or sodium. i
Oxipe or Litarom. Li*0.—A white solid substance, obtained by
urning the metal m LILr'_‘.' DXyoren, or e (l-‘j||u|n|n r 1]|u3- |I1~-.1 e hv ]||'r;..
.||]-l d hes: It IIL"];:|I1-.'H'-.'-~ in the :.il__ but less r |]|] Iy than *|||1..,-|] or
dla: it 18 H|'r'~'~'l_‘~' soluble in water., The | ny drate, 1aHO [] 'h L“I 15 4 white
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sinm and sodinm : the solution is strongly alkaline. Most lithium-salts are
deliquescent ; all are soluble in water : the carbonate and phosphate are
difficult |I\.' soluble, hence carbonate or J;;-f.rr-l.i;:.’m.!'f' ug,l’h,vr':fr'r!m Ir_fivr.ﬁ awhite pre-
eipitate with concentrated solutions of lithium-salts, especially on boil-
in_n_-;. In presence of sufficient ammoniacal salt, earbonate of sodinm oives
no ]'1'1"';['i|.lh'. Lithium-salts are not 'Ert‘i‘n‘i[rit:LTu'll ]1_1; bichloride r:j'];;ffafa-
num, farfarie or Ippr;-f;.g'-u-;'.- acids, or metantimonale :g_."' prlr."u.w.r'nu: : !hﬂ_‘,f
form no double compound with sulphate of aluminium. They are gene=
rally more easily decomposed by heat than the salts of potassium and
sodium : the volatility of the chloride is between that of chloride of potas-
:iilt!]] anil l.'h:':"!‘i':i" ||['1,=cxu“|;|]||, {_'i|]|1]'i11|_! ||Elli1]|ill'll.l I.-u SLI[II.].I]U EH 4] II.ii.HT-liI.l':?
of absolute aleohol and ether.

Blowpipe reactions.—Lithium compounds impart a crimson .colour to
the outer flame, which has less vellow in it than the strontium-colour.
Alcoholie solutions of lithium-salts burn with a erimson flame. Heated
on platinum-{oil with carbonate of sodium in the inner flame, they
attack the platinum, producing a brown stain: the fused mass 1S tran-
Fll.'ll'l'lll ‘.".".'|IL|L= |||l[.

.H',-!-m,--r.-;_-' m and esfimation 4_-3" Lithivm.—The most abundant lithium-ore
is lepidolite. The following method of extracting lithium from it is
given by Troost (Ann. Ch. Phys. [3.] L. 121): —10 parts of the
powdered mineral areheated in a furnace with10 parts carbonate of barium,
5 parts sulphate of barium, and 3 parts sulphate of potassium. When
the fused mass is cold, the eracible i1s broken, when a T':‘.'Lh.-‘,!::l:l‘uni Ig'i:lrcrt 18
found at the bottom, and a white erystalline solid at the top, consisting of
sulphates of barium, lithium, potassium, and sodium. The alkaline sul-
phates are dissolved out by water, converted into chlorides by chloride of
barium, the potassium separated by bichloride of platinum, and the
chlorides of lithium and sodium by alcohol and ether. In operating on a
large scale, the double sulphate of lithium and potassium is separated by
fractional L't'}.—-f:hHia‘:lTiul‘:. ”I'-: inl'r‘t".lalll:_t_{ the 11]'||I|:ﬂ‘1iu|1 of :-"Ill[r'i:'t[i' of
potassium, the same method is applicable to petalite. The richest lithium-
ore is triphylline, a phosphate of iron, manganese, and lithium. DMiiller
gives the fullowing method for extracting hithium from it. The coarsely
powdered mineral is dissolved in strong hydrochlorie acid, nitric acid
being added to peroxidise the iron: the solution is then evaporated to
dryness, and treated with water, when all the iron remains as insoluble
phosphate. The solution, containing chlorides of lithium and manga-
nese, and a little phosphoric aecid, 1s treated with sulphide Ilf‘ll;l'['il.]!‘n'l‘,
which removes the two latter substances: the excess of barium is re-
moved by sulphurie acid (or carbonate of ammonium), and the filtrate
evaporated to dryness and ignited. The chloride of lithium thus ob-
tained frequently contains chloride of sodinm, which may be separated by
aleohol and ether. (Ann. Ch. Phys. [3.] xlv. 350.) y

Lithium is F"']J:IJ‘:!E-'ll from I,.'J-'H"rf.\.-c.'.Hm ]H bichloride "rll].:lf-lltl.lll'lf from
sodium by the solubility of its chloride in aleohol and ether.

Lithium may be estimated as sulphate or chloride,

ir
ir
—
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4. Amamoniam. NHY Am. Atomie weizht, 18.

This is a hypothetical metal, supposed to exist in ammoniacal
salts. It has never been isolated ; but an amalgam of it with
mercury is prepared without difficulty.

Ammonia, NH3 1s a compound of very frequent occurrence in
atmospherie air, soils of all kinds, and in the juices of plants. It
1s very easily obtained by heating chloride of ammonium (sal-
ammoniac) with quick-lime. At the ordinary temperature it 1s a
colourless gas, possessing an alkaline reaction : it is very soluble
in water with evolution of heat, producing a colourless, powerfully
alkaline solution of hydrate of ammonium (NH? + H2O=NH'HO),
analogous to hydrate of potassium, KHO. This solution neu-
tralises acids completely, forming ammonium-salts, in which NH!
plays the part of a metal, (e. g. CINHY, SOYNH*)? analogous to
CIK, SO'K?). Ammonium-salts are strictly isomorphous with
]unl:léeil_lill—rc:ilts. (¢) All ammonium-salts are decomposed when
heated with a fixed alkali or an alkaline earth, gaseous ammonia
being evolved, which is easily recognised by its characteristic
smell, by its restoring the blue colour to reddened litmus-paper,
and by its forming dense white fumes of chloride of ammonium
on contact with a glass-rod moistened with dilute hydrochloric
acid. If only a very small trace of an ammonium-salt be present,
it is readily detected by heating the solution with caustic lime in
a test-tube, in the mouth of which is placed a strip of paper
moistened with a dilute neutral solution of subnitrate of mercury,
sulphate of copper, or sulphate of manganese : in the first case a
black stain is formed on the paper, in the second a blue, in the
third a brown. Subnitrate {3f'mr';"f'.fr'r'_fj g1ves a brown colour in
solutions containing free ammonia. A slightly alkaline solution
of an ammonium-salt gives a white precipitate with ckloride of mer-
cury. (c) A solution of molybdate of sodium containing phosphoric
acid gives with ammonium solutions a yellow precipitate, soluble
in alkalis and non-volatile organic acids. In very dilute solutions
the precipitate does not form immediately. (¢) When a solution
containing free ammonia or an ammonium-salt is mixed with
mrndaeh  and a eolwtion of todide of mercury in iodide oFf HofaeeI i
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added, a brown precipitate or coloration is immediately pro-
duced. (Nessler)., This is by far the most delicate test for
ammonia. With bickloride of platinum and acid tartrate of sodium
ammonium-salts behave precisely like potassium-salts, The chloro-
platinate of ammonium, PtCIPNH?*, is converted by ignition into
metallic platinum, perfectly free from chlorine. The carbonaceous
residue left on igniting the acid tartrate of ammonium has no
alkaline reaction. Ammonium-salts of fixed aecids lose their am-
monia when ignited: all others are volatilised by heat, some
being decomposed (sulphate, nitrate, &c.), others without de-
composition (chloride, iodide). Nitrate of ammonium, or any
ammoninom-salt mixed with sufficient nitre, is entirely decomposed
and volatilised at a very low heat. Aleoholic solutions of ammo-
nium-salts burn with a blue or violet flame.

Separation and estimation of Ammonium. — In qualitative
analysis, ammonium is always tested for in a separate portion of
the substance under examination. Ammonium is separated from
all other metals by the decomposition of its salts when heated
with caustic lime. The ammonia evolved is led into hydrochlorie
acid, and the resulting solution of chloride of ammonium precipi-
tated by bichloride of platinum and aleohol.

Ammonium is estimated as chloroplatinate. It is precipitated
by bichloride of platinum and aleohol ; the precipitate is converted
into metallie platinum by ignition, and weighed: the amount of
ammonium 18 calculated from the weight of the platinum. The
chloroplatinate may also be collected on a weighed filter, dried
at 100° and weighed as such.
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FART 111,

COURSE OF QUALITATIVE ANALYBSIS.

I, Preliminary examination and solution of solid bodies.

Trae first thing to be done in the qualitative analysis of a solid
body is to obtain some general information as to its nature and
composition. This information, which must necessarily precede
any more special analysis by the wet way, is obtained partly by an
accurate observation of the physical properties of the substance
(its form, colour, lustre, hardness, specific gravity, &ec.): but
chiefly by chemical examination in the dry way; i. e. by observ-
ing the behaviour of the substance afa high temperature, either
alone, in contact with air, or with some chemical compound
which produces either decomposition or simple solution.

It the substance contain organic matter, it usually blackens
when heated, and evolves carbonic anhydride when heated with
sulphurie acid and bichromate of potassium. In this case it 1is
best to remove the organic matter before proceeding further:
since its presence materially interferes with the reaetions of
nany mineral compounds. This may generally be effected by
heating the substance strongly for some time in contact with air
(more speedily with oxygen), until the whole of the carbon is
converted into carbonie anhydride. In many cases, the oxidation

]

of the carbon is facilitated by dropping nitric acid upon
heated substance. The preliminary examination of mineral or
inorganic substances by the dry way is condueted according to
Tables I. and IL: by which we can ascertain not only the genera
cheniical nature of the substance, but also the presence or ab-
sence of many metals, and of some non-metallic elements.
Tab

for acids; especially for such acids as are volatile, or as yield

e |R, SErYESs exclusively for 1]1:'} ['ll‘L-limiT'|;]t‘1.’ examination
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volatile products of decomposition when heated with concentrated
sulphurie acid. These tables require no explanation: their con-
stant practical use can alone give the necessary accuracy to the
information obtained by their means.

After having ascertained by the preliminary examination in
the dry way to what class of bodies the substance under examina-
tion belongs, the next step is to bring it into the only form which
is fitted for its qualitative analysis in the wet way, i. e, into the
liquid state — in other words, to dissolve it. In order to effect
this, it is generally necessary (when the nature of the substance
allows it) to reduce it to a fine powder, by pounding in a mortar,
and, if necessary, by subsequent levigation with water. This is
indispensable in the case of minerals, especially of silicates, and
of all other difficultly soluble, insoluble, or difficultly decomposable
compounds. The finely-powdered substance is then boiled with
water, in order to ascertain its complete or partial solubility or
insolubility therein. If it be not completely dissolved, the solu-
tion is filtered off from the residue, and a drop or two of it eva-
porated to dryness on platinum-foil, when, if the substance is par-
tially soluble in water, a distinet residue is left ; if the substance
is completely insoluble, there is no residue. In the former case
the aqueous solution is tested with litmus-paper, to see whether
it has a neutral, acid, or alkaline reaction ; and set aside for further
examination. The portion insoluble in water is then treated suc-
cessively with dilute and concentrated hydrochloric acid, particu-
lar attention being paid to the nature of the gas, if any, thereby
evolved. Carbonates evolve carbonic anhydride with efferves-
cence : peroxvides and chromates evolve chlorine: eyanides, hy-
drocyanic acid: many sulphides, hydrosulphurie acid : sulphites
and Ayposulphites, sulphurous anhydride, with separation of sul-
phur in the latter case: most mefals (zine, iron, tin, &e.) evolve
hydrogen ; or, it arsenic or antimony be present, arsenide or an-
timonide of hydrogen. If hydrochlorie acid does not completely
dissolve the substance, it generally effects the complete separation
of one or more elements ; for which reason the solution gshould be
separated from the residue, and examined apart. The portion
insoluble in hydrochlorie acid is then treated successively with

%
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nitric acid and agqua-regia.  Most sulphides, thus treated, leave
a residue of sulphur, which, on prolonged digestion with the
acid, collects into yellow globules which swinron the surface of
the liquid ; or disappears altogether, being oxidised into sulphuric
acid, which may be detected in the solution, unless it forms an
insoluble salt with the dissolved metal. Thus sulphide of lead*
leaves a white residue of sulphate of lead, when treated with
nitric acid: sulphides of antimony and tin are converted into
white oxides: sulphide of mercury is inscluble 1n nitric acid,
readily soluble in aqua-regia.

Most metals are completely soluble in nitrie acid: the only
metals not attacked by it are gold, platinum, iridium, and the
rarer metals found in platinum-ores. Gold and platinum are
soluble in aqua-regia: fin and antimony are not dissolved by
nitric acid, but are converted into white oxides, insoluble 1in
excess of the acid; they are readily soluble in aqua-regia (or hy-
drochloric acid and chlorate of potassium) provided excess of
nitric acid be avoided.

If the substance be not dissolved or decomposed by the above
acids, after long digestion at a gentle heat, it must be one of the
bodies mentioned in Table IIL : and it must be rendered soluble by
one of the methods indicated in that table, the particular method
chosen depending upon the general ehemiecal- nature of the sub-
stance, to be ascertained 113.' an examination in the d]‘j‘ way, ac-
cording to Tables 1. and 1L

II. Qualitative analysis of solutions.

In the qualitative analysis of solutions there are two pre-
liminary steps which should always be taken, before proceeding to
the regular course of analysis in the wet way by Tables IV, —
VIIL. These are, 1. To ascertain whether the solution contains any
non-volatile constituents. This 1s done by evaporating a small
portion of it to dryness on platinum-foil: if a fixed residue re-
mains, which does not volatilise when strongly heated, some non-

. ¥ L ® .
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solution contains only wvolatile constituents. In the former case
the residue should be examined by Tables I.and IL. 2. To
ascertain whether the solution is neutral, acid, or alkaline to
test-paper.

These preliminaries are of course unnecessary when the solu-
tion has been made by the student himself, as described in the
foregoing section; but they should never be neglected with a
solution given for examination, since, if carefully performed, they
may enable him to conclude at once as to the presence or absence
of whole groups of bodies. Thus it is evident that a solution
which, after careful evaporation (not rapid boiling), leaves no
residue, can contain no non-volatile metallic salts. A neutral
" golution in general can contain only salts of the alkaline and
alkaline-earthy metals, since the salts of almost all the other
metals have an acid reaction. An alkaline solution (in which no
non-volatile organie compounds are present) cannot contain any
of the metals whose oxides are insoluble in alkaline liquids: if
the alkaline reaction be caused by the presence of an alkaline car-
bonate, the presence of the alkaline-earthy metals is impossible.,
(There are, however, exceptions to this rule: an alkaline solution
may contain salts of copper and sesquisalts of iron, if any non-
volatile organic compound be present ; it may also contain such
oxides, cyanides, and sulphides as are soluble in cyanide of
potassium and alkaline sulphides.) The presence of certain
acids implies the absence of certain metals, and wvice versa : the
same acid solution eannot contain sulphuric acid and barium,
hydrochlorie acid and silver, &e. Silver need not be looked for
in an alloy soluble in hydrochloriec acid: nor gold, antimony, tin,
&e., in one soluble in nitrie acid.

It is generally advisable to examine for acids and metals in
separate portions of the solution.

a. Lxamination for metals,

Table IV., which exhibits in a compendious form the behaviour
of all the metals to general reagents, gives a general outline of the
course to be adopted in examining a solution for metals. With a

o 2
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very little reflection, the table will be perfectly intelligible. The
following rules, however, of the utmost importance in the analysis
of mixtures which may contain any number of constituents, must
always be kept in mind.

|. The precipitation by each general reagent must be complete.
—To ensure this, the reagent must be added gradually, allowing
the precipitate already formed to subside between each addition,
until no further precipitate is produced. In the case of hydro-
sulpburie acid, the precipitation is complete when the solution,
after being agitated, still smells strongly of the gas. Gentle heat-
ing facilitates the separation of precipitates in almost every case.
Arsenic (as arsenic acid), molybdenum, platinum, iridivm, and
rhodium, are very slowly precipitated by hydrosulphuric aecid,
the solution requiring to be left in a warm place for from 12 to 24
hours after its complete saturation with the gas. Pentasulphide
of arsenic separates much more quickly when the solution is
heated to 60° or 70°.

2. Fach group, when precipilated, must be 1';{:rrrm.rlr}';f.r.{a;_f}-r-.r-d E‘.’J"
{{':,‘\.‘.":-.-:;a':_,f with water Lf}'rr.ru all members FI}.I'\.I".I"H‘ Sn’f;.\'rr!.u';*.'.'f Groups
which may be contained in the solution.—"This washing is effected,
according to circumstances, either on a filter, or by decantation,
2. €. ]‘J_'f allowing the precipitate to subside, p.:m]‘iu_:; off the clear
liquid, shaking up the precipitate with water, and repeating the
operation as often as is necessary. If the precipitate contains any
easily oxidable sulphides, a little hydrosulphuric acid must be
added to the wash-water (if the sulphide is insoluble in dilute
acids, e.g. sulphide of copper), or a little sulphide of ammonium
(if the sulphide is soluble in dilute acids, e.g. sulphides of iron
and manganese), in order to prevent the partial oxidation of the
sulphide by exposure to the air during the washing of the preci-
pitate. After the precipitation of each group, it is advisable to
ascertain the presence or absence of any members of the succeed-
ing groups, by carefully evaporating on platinum-foil a moderate
quantity of the filtrate: if, after ignition, there is no distinetly
visible residue, non-volatile substances need not be looked for

further.
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tion and thorough washing) be neglected, metals belonging to one
group are liable to be found among those of another group; and
consequently, as the analysis proceeds, reactions will be obtained
which are not mentioned in the tables of the different groups, and
which will be the source of great perplexity to the student.

3. The mineral acid employed to acidify the original solution
(when it is not already sufficiently acid) is either hydrochloric or
nitric acid. —1t is generally employed dilute, and not in sufficient
quantity to interfere with the formation of those sulphides which
are insoluble in dilute acids. Hydrochloric is generally preferable
to nitric acid: and attention must then be paid to the possible
precipitation (of chlorides of silver and lead, and subchloride of
mercury) mentioned in Table IV.

4. The application of confirmatory tests must never be neglected.
—When, in the course of a systematic qualitative analysis, one or
more members of the different groups have been recognised as
constituents of the substance examined, by means of the reactions
given in the tables, the analyst (especially the beginner) should

proceed to apply a series of confirmatory tests, either to the origi-
nal substance or to each constituent that he has separated from
it, in order to control the results already obtained. The beginner
should never neglect these confirmatory tests; since the object of
analytical practice is not only to acquire the simple course of
analysis, but also to become familiar with the reactions of bodies
generally. The observance of this important rule is the only
means by which the unpractised student can avoid errors in his
analysis : for these errors arise invariably either from ignorance
of the reactions of bodies generally, or from neglect of the condi-
tions on which depends the appearance of those phenomena which
we regard as proofs of the presence of different bodies. It is for
this reason that the reactions of acids and metals are given in the
first and second parts of this work in such detail, that no difficulty
an be experienced in the selection of any reasonable number of
confirmatory tests.

The further distinction and separation from each other of the
metals constituting each group, are effected according to Tables

o3
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V. VL. VIL and VIII. Table V. includes those metals which are
precipitated by hydrosulphuriec acid from an acid solution:
Table VI. those which are precipitated by sulphide of ammo-
nium: Table VIL those which are precipitated by carbonate of
ammonium: Table VIIL meagnesium and the alkaline metals,

[n connection with Group IL (Table VL) it is to be observed
that under certain eircumstances the metals of Group IIL (the
alkaline-earthy metals) may appear in the sulphide of ammonium
precipitate. Those salts of barium, strontium, and caleium which
are soluble in water, are not precipitated by ammonia or sulphide
of ammonium; neither are magnesium-salts in presence of a sufli-
cient quantity of ammoniacal salt. Dut there are some salts of
these metals which, though insoluble in water, are soluble in acids:
and if any of these salts are present in the acid solution, they will
of course be precipitated unchanged when the acid that holds
them in solution is neutralised by the addition of ammonia, or
(what comes to the same thing) of sulphide of ammonium. The
alkaline-earthy salts which may thus appear in the sulphide of
ammonium precipitate are phosphate of magnesium ; phosphate,
oxalate, borate, fluoride, of caleium, strontium, or barium ; as well
as the salts of several other non-volatile organic acids. These
salts are insoluble in potash, and resemble the earths in their be-
haviour with general reagents. If an oxalate be present, the
precipitate after ignition effervesces when dissolved in hydrochlorie
acid: the solution is not 1h1‘l'ci]rll:1Ter41 by ammonia, and should be
examined for the alkaline-earthy metals in the usual manner.
Alkaline-earthy phosphates are not decomposed by ignition: the
metal they contain is ascertained by dissolving them in as little
hydrochlorie acid as possible, adding acetate of sodium to the
solution, and then sesquichloride of iron, drop by drop, until a red
colour 1s produced. The solution is then heated to boiling and
filtered: the residue contains all the phosphoric acid as basic
phosphate of iron, and the filtrate contains the alkaline-earthy
metals as chlorides, to be sought for in the usual way. DBut the
best method is to dissolve the precipitatein hydrochloric acid,
and to test for each of the acids and metals successively in sepa-
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Table VI. Hydrofluoric acid must be sought for in the original
substance.

3. Examination for acids.

The qualitative examination for acids is on the whole more diffi-
cult than that for metals: still, with due care, it may be executed
with great precision. In almost every case the preliminary exa-
mination by Tables L. and IX,, as well as the nature of the metals
already found, give information as to what class of acids should
especially be looked for. The knowledge of the solubility of dif-
ferent salts, and of the reactions of their aqueous solutions with
vegetable colours, is of the greatest importance in this examina-
tion. By heating the substance either alone or with concentrated
sulphurie acid (Table 1X.), the presence or absence of organic and
of wvolatile inorganic acids is at once ascertained. Whenever there
is reason to expect the presence of several acids or their salts in
the substance under examination, attention must be paid to the
causes of error which are likely to arise in the preliminary exami-
nation from the fact that the behaviour of a mixture of salts,
when heated alone or with sulphuric acid, is often different from
that of each individual salt under the same eircumstances. Thus
a mixture of a nitrate or chlorate with a salt of an organie acid
does not blacken when ignited, but commonly detonates; and if
the organic compound be present in sufficient quantity, no trace
of a nitrate is found after ignition, but only a carbonate, provided
the base be an alkaline or alkaline-earthy metal. When heated
with concentrated sulphurie acid, a mixture of a chloride and a
nitrate does not evolve hydrochlorie and nitrie acids, but chlorine
and red nitrous fumes: in a mixture of a sulphite and a nitrate
(chlorate, chromate, &e.), the sulphurous acid is converted into
sulphurie acid; in a mixture of a sulphide and a sulphite, the two
acids decompose each other, sulphur being separated, and the
characteristic smell of each destroyed.

In order not to overlook the presence of uncombined volatile
organic acids, the acid solution is neutralised with carbonate of

0 4
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sodium, evaporated to dryness, and ignited : when the organic acid,
which, if free, would have been volatilised undecomposed, 1s de=
composed with separation of carbon.

For the detection of the most important acids in a solution 1in
the wet way, the usual course is that laid down in Tables X. and
XI. The employment of general reagents in examining for acids
has, in most cases, no other aim than to ascertain the presence or
absence of one or more members of each group of acids: the de-
tection of each several acid belonging to these groups requires the
further employment of the special reagents which are indicated
in the tables.

When, as is frequently the case, a neutral solution is required
in testing for acids, the solution, if acid, is neutralised by am-
monia, if alkaline by nitric acid, or, if nitrate of silver is not used
as a reagent, by hydrochlorie acid. If, however, the substance
to be examined is insoluble in water, but soluble in acids without
apparent decomposition (e. g. an alkaline-earthy phosphate or
oxalate), 1t is obvious that the acid solution cannot be neutralised
by ammonia, since the salt would thereby be precipitated un-
changed. In many such cases (of which we have already seen
instances in the sulphide of ammonium precipitate) the substance
may be dissolved in acetic acid, and the acid solution tested for
oxalic acid by chloride of ecaleium, for phosphoric acid by sesqui-
chloride of iron, &e. But the most universal method of obviating
this diffieulty is to remove all the metals except those of the
alkalis before commencing the examination for acids. The volatile
acids may be separated from all fixed acids and bases by distil-
lation with dilute sulphuric acid. In analysing an insoluble salt
of an organic acid, the acid is removed h:,.' l_milin;:_r the -:_'f.ﬂlillmlnd
with carbonate of sodium, and detected in the filtrate after neu-
tralisation with hydrochlorie acid. When a solution containing
hydrosulphu#ic acid or a soluble sulphide has to be tested for such
acids as are precipitated by nitrate of silver from an acid =olution,
but not by ferrie salts (e. g. hydrochlorie, hydrobromie, hydriodic
acids), the hydrosulphuric acid is removed by adding ferrie sulphate,
and the filtrate, acidulated with nitric acid, tested with nitrate of
silver, Compounds insoluble in water and acids are rendered
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soluble by the methods given in Tables I1L and XI. and then ex-
amined for acids in the wet way.

We have said that the volatile acids may be at once separated
from a solution by distillation with dilute sulphuric acid. It is
often advisable to employ this process, for which the following
hints, relating to the acids of most frequent occurrence, will be
found wuseful. The distillation should be effected in a small
tubulated retort, so arranged that all the gas evolved is conducted
into lime- or baryta-water. If gas is given off immediately on
adding sulphuric acid, before applying heat, carbonie, sulphurous,
or hydrosulphuric acid is present: they may be distinguished
by the smell. If carbonic anhydride is evolved after Aeating for
some time, oxalic acid is present. Continue to heat gently, not to
boiling, and collect the distillate in three separate portions:

Examine portion 1 for Aydrocyanic, hydrochlorie (perhaps
acetic and formic) acids :

Examine portion 2 for Aydrochloric, hydrobromie, hydriodic¥,
acetie, formie, and nitric acids :

Examine portion 3 for nitric, succinic, and benzoic acids,

When the third distillate has been collected, and the sulphurie
acid in the retort has become concentrated, heat strongly: the
evolution of carbonic anhydride and blackening indicates the
presence of non-volatile organic acids (e. g. tartarie, citric). Empty
the retort into a porecelain basin, neutralise with ammonia, evapo-
rate to dryness, and ignite: blackening indicates non-volatile
organic acids. Watch for the peculiar smell of tartaric acid.
Exhaust the ignited residue with water, and examine the solution
for phosphorie acid. It is to be noted that sulphurous acid may
appear in the distillate when it did not exist in the original
solution, owing to the deoxidation of the sulphuric acid. The
distillate should also always be tested for sulphuric acid, which is
not unfrequently carried over mechanically if the distillation be
performed too rapidly.

* The formation of violet vapours in the retort towards the end of the dis-
tillation indicates the presence of hydriodic acid,



FARL 1Y,

EXAMPLES FOR QUANTITATIVE ANALYSIS.

Section I. Analysis by weight.
1. Sulphate of Copper. SO'Cu? 4+ 5H*O.

For the analysis of this salt, it is necessary to determine sepa-
rately the water, the copper, and the sulphur and oxygen. 1Itis
generally advisable (thouzh not always necessary) to take sepa-
rate portions of the salt for the determination of the metallic
and non-metallic elements : § grm. is generally sufficient. The
salt should be purified by re-crystallisation before analysis.

a. Water. — A weiched portion of the salt, finely powdered,
and dried over sulphuric acid, is heated to about 200° till it is
quite white, and ceases to lose weight: the weight lost consists
of water.

b. Copper.—The same portion of the salt is dissolved in water,
heated to boiling, and precipitated while hot by caustic potash,
which should not be added in great excess. The precipitated
cupric oxide is collected on a filter, washed with hot water till the
washings leave no residue when evaporated on platinum-foil, and 1g-
nited in a platinum erucible, together with the ashes of the filter.*
As some of the oxide may have been reduced by the carbonaceous
matter of the filter, it is moistened with a few drops of nitric
acid, again ignited in the covered crucible, and weiched when
cool. As cupric oxide rapidly absorbs moisture from the air, the

* The best method of incinerating a filter is (after the precipitate has been
removed from it as completely as possible) to twist it in a coil of platinum-wire,
set it on fire, and hold it so that the ashes shall drop into the crucible, In all
cases when the filter ash 15 1ignited with the precipitate, the weight of the ash
must be deducted : this is ascertained by incinerating six filters of the same
size with that employed, and taking the sixth part of the weight of their ashes
as the averace weight of the ash of a filter of that size.
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erucible should be allowed to cool over sulphurie acid, and
weighed (still covered) as quickly as possible. (Cu?0 :: Cu® :
7194 : 634.)

¢. Sulphur and Oxygen—A fresh portion of the salt dissolved in
water (or the filtrate from the cupric oxide) is acidulated with
hydrochloric acid, and completely precipitated by chloride of

barium : the whole is then warmed for some minutes, and the
precipitate allowed to subside. The elear liquid is then poured on

the filter, the precipitate stirred up with hot water, and not
thrown on the filter till it has completely subsided. If these
precautions be not attended to, the precipitate will pass through
the filter. The sulphate of barium is washed thoroughly, dried,
ignited, and weighed with the incinerated filter. (SO*Ba? : SO* ::
2332 : 96.)
Caleulated percentage.
Hydrated salt, SO* 3849 Cu® 2542 5H?0 36'09.
Dry s o0'60226 Cu® 39774

2. Sulphate of Xron, SO'Fe?4 T H20,

a. fron.— A weighed portion of the salt (which must be free
from sesquisalt) is dissolved in water, the solution boiled with
aqua-recia till the whole of the iron is converted into sesquisalt,
and precipitated with excess of ammonia. The precipitated ferric
hydrate 1s collected on a filter, washed, dried, ignited with the
filter, and weiched. (FetO3: Fet::10:7.)

b. Sulphur and Oxygen. — Estimated as in 1.

¢. Water. — The salt loses six atoms of water when heated to
about 1007°; the seventh it does not part with below 280° near
which temperature it i1s decomposed.

Caleulated pereentage.
Hydrated salt, 50" 34-532 Fe® 20-144 7TH®0 45324,

Diry - S0 63°16 Fe?* 3684,

i

3. Chloride of Sodinum. (lNa.

Common salt is not sufficiently pure.  The salt for analysis is
obtained by saturating a solution of pure carbonate of sodium
with hydrochlorie acid, and erystallising.

a. Chilorine. — The powdered salt is strongly heated before
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weighing, to expel adhering moisture: it is then dissolved in
water, the solution acidulated with nitrie acid, and precipitated
by nitrate of silver. By gentle warming and brisk agitation the
chloride of silver soon subsides: it may be washed by decanta-
tation, or better on a filter, first with water acidulated with nitrie
acid, and finally with hot water, till the washings leave no resi-
due on evaporation. It is then dried and ignited, with the filter-
ash, in a weighed porcelain crucible, till it is in a state of tran-
quil fusion. When cool it is heated gently first with a drop or
two of nitrie, then of hydrochlorie, acid, in order to re-convert
into chloride any silver that may have been reduced by the filter:
the excess of acid having been expelled by gentle heat, it is
again fused, and weighed when cool. It may be weighed in an
open crucible, (ClAg: Cl:: 1435 : 85°5.)

b. Sedium. — Another weighed portion is gently heated in a
weighed platinum crucible with concentrated sulphuric acid,
till all the hydrochloric acid is expelled : it is then heated more
strongly, to expel excess of sulphuric acid, and finally ignited, a
fragment of carbonate of ammonium being placed in the crucible,
to decompose any acid salt that may be formed. The resulting
normal sulphate of sodium is weighed when cool. (SO*Na? :
Ng?:: 71 :23,)

Calculated percentage.
Cl 60-68 Na 39-32.

4, Calce-Spar. Carbonate of Calcium. CO3Ca2

a. Calcium.— A weighed portion isdissolved in hydrochlorie acid,
care being taken that no loss is caused by effervescence: the solu-
tion is then saturated with ammonia, filtered if necessary, and the
calcium precipitated as oxalate by oxalate of ammonium or potas-
sinm. The precipitate is allowed to stand for some hoursin a warm
place before filtration: it is then washed with hot water, dried,
and j_rt:n!l_';.' iguitt[] together with the filter-ash. If too strong a
heat has been applied, the resulting carbonate of calcium may
have been partially decomposed: if this is the case (which is
known by its having an alkaline reaction) it is moistened with

carbonate of ammonium, dried, again gently ignited, and weighed
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when cool. (CO3Ca?: Ca?::5:2). Another method 15 to add
S'I_ﬂl]]t'll[‘]t' acid to the not too dilute llj.'{ll'ilt'llll_r]‘it' solution of the
cnmpmmll, and then several times its volume of aleohol. The
precipitated sulphate of calcium is washed with alcohol, dried,
ignited, and weighed. (SO'Ca?: Ca?::17:5.)

b. Carbon and Oxyqgen.

Another weighed portion is de-
composed in a weighed apparatus for estimating carbonic anhy-
dride, by moderately concentrated hydrochlorie or nitric acid:
the apparatus is again weighed, after the carbonie anhydride in
it has been replaced by air, and the loss of weight represents the
carbonic anhydride evolved : whenee the amount of carbon and
oxygen in the salt is given by the following proportion. (Co®:

CO3::11:15.) (.See p. 233.)

5. Sulphate of Magnesium. SO‘Mg?-+T7TH?20.

a. Magnesium, — A weighed portion is dissolved in water,
chloride of ammonium and ammonia added, and the magnesium
precipitated by phosphate of sodium as phosphate of magnesium
and ammonium, After standing for several hours in a warm
place, the precipitate is filtered off, washed with a mixture of 3
pts. water and 1 pt. ammonia, dried, ignited with the filter-ash,
and weighed. (P207Mg!: Mg4::37:8.)

b. Sulphur and Oxygen.— Estimated as in 1.

The salt does not lose all its water below about 230°.

Calculated percentaqge.

Hydrated salt, SO* 39-02 Mg* 976 7H®O 51-22,
Dry »w S0O'800 Mg? 200.

6. Phosphate of Sodium. PO'Na?H 4 12H20.

a. Phosphorus and Oxygen.— A weighed portion is dissolved
in water, and the solution precipitated by a mixture of sulphate
of magnesium, chloride of ammonium, and ammonia: the pre-
cipitate is treated as directed in 5. a. (P207Mg*:PO* ::222:95.)

b. Sodium.— Acetate of ammonium is added to the aqueous
solution of the salt, and then sesquichloride of iron till the
appearance of a red tinge, and the whole heated to boiling : the

precipitate is filtered off, and thoroughly washed with hot water.
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(Or excess of sesquichloride of iron may be added at onct, and,
after filtration, the excess of iron in the filtrate removed by am-
monia.) The filtrate is evaporated to dryness, the residue gently
ignited, and either weighed as chloride, 6r converted into sulphate
as in 3. b. (NaCl : Na::585: 23.)

If the phosphoric acid be precipitated by a known.volume of a
standard solution of ferric chlaride (containing a known amount
of iron), the increase of weight of the ignited precipitate will give
the amount of phosphorus and oxygen : the former determination
may thus be controlled.

e. The hydrogen is determined by difference.

The zalt does not lose all its water below about 300°,

Cualculated percentage.
Hydrated salt, PO* 26:54 Na®* 12-85 H 028 12H*0 60-33.
IJ;‘;r s LO'66'9 Na®d24 HoO7

7. Acetate of Lead. (2(C’H*0?Pb) +3H*0=2 atoms.)

a. Lead.— The aqueous solution of the salt is precipitated by
carbonate of ammonium, with addition of a little free ammonia:
the precipitated carbonate of lead is dried, converted into oxide
of lead by ignition in a poreelain erucible, and weighed with the
filter-ash. (Pb20:Pb?::223:207.) Or the solution is precipi-
tated with moderately dilute sulphurie acid, which must be added
in moderate excess; the sulphate of lead is washed with water
acidulated with sulphuric acid, and finally with aleohol, dried,
ignited, and weighed. (SOPb?: Pb2::303:207.) As oxide of
lead is very easily reduced by carbonaceous matter, great care
must always be taken in igniting lead-salts, to remove the pre-
cipitate from the filter as completely as possible before incinerating
the latter: and the incineration must be complete before the
filter-ash 1s added to the precipitate. It is perhaps safer not to
ignite the precipitate at all, but to collect it on a filter which has
been previously dried at 120° and weighed, to weigh the dried
precipitate and filter together, and deduct the weight of the filter,
Or the solid salt may be converted into sulphate of lead by
evaporation with sulphuric acid with addition of a few drops of
nitric acid, ignited, and weighed.



PART 1V, TARTRATE OF POTASSIUM AXD SODIUM. 207

the process for organic analysis, by combustion with oxide of
copper.
Caleulated prerce niage.

(M12:66 HE1-58 0Q'1689 Pb*54:62 3H*014-25.

8. Tartrate of Potassium and Sodium. (Rochelle
Salt.) C'H'OKNa-+4H?O.

a. Water.—The estimation of the water requires the careful
application of heat for some time. The salt fuses below 1007
boils at 120°; but does not lose all its water till heated to 215°
(Wohler.)

b. Potassium and Sodium,— The salt is ignited, the carbon-
aceous mass treated with dilute hydrochloric acid (or a solution of
chloride of ammonium), and the carbon removed by filtration. The
solution is evaporated to dryness, the residue (of mixed chlorides
of potassium and sodium) gently ignited in a covered platinum
crucible, and its weight determined. It is then dissolved in a
little water, exéess of bichloride of platinum added, and the whole
evaporated to dryness in a water-bath; the residue is digested
with aleohol, which leaves the chloroplatinate of potassium alone
undissolved. This is collected on a weighed filter, washed with
alcohol, dried at 100°%, and weighed. (PtCI*K : K : : 244-5 : 39.)

The sodium may be determined by deducting the weight of
chloride of potassium from that of the mixed chlorides: but it is
safer to control this result by a direct estimation. This is done
by evaporating the aleoholic filtrate (which should have a distinet
yellow colour) to dryness, decomposing the residue of chloro-
platinate of sodium, by ignition in a covered crucible with a fow
erystals of pure oxalic acid, dissolving out the chloride of sodium
with water, filtering off the metallic platinum, evaporating the
filtrate to dryness, and weighing the residue after gentle igni-
tion. (6. b.)

¢. Carbon, Hydrogen, and Oxygen.— Determined by combustion
with oxide of copper, with addition of some phosphate of copper.

Caleulated percenfage,

Hydrated salt, C' 1702 H'142 03404 K 1383 Na 816 7H?0 25'53.
Dry ., C'2286 H'l1'9 0°4572 K 1857 Na 1095
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0, Sulphates of Barium, Strontium, and Calcium.
Heavyspar, SO'Ba% Celestine, SO*Sr?. Gypsum, SO*Ca?
+2H20.

a. Water.—The water in gypsum is determined by ignition.

b. Sulphur and Oxygen.— Sulphate of caleium is completely
converted into carbonate by boiling with a solution of carbonate
of sodium: the solution contains all the sulphuric acid. The sul-
phates of barium and strontium are not completely decomposed in
this manner: they must be finely powdered, and fused in a pla-
tinum crueible with four times their weight of the mixed carbo-
nates of potassium and sodium, the fused mass treated with boiling
water, the earthy carbonates filtered off, the filtrate acidulated
with hydrochloric aeid, and precipitated by chloride of barium, as
in 1. c.

c. If only barium be present, the carbonate, thoroughly washed,
is dissolved in dilute hydroehloric acid, and precipitated hot
by dilute sulphuric acid. If sérontium be present also, the barium
is precipitated first from the hydrochloric acid solution by fluo-
silicie acid, with addition of aleohol, and the fluosilicate of barium
collected on a weighed filter, dried at 100°, and weighed. (SiF®
Ba?: Ba?:: 2797 : 137-2.) The filtrate is evaporated to dryness
with excess of sulphuric aecid, and the residue of sulphate of
strontium ignited and weighed. (S0%Sr? : Sr? :: 919 : 43:9.)
Barium may also be separated from strontium, in a dilute neutral
solution, by bichromate of potassium, which precipitates the
barium only. If ealeium and barium be present, the solution is
largely diluted, and the barium precipitated by sulphuric acid:
the filtrate is then neutralised by ammonia, and the ealecium pre-
cipitated by oxalate of ammonium (4. a). If barium, strontium,
and ecalcium, be present, the carbonates are dissolved in nitrie
acid, care being taken to obtain a solution as nearly neutral as
possible, which is then evaporated to dryness in a flask: the
residue is digested for some time in the corked flask with absolute
alcohol in the cold, by which the nitrate of caleium is alone dis-
golved. The filtrate 1s diluted with water, most of the alecohol
evaporated off, and the calcium precipitated as oxalate: the nis
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trates of barium and strontium are dissolved in water, and the
metals separated as above.

The sulphates of strontium and calcium are entirely converted
into carbonates by digestion in the cold with a frequently renewed
solution of earbonate of ammonium or potassium; while sulphate
of barium is not so decomposed. This reaction is employed for
both qualitative and quantitative separation of the three metals.
The mixed carbonates and sulphate are treated with dilute hy-
drochlorie acid, which dissolves the strontium and calcium as

chlorides, and leaves the sulphate of barium undissolved.

Caleulated percentage.

Sulphate of barium - - 50Y41-17 Ba® 58'83.
= strontinm - - BOY52-28 S 4777.
i calcium, hydrated SO* 5581 Ca® 2326 2H*0 20'93.
- - 1[1'3 - u* 7059 CUa® 2941,

10. Dolomite, Bitter-spar. (Carbonate of calcium and
magnesium, frequently carbonate of iron also. )

The mineral, dried at 100°, is dissolved in hydrochlorie acid (in
a flask or covered beaker), a little nitric acid added, and the whole
heated, in order to convert the iron into .-erilli:-:lll.: chloride of
ammonium and a slicht excess of ammonia are then added, and
any ferric oxide that may be precipitated filtered off rapidly. The
caleium is then precipitated from the filtrate as oxalate (4. a), and
the magnesium as double phosphate (5. 2). If the mineral con-
tains any silica, 1t 1s left undissolved by the hydrochloric acid, and
15 separated }r_ﬁr' filtration. 1lhe ferric oxide precipitated h_}'
ammonia, generally contains some magnesium and (if the ammonia
contain any carbonate) some calcium: in very accurate analyses,
the iron should be precipitated as in 11. The carbon and oxygen
are estimated by difference: or directly, with a fresh portion of
mineral, as in 4, b,

11. Spathic Eron-ore. (Carbonate of iron, frequently con-
taining r:;u‘hm];m':-?nl"tn:l!:gu]l:':u_', calcium, and magnesium., )

s 3 L " 1 M & -
['he mineral, finely powdered and dried, is dissolved in hot
hydrochlorie acid, nitric acid or chlorate of potassium being added
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from time to time, so as to convert all the iron into sesquisalt.
The solution is then nearly neutralised with carbonate of sodium,
a saturated solution of acetate of sodium added, and the whole
heated, when all the iron 1s precipitated ; 1t 1s filtered from the
hot solution, washed with hot water, dried, ignited, and weighed
as sesquioxide (2. a). The filtrate 15 mixed with a slight ex-
cess of hypochlorite of sodium, acidulated with acetie acid, and
allowed to stand for 24 hours, when all the manganese is precipi-
tated as binoxide. If the supernatant liquid has a red tinge,
owing to thie formation of some permanganic acid, a few drops of
alcohol must be added, and 1t must not be filtered till it is colour-
less. . The precipitate is converted into manganoso-manganic
oxide, Mn%04, by ignition, and weighed. (Mn®0O*: Mn®:: 55 : 39.)
In the filtrate calecium and magnesium are determined, as in 10,

Another method, especially applicable where but little manga-
nese is present, is to dissolve the mineral as before, to add
ammonia to the solution until a permanent precipitate is just
formed, and to precipitate the iron by neutral suecinate of ammo-
nium : the precipitate is filtered off rapidly, washed with cold
water, dried, ienited in a porcelain erueible, and weighed as ferrie
oxide. The filtrate is acidulated with hydrochlorie acid, evapo-
rated to dryness, and heated till the ammoniacal salts are ex-
pelled: the residue is dissolved in dilute hydrochlorie acid, the solu-
tion saturated with chlorine, the manganese precipitated as sesqui-
hydrate by ammonia, filtered off as rapidly as possible to avoid the
formation of carbonate of calcium, and converted into Mn®O* by
ignition, as before. The calcium and magnesium are then deter-
mined in the filtrate.

12. Copper-pyrites. (Sulphide of copper and iron.)

The powdered mineral 15 heated (not to boiling) with aqua-
regia in a small flask, until the sulphur which separates out is of a
pure yellow colour: the flask should be placed obliquely over the
lamp, so as to avoid loss from possible ebullition. If the sulphur
is fused into globules, 1t may be separated by decantation ; if it is
in the form of a powder, it must be collected on a weighed filter
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1t 18 thoroughly washed, dried in a porcelain erucible at a very
gentle heat, and weighed. It should then be burnt, to see if it
contains any metal, or quartz, &e., the weight of which, 1f’ found,
must be deducted. The sulphur that has been oxidised into sul-
phurie acid is then precipitated from the solution by chloride of
barium, as in 1. ¢, and its weight added to that of the undizsolved
:élllllhm', (BO*Ba~: >3 233-2 : 32.) The filtrate 1s freed from
excess of barium by dilute sulphurie acid, and the copper com-
pletely precipitated by hydrosulphurie acid, The sulplnde of
copper is filtered off as rapidly as possible, washed with water
containine ]_|:;'I.!|_-':|:‘1|_l.!|:‘||l!]l:|.- acid, dried on the IHH'E‘,J detached as far
as possible and thrown into a beaker, the filter being incinerated
separately, and its ash added to the precipitate. The whole 18
then heated with strong nitric acid until the separated sulphur is
of a pure yellow colour : the solution is diluted and filtered, and
the copper precipitated from the filtrate by potash, asin 1. b. The
filtrate from the sulphide of copper is heated, nitric acid being
added from time to time to convert all the iron into .:%E*::]Llir'rlh_.
which is then precipitated by ammonia, as in 2. a.

13. Zine-blende. (Sulphide of zinc, generally contains iron,

sometimes copper and cadmium. )

The mineral is dissolved, and the sulphur estimated, as in 12,
The solution, freed from barium by dilute sulphurie aeid, is satu-
rated with hydrosulphurie aeid, which precipitates the copper
and cadmium as sulphides; these are filtered off, dissolved to-
cether with the filter in nitric aecid, the solution saturated with
potash, and hydrocyanic acid added till the precipitate formed is
redissolved. From this solution the eadmium is precipitated h}r
hydrosulphuric acid : the filtrate, containing the copper, is boiled
with aqua-regia, and }r]‘n'l'ipii:mw] h_j.’ potash (1. b). The sulphide
of cadmium is dissolved in nitrie aeid, and the cadminm precipi-
tated as carbonate by carbonate of sodium, dried, converted into
oxide by ignition, and weighed. (Cd*O:Cd2::8:7.) The fil-
trate from the sulphides is boiled, hypochlorite of sodium being
added to convert all the iron into sesquisalt, neutralised with

smmonia, and the iron precipitated by succinate of ammonium
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(11). If the iron be precipitated at once by ammonia, it carries
down some zine. From the filtrate. the zine is Eu':,-ci]mi!:n{-ti 1}}?
sulphide of ammonium* : the sulphide of zinc is washed with
water containing a little sulphide of ammonium, dissolved while
moist (with the filter) in hot hydrochloric acid, and the hot solu-
tion precipitated by carbonate of ammonium. The carbonate of
zine, when ignited, is converted into zinc-oxide, and so weilghed.

(£Zn*0) : Zn?::81 : 63.)

14. Alloy of Copper and Zine. (Drass.)

The metal is dissolved in hydrochlorie acid, with gradual
addition of nitrie :H’iIL the solution diluted, and ]l]'i‘f‘i}rihli{'ul }]j,’
hydrosulphurie acid: the sulphide of copper is treated as in 12.
The filtrate is heated to boiling, to expel free hydrosulphurie
acid, and the zinc precipitated from the hot solution by earbonate
of sodium (13). Or the dilute solution of the alloy 1s neutralised
with ammonia, and digested with a slicht execess of solid potash
till the colour and ammoniacal smell have disappeared: the pre-
cipitated cupric oxide 1is filtered off, and the zine precipitated
from the filtrate by sulphide of ammonium (13). It the brass
contains tin, it should be dissolved in nitrie acid, when the tin
remains undissolved as binoxide. DBrass frequently contains traces
of lead, which would be precipitated with the copper by hydro-
sulphurie acid, and may be detected by evaporating to dryness
the solution of sulphide of copper in nitrie acid, and treating the
residue with water, when the sulphate of lead remains undis-

solved.

15. Alley of Copper and Tin. (DBronze, Bell-metal,
(un-metal.)

The alloy is finely divided and oxidised with coneentrated
nitric acid, most of the free acid evaporated off, hot water added,
and the undissolved binoxide of tin filtered off, washed, dried,
ienited, and weighed. (SnO? : Sn::150 : 118.) The copper
is precipitated from the filtrate by potash (1). If the alloy con-

* If no ammoniacal salts be present, the zine may be precipitated at once by
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tain l[:;i.l'[1l i!_‘q}l]_,. and ;,a;i]“-1 the lead 13 Ih],'f’t"i'iii[ll.'[l_‘ll (:ltllt‘I’ “lliﬂ"illj."_' oft
the stannic oxide) by sulphurie acid, then the copper by hydro-
sulphurié acid, and the zine and iron separated as in ld. The
binoxide of tin separated by the above method is not quite free
from copper. A more accurate method is to dissolve the alloy in
weak aqua-regia, to precipitate with earbonate of sodium, to heat
the whole to boiling, to acidulate with nitric acid, and allow the
W]L:Jlr tO 115;_”--.{ 1'”1' some T.i]JH‘:. when lll(‘ luinuxiuhr UII T.itl 1'{'I1I:lil'|.~‘e
undissolved.

Another method is to heat the alloy in a bulb-tube in a stream of
u]r_v chlorine, when the tin (and part of the iron) are volatilized as
chlorides: they are received in dilute hydrochloric acid, and the tin
precipitated as sulphide, which is converted into oxide by ignition.
The residual chlorides of copper and lead are reduced by hydro-
oen, the metals dissolved in nitrie acid, and separated as in 14,

16. Alloy of Copper, Zine, and Nickel. (German Silver.)

The alloy is dissolved in nitric acid, most of the free acid evapo-
rated off, and the copper precipitated from the dilute solution by
hydrosulphuric acid (12). The filtrate is boiled, and the nickel
and zine precipitated hot by carbonate of sodium. The precipi-
tate is ignited, powdered, and heated in a stream of dry hydrogen
as long as any water iz formed, whereby the nickel alone is
reduced : the mixture of metallic nickel and oxide of zine is
digested for 24 hours with a coneentrated solution of earbonate
of ammonium, which dissolves the oxide of zine: the metallie
nickel is washed, dried, and weighed. The zine solution is evapo-
rated to dryness, ignited, and weighed as oxide. Or, the filtrate
from the sulphide of copper is concentrated by evaporation,
mixed with excess of potash, and hydroeyanic acid added till the
precipitate is dissolved : from this solution sulphide of potassium
(not sulphide of ammonium) precipitates the zine alone as sul-
phide : the precipitate is treated as in 13. The filtrate is boiled
with aqua-regia, and precipitated while hot with potash: the
precipitate is washed with hot water, dried, ignited, and weiched
as oxide of nickel. (IN1°0 : N12:: 37 - 29.) .

P 3
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17. Alloy of Silver and Copper. (Silver Coins.)

The alloy is dissolved in nitrie acid, and the silver précipitated
from the solution by hydrochloric acid : the chloride of silver is
treated as in 3.a. (AgCl: Ag::143-5:108.) The copper is pre-
cipitated from the filtrate by potash (1. b). If the alloy contain
any gold, it remains undissolved by the nitric acid as a brown

Im“‘nh_‘ I.

18. Alloy eof Gold with Silver or Copper. (Gold
oing, &e.)

a Gold and Silver.—The methods of analysing these alloys
vary according to the proportion of each metal present. An
alloy containing less than 15 per cent. silver may be treated with
aqua-regia, which dissolves all the gold, leaving the silver as
chloride : the gold is precipitated from the solution, in the me-
tallic state, by oxalic acid or ferrous sulphate, washed, ignited,
and weighed as metal. An alloy containing more than 80 per
cent. silver may be treated with nitric acid, which dissolves all
the silver, leaving metallic gold: the silver is precipitated as
chloride : the gold should be dissolved in aqua-regia, to ascertain
whether it contains any trace of silver, and precipitated as above.
The alloy must be finely laminated in both these cases. Alloys con-
taining between 15 and 80 per cent. silver musi be fused in a porce-
\ain crucible with 3 times their weight of pure lead : from the alloy
thus formed nitric acid dissolves all the silver and lead, leavine
the gold. The silver is precipitated by hydroeyanie acid, or from
the very dilute boiling solution h}' hydrochlorie acid. ('_*.';1715:!1- of
silver must be collected on a weighed filter, dried at 100° and
weighed (AgCN: Ag:: 67: 54),

All :1!]1;:_1'.4 of gold and silver, whatever the relative proportions
of the two metals, may be analysed by heating the thinly lami-
nated alloy with concentrated sulphuric acid until all evolution of
oas has ceased ; the sulphate of silver is then dissolved out with
hot water, and the residue of metallic gold washed, ignited, and
weighed,

l!. f.‘an;a’; !F\ii? rr.--illll.f"l"' ._r.[-.|||| "b]]l'l".' :1— -l.l;-n_'n_'ll.l11.-|l"-ll ;'I'\ s FTa bk Es] 'I"lrulr:-l



PART IV. ALLOYS OF TIN AND ANTIMONY. 215

and the gold precipitated from the solution (which must not con-
tain any free nitrie acid) by oxalic acid : the copper is then pre-
cipitated from the filtrate by potash (1. b). Or the gold may be
precipitated by ferrous sulphate, and then the copper by hydro-

rfullhluu'iu acid.

19. Alley of Tin and Lead (Pewter, soft solder); of
Tin, Lead, and Bismuth. (Fusible metal.)

a. :-r'.-".r.f r”.rrf f_r-.f."ff_—-—rrhtj‘ :IHD}-’ I- ]!L“J‘l.".'dl'l‘rtl. :iII.IT. lJ.‘-;]t“::'-i‘!i ‘l.‘n.'i!ll
'[I'Ilrlli"l'.'i'[:'ll".' strone nitrie acid, which converts the tin into inso-
luble binoxide : water is added, and the stannic oxide filtered off,
dried, ignited, and weighed (15). The filtrate is evaporated, with
addition of dilute sulphur ¢ acid, till all the nitric acid 1s expelled:
the sulphate of lead is filtered off, and treated as in 7. a.

b. Tin, Lead, and Bismuth.—The alloy is treated as above :
the stannie oxide must be washed with water acidulated with
nitrie acid to dissolve any basic bismuth-salt that has been preci-
pitated by dilution. The filtrate is treated as above with sul-
phurie acid, and the sulphate of lead washed with water containing
sulphurie acid ; the bismuth is then precipitated ],-:3.-' carbonate of
ammonium, the whole allowed to stand for some time till the pre-
cipitate is completely separated, when it is filtered cff, washed,
dried, ignited, and weighed as bismuthic oxide. (Bi?0°:Bi?::

29 : 26.)

20. Alloy of Antimony and Lead. (Type-metal.)

The finely-divided alloy is oxidised with moderately strong
nitrie acid, ammonia added in slight excess, and then excess of
yellow sulphide of ammonium, with which the whole is digested
out of contact with the air, until the precipitate is perfectly black.
This precipitate, which contains all the lead as sulphide, is col-
lected on a weighed filter, washed with weak sulphide of ammo-
nium, and finally with water, dried carefully at a gentle heat, and
weighed (Pb*S:Pb?::239:207); or, as the sulphide of lead may
contain free sulphur, it is safer to convert it into sulphate by
treatment with strong nitrie acid. From the filtrate, the sulphide

F 4
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of antimony is precipitated by dilute sulphuric acid, collected on a
weighed filter, dried, and weighed. In order to estimate the
antimony, a weighed portion of the sulphide is oxidised by con-
centrated nitric acid, and hydrochloric acid added till all the anti-
mony is dissolved : enough tartaric acid is then added to prevent
precipitation by dilution, and the whole diluted with water ; and
the amount of sulphur determined, as in 12, by weighing the
unoxidised sulphur, and precipitating the oxidised sulphur by
chloride of barium. From this the amount of sulphur, and con-
sequently that of antimony, is calculated for the total weight of
the precipitated sulphide of antimony. A simpler method is that
recommended by Bunsen (p. 94), of oxidising the sulphide of
antimony by fusion with mercuric oxide, and estimating the
antimony as Sb*08, (Sb'0O8: Sbht:: 19:15.)

Arsenic and lead are separated in a similar manner: the sul-
phide of arsenie, however, is converted into arsenic acid by solu-
tion in hydrochlorie acid with addition of chlorate of potassium,
and precipitated by sulphate of magnesium (after addition of
ammonia and chloride of ammonium) as arsenate of magnesinm
and ammoniam ; which, atter standing 24 hours, 1s colleeted on a
weiched filter, washed with dilute ammonia, dried at 100°, and
weighed. (AsO'Mg* NH*)+21H?0: As::38:15.)

21. Cobalt-glance. (Sulphide and arsenide of cobalt: ge-
‘nr?r:lﬂ}' containing nickel and iron, sometimes manganese
and quartz.) Spetss-cobalt (arsenide of cobalt, with small
quantities of nickel, iron, and copper).  Copper-nickel
(arsenide of nickel; also cobalt and iron). The smelting-
products, called eobalt- and nickel-speiss, contain the same
elements, and frequently copper and bismuth.

The same methods of analysis apply to all these minerals.

a. The mineral is very finely powdered and carefully mixed
with 6 times its weight of a mixture of 21 parts nitre, and 3
parts carbonate of sodium, in a porcelain ecrucible: it is then
fused for some time at a dull red heat, the fused mass digested

ity wratar and tha matallie avidog Bleassd A and 41 aseors el e
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washed.®* The filtrate, which contains all the arsenice as arsenate,
and all the sulphur as sulphate, of sodium, besides some alkaline
carbonate, i1s acidulated with ]1}'1]l‘m'!!1:1:‘i|.' acid, chloride of
barium added, and the sulphur calculated from the weight ot the
sulphate of barium preecipitated (12). The filtrate 1s freed from
excess of barium by dilute .-l:1]J|H|[']L* acid, chloride of ammonium
and ammonia added, and then sulphate of magnesium, which pre-
cipitates the arsenic as arsenate of magnesium and ammonium
(20). The metallic oxides are dissolved in concentrated hydro-
chlorie acid, the ashes of the filter being added to the solution,
and the copper and bismuth precipitated by hydrosulphuric acid :
the sulphides are washed with water containing hydrosulphurie
acid, dissolved in nitric acid, and the two metals separated by
carbonate of ammonium, which precipitates only the bismuth
(19). The filtrate from the sulphides is heated, chlorate of potas-
sinm being added, to convert the iron into sesquisalt, and the iron
precipitated by succinate of ammonium (11). From the filtrate
the cobalt and nickel are precipitated by potash at a boiling heat,
and separated as at p. 148. If the two oxides be reduced by
hydrogen, and the reduced metal weighed before dissolving it in
hydrochlorie acid, the direct determination of the cobalt will not
be necessary. If manganese be present, the oxides precipitated
by potash are converted into sulphides by heating them in a small
porcelain boat in a stream of hydrosulphuric acid : the sulphides
when cold are treated with very dilute hydrochlorie aecid, which

Lr
-

dissolves the sulphide of manganese, leaving those of nickel and
cobalt undissolved. The separation is not quite so exact when
the sulphides precipitated by sulphide of ammonium are treated
with acetic acid. The manganese is precipitated by carbonate of
sodium, ignited, and weighed as Mnf04 (11). If the mineral
contain any quartz, it is left behind when the oxides are dissolved
in hydrochlorie aecid,

* If the contents of the erucible are allowed to cool completely before adding
WAaler, the E']'II1'iir||_" ill‘n'ul‘i'.lh]_‘l.' iI]'I",'l,E-;:-i, 'T]]Eﬂ ]11 !I]_"l."l.'L']l[l_'li |:]:.‘ 1‘:1['1_'5-”“1.' ill'-TH-
ducing the crucible, while its contents are still at a temperature of 100 — 1207,
edgeways into a porcelain basin of hot water, when the contents are readily
dissolved out without injury to the cruecible. '
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b, The finely-powdered mineral may be oxidised by gradually
heating it with 3 parts chlorate of potassium and 3 parts car-
bonate of sodium, until the whole is in a state of tranqguil fusion :
this may be done in a platinum ecrucible, the bottom of which
has been covered with carbonate of sodium. The fused mass is
treated as in (a).

c. LThe mineral may be dissolved in concentrated hydrochlo-
ric acid with gradual addition of nitric acid, the undissolved
sulphur filtered off, and the sulphuric acid formed precipitated by

le of barium (12). The filtrate, freed from excess of

i

'.'lllt”]'i'l
barium, is heated with sulphurous acid till it no longer smells of
Fll]ljinlt‘ml.ﬁ anhydride, and saturated at a gentle heat with h:.'ch'u-
sulphuric acid. The sulphide of arsenic is filtered off after 24
hours, dissolved in aqua-regia, and the arsenic precipitated as in
(a). The filtrate is treated as in (a).

d. If the mineral contain lead and silver, it may be advan-
tageously analysed by means of chlorine, as in the case of fahl-
ore 22 H

22. Fahl-ore. (Sulphides of antimony, arsenic, copper,

F—ilm'{'-lj, mercury, iron, and zine.)

All these metals are not found in every specimen of fahl-ore:
different specimens vary considerably both in the number and rela-
tive proportion of their constituents.

The finely-powdered mineral is introduced into a double bulb-
tube, one end of which is bent at a rieht angle, care being taken
that all the mineral iz contained in the bulb which 1s farthest
from the bent end. The straight end of the tube is then con-
nected with an apparatus for the evolution of perfectly dry
chlorine ; and the bent end is introduced air-tight into a receiver
—a large U tube answers the purpose— containing a mixture of
dilute hydrochloric and tartarie acids: a bent tube is connected
with the other end of the U tube, by which the excess of chlorine
is condueted into methylated spirit. The bulb-tube should not
be attached to the chlorine apparatus till all the atmospheric
air has been driven out of the latter. A very slow stream of
chlorine 18 then passed throurh the tube, which decomposes the
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fahl-ore with considerable evolution of heat: and when the bulb
containine the mineral has cooled, it is heated gently in order to
gseparate the volatile chlorides, which must be driven beyond the
space between the two bulbs. Those elements which are volati-
lised as chlorides are sulphwr, arsenie, antimony, mercury, part of
the iron (and, if too strong a heat has ‘been applied, some of the
zine): those which remain in the bulb as non-volatile chlorides
are copper, silver, zine, and most of the iron.

For the analysis of the volatile chlorides, the bulb-tube 1s
divided between the two bulbs, and the portion contaiming the
sublimate covered with a wide tube, closed at one end, and
moistened on the inside with water, in which position 1t 15 left for
24 hours. The sublimate thus absorbs water gradually, and may
then be dissolved out with water, without the evolution of heat
and probable loss which would ensue if this precaution were

neglected.  The tube being thoroughly rinsed out, the solution
is added to the liquid in the receiver : any sulphur that separates is
filtered off, and any antimony that precipitatesis dissolved by heat.
The acid solution is then saturated with hydrosulphuric acid, the
wushed precipitate digested with sulphide of ammonium, the
undissolved sulphide of mercury collected on a weighed filter,
dried at 100° and weighed. (Hg?S : Hg?::29:25.) The sul-
phides of antimony and arsenic are precipitated from the sulphide
of ammonium solution by dilute sulphurie acid, and the metals
separated as at p. 93. The filtrate (containing tartaric acid)is neu-
tralised by ammonia, sulphide of ammonium added, the precipi-
tated sulphide of iron filtered off, washed with water contain-
ing hydrosulphurie acid, dissolved in hydrochlorie acid, the solu-
tion heated with nitric aecid, and the i1ron ]rl‘:_'{:ipit:llt'll ]b}' ame-
monia (2. a).

The bulb containing the non-volatile ehlorides is digested with
dilute hydroehlorie aeid till only chloride of silver remains undis-
solved : this 15 weighed as in 3. a. From the solution the copper
is precipitated by hydrosulphurie acid (12): the iron and zinc in
the filtrate are separated as in 13,

The sulphur is best estimated in a separate portion of the ore,
which is oxidised by ecareful fusion with 3 parts chlorate of
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potassium and 3 parts carbonate of sodium (21.b): the fused
mass 1s digested with water, the solution acidulated with hydro-
chloric acid, and precipitated by chloride of barium (1. ¢).

This mode of analysis is applicable to bournonite (sulphides of
antimony, lead, and copper); red silver-ore (sulphides of antimony
or arsenic and silver): and other minerals resembling fahl-ore
in composition. If lead be present, the chlorides must be vola-
tilised at a very gentle heat, when the lead will remain with the
non=volatile chlorides: and when these chlorides are treated with
dilute hydrochloric acid, a large quantity of water must be added,
to ensure the solution of the chloride of lead.

23. Mesotype or Natrolite. (Silicate of aluminium and
sodium, r-mn:iining water of erystallisation. )

The water is determined by igniting a weighed portion of the
finely divided mineral, which has been dried at 100°,

Another portion, dried at 100° but not ignited, is digested
with concentrated hydrochlorie acid in a poreelain basin, until all
that is undissolved i1s converted into a jelly, in which no gritty
particles can be detected by rubbing with a glass rod. It is then
evaporated to complete dryness on a waterbath, with frequent
stirring, the residue moistened with hydrochlorie acid and allowed
to stand for half an hour without heating, and then digested with
hot water. The silica 1s filtered off, washed till the washings
give no cloudiness with nitrate of silver, ecompletely dried,
1ienited (with the filter), and weighed. (5102 : Si:: 60°5: 28:5.)
From the filtrate the aluminium is precipitated as hydrate by
sulphide (or carbonate) of ammonium, washed with hot water,
dried, strongly ignited, and weighed. (AI*O3 : Al* :: 102-4 :
54:4)., The filtrate from the alumina is evaporated to a small
bulk, transferred to a weighed platinum ecrucible, carefully eva-
porated to dryness, and heated till ammoniacal salts are expelled ;
the residual chloride of sodium is ignited gently, and weighed
(6. b). If the mineral contain any iron, it will be ]}1‘1'{"i}b‘11:l[1'[i‘:13
sulphide by the sulphide of ammonium, and will give a more or
lpzz hlack tinee to the alumina. In order to estimate it the nre-
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cipitate 1s dissolved in hydrochlorie acid, heated to boiling, sul-
phite of sodium added, and then excess of caustic soda, and the
whole boiled till the precipitate is black and pulverulent. This
black |1l‘-‘L'i.1=i1:lll.' 'lﬂ‘r'l'lllﬁilt.L'l'['lt' ::‘.\'.i.ll!::] 18 filtered off, diszolved 1n
hydrochlorie acid, nitric acid added and the whole boiled, and the
iron precipitated by ammonia (2. a). From the acidulated filtrate
the aluminium 1s ]:rl‘t'L‘illjl:t1L'l1 as above. The alumina and ferric
oxide, after weighing, should be treated again with hydrochloric
acid, as they frequently contain small quantities of silica, the
welght of which must be deducted, and added to that ot the
silica previously obtained. Similarly, the purity of the silica ob-
tained in the analysis of a silicate should always be tested by
carbonate of sodium or hydrofluoric acid : pure silica dissolves
entirely in the former, and when dissolved in the latter leaves no
residue on evaporation,

In silicate analyses, calculate the silicon and metals separately :

the oxygen is determined by difference.

24. Prehnite. (Silicate of caleium and aluminium, containing
3 o
water of erystallisation.)

The same portion in which the water has been determined by
ienition is decomposed by hydrochloric acid, and the siliea
and aluminium separated as in 23. Air should be excluded as
far as possible during the filtration of the alumina, which must be
}r]'rri-[*lllalti‘ll by sulphide of ammonium : from the filtrate the cal-
cium 1s precipitated as oxalate (4. a). As the alumina thus sepa-
rated generally contains both silica and lime, it must, after weigh-
ing, be redissolved in hydrochloric acid, evaporated to dryness,
and the above process of separation repeated : the weights of siliea
and caleium obtained ht:illg11:*11111:[1-11_ from that of the alumina
and added to the former amounts. If iron be present 1t is sepa-
rated as in 23. Stilbite ( a mineral containing the same elements
as prehnite) is analysed in the same manner, excepting that (as
n mesoty pe and most other :{E'ﬁl.ill':-‘_} the |]1,Jrliuu :!L'L'U]Hllu_-.-g_'ll by
hydrochloric acid must not have been ignited. .
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25. Olivine. (Silicate of iron and magnesium: contains
also traces of mickel and manganese, frequently of copper
and tin.)

The mineral is decomposed and the silica separated as in 23.
The filtrate 18 saturated with hydrosulphurie aecid, which preei-
pitates copper and tin as sulphides: the filtrate from which is
concentrated by evaporation, boiled with chlorate of potassium,
and the iron preecipitated by succinate of ammonium or carbonate
of barium (11). T
by sulphide of ammonium, excess of which must be avoided: the

ie nickel and manganese are then precipitated

precipitate is allowed to subside completely, filtered off, washed
with very dilute sulphide of ammonium, and treated on the filter
with very dilute hydrochlorie acid, which dissolves only the sul-
phide of manganese. The sulphide of nickel is ignited in the
air and weighed as oxide (16): the manganese is 1!1‘1'{']f1:.[:1TL-|l h}'
carbonate of sodium at a boiling heat, ignited, and weighed as
MnS04 (11). Finally the magnesium is precipitated by phosphate
of sodium (5. a).

26. Felspar. (Silicate of aluminium and potassium).

a. Stlicon and Aluminium.—The mineral is very finely pow-
dered, dried at about 200° and intimately mixed in a platinum
crucible with 4 times its weight of a mixture of ecarbonates of
potassium and sodium, and fused for half an hour at a strong red
heat. When cool the eruecible is placed in a beaker, dizested with
very dilute ]1}'11:'m']1ln-t‘iu acid, the beaker being covered with a
olass plate to prevent loss by spurting. When the fused mass is
completely removed from the erucible, the contents of the beaker are
transferred to a porcelain basin, evaporated to dryness with excess
of hydrochloric acid, and the silicon, aluminium (and iron, if pre-
sent), determined as in 23. It the felspar contain ealcium (as
labradorite, anorthite), the aluminium is precipitated by sulphide
of ammoninom, and the caleium from the filtrate by oxalate of am-
monium (4. a).

b. Potassium.—A second portion of the powdered mineral is
decomposed by hydrofluoric. acid in a platinum dish, either by
direstine it with the liquid acid, or by exposine it, moistened with
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dilute sulphuric acid, to the vapours of the acid evolved from
fluorspar and sulphuric acid in an appropriate leaden vessel (p.54).
When the 15{11n|t1;:u.—~itin:| is complete, concentrated sulphuric acid
15 cautiously added, the whole evaporated to dryness, and heated
till all the fluorine and silicon are volatilised, and the excess of
sulphurie acid expelled. The residue 18 moistened with concen-
trated sulphurie acid, and water added, In which it should
dissolve completely, and the aluminium and iron separated as
above. The filtrate 1s i""-'[l.l'ili'il[l"l[ Lo LI]'}'HL'EH, heated to :-xgn:-l the
ammoniacal salt, a fragment of carbonate of ammonium being
placed in the hot erucible to prevent the formation of an acid
sulphate; and the residual normal sulphate of potassium weighed.
(SOYK?: K2::87:39.) If sodium be present also, the mixed sul-
phates are converted into chlorides by repeated ignition with
chloride of ammonium until their weight is constant, and the
metals separated as in 8.

Another method, which, like the preceding one, will serve
either for the complete analysis of the felspar, or for the estima-
tion of its alkaline metals only, i1s to treat the mineral as in (a),
substituting carbonate of barium for the alkaline carbonates: or
it may be fused in a silver crucible with hydrate of barium.
After the separation of the silica, the barium is removed by
dilute sulphurie acid (excess of which must be avoided), and the
analysis proceeded with as above. It is essential to the success
of this method that the mineral be reduced to a perfeetly impal-
pable powder, that the mixture with the flux be as intimate as
possible, and that the fusion be effected at an intense white heat,
Whenever a sufficient quantity of the mineral is at hand, it is
preferable to 11|L:1|:.'.~‘|_' it 1in two distinet portions, as directed

above,

27. Glass.  (Silicate of caleium and potassium or sodium,
frequently also of lead; often contains iron, manganese,
aluminium, and magnesium). f

(+lass is analysed in the same manner as felspar. One portion

is taken for the determination of all the elements except the
alkaline metals, and fused with alkaline earbonates. After the
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separation of the silica, the lead is removed by hydrosulphurie or
sulphurie aeid : chlorine-water is added to the filtrate and then
ammonia, which precipitates iron, manganese, aluminium, and
perhaps magnesium. The caleium is then precipitated by exalate
of ammonium (4. a), and the filtrate tested for magnesium by phos-
phate of sodium,

A second porfion 1s ril-i_'f|:1|im.~':arl[ h_‘n.' ]:T‘-':]I‘HHHHJ‘E(! acid, or ]J_‘g.'
fusion with carbonate of barium, for the determination of the
alkaline metals (26).

28. Aungite, Hornblende., Garnet, Tdoerase, Epidot.*®
(Silicates of iron, manganese, aluminium, caleium, and mag-
nesiam. )

The finely powdered mineral is fused with 4 parts alkaline car-
bonates, the fused mass treated with hydrochloric acid, with
addition of a few drops of nitric acid, and the silica separated as
in 26. The filtrate is treated with chlorine-water and ammonia,
which precipitates iron, manganese, aluminium, and perhaps mag-
nesium: after which the caleium is precipitated by oxalate of am-
monium, and the magnesium by phosphate of sodium. The pre-
cipitate by ammonia is dissolved in hydrochloric acid, heated to
boiling in order to convert all the manganese into protochloride,
largely diluted, and gradunally neatralised by carbonate of sodium,
with constant stirring: the iron and aluminium are thus precipi-
tated, filtered off, and separated asin 23. From the filtrate, which
contains the manganese and I]::Lgm.'.=illll1 as acid carbonates, the
manganese is 11]11-ilnitilh-tl by ]1:_.'11m']ﬂt:t‘iﬂ* of sodium, as in 11;
and the magnesium, after concentration, by phosphate of =sodium,
Carbonate of barium may also be employed to precipitate the iron
and aluminium,

29. Bone-earth. (Normal phosphates of calcium and magne-

sium, carbonate and fluoride of caleinm.)

In order to estimate the amount of bone-earth, or ash, contained
in bones, a portion of the bone is carefully cleaned, powdered, di-
gt.,.-u-{l with water, and dried at 150°, A weighed portion of the

* (Garnet, idocrase, and epidot are completely decomposed by hydrochlorie
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powder is then ignited until it is perfectly white, when it consists
of nothine but bone-earth. Another portion of the dry powder 13
taken for the determination of the carbonie acid by loss (4. b).

A portion of the perfectly white earth is dissolved in hydio-
chlorie acid. heated for some time to expel all the earbonie acid,
saturated with ammonia, the precipitate redissolved in as little
hydrochlorie acid as lma‘.-:ihh', and acetate of sodium added. Traces
of iron are generally thus precipitated as phosphate, and must be
filtered off and estimated : but if a more abundant white lhl‘m'i]ri—
tate is formed, dilute hydrochlorie acid is added till it is entirely
redissolved. From the solution the ealeium is then precipitated
by oxalate of potassium (4. a): the filtrate is saturated with am-
monia, which precipitates all the magnesium (together with the
amount ot [1||H=-':Jhnt"ll' acid :.‘lll‘!'l.'-']mmlinj,l' to 1t fl s 1111:1:-‘]':1!':1“'; this
is filtered off, izgnited, and weighed, and the rest of the phosphoric
acid precipitated from the filtrate by sulphate of magnesium, chilo-
ride of ammonium, and ammonia (6. a).

Another method is to heat the bone-earth with moderately strong
nitric acid, together with a weighed quantity of pure metallie tin,
from two to three times the weight of the earth. All the phos-
phoric acid in the earth combines with the tin, forming an in-
soluble ecompound, which is filtered oft after dilution, dried, 1gnited,

and weighed. The excess of weight of this residue over that of

the tin employed, represents the phosphorus and oxygen of the
phosphorie acid. The calcium and magnesium are determined
in the filtrate as usual. A more accurate method of estimating
the phosphorie aeid is by transferring the insoluble phosphate
of tin, washed [17'-.' decantation, to a platinum dish, dissolving
it in the smallest possible quantity of caustic potash, saturatine
the solution with hydrosulphuric acid, adding sulphide of am-
monium, and acidulating feebly with acetic acid. The whole
is then transferred to a weighed flask of about 1 litre capa-
city, diluted with water, and the full flask weighed. After about
twelve or sixteen hours’ standineg, the clear solution is passed
through a filter, concentrated, and the phosphorie acid precipitated
as phosphate of magnesium and ammonium. The flask is then

%

1.'-.'.-i_:_1|:L-uf ;|I-__§:L|'11, 1n order to determine the weicht of the H![.]i,l
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poured off. Tt is then only necessary to ascertain the weight of
the sulphide of tin, either directly or by calculation, in order to
be able to caleulate the total amount of phosphoric acid.

The fluorine is either determined in a separate portion by the
process given at p. 47; or i_1:.- calculation, by deduecting from the
total weight of caleium obtained the amount which was contained
in the earth as carbonate and phosphate; the excess of calcium

5!
)

was contained as fluoride. (CaF: F:: 39: 19.)

30. Ashes, animal or vegetable. (Salts of iron, magnesium,

calcium, potassium, sodium (rarely manganese and alumin-
ium); generally carbonates, silicates, sulphates, phosphates,
chlorides (rarely bromides, 1odides, and fluorides).

The vegetable or animal matter is incinerated until the car-
bonaceous matter is completely burnt, and the residue is quite
white: the occasional addition of a drop of nitrie acid facilitates
the combustion ot the carbon. If the substance were previously
dried at 100° and weighed, the weight of the ash will give the
percentage of inorganie constituents. The ash should be finely
powdered and kept in a stoppered bottle.

a. Carbonic acid is determined by loss (4. b) in a portion of
the ash whieh has been incinerated without the addition of nitric
acid.

b. Chlorine ( Bromine, Todine). — A second portion of the ash
18 digested with water acidulated with nitrie acid, and the chlorine
precipitated from the filtrate by nitrate of silver (3. a).

¢. Silicon and other constituents.— A larger portion of the ash
is decomposed by excess of hydrochloric acid, and the silica
separated as in 23. When, as is often the case, the ash contains
carbon or sand, these will remain with the silica, which should
therefore, after weighing, be digested with dilute potash in a
platinum crucible till all the silica is dissolved, except that exist-
ing as sand. The residue is collected on a weighed filter, weighed,
and its weight deducted from that of the silica, and from that of
the ash employed. By evaporation to dryness with hydrochlorie
acid, the silica may be separated again from the alkaline solution.

Tha €ltrata pantainine all thae ather poanetitnents of the nely 2o
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measured or weighed, and divided into three portions, whose
volume or weight is ascertained. In one portion the sulphuric
acid is estimated by chloride of barium (l.¢): in another, the
alkaline metals (8): in the third, the other metals and the phos-
phorie acid (28, 29).

When, as is the case with the ashes of seeds, the whole or the
ereater part of the ash consists of phosphates, the analysis pro-
ceeds as in 29: the filirate from the silica is saturated with
ammonia and then with acetic acid, when the iron and part of
the 'Enhn,%[ufmric acid are precipitated as phosphate; then the
caleium is precipitated by oxalate of potassium: then another
part of the phosphorie acid and all the magnesium by ammonia :
and then the rest of the phosphoric acid by a magnesium-salt.
When the ash is poor in phosphoric acid, the addition of ammonia
after the removal of the calcium does not precipitate all the mag-
nesium : that which remains in solution must be precipitated by
phosphate of sodium, or, if’ the alkalis are to be determined in the
same solution, by phosphate of ammonium. When manganese is
present, as well as iron and phosphorie acid, the phosphate of iron
13 first estimated, by saturation first with ammonia and then with
acetic acid: the filtrate 1s then mixed with a known volume of
a standard solution of ferrie chloride (containing a known amount
of iron) as neutral as possible, and the whole heated to boiling.
The precipitate iz washed with hot water, ignited, and weighed :
it contains all the phosphorus and oxygen of the phosphorie
acid, which 1s estimated by dedueting from the weight of the
precipitate that of the iron added as chloride. In the filtrate,
manganese, calcium, and magnesium are determined as in 11.

For the estimation of the alkaline metals, the solution of the
ash (atter the separation of silica) is precipitated first by oxalate of
ammonium, then by excess of ammonia, and finally (if necessary)
by phosphate of ammonium. The precipitate having been
thoroughly washed with water containing ammonia, the filtrate
1s somewhat evaporated to drive off free ammonia, and the phos-
phorie acid preeipitated by acetate of lead : excess of lead is then
removed from the unfiltered solutioa by carbonate of ammonium

i
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and ammonia, and the two precipitates filtered off together. The
filtrate 1s evaporated to dryness, ignited to expel the ammoniacal
salts, the residual alkaline chlorides weighed, and separated as
in 8. Jodine, if present, is estimated in a separate portion of the
ash by means of nitrate of palladium : the black precipitate, after
standing for twelve hours, is collected on a weighed filter, dried
over sulphuric acid, and weighed. (PdI : I :: 180 : 127.)
Fluorine is very rarely present : its quantity cannot be estimated.

[f, as sometimes occurs in the case of graminaceous plants,
the ash contains a silicate which is not decomposed by hydro-
chloric acid, it is best decomposed by hydrofluoric acid (26. b),

and the silicon estimated by loss.

31. Mineral Water. (Mineral-springs, sea-water, spring-

water. )

The following are the metals and acids which occur in mineral
walers: —

Metals, — Potassium, sodinm, ammonium, magnesium, calcinm,
iron, manganese, aluminium (rarely lithium, barium, strontium) ;
also traces of copper, lead, tin, antimony, arsenic (and in some
Springs in mines, zine).

Aecids and Non-metallic Elements. — Carbonie (free and com-
bined), hydrosulphurie (free and combined), silicie, sulphurie,
phosphorie, borie (nitric), ehlorine, bromine, iodine (fluorine);
humic acids (erenie, and apocrenic), and occasionally volatile
oreanic acids.

Those mineral waters which are poor in alkaline earbonates,
and which contain the alkaline-earthy metals chiefly as ehlorides
and sulphates, scantily as acid carbonates, are called saline waters.
Those which are rich in alkaline earbonates., and contain the
alkaline-earthy metals as acid carbonates, are called alkaline
waters. 'The latter are ]r}' far the richer in free carbonie acid,
by which the normal alkaline-earthy carbonates are converted
into acid carbonates, and so held in solution. DBoth these waters
oive a precipitate on boiling ; the supernatant liquid of the saline

waters is neutral, and generally contains soluble salts of caleium

- - .- . i I | 11 L L & a 5 |
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long ]!".."lli”_'-f. and contams no soluble caleium- or 5””\:5”"'“.'“1"""""
Those waters which are rich in carbonate of iron are called
chalybeate : those which contain soluble sulphides are called
sulphur-waters.

In nearly every case a separate portion of the water should be
taken for the determination of each constituent: for those which

are present in verv small ]u'usmt‘[i:n'rl,;l lan uJLl;I]IlIE_‘.' ol water

Q)
must be taken, and concentrated ]l‘-. L_"l:l!l'n.".'-ll-i'-ltl 1O i small bulk.
The first =-i=!'i".llfl.*|| 13 to ascertain the ,\'I'-'e'r'-:',l"."-" j}'f'f”'f.l"_-“ﬁ This
(lone }ﬁ:-' means of a flask with a 1i_-_'|1t1:,-'--1'ht15||; 1u-it'n|'uu-ﬂl stopper,
which is ecapable when filled with water of being closed so as to
exclude any air-bubbles. The flask is weighed when empty, and
acain filled with distilled water at a known temperature : 1t 18 then
cmptied, dried (or rinsed out with the mineral water), filled with
the mineral water at the same temperature, and again weighed ;
the weight of the mineral water divided by that of the distilled
water gives the specific gravity of the former, that of the latter
being taken as unity. The specific gravity being known, the
portions of water for each determination can be measured off,
since the weight of any given volume of water is readily cal-
culated. (1 cubic centimetre of distilled water at 4° weighs
| eramme.)

a. Carbonic acid is determined at the spring. A known volume
of freshly drawn water is mixed in a stoppered flask with am-
monia and chloride of barium: when the precipitate has quite
subsided, the clear solution is passed through a filter, the precipi-
tate washed two or three times with hot water 1::,-’ decantation.
filtered without access of air, washed, dried at 100° and weighed.
[f any of the precipitate cannot be washed out of the flask, it
may be dissolved in dilute hydrochloric acid, reprecipitated by
ammonia and carbonate of ammonium, and after washing, col-
lected on the same filter. The [?I‘{'I:'i[hiT.iih' thus obtained does not
consist only of carbonate : it contains all the sulphurie acid in the
water, as well as those substances which would be precipitated }1}'
hoilineg the water. The amount of earbonic acid in i1t must
thercfore be estimated by loss, as in 4. b. The amount thus ob-
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tained represents all the carbonic acid in the water, both free and
combined. If another portion of the water be precipitated by
boiling, and the amount of carbonic acid in the precipitate de-
ducted from the total amount, the remainder will represent the

—

amount of carbonie acid expelled by boiling : this however is not
all free carbonie acid, since the acid carbonates are converted by
boiling into normal earbonates. If the gas evolved by boiling
the water be collected in a graduated tube over mercury, and the
carbonic anhydride and hydrosulphuric acid absorbed by potash,
the residual gas will indicate the amount of other gases (oxygen,
nitrogen, and hydrocarbons) dissolved in the water.

b. Hydrosulphuric acid is determined at the spring. To a
moderately large known volume of the water is added a little
starch-solution, and then (from a burette) a standard solution of
lodine in iodide of potassium (see No. 40), until the first appear-
ance of a distinet blue colour. If the water 1s alkaline, 1t must
be neutralised with acetic acid (or mixed with chloride of bha-
rium): 1if it 1s hot, 1t must be allowed to cool 1n a closed vessel.
The decomposition of hydrosulphuric aeid by iodine being ex-
pressed by the equation 1?2 + H*S=2HI+ S, the amount of hydro-
sulphurie acid present (free and combined) is readily ecalculated
from that of iodine employved. (1?: H2S:: 127 : 17.)

e. The total weight of the fived constituents is ascertained by
evaporating a known volume of water to dryness, heating the
residue to about 150° or 2007, and weighing when cold. If much
chloride of marnesium he present, an error will arise, as this sal
15 decomposed by heat: this may be prevented by dissolving in
the water before evaporation a known weight of pure ignited ecar-
bonate of sodium.

d. Chlorine (bromine and iodine).—The water is acidulated
with nitric acid and precipitated by nitrate of silver (3. a). Bro-
mine and iodine are never present but in very small quantities, so
that a very large volume of water must be taken for their deter-
mination. Jodine is precipitated by nitrate of palladium (30):
bromine and chlorine together by nitrate of silver, and the weighed
precipitate heated in a current of chlorine, and again weighed
fr S&y
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e. Sulphuric acid.—The water is acidulated with hydrochloric
acid, and precipitated by chloride of barium (1. ¢).

t. Carbonates of iron, manganese, caleium, and magnesium :
perhaps alumina.—These are precipitated when the water is
boiled for an hour in a flask. The precipitate 1s filtered oft, dis-
solved in hydrochlorie acid, and the ditterent metals estimated as
in 28, A large quantity of water should be employed for this
determination.

g. Silicon.—A large quantity of water is acidulated with hy-
drochlorie acid, evaporated to dryness, and the residue treated with
dilute hydrochlorie acid, when the silica alone remains insolubie,
and is dried, ignited, and weighed. Should the residue contain
sulphate of caleium, a considerable quantity of water will be
required to dissolve it.

h. Boric acid—The water 1s mixed with carbonate of sodium,
concentrated by evaporation, and acidulated with hydrochlorie
acid : turmeric paper dipped into it becomes brown when dried,
if borie acid be present.

1. Potassium and sodium.—The water is boiled in a flask to
about half its volume, and, without filtering, mixed with excess of
baryta-water, and filtered. KExcess of barium is removed from
the filtrate by carbonate of ammonium and ammonia: the filtrate
is evaporated to dryness (with addition of chloride of ammonium
if the alkaline metals are not present as chlorides), the residue
cently ignited and treated as in 8.

k. Carbonate of sodium (in alkaline waters).—The water is
boiled for an hour, filtered, and the filtrate divided into two equal
parts. In one, acidulated with nitrie acid, the ehlorine is precipi-
tated by nitrate of silver. The other is acidulated with hydro-
chlorie acid, evaporated to dryness, the residue gently ignited
and redissolved in water, and the solution precipitated by nitrate
of silver. The difference between the weights of this portion of
chloride of silver and the former, corresponds to the amount of
carbonate of sodium in the water. (2AgCl: CO*Na?::287:106.)

l. Caleium and magnesium, (as soluble salts in saline waters).
—Caleium 1s precipitated from the boiled and filtered water by

i
ll!1-|-
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oxalate of ammonium (4): magnesium from the filtrate by phos-
phate of sodium (5).

m. If lithiwm be present, it remains with the other alkaline
chlorides when the water is treated asin (i). The three chlorides
are dissolved in water, the potassium precipitated as clhloroplati-
nate, the filtrate (freed from platinum) evaporated to dryness, and
the residue treated with alcohol and ether, which dissolves the
chloride of lithium only. For the estimation of ammonium, a
large quantity of water is acidulated with hydrochloric acid, eva-
porated to dryness but not ignited, the residue boiled with potash,
and the ammonia evolved colleeted in dilute hydrochlorie acid
(p. 191). Nitric acid is of rare occurrence: it is detected in the
concentrated water by ferrous sulphate ; but its estimation is very
difficult. Perhaps it may be effected by distilling the concentrated
water, after removing the chlorine by sulphate of silver, with sul-
phurie acid, and saturating the distillate with baryta-water (p. 9).

n. Strontium, barium, aluminium, manganese, phosphoric acid,
and fluorine, are to be sought for in the deposit which forms in
many mineral waters by boiling or exposure to the air. Copper,
lead, tin, antimony, and arsenic are to be sought in the same de-
posit, which is dissolved in hydrochlorie acid, and treated with
hydrosulphurie acid: Marsh’s apparatus may be employed to
detect the two latter metals. :

o. Organic matter. — When organic matter is present, the
residue obtained by evaporating the water to dryness blackens
when strongly heated. The total amount cannot be accurately
estimated by heating till the carbon is entirely burnt: for some
of the inorganic constituents would be decomposed by the heat.
The deposit formed in the water by boiling sometimes contains
peculiar organic acids, crenic and apoecrenic acids. They are
separated by boiling the deposit with potash for many hours,
saturating the solution with acetic acid, and adding acetate of
copper, which preecipitates the apocreniec acid : the crenie acid is
precipitated by heating the filtrate with carbonate of sodium.
Volatile organic acids ( formie, acetie, propionic, &e.) are separated
by distilling the concentrated water (after removal of chlorine
&e.) with strong sulphuric acid, |
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32. Estimation of Carbonic Acid. (Applied to the valu-
ation of commercial potash and soda, of acids, and of
binoxide of manganese.)

All carbonates are decomposed by strong acids ; the carbonic
.acid which is liberated splits up into water and carbonic anhy-
dride (CO?), which latter escapes in the gaseous form. If the
weight of the carbonic anhydride evolved is known, the weight
of carbonie acid to which it corresponds is readily calculated. It
is on this principle that the amount of carbonate present in any
solid compound is usually estimated. The apparatus employed
consists of a small licht flask fitted with a cork perforated with
two holes : into one of these is fitted a tube filled with fragments
of chloride of calcium ; into the other a narrow tube reaching
almost to the surface of the liquid in the flask, and bent above
the cork at a right angle. A weighed portion of the dry substance
i3 introduced into the flask, which is then filled about one-third
with water : a small tube of such a length as to lean against the
side of the flask, containing enough sulphurie® acid to decompose
all the carbonate, is placed in the flask : the cork with its tubes
attached is then fitted air-tight into the flask, and the whole
apparatus weizhed. The orifice of the bent tube is then eclosed
with a plug of cork or wax, and the apparatus inclined so that a
small portion of the acid flows from the tube into the solution in
the flask : when the effervescence has subsided, a fresh portion of
acid is allowed to escape; and so on till the carbonate is entirely
decomposed. The carbonic anhydride evolved escapes through
the chloride of caleium tube, which retains any moisture that may
be carried with it. When the effervescence has entirely ceased,
the plug is removed from the bent tube, and suction applied to
the chloride of calcium tube until all the carbonic anhydride in
the flask is replaced by air: the whole is again weighed, when
the loss of weight indicates the amount of carbonic anhydride

* Nitric acid must be used to decompose the earbonates of barium, calcinm,
or lead.
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that has escaped. The carbonic anhydride dissolved in the
liquid in the flask must be expelled by heat before weighing the
flask.

a. Alkalimetry.—1It is obvious that this process may be applied
to the valuation of commercial carbonates of potassium and sodium
(commonly called potash and soda), the value of which depends
entirely on the amount of real carbonate they contain. The
impurities in potash are generally chloride, sulphate, silicate, and
phosphate of potassium, carbonate, silicate, and phosphate of
calcium : those in soda are chloride, sulphide, sulphate, hypo-
sulphite, silicate, and hydrate of sodium. The amount of water
in the sample is ascertained by heating it to about 200° and
weighing : the dry sample is then decomposed in the above
apparatus, The proportion for the potash sample is CO? : CO’K?
::22 : 69; for the soda, CO?: CO®Na2::22 : §3. If the soda
sample contain any caustic soda, which is known (in the absence
of sulphide) by its solution having an alkaline reaction after the
addition of excess of chloride of barium, another equal portion
must be mixed with about 3 parts of pure quartz-sand and about
4 part carbonate of ammonium, moistened with water, and heated
till the water and ammonia are expelled : the dry residue is then
decomposed as above. The excess of sodic carbonate obtained in
the second determination, is due to the caustic soda in the sample :
from it the amount of the latter is easily calculated. (CO*Na? :
2NaHO ::106: 80.) If it contains any sulphide or hyposulphite,
these salts must be oxidised by the addition of some chromate of
potassium to the solution in the flask, before commencing the
decomposition.

b. Acidimetry. — Another purpose to which this process may
be applied is that of determining the amount of real acid con-
tained in commercial acids. This is done by decomposing an
excess of pure acid carbonate of sodium by a known weight of the
acid to be valued: as the decomposition takes place atom for
atom, the amount of real acid present is readily calculated from
the weight of carbonic anhydride evolved. The following will
serve as examples of the mode of calculation :

pp—
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Sulphurie acid - (2CO°NaH + S0'H* = SO0'Na* + 2C0° + 2H*0)
2C0 : SO'H® :: 44 : 49.

Hydrochlorie acid - (CO°'NaH + CIH = CINa + CO* + HO)
Cot : CIH :: 44 : 865
Acetic acid - +(CO'NaH + C*HO°H =C*H'0°Na + CO* + H*0)

C0O* : CCHOH :;: 414 : 60.

c. Valuation of Manganese-ores.— Binoxide of manganese is
decomposed by oxalic acid in presence of sulphuric acid, giving
up half its oxygen to the oxalie acid, which is thereby converted
into carbonic anhydride and water (Mn?0?+4C*0O'H?=Mn?0 +
2C0%+ H20): 2 molecules of earbenic anhydride being formed
for each molecule of binoxide. Hence the amount of binoxide of
manganese contained in commercial manganese-ore is readily
estimated by the aid of the carbonic-acid apparatus. The moisture
in the ore is first determined by heating it to 100°—120°. A
weighed portion of the dry ore is then introduced into the flask,
with about twice its weight of normal oxalate of potassium ; water
is then added, and the decomposition effected as above by an
excess of concentrated sulphurie acid. From the weight of car-
bonie anhydride evolved, the amount of binoxide of manganese is
readily caleulated. (2CO?: Mn202::44:42.) Good manganese-
ore is crystalline in texture, and yields a black powder: after
liaving been dried, it should scarcely lose weight when heated
to dull redness,

33. Earthy Phosphates. (Sesquiphosphates of iron and
aluminium, phosphates of magnesium and ecalcium.)—
Fownes.

These phosphates are frequently met with together in the
analysis of ashes of plants, They are all soluble in hydrochloric
acid, and are reprecipitated unchanged by ammonia: when freshly
precipitated, the phosphates of calcium and magnesium are soluble
in warm acetic acid ; those of iron and aluminium are not. Phos-
phate of aluminium closely resembles hydrate of aluminium both
in appearance and properties, being soluble in potash, whenece it is
precipitated by chloride of ammonium. Basic phosphate of iron
also closely resembles sesquihyydrate of iron in colour and general

4
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appearance. When sufficient tartaric acid is added to the hydro-
chloric acid solution of these two phosphates, they are not preci-
pitated by excess of ammonia : on adding sulphate of magnesium
to the alkaline solution, erystalline phosphate of magnesium and
ammonium is precipitated, insoluble in ¢hloride of ammonium.

Qualitative analysis.— First ascertain whether any soluble
matter be present, by boiling the powdered substance in water,
and examining the solution. Dissolve in hydrochlorie acid, add
ammonia in slight excess, and filter: after thoroughly washing
the precipitated phosphates, digest them in warm acetic acid, and
filter off the insoluble residue. Examine the residue for alumi-
nium by potash and chloride of ammonium, and for iron by
sulphide of ammonium. From the acetic acid solution, precipitate
the caleium by oxalate of ammonium : on saturating the filtrate
with ammonia, the magnesium is precipitated as phosphate. The
solution still contains phosphoric acid, which is precipitated by
adding sulphate of magnesium and chloride of ammonium. If
the mixed phosphates contained any carbonate, a soluble caleium-
or magnesium-salt will be found in the solution from which the
phosphates were precipitated by ammonia.

Quantitative analysis.—The freshly precipitated phosphates
are digested in warm acetie acid, and filtered: too much heat
must be avoided ; the filtration is usually slow and difficult. From
the solution, which contains all the ecalcium and magnesinm, the
calcium is precipitated as oxalate, filtered off, dried, ignited, and
weighed (4. a). The filtrate is then saturated with ammonia,
when the magnesium is precipitated as double phosphate, which
is ignited and weighed (5. a). In order to determine the phos-
phorie acid in the filtrate from the magnesium-salt, it is mixed
with a solution in aqua-regia of a known weight of pure iron, and
a slight excess of ammonia added : the precipitated ferrie hydrate
carries down with it all the phosphorie acid, the amount of which
is calculated from the increase in weight of the dried and ignited
precipitate over that of the amount of ferric oxide which corre-
sponds to the weight of iron employed (see 6). 7 parts iron corre-
spond to 10 parts ferric oxide. This method is not accurate if the
weight of ferric oxide be less than 4 times that of phosphoric acid.
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The residue insoluble in acetie acid, which contains the phos-
phates of iron and aluminium, is dissolved in hydrochlorie acid,
and boiled with sulphurous acid and excess of caustic soda till all
the iron is precipitated as black ferroso-ferric oxide, which is
filtered off, dissolved in aqua-regia, and precipitated by ammonia
(2. a). The alkaline filtrate is diluted, mixed with chloride of
barium and carbonate of sodium, and boiled, when all the phos-
phoric acid is precipitated as phosphate of barium: this is filtered
off, dissolved in hydrochloric acid, the barium precipitated by
sulphurie acid, and the phosphoric acid determined in the filtrate
as phosphate of magnesium and ammonium (6. a). The filtrate
from the phosphate of barium is acidulated with hydrochlorie acid,
and the aluminium precipitated by sulphide of ammonium (23).

34. Platinum-ores and Platinum-residues.

Platinum-ore contains 74—S86 p. ¢. platinum, besides iridium,
palladium, rhodium, osmium, ruthenium, iron, and copper: it is
mixed with grains of osmide of iridium, magnetic, titanie, and
chrome-iron, gold, &e. The accurate quantitative analysis of this
ore is very difficult: it is probable that the methods here given
are only approximative.

a. The ore is purified as far as possible by picking out the dark
steel-coloured grains of osmide of iridium, and removing the
magnetic grains with a magnet. About 10 grm. are then
digested in a retort, with aqua-regia containing 5 parts fuming
hydrochlorie acid, and 1 part fuming nitric acid: a cooled receiver
is attached, and distillation continued, the distillate being poured
back once or twice, as long as anything is dissolved. The distil-
late contains most of the osmium as osmie acid. The solution in
the retort is poured off from the residue, which is washed, dried,
weighed, and analysed as in b.

The solution contains all the palladium, most of the platinum,
some osmium, rhodivm, iridium (copper and iron). It is mixed
with twice its bulk of aleohol, and then with a warm saturated
solution of chloride of potassium, till no farther precipitate is
formed : the precipitate is filtered off, and washed with aleohol
containing chloride of potassium.
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The precipitate contains chloroplatinate and chloriridate of
potassium (together with osmium and traces of rhodium and pal-
ladium): the presence of iridium gives it a reddish colour. It is
intimately mixed with an equal weight of carbonate of sodium,
and gently ignited (together with the filter-ash) in a porcelain
crucible until the whole mass is black: the platinum is thus
reduced, the iridium and osmium oxidised. The black mass is
exhausted with water and hydrochloric acid, which remove the
osmate of potassium and excess of carbonate: the former may be
added to the distillate containing osmic acid. The residue is
dried, ignited, and weighed: it is then fused for some time with
G parts acid sulphate of potassium, by which all the rhodium is
converted into a soluble salt, which is extracted with water; the
residue is again weighed, and the rhodium determined by loss.
The mixture of platinum and sesquioxide of iridium is then di-
cested, in very dilute aqua-regia, which extracts part of the
platinum: the clear solution is poured off, saturated with ammonia,
evaporated to dryness, and ignited, when pure platinum remains.
The rest of the platinum, together with the sesquioxide of iridium,
is mixed with chloride of sodium and concentrated aqua-regia,
and evaporated to dryness: exhaustion with water removes the
platinum-salt, and the oxide of iridium is left. This is washed
with chloride of sodium, and finally with chloride of ammonium,
ignited, reduced by hydrogen, and weighed as metallic iridium.
The platinum solution still contains some iridium, so that this
process must be repeated.

The filtrate contains rhodium, palladium, some iridium, iron,
and copper. It is evaporated to dryness, and the residue digested
with strong aqua-regia, chloride of potassium added, and the
whole again evaporated to dryness. Digestion with aleohol re-
moves the chlorides of copper and iron, leaving the double salts of
palladium, rhodium, and iridium. These are fused with bichro-
mate of potassium, and the mass treated with water, when the
iridium is left as sesquioxide. From the solution neutralised by
carbonate of sodium, palladium is precipitated by cyanide o
mercury ; the precipitate on ignition leaves the metal. The fil-
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trate is boiled with hydrochloric acid till it becomes red, and
the rhodium precipitated as hydrate by potash.

The distillate, containing all the osmium as osmic acid is neu-
tralised with lime, and heated with an alkaline formate, which
rednces the osmium as a bluish-black powder. Or it is mixed
with ammonia and chloride of ammonium, evaporated to dryness in
a retort, and ignited till only metallic osmium remains., Or it is
saturated with potash, and heated with alcohol, when osmite of
potassium separates, whence metallic osmium may be obtained
(p. 139). (Wdihler.)

b. The portion of platinum-ore which is insoluble in aqua-regia
is generally called platinum-residues. 1t contains osmide of irtdium,
iridiwm (in powder), ruthenium, traces of rhodium, platinum, and
(sometimes) gold, magnetie, titanie, and chrome-iron- ores, sili-
eates, &e. It is fused in a silver or wrought-iron erucible for an
hour at a red heat, with 2 parts nitre and 1 part caustic potash,
and the mass when cool digested with cold water in a stoppered
bottle.  After 12 hours the clear orange-coloured solution is
poured off from the black residue.

The solution which contains osmate and ruthenate of potassium
is mixed with nitrie acid, and the precipitated ruthenic oxide
freed from osmium by distillation with aqua-regia. The solution
is freed from osmium in the same manner, and is then evaporated
with hydrochlorie aeid, when nitre crystallises out first, and then
rose-red chlororuthenate of potassium, whence metallic ruthenium
is obtained.

The residue, which may contain all the platinum-metals as
oxides, is freed from osmium by distillation with aqua-regia, when
some impure oxide of rhodium often remains undissolved. The
solution is evaporated, and precipitated by chloride of ammonium:
the double salts of the platinum-metals are filtered off, and washed
with chloride of ammonium till the wash-water passes through
colourless. The solution contains the iron, copper, and chromirm.
By prolonged digestion of the double salts in cold water the chlo-
roruthenate is dissolved out first; from the solution the oxide is
precipitated by heating with ammonia, and this is reduced by
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Liydrogen to metallic ruthenium. The chloroplatinate and chlori-
ridate are digested with water containing hydrosulphurie or
sulphurous acid, which reduces the iridium to sesquichloride:
the solution is evaporated, and, without filtering, mixed with chlo-
ride of ammonium. The precipitated chloroplatinate on ignition
leaves metallic platinum : the solution is evaporated to dryness,
and the residue, ignited in a stream of hydrogen, leaves metallic
iridium,

Gold, if present, may be precipitated by oxalie acid.

Fremy (Compt. rend. xxxviii. 1008) gives the following simpler
method of treating platinum-residues, which seems to be particu-
larly adapted for obtaining the metals in a state of purity. About
200 grm. of the residues are heated to bright redness in a long
porcelain tube, purified air being drawn over the heated ore by
means of an aspirator. Osmium and ruthenium combine with
oxygen : ruthenic oxide crystallises in the cold part of the tube
inviolet erystals; while the more volatile osmic acid passes first into
a series of empty tubes, in which a part is deposited in crystals,
and finally into a solution of potash. An alloy of iridium and
rhodium remains in the roasting tube. This is caleined in an
earthen ecrucible, with 4 parts nitre, care being taken not to
carry the operation too far, exhausted with water, and filtered:
the alkaline filtrate on evaporation deposits erystals of osmite of
potassium, the osmium not being entirely removed by the roasting.
The precipitate on the filter, which contains potash, is treated for
several hours with aqua-regia, which converts the iridium into
chloriridate of potassium, nearly insoluble in cold water. It is
dissolved by boiling water, the washing being continued as long
as the wash-water has a brown colour; and the chloriridate
crystallises on evaporating the solution. The residue, containing
the rhodium, is dried, mixed with an equal weight of chloride of
sodium, and treated for 3 or 4 hours by dry chlorine at a red heat.
Chlororhodate of sodium is thus formed, which by solution in
water and evaporation, is obtained in fine rose-coloured crystals.
(Graham’s Chemistry, ii. 418).
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35. Ferrocyanide of Potassium. (Cy‘Fe?K'+3H*0.)

a. The water is determined by heating the salt to 200°.

b. The eyanogen can only be estimated directly by combustion
with oxide of copper.

¢. Iron and Potassium.—The salt is dissolved in water, and the
solution precipitated by acetate of lead. The ferrocyanide of
lead is filtered off, washed, and decomposed by digestion with
sulphide of ammonium ; the sulphide of lead filtered off and
washed ; the filtrate (of ferrocyanide of ammonium) evaporated to
dryness, the residue ignited in the air till pure ferric oxide is left,
which is weighed (2). From the original filtrate the excess of
lead is removed by hydrosulphuric acid, the solution evaporated
to dryness, and the residue converted by ignition into carbonate
of potassium, which is converted into sulphate, and weighed (3).
(SO‘K?: K2::87:39.)

Or the salt may be fused with acid sulphate of ammonium, the
ignited residue of ferric oxide and potassic sulphate dissolved in
hydrochloric acid, the iron precipitated by ammonia, the solution
evaporated to dryness, and the residual potassic sulphate weighed.

To estimate the iron alone, the salt is fused with 3 parts of a
mixture of nitre and carbonate of sodium in a platinum crucible.
On treating the fused mass with water, the iron is left as sesqui-
oxide: as this contains some potash, it must be dissolved in
hydrochlorie acid, and precipitated by ammonia. (Wéhler.)

Section II. Volumetric Analysis.

The methods of estimating substances which have been hitherto
deseribed depend upon the separation of the substance in a form
in which it can be weighed directly; or upon its conversion into a
compound which is capable of being weighed, the weight of which
bears a known proportion to that of the substance to be estimated :
the reagent by which the separation is effected being always em-
ployed in excess. The methods of estimation in the wet way, which

. are included under the general name of Volumetric Analysis, de-
pend, on the contrary, 1, upon the employment of only the exact
R
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amount of the reagent which is necessary to produce the reaction
desired ; 2, upon the determination of this amount, not by weight,
but by measure, which is effected by the employment of solutions
which in a known volume contain a known weight of the reagent.
These solutions are called Standard Solutions. The volumetric
method of analysis is only applicable in cases where the point at
which the reaction is complete can be determined with certainty
by means of some phenomenon which is manifested in the solution
of the substance to be estimated, i.e. by an appearance, disappear-
ance, or change, of colour, or by the appearance or disappearance °
of a precipitate.

The unit of volume ordinarily adopted is the cubie centi-
metre (e.c.), which is the volume occupied by 1 gramme of water
at 4°, The vessels employed for measuring volumes are, for large
quantities, graduated cylinders, or flasks whose volume is known
and marked on the outside: for small quantities, pipettes and
burettes, which are graduated into cubic centimetres and fractions
of the c.c. By far the most convenient form of burette for general
purposes is that devised by Mohr, which discharges the liquid
from its lower extremity, the discharge being regulated by means
of a pincheock, and a caoutchoue tube,

When the reagent is a stable compound, and not liable to de-
composition by keeping, a standard solution of it is prepared once
for all, and kept in a stoppered bottle ready for use. In the case
of compounds that are easily decomposed, a moderately conecen-
trated solution is prepared, and its value (or standard) is ascer-
tained on each occasion previous to its employment.

There are two methods of estimation by volumetrie analysis :
1, the direct method; 2, the indirect, or residual method. The
first is employed when the point at which the reaction between
the reagent and the substance to be estimated is complete, can be
exactly ascertained by one of the phenomena indicated above ;
in such cases the necessary amount of the reagent is measured
off directly. The second is employed when the point of complete
reaction cannot be exactly ascertained. It is then necessary to
employ a second reagent between which and the first the point of
complete reaction is capable of being determined. A known
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volume of the first reagent, more than is needed for the complete
reaction, is added to the solution of the substanece to be estimated :
and the excess of the first reagent is then ascertained by means
of the second.

36. Alkalimetry. (Estimation of the amount of alkali or
alkaline earbonate in commercial potash, soda, or ammonia.)

This estimation depends upon the facts that the alkaline salts
of strong acids (oxali¢, sulphurie, &e.) are neutral to litmus ; and
that the violet solution of litmus is coloured blue by caustic
alkalis or alkaline carbonates, wine-red by carbonic acid, and
light-red by strong acids.

a. Direct method.— A standard acid solution is the only one
required. Oxalic acid is the most convenient acid for this pur-
pose; for it can be weighed with greater accuracy than any liquid
acid, and its solution can be kept for any length of time without
undergoing any change. It is best to make the standard solution
of such strength that 1000 c.e. (1 litre) shall contain exactly one
A-gramme-atom (i.e. 1 atom expressed in L grammes) of the acid.
This is done by dissolving in water 138 =63 grammes of pure crys-
tallised oxalic acid (C*O'H? 4 2H-0=126), and diluting the solu-
tion to the bulk of 1 litre, at 17-5° 1000 e.c. of this solution
contains 1 L-gramme-atom of acid : hence 2 c.c. contain 1 milli-
gramme-atom of acid, and saturate 2 milligramme-atoms of a

«caustic alkali or 1 milligramme-atom of an alkaline carbonate.

Since pure oxalic acid cannot be always readily obtained,
sulphuric acid may be employed for the standard solution.
About 70 grm. concentrated sulphuric acid’dre diluted with
about 600 grm. water: when the mixture is cool, the volume
of it that is necessary to saturate 5-3 grm. (1 1-decigramme-
atom) pure anhydrous carbonate of sodium is determined.
5'3 grm. freshly ignited carbonate of sodium are dissolved in
hot water, the solution coloured blue with a few drops of litmus,
and the acid added from a burette (at last drop by drop)
till the colour just passes from wine-red to light-red, and
till strips of litmus-paper, moistened with the solution, begin to

retain the red colour when dry. The volume of acid employed
R 2
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13 then noted, and the whole diluted so as to approximate to the
required strength. Suppose, for instance, 37 c.c. acid have been
used : water is added till every 100 vols. is diluted to 250 vols.
and another determination made. If 90 c.c. are now required to
saturate the l-decigramme alkaline solution, every 90 vols. of the
acid must be diluted to 100, and the result controlled by a fresh
determination. 100 c.c. of this acid should exactly saturate
53 grm. carbonate of sodium, and will contain 1 }-decigramme-
atom of acid: 2 c.e. will contain 1 milligramme-atom (*098 grm.)
sulphuric acid, and will exactly saturate 2 milligramme-atoms of
an alkali or 1 milligramme-atom of an alkaline carbonate. The
standard solution is kept in a well-stoppered bottle.

A weighed portion of the substance to be estimated is dissolved
in water (if a solid), a few drops of litmus added, and the standard
acid added from a burette until the first permanent appearance of
a light-red colour: and the volume of acid employed is read off.
Each c.c. of acid corresponds to 1 milligramme-atom of alkali or
1 L-milligramme-atom of alkaline carbonate; i e. to 0°053 grm.
carb. sod., 0-069 grm. carb. pot., 0°040 grm. caunstic soda, 0°056 grm.
caustie potash, 0017 grm. ammonia: and a simple proportion gives
the amount of alkali or alkaline carbonate (e. g. 100 : 69 : :
number of c.c. employed : carbonate of potassium present). By
operating on 100 times the j}-milligramme-atom (e. g. 6°9 grm.
in the case of potassic carbonate, 5°3 grm. in the case of sodic
carbonate), all caleculation is saved: for as this amount, if per-
fectly pure, would require 100 c.c. acid for its saturation, the
number of c.c. actually required at once indicates the percentage
of alkaline carbonate. The burettes commonly used contain
50 c.c., and are graduated into half c.c.; so that by operating on
50 times the L-milligramme-atom, the number of divisions em-
ployed represents the percentage.

b. Residual method. — The standard acid is added until the
colour of the litmus is a distinet light-red; the solution is then
heated to boiling, and a small excess of acid (5—10 e.c.) added.
The hot solution is freed from carbonic acid by agitation and by
drawing air through it by means of a glass tube; and then
neuatralised with a standard alkaline solution (37) until the colour
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just changes from red to blue. Since the acid and alkaline solu-
tions neutralise each other volume for volume, it is only necessary
to deduct the number of c.c. employed of the latter from that of
the former, and to calculate the amount of alkali from the residue.
This method is preferable for the estimation of earbonates, since
the change from blue to red is more distinctly marked than that
from one shade of red to another.

37. Acidimetry. This estimation depends on the same
principles as the preceding.

The most convenient alkaline solution is caustic soda (perfectly
free from carbonate); it is standardised so that 100 c.c. exactly
saturate 100 c.c. of the standard acid solution. It is kept in a
flask into the cork of which is inserted a chloride of calcium tube
filled with a mixture of Glauber’s salt and caustic lime, which
effectually prevents the absorption of carbonic acid. If the
burette be closed with a similar tube, the soda-solution may
remain in it for days. The estimation is performed precisely
as in 36, the last drops of the soda-solution being added from a
pipette graduated to {; c.c. Since the normal alkaline salts of
strong acids are perfectly neutral, the exact point of saturation
is attained when the litmus is restored to its original colour. The
best method of observing this with precision is to colour a certain
quantity of pure water with litmus, and to divide it into two equal
portions : the acid is added to one, while the other is kept at hand
as a standard of comparison. Caleulation may be avoided, as
above, by operating on a weight of acid equal to 50 (or 100)
times its J-milligramme-atom. When several (e. g. 5) estimations
of the same acid have to be made, the readiest method is to
weigh out 500 times the } milligramme-atom of the acid (e. g¢.
5 x 49 grm. sulphuric acid), to dilute it to 250 c.c., and to take
50 e.c. of the mixture for each determination : the number of c.c.
soda-solution employed represents the percentage of acid.

38. Chlorimetry. (Valuation of chloride of lime.)

Chloride of lime (bleaching powder) contains hypochlorite,
chloride, and hydrate of calcium in varying proportions. Its
R3
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value depends upan the amount of hypochlorite which it contains,
or upon the quantity of chlorine which it evolves when treated
with acids. Ttis the estimation of this chlorine which constitutes
chlorimetry.

a. The amount of the substance which is necessary to oxidise
a known weight of arsenious anhydride in an acid solution, is
estimated directly. Free chlorine, in presence of water, converts
arsenious into arsenic anhydride, hydrochloric acid being formed
at the same time (As?203 + CH 4 2H?0 = As?0° + 4CIH). If
indigo be present in the arsenious solution, it is not acted upon
by the chlorine until the oxidation of the arsenic acid is com-
pleted ; the disappearance, therefore, of the blue colour marks
the end of the operation.

Standard solution.—14 grm, pure arsenious anhydride, dried at
100°, are dissolved in caustic potash, and the solution diluted to
1 litre. 1 c.c. of this solution contains 0°014 grm. arsenious an-
hydride, and requires for its conversion into arsenic anhydride
0:010 grm. chlorine. (As203=198:Cl'=142::14:10.)

5 grm. chloride of lime are triturated with water, the whole
washed into a graduated cylinder, and diluted to 100 e.c. 50 c.c.
arsenious solution are placed in a beaker, diluted with water,
saturated with hydrochloric acid, and coloured blue with a drop
of indigo-solution : the solution of chloride of lime (which should
be well shaken up) is then added from a burette, until the blue
colour is nearly destroyed. A fresh drop of indigo is then added ;
and then the chloride-solution again, very eautiously and drop by
drop, the contents of the beaker being continually agitated, until
the colour finally disappears. The amount of chlorine contained
in the volume of chloride-solution (or weight of chloride of lime)
employed, is 0'5 grm., that being the quantity necessary to oxidise
50 c.c. of the standard solution. For instance, suppose 45 c.c.
chloride-solution have been employed: 5 grm. bleaching powder
will contain 1°1 grm. chlorine; and the percentage of available
chlorine in the sample is 22-2 p.c. 1000 e.c. chlorine, at 0° and
760 mm. pressure, weigh 31884 grm.

b. The substance is made to react on a known volume of a
standard alkaline solution of arsenious anhydride, which is em-
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ployed in excess: and the excess is estimated by a standard solu-
tion of iodine (40. ¢). According to Mohr, this is the only
accurate method.

¢. The substance is made to react on a known weight of a
ferrous salt, which is added in excess: and the excess 1s estimated
by a standard solution of permanganate of potassium (43).

39. Valuation of Manganese-ores. (Determination of
the amount of available oxygen which they contain.)

a. By chlorimetry.—Binoxide of manganese, heated with hydro-
chlorie acid, evolves chlorine, in the proportion of 2 atoms chlorine
for each atom of binoxide (Mn*0- 4+ 4CIH= 2MnCl + 2H?0 + CI*).
The ore (the moisture in which is first estimated) is heated in a
flask with excess of concentrated hydrochlorie acid, and all the
chlorine evolved conducted into a dilute solution of soda, into
milk of lime, into a known volume of the standard acid or alkaline
arsenious solution, or into excess of iodide of potassium; and the
amount of chlorine estimated by one of the chlorimetrical processes
(38). The amount of binoxide of manganese corresponding to
a given weight of chlorine is easily calculated. (Cl?: Mn202::
71 : 84),

Each c.c. of the acid arsenious solution (37. a) corresponds to
0:010 grm. chlorine, and to 001183 grm. binoxide: hence 50c.c.
correspond to 05 grm. chlorine, and to 0:5915 binoxide. If the
ore be rich, about 1 grm is sufficient for analysis: if it be poor,
1'5—2 grm. should be taken.

Each e.c. of the alkaline arsenious solution (40) corresponds to
0-00355 grm. chlorine, and to 0°0042 grm. binoxide: hence 100c¢.c.
correspond to 042 grm. binoxide ; and if 042 grm. ore be taken
for analysis, the number of c.c. of arsenious solution which is
oxidised by it gives at once the percentage of binoxide.

b. By oxalic acid and cameleon (permanganate of potassium).
— A dilute solution of oxalic acid decomposes permanganates in
presence of sulphuric acid, being itself converted into earbonic
anhydride and water (MniOSH2+42S0OH?2 4 5C204H2 =250Mn?
+8H?0+10C0?). Under the same circumstances oxalic acid
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decomposes binoxide of manganese, atom for atom (Mn?0?%+
SO'H? + C*0*H2 = SO*Mn?+2H20 + 2C0?). Hence the amount
of binoxide of manganese in an ore can be estimated volumetri-
cally, by allowing it to react upon a known volume of a standard
solution of oxalic acid, which is added in excess, and then esti-
mating the amount of undecomposed oxalic acid by a standard
solution of cameleon.

The standard solutions required are :

1. Oxalic acid.—This is the same as that employed for alka-
limetry. 1 c.c. contains 0:063 grm. crystallised oxalic acid, and
corresponds to 04042 grm. binoxide.

2. Cameleon.—Since this solution ecannot be preserved without
decomposition, it is not standardised once for all ; but a mode-
rately strong solution is prepared, and its exact value determined
before each operation. This is readily done by means of the
standard solution of oxalic acid. 5 e.c. of the latter are diluted
to 200 c.c., about 4 c.c. strong sulphuric acid are added, and the
cameleon-solution introduced, drop by drop, from a burette.* The
dark colour produced by the cameleon disappears at first slowly,
but more rapidly as the operation proceeds: the operation is
terminated when a faint rose-tinge is produced which remains
permanent for a short time. Suppose, for instance, 29 c.ec.
cameleon-solution are employed: 1 e.c. cameleon corresponds to
57 =0"1724 c.c. oxalic acid. :

The analysis is conducted as follows.—The ore having been
finely powdered and completely dried, 2:1 grm. are treated with
about 380 ec.c. standard oxalie acid, and 4 c.e. concentrated sul-
phurie acid : when the evolution of carbonic anhydride slackens,
heat is applied, till no more gas is evolved. If any of the ore

* The burette above alluded to, which discharges the liquid through a caout-
chone tube, cannot be nsed for cameleon, since this substance is reduced by any
organic matter, Cameleon-solution is best kept in a flask fitted with tubes
like a wash-bottle: it may thus be transferred to the burette without exposing
the contents of the flask to dust or other impurities, and without disturbing any
sediment that may have formed in the flask., Moreover the solution never
touches the cork. According to Mohr, cameleon may be preserved for months
in this manner, without any sensible variation in its standard.
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remains undecomposed, 5 or 10e¢.c. more oxalic acid must be
added. When the evolution of gas has quite ceased, the clerfr
solution is decanted into a graduated cylinder, and the residue 13
treated with 2 or 3 c.c. more oxalic acid, and a few drops of sul-
phuric acid, and again heated. When the decomposition is com-
plete, the solution (residue and all) is washed into the eylinder,
and the whole diluted to a known volume. The mixture thus
obtained is never clear ; but it need not be filtered unless it is
dark-coloured. A known volume of it is measured off, diluted,
acidulated with sulphuric acid, and the amount of non-oxidised
oxalic acid estimated by the cameleon-solution, as above : from
the result thus obtained, the amount of non-oxidised oxalic acid
in the whole mixture is calculated. The number of c.c. of oxalic
acid oxidised, multiplied by 2, gives the percentage of binoxide
in the ore.

Example.—1 c.c. cameleon=0-1724 standard oxalic acid. Weight of ore
taken, 2:1 grm. Total volume of oxalic acid used, 48 c.c. The mixture being
diluted to 300 c.c., 100 ce. require 4 c.c. cameleon: hence the whole 300 c.c. re-
quire 12 c.c. cameleon, which correspond to 2:07 c.c. oxalic acid. 48—207=

45 93 c.c. oxalic acid oxidised by binoxide: whence percentage of binoxide is
4593 x 2=91"86 p. c.

If, instead of 21 grm., any arbitrary weight of ore is taken,
the amount of binoxide is calculated by the proportion 100 :
42 : : number of e.c. oxalic acid oxidised : amount required ; the
percentage is then calculated as usual.

40. Volumetrie determinations by Hodine and
Arsenious anhydride.

Arsenious anhydride in an alkaline (not in an aqueous or acid)
solution, is completely oxidised by iodine in presence of water,
and converted into arsenic anhydride, hydriodic acid being simul-
taneously produced: enough alkali must be present to saturate the
hydriodie acid formed. (As?0% + I' 4+ 2H20 = As?0° + 41H.)
The blue colour of iodide of starch is destroyed by the alkaline
arsenious solution: if therefore starch-paste be added to the
latter, and an iodine-solution gradually mixed with it, the blue
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colour will appear at the moment when the arsenious anhydride
is completely oxidised.

Hence arsenious anhydride may be estimated volumetrically by
means of an iodine solution of known strength; and reciprocally
iodine may be determined by means of a standard solution of
arsenious anhydride. And if any substance which oxidises or
precipitates the arsenious solution be allowed to react completely
upon an excess of that solution, the volame employed being
known, the amount of arsenious anhydride oxidised or precipit-
ated by the substance can be estimated by means of a standard
solufion of iodine.

The standard solutions required are :

1. An arsenious solution. — 4-95 grm. (;'; gramme-atom) pure
and dry arsenious anhydride are dissolved by heating with about
15 grm. acid carbonate of sodium, and the solution diluted to
1000 e.e. 1 c.e. contains 0°00495 grm. arsenious anhydride.

2. An iodine-solution.—12°7 grm. ({; gramme-atom) iodine are
dissolved in iodide of potassium, and the solution diluted to 1000
c.c. Jodine is seldom quite free from chlorine; and even if
pure iodine be employed, the solution cannot be kept without a
lowering of its standard. Ience the real amount of iodine con-
tained in it must be determined before each experiment. For this
purpose 10 c.c. of the standard arsenious solution are mixed
with a few drops of starch-solution, and the iodine-solution added
from a burette till the appearance of a blue colour. Suppose
102 ¢.c. iodine-solution are required for this: 1 c.c. iodine-solu-
tion corresponds to 4%, = 0°98039 c.c. arsenious solution.

There are further required :

3. A clear, dilute, freshly prepared starch-solution.

4. Todine-starch-paper, prepared by dipping strips of paper
(free from chlorine) in a solution of iodide of potassium mixed
with starch, and drying them. They must not be turned blue by
pure hydrochlorie acid.

This process can be applied to the estimation of a great variety
of substances. The following are some of the most important.

a. Arsenious anhydride. — From 0°1 to 0°2 grm. of the sample
are dissolved in a solution of acid carbonate of sodium, a few
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drops of starch-solution added, and then the iodine-solution till
the appearance of the blue colour.

Erample.—1 c.c. iodine-solution = 098039 c.c. arsenious solution. Weight of
substance, 0-1 grm. lodine-solution employed, 155 c.c. corresponding  to
15'196 c.c. arsenious sclution =0'0752 grm. arsenious anhydride=752 p. c.

b. Jodine. — The weighed sample is dissolved in a known
volume of the arsenious solution, starch-solution added (if a blue
colour is produced, more arsenious solution must be added), and
the excess of arsenious anhydride estimated by the iodine-solution.
— 1 c.c. arsenious solution = 0:0127 grm. iodine.

¢. Chlorine. — (Chloride of lime, ehlorine-water, &c.) — About
1 grm. chloride of lime is stirred up with water, and the arse-
nious solution added from a burette, until a drop of the mixture
does not colour the iodine-starch-paper blue. Starch-solution is
then added, and the excess of arsenious anhydride estimated by
the iodine-solution. The amount of arsenious acid oxidised by
the available chlorine in the sample, and hence that of the
chlorine itself, is thus determined. For chlorine-water, a known
volume of it is introduced from a pipette into a solution of car-
bonate of sodium, and the mixture treated as above.—1 c.c. arse-
nious solution = 000355 grm. chlorine.

Ezrample.— 1 c.c. iodine-solution = 1 c.e. arsenious solution. Weight of
chloride of lime, 1 grm. Arsenious solution employed, 72 c.e. Iodine-solu-
tion employed, 0-2 c.e. Amount of arsenious anhydride oxidised, 718 c.c.
Available chlorine, T1'8 x 000355 =0-25489=25'489 p. c.

d. Hydrosulphuric acid.—A known volume of the standard
arsenious solution is introduced into a graduated cylinder, and a
known volume of sulphuretted-hydrogen-water added, the arse-
nious solution being in excess. The mixture is briskly agitated,
acidulated with hydrochloric acid diluted to about ten times its
volume, and filtered into a dry vessel from the precipitated tersul-
phide of arsenic. An aliquot part of the filtrate is measured off,
neutralised with powdered acid carbonate of sodium, starch-
solution added, and the excess of arsenious anhydride determined
by the iodine-solution. The amount found, caleulated for the
whole of the filtrate, and deducted from the weight of arsenious
anhydride employed, gives the amount precipitated by the hydro-
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sulphuric acid. 1 atom arsenious anhydride reacts with 3 atoms
hydrosulphuric acid (As?03 + 3H2S = As?S? +-3H?0): hence, 1 c.c.
arsenious solution, containing 0:00495 grm. anhydride, corre-
sponds to 0'00255 grm. hydrosulphuric acid.

Ezxample.—1 ec.c. iodine-solution =0-25974 arsenious solution.

10 c.c. standard arsenious solution .
20 c.c. sulphuretted hydrogen water } diagse oo AN €65

100 c.c. of the mixture required 11 c.c. iodine-solution: hence 300 c.c. require
33 c.c. iodine-solution, = 8+57 c.c. arsenious solution, 10 — 857 = 1'43 c.c.
arsenious solution = 00036465 grm. hydrosulphuric acid. Whence 100 c.c. sul-
phuretted hydrogen water contain 0:01823 grm. hydrosulphurie acid.

e. Chromates.—All chromates, when boiled with hydrochlorie
acid, evolve for each atom of the salt 3 atoms chlorine (Cr?0*H?+
6CIH=Cr?CI* + 4HM?0 4 CI*): hence each atom of a bichromate
evolves 6 atoms chlorine. If this chlorine be estimated by the
process described in (¢), the amount of chromate or bichromate is
readily calculated from it. (Cl1°: CriO"K2:: 213 : 294-8).

From 02 to 04 grm. of the salt is placed, together with suffi-
cient strong hydrochloric acid, in a small flask, to which is
attached by a piece of caoutchoue tubing a glass delivery-tube,
which passes loosely into the mouth of an inverted retort con-
taining a known volume of the standard arsenious solution. The
neck of the retort must be of sufficient capacity to contain the
whole of the arsenious solution employed. Heat is then applied
to the flask, when chlorine is evolved and passes into the solution
in the retort. In order to avoid the possible absorption into
the flask of the contents of the retort, the end of the delivery-
tube which dips into the arsenious solution terminates in a piece
of caoutchouc tubing which is closed with a piece of glass rod:
in the caoutchoue tube a small slit 1s made, which serves as a
valve, allowing the egress of the gas, but preventing the ingress
of the liquid. When the whole of the chlorine has passed into
the retort, the delivery-tube is withdrawn, the retort emptied into
a beaker, starch added, and the unoxidised arsenious anhydride
estimated by the iodine solution.

This method of analysis is applicable to all metallic peroxides
which evolve chlorine when heated with hydrochloric acid.

The above method is a modification by Mohr of that introduced
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by Bunsen, who was the first to employ the reaction of iodine
with reducing agents in volumetric analysis. The reducing agent

‘employed by Bunsen was a very dilute solution of sulphurous
‘acid. The use of this reagent is attended with some 1incon-
‘venience, owing to the large quantity of it necessary for the
' operation, the difficulty of preserving it unchanged, and the
‘introduction of another solution into the analysis, viz. a solution

of iodide of potassium. Another reducing agent, which in many

' eases may replace without disadvantage M oh1’s arsenious solution,
\is hyposulphite of sodium, which is converted by iodine into tetra-

thionate of sodium: the reaction takes place between 2 atoms
of the salt and 2 of iodine (25°03Na? + 1? = S'OSNa*® + ZNal).
The formula of the crystallised salt is S?03Na? 4 5H?0 = 248:
hence by dissolving 248 grm. (1 decigramme-atom) in 1 litre of
water, a solution is obtained, of which each ec.c. contains 0°0248
grm. hyposulphite, and ecorresponds to 0°0127 grm. iodine.

By means of this standard solution eopper may be estimated
volumetrically with great exactness, When iodide of potassium
is added to the solution of a cupric salt, subiodide of copper is
precipitated, and iodine set free (Cu’O +2KI = Cu?I4K20 +1),
the atom of liberated iodine corresponding to 2 atoms copper; if
therefore the amount of free iodine be estimated by the standard
solution of hyposulphite, that of the copper is easily calculated
from it. The copper is dissolved in dilute nitric acid, and the
solution boiled till free from nitrous acid; it is then moderately
diluted, neutralised with carbonate of sodium, and acidulated
with acetic acid. A quantity of iodide of potassium in crystals,
not less than 6 times the weight of the copper, is then added;
and when it has dissolved, the standard solution of hyposulphite
is added, till the colour of the solution changes from brown to
yellow. After the addition of a little clear starch-solution, the
hyposulphite is further added till the blue colour has entirely dis-
appeared. 1 c.c. hyposulphite = 000634 grm. copper. Small
quantities of iron, tin, lead, or zine, do not interfere with this
estimation. (Brown. Chem. Soc. Qu. J. x. 71.)
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41. Estimation of Xodine in metallic Todides.

a. In absence of Bromides.— Bisulphide of carbon, or chloroform,
is coloured violet by free iodine, or by chloride or terchloride of
iodine, but is not affected by pentachloride, ICI>. Upon this fact -
is founded a method for the estimation of metallic iodides, by de-
termining the amount of chlorine required to convert into penta-
chloride the iodine contained in the iodide.

Standuard solution: a very dilute aqueous solution of chlorine,
of known strength. Chlorine-water is added to a large quantity
of water, and the amount of chlorine in a measured volume of the
mixture determined by one of the chlorimetrical processes: and
from this the amount of chlorine in one division of the burette is
calculated = x.

The solution to be analysed (which must not contain any
metallic salts that are decomposed by chlorine or iodipe) is largely
diluted, and mixed in a stoppered vessel with a few grammes of
pure bisulphide of carbon (or chloroform), and the dilute standard
solution of chlorine gradually added, the mixture being briskly
agitated, until the violet colour that at first appears is entirely
gone. Let the number of burette-divisions employed =T : then
Tx is the amount of chlorine, from which the amount of iodine
in the sample is to be calculated. The reaction takes place
between six atoms chlorine and one atom iodine. (CI5:1::213:
127.)

If organic matter be present in the solution examined, an
excess of chlorine over the normal amount is required for the
destruction of the violet colour. In this case, when the colour
has disappeared, an excess of pure iodide of potassium is added,
and the amount of iodine set free determined as in 40. Every
six atoms of liberated iodine corresponds to one atom of iodine in
the original solution (ICP 4 5KI=1%+45KCl).

6. In presence of Bromides.— When a solution contains a
bromide as well as an iodide, it must be diluted till there is not
more than 1 pt. of the former to 13,000 pts. water. Pentabromide
of iodine which, on addition of chlorine to this dilute solution, is
formed cither alone or together with pentachloride, according to
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the amount of bromide present, resembles the pentachloride in its
behaviour to bisulphide of earbon or chloroform. Since tho
amount of chlorine employed is just the same as if no bromide
were present, the requisite caleulation is the same as in (a).

42. Estimation of Silver (in alloys or solutions).

This estimation depends upon the property possessed by chloride
of silver of aggregating into masses, and rapidly subsiding in a
solution. 1 atom silver=108, dissolved in nitric acid, requires 1
atom chloride of sodium=358'5 for its complete precipitation.
Hence if a silver-solution be completely and accurately pre-
cipitated by a chloride of sodium solution of known strength, the
amount of silver is readily caleulated. The standard solutions
required are:

a. A normal solution of chloride of sodium.— 5417 grm. pure
decrepitated chloride of sodium are dissolved in distilled water
(perfectly free from chlorine) and diluted to 1000 c.c.: (or 1698
e.c. of a solution of chloride of sodium saturated at the ordinary
temperature are diluted to 1000 c.c.) : 1 ¢..=0010 grm. silver.

b. A decimal solution of chloride of sodium.—100 c.c. of solution
a, are diluted with distilled water to 1000 c.c. 1 c.c.=0'001 grm.
silver.

¢. A decimal silver-solution.— 1 grm. chemically pure silver is
dissolved in nitric acid perfectly free from chlorine, and the
solution diluted to 1000 c.c. 1 c.c. contains 0°001 grm. silver,

Equal volumes of b. and e¢. mixed together, should yield a
solution containing neither chlorine nor silver.,

About 1 grm. of the substance to be analysed is dissolved in
nitric acid with the aid of heat, the excess of acid evaporated off,
the solution diluted, and filtered into a stoppered vessel. The
normal chloride of sodium solution is then added from a burette,
the mixture being briskly shaken from time to time, as long as it
produces a distinet precipitate. As soon as the liquid is quite
clear, 1 c.c. of the decimal chloride of sodium solution is added ;
if the liquid remains clear, the chloride of sodium is already in
excess ; if a precipitate is formed, the decimal solution must be
added drop by drop, with occasional agitation, until it no lon ger
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produces any effect. The excess of chloride of sodium is then
estimated in precisely the same manner by the decimal silver-
solution. ~ If the amount of silver in the alloy be already
approximately known (by cupellation or otherwise) the simplest
way is to weigh out as much of the alloy as contains about 1 grm.
silver, to add at once 100 c.c. of the normal chloride of sodium
solution, and to complete the estimation with the decimal solutions,
as above.

43. Estimation of soluble Chlorides by Nitrate of
Silver.

This estimation depends on the fact that nitrate of silver, when
added to a neutral solution containing a chloride and a chromate,
does not precipitate red chromate of silver, until the whole of the
chlorine is precipitated. The solutions required are :

a. A standard decimal solution of nitrate of silver.—10'8 grm.
pure silver are dissolved in nitric acid, evaporated to dryness, the
residue carefully fused, and dissolved in water, and the solution
diluted to 1000 c.c. : or 17 grm. fused nitrate of silver are dis-
solved and diluted to 1000 c.e. 1 ¢.e.=000355 grm. chlorine.

b. A standard decimal solution of chloride of sodium.—5'85
orm. decrepitated chloride of sodium are dissolved in water, and
diluted to 1000 c.e. These two solutions, when mixed in equal
volumes, must yield a solution containing neither chlorine nor
gilver.

c. A solution of chromate of potassium, which need not be
standardised.

From 02 to 04 grm. of the substance to be examined are
dizsolved, and to the neutral or feebly alkaline solution a few
drops of the chromate solution added; the silver-solution is
then added until the permanent appearance of a red precipitate;
and the point at which the red colour disappears is ascertained
by means of the chloride of sodium solution. The volume of
chloride of sodium solution is deducted from that of the silver-
solution employed: and the amount of chlorine in the sample
calculated from the remainder.
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44, Estimation of Mydroeyanie Aecid.

Two atoms cyanide of potassium with one atom nitrate of
silver form one atom soluble eyanide of silver and potassium
(2CyK + NO3Ag = Cy?AgK + NO’K) : which compound is de-
composed by the further addition of nitrate of silver, a precipitate
of eyanide of silver being formed (Cy?AgK+NO3Ag=2CyAg+
NO®K). Hence, when a silver-solution is added to cyanide of
potassium, the first appearance of a permanent precipitate marks
the point at which the formation of the double salt is complete ;
and if the silver-solution be of known strength, the volume em-
ployed will indicate the amount of cyanogen present, 1 atom
silver corresponding to 2 atoms cyanogen.

Standard solution.—6'3 grm. fused nitrate of silver are dis-
solved in water and diluted to 1000 c.c. 1 e.c.=0002 grm. hydro-
eyanic acid. The solution econtaining hydrocyanic acid is mixed
with caustic potash till it is decidedly alkaline, a few drops of
chloride of sodium solution added, and then the standard solution
until the precipitate formed does not disappear on agitation.

This is a convenient method of estimating hydrocyanie, in pre-
sence of hydrochlorie, acid.

45. Estimation of Iron.

Permanganates are decomposed by protosalts of iron in pre-
sence of suflicient free acid, a protosalt of manganese being
formed, while the protosalt of iron is converted into sesquisalt
(Mn*OSH? + 20FeCl + 14HCI = 4MnCl + 10Fe2CI2 4 8H20)., So
long therefore as an acid solution of iron contains any protosalt,
it will destroy the colour of permanganate of potassium (eame-
leon). Cameleon is decomposed by concentrated hydrochloric
acid in the eold, and by dilute hydrochlorie acid when mode-
rately heated, but cold dilute hydrochlorie acid is without action
upon it : hence the iron-solution should be very dilute, and should
not be operated on when warm.

The only solution required is one of cameleon. This is pre-
pared by moderately heating in a Hessian erucible a mixture of
8 pts. finely powdered binoxide of manganese, 10 pts. hydrate,

8
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and 7 pts. chlorate, of potassium, which have previously been
stirred up with a little water, and evaporated to dryness. The
fused mass is dissolved in hot water, mixed with a little sulphuric
acid, and the clear solution poured off from the deposit (not
filtered). As this solution cannot be kept unchanged, its stan-
dard must be determined before each experiment. For this pur-
pose Mohr recommends the employment of erystallised sulphate
of iron and ammonium (SO‘FeNH* -+ 3H?0), which is obtained by
crystallising a mixture of the sulphates of iron and of ammonium
in atomic proportions. It can be kept for any length of time in
the solid state, but not in solution. Exactly }th of its weight
consists of iron. A weighed portion of the salt is dissolved in
water, a little sulphuric acid added, and then the cameleon-solu-
tion from a burette until a rose-tint is produced, which does not
disappear immediately. Suppose 1 grm. of the salt required
23-7 e.c. cameleon, these correspond to 1 grm.=014286 grm. iron,
and 1 ¢.c.=0006 grm. iron. Or the cameleon may be standardised
by the normal oxalic acid solution as in 39, 5 c.c. of which, con-
taining 0-315 grm. oxalic acid=028 grm. iron. The old method
of standardising the cameleon by means of a solution of ferrous
chloride obtained by dissolving clean iron wire in hydrochlorie
acid is less accurate, owing both to the impurity of the iron, and
the extreme difficulty of obtaining a solution perfectly free from
sesquichloride.

For the analysis of iron-ores, the substance, very finely pow-
dered, is dissolved as completely as possible by digestion in strong
hydrochloric acid : any sesquisalt that may be present is reduced
by heating the solution with metallic zine free from iron, until the
red colour has entirely disappeared. It is then diluted to about 1
litre, and the cameleon-solution added until a rose-tint is pro-
duced that does not immediately disappear. The number of ec.c.
employed, multiplied by the amount of iron to which each e.c. cor-
responds, gives the amount of iron in the sample. When it is
desired to estimate separately the ferrous and ferric salts in the
sample, care must be taken to exclude the air during solution:
this is done most simply by placing some acid carbonate of sodium
in the flask in which the ore is dissolved. The amount of proto-
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salt is then determined by the cameleon-solution, and, after reduc-
tion by zine, the total amount of iron is estimated : the difference
between the volumes of cameleon solution employed in each deter-
mination corresponds to the iron contained as sesquisalt.

46. Valuation of Nitre.

a. Six atems of iron (168 pts.) in solution as protochloride
require one atom of nitrate of potassium (101 pts.) for their
complete conversion into sesquichloride. (6FeCl+ NOK +4HCi
= 3Fe!C134+ KC14+2H204+NO). If then a weighed sample
of a substance containing nitre be made to aet upon a mea-
sured excess of protochloride of iron, and the remaining proto-
chloride be estimated by cameleon, the amount which has been
converted into sesquichloride will indicate the quantity of nitre
contained in the sample,

The standard solution of ferrous ehloride cannot be kept, but
must be prepared for each experiment. 2 grm. clean soft iron
wire are dissolved in a flask by excess of concentrated hydro-
chloric acid: about 1-2 grm. of the sample of nitre are added,
and the whole boiled till the dark colour produced by the absorp-
tion of nitric oxide by protochloride of iron has completely dis-
appeared. In order to prevent as far as possible the access of
air during the solution, the flask may be closed with a perforated
cork, into which is inserted a tube drawn out to a fine point. Or
the cork may be fitted with a bent tube, which passes nearly to
the bottom of a second flask (loosely corked), containing water
which has been freed from air by boiling: when the lamp is
withdrawn from the first flask, the water will pass over into the
iron-solution, which will thus be cooled without access of air.
The solution is then diluted with (boiled) water to about 1 litre,
and the remaining ferrous chloride estimated by the standard
cameleon-solution (43). 2 grm. minus the amount of iron thus
ascertained, gives the amount of iron converted by the nitre into
sesquisalt ; whence the amount of nitre in the sample is readily
calculated. (Fe®: NO’K: :168:101.)* (Pelouze.)

* In spite of the above precautions, it is almost impossible to prepare a solu-
tion of protochloride of iron perfectly free from sesquichloride: and thus a cer-
B2
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b. Gay-Lussac’s method is to convert the nitrate of potas-
sium into carbonate by ignition with carbon and decrepitated
chloride of sodium: the earbonate is then estimated by alkali-
metry (36), and the nitrate calculated from it. (CO?K2: 2NO3K::
138: 202.)

Abel and Bloxam (Chem. Soc. Qu. J. x. 108) recommend
the following modifications of this method. The carbon employed
should be graphite, prepared by Brodie’s process : the best pro-
portions are, 1 pt. nitre, 4 pts. chloride of sodium, and } pt. gra-
phite. The heat should not be sufficient to volatilise the chloride
of sodium to any considerable extent: 8 to 10 minutes moderate
redness in a muffle-furnace, or 20 minutes over a Bunsen’slamp
will suffice. If the nitre contain any sulphate, the fused mass
must be sprinkled with chlorate of potassium, and heated again
as long as effervescence takes place.

c. For Pugh’s process, see p. 9.

7. Estimation of Sugar and Starch.

1 atom of glucose (CMH202=360), (also called grape-sugar,
diabetic-sugar, or starch-sugar,) when in contact with an alkaline
solution of cupric oxide at boiling heat, takes 5 atoms oxygen
(=80) from 10 atoms oxide of copper, forming 5 atoms suboxide
of copper (10Cu?0 = 5Cu*0=0"). The same amount of cupriec
oxide requires 1} atom milk-sugar (C'?H?*°0' 4+ 2H20) =480, for
its complete reduction. If then, a standard alkaline solution of
cupric oxide be mixed at boiling heat with a solution containing
grape- or milk-sugar until its reduction is complete, the amount
of sugar may be calculated from that of reduced suboxide.

The standard solution is prepared by dissolving 34-64 grm.
sulphate of copper (purified by recrystallisation from water con-
taining sulphuric acid, after previous treatment with nitric acid)
tain amount of error is inseparable from this method. TFor this reason it is
advisable hefore operating on an unknown substance, to make a determination
with a known weight of pure nitre, the results of which may serve as a term of
comparison for the other analysis (Mohr). Fresenius (Ann. Ch. Pharm.
cvi. 217) obtains good results by preparing the iron-solution and decomposing

the nitrate in a vessel filled with hvdrogen. According to Abel and Bloxam
(Chem. Soe. Qu. J. ix. 110) the method is not free from other sources of error.
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in 200 c.c. water, mixing it with a solution of 173 grm. tartrate
of potassium and sodium in 480 c.c. caustic soda of sp. gr. 1'14,
and diluting the mixture to 1000 c.c. at 15° 10 c.c. of this
solution (which has a fine blue colour) corresponds to 0°05 grm.
dry grape-sugar, and to 0-067 grm. milk-sugar, dried at 100°.

A known weight of the liquid whose sugar is to be estimated,
is diluted to 10 —20 times its volume, so that it does not contain
more than 1 p.c. sugar. If it contains any albuminous substances,
they are removed by basic acetate of lead. 10 c.c. of the stan-
dard copper-solution are diluted with 40 e.c. water, the whole
boiled, and while boiling, the sugar-solution is added from a
burette, until the reduction of the copper is complete — . e. until
the solution is colourless. To perceive this, the red precipitate
must be allowed to subside. So long as each fresh drop of sugar-
solution produces a yellow cloud on the surface of the liquid, the
reduction is not complete ; the nearer it approaches completion,
the redder and more abundant does the precipitate of cuprous
oxide become. A few drops of the liquid are then filtered and
tested for copper with hydrosulphurie acid*, or, after acidulation
with acetic acid, by very dilute ferrocyanide of potassium; if
copper be found, more sugar-solution must be added. Suppose
10 ¢.c. sugar-solution have been employed. In order to control
the result, the experiment is repeated with the same quantities of
copper- and sugar-solution, the precipitate is allowed to settle,
and the solution filtered as quickly as possible. If it be found
free from copper, the experiment is repeated with a somewhat less
volume of sugar-solution, say 96 c.c. If copper be then found
in the filtrate, the sugar-solution contains between 5 and 52 grm,
dry grape-sugar, or the corresponding amount of milk-sugar, in
1000 c.c.

In order to estimate cane-sugar or starch by this process, they
must be converted into glucose by digestion at a gentle heat for
some hours with dilute sulphurie, or tartaric, acid : 100 pts. grape-
sugar (C'*H*0') correspond to 95 pts. cane-sugar (C12ZH2:0M),
or to 90 pts, starch, C1?I1*0, Milk-sugar is also converted into

* If the solution has been treated with acetate of lead, it cannot be tested by
hydrosulphurie acid.

53
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glucose by heating with dilute sulphuric acid. According to
Fehling (Ann. Ch. Pharm. evi. 79) milk-sugar cannot be ac-
curately estimated unless it is first converted into glucose.

48. Amnalysis of Millk.

A known weight of milk (15—20 grm.) is evaporated to dry-
ness in a water-bath with a weighed amount (3—4 grm.) of
sulphate of calcium, which has been ignited, moistened, and again
dried. By weighing the residue the total amount of the non-
volatile constituents is ascertained, as well as (by loss) that of the
water. A weighed portion of the residue is then repeatedly
treated with ether, the insoluble portion dried, and weighed : the
loss of weight represents the butter, The portion insoluble in
ether is then repeatedly treated with boiling alcohol, again dried,
and weighed : the loss of weight represents the milk-sugar and
the salts which are soluble in alecohol. The weight of the residue
minus that of the sulphate of caleium added, represents the casein
and insoluble salts. For the determination of the mnon-volatile
salts, another portion of the milk is evaporated to dryness, the
residue ignited till all the carbon is burnt off, and then examined
as directed in 30. For the direct estimation of the milk-sugar,
about 50—60 grm. milk are mixed with acetic acid, heated to
50° or 60°, filtered, and the whey thus obtained treated with the
standard copper-solution, as in 47,

49, Estimation of the hardness of Water,

The hardness of water depends upon the amount of ealcium- or
magnesium-salts which it contains. A dilute aqueous solution
of soap when agitated forms a froth upon its surface. Salts of
ealeium or magnesium are decomposed by alkaline soaps, with
formation of an insoluble lime- or magnesia-soap. Hence water
containing calcium- or magnesium-salts, when agitated with a
soap-solution, does not give a permanent froth until all the ealcium
or magnesium is precipitated, and the soap-solution is present in
excess, If therefore it has been determined by previous ex-
periment what volumes of a standard soap-solution are required to
precipitate completely, and give a permanent froth with, different
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calcium-solutions of known strengths, this soap-solution may be
employed to determine an unknown amount of lime in any water.
The standard solutions required are :

1. An aleoholic solution of soda-soap.— 30 grm. well dried
soda-soap, containing about 12 p. ¢. water, are dissolved in 3
litres aleohol of 86 p. c., and the solution filtered. 200 grm. of
this solution are then mixed with 150 grm. water, and with
180 grm. alecohol of 48 p. e. A solution is thus prepared, 45 c.c.
of which will completely precipitate the calcium in, and give a
permanent foam with, 100 grm. water containing ‘012 grm. lime.

2. A perfectly neutral standard solution of chloride of caleium.
— 02143 grm. pure carbonate of caleium are dissolved in hydro-
chlorie acid, evaporated to dryness, the residue dissolved in water
and diluted to 1000 e.c. 100 c.e. of this solution contain as much
chloride of ealeium as corresponds to -012 grm. lime (Ca?0).

3. By means of this ealeium-solution, 23 weaker solutions are
prepared, the first and weakest of which contains 0005 grm.
lime in 100 grm., each successive one being stronger than that
immediately preceding by ‘0005 grm.: the original solution (2)
containing *012 grm. is the 24th in the series.

100 grm. pure water are then placed in a stoppered bottle hold-
ing 300—400 c.c., and the bottle is labelled No. 1: and 100 grm.
of the 24 ecaleium-solutions are placed in similar bottles, which
are labelled Nos. 2—25 respectively. The next step is to as-
certain, beginning with No. 1, how much of the standard soap-
solution (which is added from a burette graduated to i c.) is
required to produce a thick, soft, and permanent lather when
agitated with the contents of each flask successively. A table is
thus constructed showing how much of the soap-solution cor-
responds to “0005, 0010, -0015, 0020, and so on up to “0120 grm.
lime in 100 grm. water. The number of milligrammes of lime
contained in 100 grm. of any water is spoken of as its degree of
hardiess.

The above method is not applicable to the estimation of the
hardness of any water which contains more than “012 grm. lime
in 100 grm.: in waters containing more lime than this, a per-

manent (though tough and flaky) lather is produced before the
84
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precipitation of the whole of the calcium. The water is therefore
diluted, if necessary, and then treated with the soap-solution as
above. The number of c.c. of soap-solution employed, compared
with the numbers in the table, give the amount of lime contained
in the water. Magnesium-salts behave with soap-solution just
like lime-salts: if therefore the water contains magnesia, it will
be represented in the result obtained by an equivalent amount
of lime. When a water contains, besides other calcium-salts,
carbonate of calcium dissolved in free carbonie acid, it is rendered
less hard by boiling. The gross hardnress is in this case deter-
mined in a portion of the fresh water: the permanent hardness,
in an equal portion after boiling : the difference between the two
amounts obtained represents the temporary hardness.

30. Amnalysis of Urine.

a. The specific gravity is first taken (31).

b. The total amounts of water, organic matter and non-volatile
salts, are ascertained by evaporating to dryness a known weight
(156 — 20 grm.) of urine, and weighing the residue after heating
to 110° : the loss of weight represents the water. The residue
is then ignited in a porcelain crucible, with occasional addition
of nitric acid, till all the carbon is burnt off; and again weighed :
the loss of weight represents the organic matter and volatile
salts. The second residue consists of the non-volatile salts: it
1s analysed as directed in 30.

¢. Uric Acid.— A larger quantity of urine (200 grm.) is
acidulated with hydrochloric acid, and allowed to stand for two
days: the uric acid separates out, and is collected on a weighed
filter. Or the urine may be evaporated to dryness, and that por-
tion of the residue which is insoluble in alcohol treated with
dilute hydrochlorie acid, which leaves the uric acid undissolved.

d. Chloride of Sodium.—Neutral or feebly acid solutions of urea
give with a dilute solution of nitrate of mercury a white pre-

cipitate, which contains 2 atoms mercuric oxide to 1 atom urea

chloride of mercury does not form this precipitate with urea:
chloride of sodium and nitrate of mercury mutually decompose
cach other, forming nitrate of sodium and chloride of mercury :
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the decomposition takes place between 1 atom of each salt
(NO*Hg + CINa =NO®Na + ClHg). Hence when nitrate of
mercury is added to a solution containing both urea and chloride
of sodium (e. g. urine), a permanent precipitate is first produced
when all the chloride of sodium has been converted into nitrate :
and if a standard solution of nitrate of mercury be used, the
amount of chloride of sodium present is readily caleulated from
the volume of mercury-solution employed.

The solutions required are :

1 A standard solution of chloride of sodium (A).—Pure water
at the ordinary temperature dissolves an invariable amount of
pure rock-salt. 20 c.c. of the saturated solution, containing 6-368
grm. salt, are diluted to 3184 c.c.: 1 c.c. of this solution con-
tains ‘02 grm. chloride of sodium,

2. A standard solution of wrea, containing 4 grm. urea in 100
e.c. 1 c.e. contains ‘04 grm. urea.

3. A standard solution of nitrate of mercury.— Crystallised
snbnitrate of mercury is dissolved in nitrie acid, and heated till
a drop of the solution is not precipitated by chloride of sodium :
it is then evaporated to a syrup and diluted with ten times its
volume of water. In order to standardise this solution, 10 e.c. of
the chloride of sodium solution are mixed with 3 c.c. of the urea-
solution, and 5 e.c. of a cold saturated solution cof sulphate of
sodium* perfectly free from chlorine. The mercury-solution is
then added from a burette, the mixture being continually agitated,
until a permanent precipitate is produced. If the mercury-solu-
tion be too concentrated, it cannot be graduated correctly. Sup-
pose for instance, 78 e.c. are required to produce the precipitate,
the solution is too concentrated : it must be diluted with its own
volume of water, and the experiment repeated. If 155 c.e. be
now required, 155 vols, of the solution are diluted to 200 vols. :
when a solution is obtained, 1 c.c. of which corresponds to “01 grm.
chloride of sodium. (If any foreign metals are present in the
mercury-solution, an opalesecence may be produced when it is first
added to the solution of chloride of sodium and urea : but as this

* In order to remove the free nitric acid which is always contained in the
mercury solution (NO*H + SO'Na®*=NO"Na + SO*'NaH).
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1s not sensibly inereased by further addition of the mercury-solu-
tion it is easily distinguished from the urea-precipitate).

Before the chloride of sodium in urine can be determined by
means of this solution, the phosphates and sulphates present in
the urine must be removed : this is done by a mixture of 2 vols.
of a cold saturated solution of baryta-water, and 1 vol. of a cold
saturated solution of nitrate of barium (which must be free from
chlorides or hyposulphites). 2 vols. urine are mixed with 1 vol.
mixture, the precipitate filtered off and the alkaline filtrate neu-
tralised with nitric acid. 15 c.c. of the filtrate (=10 c.c. urine)
are taken for the determination; and the mercury-solution is
added until a permanent precipitate is produced. Suppose 12-5
c.c. mercury-solution are required; the amount of chloride of
sodium is 0-125 grm. ;

In very accurate analyses the chlorine must be removed from
urine before proceeding to determine the urea by the mercury-
solution. This is done by nitrate of silver. If 2:906 grm. fused
nitrate of silver are dissolved in water, and diluted to 100 c.c., a
solution is obtained 1 c.c. of which corresponds to ‘01 chloride of
sodium, and therefore to 1 c.c. of the mercury-solution. When,
therefore, the volume of mercury-solution corresponding to the
chloride of sodium in 10 c.c. urine has been determined above, the
addition of the same vol. of silver-solution to another 10 e.c. of the
same urine exactly removes the chlorine, and the estimation of the
urea can be proceeded with at once.*

* Phosphate of sodium, like urea, gives a precipitate with nitrate, not with |
chloride, of mercury. Hence this salt may be employed instead of urea to de-
termine the amount of nitrate in a solution of nitrate of mercury. Chloride of
sodium, as we have seen, decomposes nitrate of mercury, atom for atom, form-
ing nitrate of sodium &nd chloride of mercury. If, therefore, 1 atom chloride
of sodium be added to a solution of phosphate of sodium, 1 atom of nitrate of
mercury is required for its decomposition, and a permanent precipitate does not
appear till more than 1 atom of the latter is added. Similarly, when a solution
of phosphate of sodium is precipitated by nitrate of mercury, it requires 1 atom
of chloride of sodium for each atom of nitrate, to redissolve the precipitate.
Hence, by means of a chloride of sodium solution of known strength, the
amount of nitrate in a solution of unknown strength may be determined by the
proportion NaCl: NO?Hg :: 58:5:162. The solutions required are:

1. A cold saturated solution of phosphate of sodium free from chlorine,
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e. Urea.—This estimation depends upon the fact that urea is
precipitated by nitrate of mercury, when the nitric acid that 1s
formed by the decomposition of the nitrate is neutralised by
baryta-water or carbonate of sodium. The precipitation is com-
plete as soon as the supernatant fluid.contains mereury, which is
ascertained by its giving a distinet yellow colour with carbonate
of sodium. The reaction takes place between 1 atom urea (=60)
and 4 atoms nitrate of mercury (=648): hence, theoretically, 01
grm. urea requires 1°080 grm. nitrate of mercury for its complete
precipitation. It is found, however, in practice that, for O-1 grm.
urea 1°158 grm. nitrate is required in order to produce the yellow
colour with carbonate of sodium in dilute solutions, The stan-
dard solutions required are : —

1. A solution of urea, containing 4 grm.urea in 200 c.c.: 1 c.c.
contains "02 grm. urea.

2. A solution of nitrate of mercury, 10 c.c. of which contain
1:138 grm. nitrate, and correspond to 0-1 grm. urea. This is pre-
pared by dissolving 100 grm. pure mercuryin nitric acid, heating
till nitrous fumes are no longer evolved, evaporating to a syrup,
and diluting with water to 1400 c.c. If the solution be prepared
from erystallised subnitrate of mercury, it must be standardised as
directed at p. 265 by means of the chloride of sodinm solution (B.),

3, A standard solution of chloride of sodium (B).—20 c.c. of a cold saturated
solution of rock-salt are diluted to 5868 c.c. 1e.c. (=-010852 grm. chlor. sod.)
corresponds to 03 grm. nitrate of mercury.

If the mereury-solution be too concentrated, it cannot be estimated accu-
rately ; it should not contain more than 0-3 grm. nitrate in 10 e.c. In orderto
determine the concentration, 10 ec.c. chloride of sodium solution are mixed
with 4 c.c. phosphate of sodium solution, and the mercury-solation added from
a burette until a permanent precipitate is formed. Supposing 5 e.c, to be re-
quired, the mercury-solution must be diluted with its own volume of water.
10 c.c, of the dilute mercury-solution are then mixed with 4 c.c. phosphate, and
the chloride of sodium solution added immediately from a burette with continual
agitation, until the precipitate is just dissolved. Suppose 12'5 c.c. are required.
In order to control the determination 125 c.c. chloride of sodium solution are
mixed with 4 c.c. phosphate, and the mercury-solution added till a permanent
precipitate is formed. Suppose 1025 e.c. are required: then by the first experi-
ment 12°5 e.c. chloride of sodium solution correspond to 10 c.c., by the second to
1025 c.c. mercury-solution: hence 10012 c.e. mercury-solution (the mean
| between these two numbers) contain 12+5 x ‘03 =875 grm. nitrate of mercury,
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so that 10 c.c. mercury-solution correspond to rather more thani|,
385 c.c. chloride of sodium solution. The mercury-solution, pre=-
pared by either of these methods, closely approximates to the re-:
quired standard : it must be accurately standardised by means of"
the urea-solution. To 10 c.c. of the latter (=02 grm. urea) the:
mercury-solution is added from a burette until a drop of the mix-
ture placed on a watch-glass gives a distinet yellow colour when
mixed with a drop of carbonate of sodium. Supposing 1925 c.c.
mercury solution to be required for this, every 192-5 vols. must be
diluted to 200 vols., and the experiment repeated: if the yellow
colour be now produced with exactly 20 c.c. the solution is accu-
rately standardised.

For the determination of urea in urine, 2 vols. urine are mixed
as before with 1 vol. barium-solution, filtered, and to 15 c.c. of
the filtrate (without previous neutralisation) the mercury-solution
added from a burette until a drop of the supernatant fluid gives a
distinet yellow colour with carbonate of sodium. The presence of
chloride of sodium interferes with the accuracy of the determina-
tion, making the urea come out too high: hence, in very accurate
analyses the urine must be previously freed from chlorine by the
standard silver-solution, as above directed. In ordinary cases,
however, this is not necessary: for sufficiently accurate results
are obtained by dedueting 2 c.c. from the volume of mercury-solu- |
tion employed. 5

1t is found by experiments with pure urea-solutions that, in
the analysis of urines rich in urea, the yellow colour which marks
the end of the reaction is produced by a somewhat smaller volume |
of mercury-solution than is actually necessary to precipitate the
urea, so that the result obtained is somewhat too low : and, on
the other hand, when the urine is poor in urea, a somewhat
larger volume of mercury solution is required, so that the resultis -
somewhat too high. In order to obviate the former source of
error, the determination is repeated with another 15 c.c. of the
filtered urine, to which 1 c.c. water is added for each 2 c.c. over
30 e.c. of mercury-solution employed in the first determination.
In the latter case it suffices to deduet 0'1 c.e. for every 5 c.c. |
below 30 e.c. of mercury solution employed: e. g. if 25 c.c. mer- |

ST e
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ry-solution were employed, the real amount is taken at 249 c.c.
=0-249 grm. urea.

A very simple method for the determination of urea is founded

n the fact that urea is completely decomposed by a solution of
a hypochlorite, all its nitrogen being evolved in the gaseous
form: (probably according to the equation CH'N20+43Cl0ONa=
CO2+2H?0+43CINa+ N?). If therefore the volume of nifrogen
evolved from a given volume of urine be observed, the amount
of urea is easily calculated. 1000 c.c. nitrogen at 0° and 760
mm. weigh 1'2609 grm.; 1 c.e. weighs ‘0012609 grm. The weight
of nitrogen evolved being thus determined, the corresponding
weight of urea is given by the proportion 14 : 60 : : wt. of nitro-
gen : wt. of urea. The determination is thus performed. A gra-
duated tube of stout glass, closed at one end, is about one-
third filled with mercury, a known volume of urine introduced,
and the tube filled with a solution of hypochlorite of sodium.
The mouth of the tube is then closed tightly with the thumb, and
the tube inverted into a vessel of mercury, or into a saturated
solution of common salt. The decomposition, which commences
almost immediately, is usually complete in 3 or 4 hours : during
which time no attention is required. When the evolution of gas
has quite ceased, the volume of nitrogen enclosed in the upper
part of the tube is read off, and the calculation made. In very
accurate experiments correction for temperature and pressure
must be made : but ordinarily this is not necessary. In order to
ensure the hypochlorite being in excess, not less than 5 or 6 times
the volume of urine should be employed. The results are not ma-
terially affected by the ammonia and urie acid ordinarily present
in urine : if, however, an undue amount of these substances be
present, they should be previously removed by heating the urine
with baryta-water as long as the smell of ammonia is perceptible.
(Davy. Phil. Mag. [4.], vii. 385.)

f. Ammonia.— 20 c.c. urine are introduced into a porcelain
basin, over which is placed, supported by a glass triangle, an-
other basin containing 10 c.c. of the standard acid =olution (36).
About 10 c.c. milk of lime are then added to the urine, and the
whole placed on a ground glass-plate, covered with a bell-jar, and
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allowed to stand for 48 hours. All the ammonia in the urine is
absorbed by the acid, the excess of which is finally determined
in 37.

g. Phosphoric Acid—The only volumetric method for deter=
mining the phosphoric acid in urine is very complicated andl
tedious, and does not give very accurate results. It is far simpler®
to estimate the phosphoric acid by weight. The addition of”
excess of baryta-water to urine precipitates all the phosphorie:
and sulphuric acids as phosphate and sulphate of barium. From.
this precipitate the phosphate is dissolved by dilute hydrochlorie
acid, the barium precipitated from the solution by sulphuric acid,
and the phosphoric acid from the filtrate by sulphate of magne-
sium, ammonia, and chloride of ammonium (6. a).

h. Other Constituents.— Sugar is estimated as directed in 47. I
Albumen is precipitated by heating the urine, after the addition
of a few drops of nitric acid. For the detection of lactic acid,
see p. 74.
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PART V.
EXAMINATION FOR POISONS IN JUDICIAL INVESTIGATIONS.

. Examination for Arsenic.

The object of the chemist, when employed in the detection of
arsenic in cases of poisoning, is to separate the arsenic in the
metallic state, and to produce it as such before the Court ; since
it is only in that form that the poison possesses properties so
decidedly characteristic that it cannot possibly be confounded
with any other substance.

The form in which arsenic can be most easily procured, and in
which consequently it is most frequently met with in cases of
poisoning, is that of arsenious anhydride, commonly called white
arsenic. It occasionally happens that this substance may be found
undissolved in the stomach, intestines, or vomited matter, and
may be separated by mechanical means; it is always advisable,
therefore, before proceeding to a chemiecal investigation, to ascer-
tain by careful examination whether any of the poison can be
detected unchanged in the substances submitted for analysis.
For this purpose the substances to be examined are spread out in
new and clean porcelain dishes, and turned over with clean glass-
rods ; or they may be mixed with water, and the lighter organic
matter separated from the heavier arsenious anhydride by leviga-
tion. If any white grains are thus found which possess the cha-
racteristic properties of arsenious anhydride (p. 80), it is only
necessary to reduce them to the metallic state by means of char-
coal (p. 83), or in a Marsh’s apparatus (p. 82).

It more frequently happens, however, that the poison cannot be
detected or separated by mechanical means, but exists in a state
of solution in, or of intimate mixture with, the contents of the
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stomach, &e. In this case the problem consists in dissolving and
destroying by appropriate reagents the whole of the organic
matter composing the contents, the vomited matter, the food, and
even the stomach and intestines themselves, Until this is done,
the detection of the arsenic is impossible.

It is of course indispensable, before proceeding to this opera-
tion, to ascertain by most careful examination that no arsenic is
contained in any of the reagents (sulphurie, hydrochlorie, and
nitrie acids, zine, nitre, chlorate of potassium, potash, &c.), or in
any of the vessels employed. This is equally essential, whether
the reagents have been purchased, or prepared by the operator
himself. It is most readily done by testing them in a Marsh’s
apparatus 3 for this purpose the chlorate of potassium is converted
by fusion into chloride, the nitre and potash into sulphate by sul-
phuric acid. And if, when all these precautions have been duly
observed, arsenic be found in the body, it must not be forgotten
that it may have been introduced accidentally by the administra-
tion of certain medicines, such as preparations of antimony or
phosphorus : even sesquihydrate of iron, whieh is frequently
administered as an antidote, may contain arsenie, unless prepared
with great care.

There are several methods of extracting the arsenie in a form
available for chemical analysis, most of which involve the destruc-
tion of the organic matter in which it is contained. 1. When the
substance is in the form of a paste (as in the contents of the
stomach and the feces), it is gently heated and completely satu-
rated with washed chlorine, which is evolved from binoxide of
manganese and hydrochloric acid, both of which havé been pre-
viously tested for arsenie. When the mass is completely saturated
and bleached, it is heated nearly to boiling, to expel the excess of |
chlorine, and the solution, which contains all the arsenie, filtered
through paper free from smalt. 2. The stomach and intestines,
with their contents, are cut into shreds, and dissolved in a porce-
lain dish by as little caustic potash as possible : the solution is
acidulated with dilute sulphuric acid, and the coagulated mass
treated with chlorine, as above. 3. The organic matter is cut
into pieces, and treated with sufficient water to form a thin paste,
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and a quantity of concentrated hydrochloric acid, equal in weight
to the organic matter, is added. The whole is then heated in a
water-bath, stirred every few minutes, and chlorate of potassium
(free from lead) gradually added, until a clear yellow solution is
obtained. This is heated for some time longer, filtered when cold
through linen, or paper free from smalt, the residue on the filter
washed with hot water as long as the washings have an acid re-
action, and the filtrate evaporated on a water-bath to about 1 1b.
4. The whole of the substances to be examined, both solid and
liquid, is introduced into a large tubulated retort, with about an
equal weight of fused chloride of sodium, or rock-salt in frag-
" ments: the retort is connected with a receiver furnished with a
delivery-tube, which dips into water. A quantity of sulphuric
acid not sufficient to decompose all the chloride of sodium is
poured into the retort; and when the evolution of hydrochlorie
acid has ceased, the contents of the retort are heated to boiling,
and the chloride of arsenic which distils over is colleeted in the
receiver, which is kept quite cool. Since the greater part of the
arsenic comes over towards the end of the operation, the distilla-
tion should be carried as far as possible.

The solution obtained by any of these methods is poured into a
flask, and completely saturated with washed hydrosulphuric acid,
while it is heated to about 60° or 70° to facilitate the precipita-
tion of the sulphide of arsenic. After standing for 24 hours, the
solution is poured off as far as possible from the precipitate, which
is thrown upon the smallest possible filter, and washed with water
containing hydrosulphuric acid. The filtrate, before being thrown
away, should be again saturated with hydrosulphuric acid. The
precipitate, which, even if much arsenic be present, is generally
of a dirty-greyish colour®, contains organic matter, which must
be removed. For this purpose the precipitate is dissolved in
dilute ammonia, or in a concentrated solution of carbonate of

* The precipitate may also contain, as sulphides, any of the metals which are
precipitated by hydrosulphuric acid from an acid solution (antimony, lead,
mercury, copper), by which the yellow colour of sulphide of arsenic would be
disguised. They are left undissolved when the precipitate is treated with
ammonia. Zine, if present, will be found in the original filtrate.

T




274 EXAMINATION FOR ARSENIC. PART V.

ammonium, the solution evaporated to dryness, and the residue
warmed with concentrated nitric acid (free from chlorine) in a
poreelain crucible, till it is all dissolved : the solution is neutralised
with caustic soda or carbonate of sodium, evaporated to dryness,
and the residue heated to fusion. More nitrate of sodium may be
added if necessary : when sufficient is present, the heated residue
becomes first brown, then black, and finally fuses without detona-
tion to a colourless liquid. The fused mass, when cool, is gently
heated with concentrated sulphuric acid till the nitric acid is
completely expelled, dissolved in as little hot water as possible,
and the solution introduced slowly and gradually into a Marsh’s
apparatus through the funnel-tube. The hydrogen in the appa-
ratus is evolved from zinc and sulphurie acid, both previously
tested for arsenic: the latter is added gradually, to avoid too
great evolution of heat. Before introducing the arsenie-solution
the apparatus should be full of hydrogen, and the long difficultly-
fusible delivery-tube should be heated to redness in one spot.
If, after heating the tube for an hour, no metallic mirror is ob-
tained, nor any metallic stains upon a fragment of porcelain
depressed into the flame of the kindled gas, the absence of arsenic
may be regarded as certain. If a mirror and metallic stains be
obtained, they must be proved to possess the physical and chemical
properties of arsenic described at pp. 82, 83. If sufficient arsenic
be present, it is advisable to obtain mirrors in different parts of
the delivery-tube: the most characteristic of them having been
selected, the portion of the tube containing it is cut off, sealed
at both ends, and preserved for production before the court.
When the amount of arsenic is very small, it is difficult to obtain
satisfactory proof of the nature of the deposit: the only indica-
tion which is perfectly conclusive is the production of a metallic
mirror which volatilises when gently heated, and is again depo-
sited in the cool part of the tube, at the same time imparting to
the evolved gas the characteristic smell of garlic.

'If no arsenic be found in the stomach and intestines, it may
have been partly carried away in the feeces and vomited matter,
partly absorbed into the blood, and into those organs which are
rich in blood. It is then necessary to examine the liver, spleen,
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lungs, heart, and kidneys, by some of the methods above described.
If any urine be found in the bladder, it should be examined first,
by acidulation with hydrochlorie acid, and saturation with hydro-
sulphuric acid.

Wéhler gives the following method for the extraction of arsenic
as especially applicable in cases when a body is exhumed entire
after long interment. The whole of the soft parts are treated in
a large porcelain dish with moderately strong nitric acid, and
heated on a sand-bath with constant stirring, until they are con-
verted into a homogeneous paste. The paste is neutralised by
caustic potash or carbonate of potassium, and a quantity of nitre
added about equal in weight to the organic matter operated upon.
The whole is evaporated to dryness, with constant stirring, and
the residue introduced by degrees into a new Hessian erucible,
heated to dull redness: in this manner the organic matter is com-
pletely destroyed, and the arsenic converted into alkaline arsenate.
The amount of nitre added must be just enough to destroy all the
organic matter, and no more: it is advisable to ignite a small
portion of the mixture separately, and to observe whether it is
quite white after ignition ; if not, more nitre is required. The
ignited mass is then dissolved in as little hot water as possible,
and, without filtering, heated with sulphuric acid till all the nitric
and nitrous acids are expelled. When cool it is stirred up with
cold water, and the solution poured off from the residue, which is
thoroughly washed. This solution contains all the arsenic as

arsenate of potassium, and is treated with hydrosulphurie acid as
above.

2, Examination for FPhosphorus.

Only the ordinary phosphorus is poisonous: its action depends
upon its oxidation into phosphorous acid.

The best method for the detection of phosphorus in cases of
poisoning is to distil the suspected substance in a flask with water
and sulphuric acid: the flask is fitted with a delivery-tube bent
twice at right angles, the end of which dips into a receiver con-
taining cold water, which must be kept cool. The distillation

is performed in the dark. As soon as the vapours arrive in the
T2
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cooled part of the tube, a continual phosphorescent light is ob-
served therein, generally in the form of a shining ring: at the
same time globules of phosphorus are deposited in the receiver.
In this manner 1 part phosphorus may be detected in 100,000
parts substance. It is essential to produce in court the water
which contains globules of phosphorus, or which exhibits a phos-
phorescent light. To obtain the reactions of phosphorie acid in
the substance under examination is no proof that phosphorus has
been administered: for this acid is contained in the majority of
animal substances which are used as food. Neither can any re-
liance be placed upon obtaining the reactions of phosphoerous acid
in the distillate.

3. Examination for Hydrocevanie Acid.

The characteristic bitter-almond smell of prussic acid is gene-
rally perceptible in substances in which hydrocyanic acid or
cyanide of potassium are present, even in very small quantities.
No certain conclusion, however, as to the absence of the poison
can be drawn from the absence of the smell,

The best method of detecting prussic acid in cases of poisoning
is to separate it from the organic matter in which it is contained by
distillation with dilute sulphurie aeid. This operation is best
performed in a flask, the delivery-tube of which dips into a re-
ceiver containing distilled water, in which the hydrocyanic acid
(if present) will be completely condensed. A portion of the dis-
tillate is neutralised with potash, and tested by a ferroso-ferric
salt and hydrochlorie acid : another portion is tested by sulphide
of ammonium and a ferric salt (p. 41). If the presence of hy-
droeyanie acid be thus proved, it is still necessary to ascertain
whether the eyanogen was contained in the substance examined in
the form of some non-poisonous compound — e. g. ferro- or ferri-
cyanide of potassium— from which it would be separated as hydro-
cyanic acid by distillation with sulphurie acid. If this be the
case, the aqueous extract of the original substance will give a pre-
cipitate of prussian blue with a ferroso-ferrie salt.

It must be borne in mind that mixtures which do not contain
any cyanide occasionally give off hydrocyanic acid when distilled

with sulphuric acid.
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4. Examination for FPoisonous Organic IBases.

The following are the natural organic bases to which, on
account of their poisonous properties, attention must be dirceted
in chemico-legal investigations, and for whose detection a general
method of proceeding can, within certain limits, be laid down:

Nicotine, CWHYN2, Coniine, C’H'®N. Strychnine, C*'H-2N20?,
Brucine, CBH®N?0Y  Morphine, CTHYNO?,  Atropine (datu-
rine), CTHBNO3. Hyoscyamine. Solanine. Veratrine, C3* 1%
N208.  Colchicine. Aconitine, C3HAYTNO7,

The following are the principal properties and reactions of these
substances. Nicotine and Coniine are oily liquids, which can be
distilled without decomposition : the former boils at 250°, the latter
at 170°—200°. They have an offensive smell, which in the case
of nicotine is first perceptible on the application of heat.  They
are readily soluble in aleohol, ether, and acids: their salts are not
erystallisable, are soluble in aleohol, insoluble in ether. Nicotine
is more soluble in water than coniine. The rest of these bases
are solid bodies, and (with the exception of wveratrine, colchicine,
and aconitine) readily erystallisable.— Strychnine is very slightly
soluble in water, ether, or absolute aleohol: it has an intensely
bitter taste. When it is treated with a few drops of concentrated
sulphurie acid, and solid bichromate or ferricyanide of potassium,
or peroxide of lead, added to the mixture, a magnificent blue
colour is produced, which changes gradually to purple, violet,
and red : the addition of water changes the colour at once to
red, and gradually to yellow. Chlorine gives a white pre-
cipitate with strychnine=salts. — Brucine is more soluble in water
than strychnine; soluble in aleohol, insoluble in ether. With
concentrated nitriec acid it gives a dark-red colour, which
on heating is changed gradually to orange and yellow: the
addition of chloride of tin changes the yellow colour to intense
violet.—Morphine is difficultly soluble in water and ether, readily
in aleohol and alkalis.  With concentrated nitric acid it gives
first a blood-red, then a yellow, colour: with a neutral solution of
ferric chloride a blue colour, which changes to green and brown:

with iodic acid and starch paste, blue iodide of starch. — Atropine
T3
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(daturine) and Hyoscyamine, when applied to the eye of a cat,
produce strong dilatation of the pupil: they are soluble in
water, aleohol, and ether, forming alkaline solutions.— Solanine is
difficultly soluble in water, alecohol and ether: it is coloured
yvellow by concentrated nitric or hydrochloric acid ; by sulphurie
acid, first yellow, then violet and brown.— Veratrine excites violent
sneezing : it is difficultly soluble in water, readily in alcohol or
ether: sulphurie acid eolours it first yellow, then a fine carmine-
red : concentrated hydrochloric acid dissolves it, forming a deep
violet solution. — Colehicine is soluble in water, alcohol, and
ether : sulphurie acid colours it brown-yellow ; nitric acid, blue or
violet, changing to olive-green and yellow.—.Aeonitine is tolerably
soluble in boiling water, forming a strongly alkaline solution ;
readily soluble in alcohol, less so in ether. Nitric acid dissolves
it without change of colour: sulphurie acid colours it first yellow,
then violet. Like atropine, it produces dilatation of the pupil.—
All these bases in a not too dilute hydrochlorie acid solution give
yellow precipitates with terchloride of gold, bichloride of platinum,
and phosphomolybdie acid ; and white precipitates with ehloride of
mercury. Most of them are precipitated white by tannic acid,
brown by solution of iodine.

The simplest method for the separation of these bases from the
organic matters which are usually submitted to analysis in
chemico-legal investigations, is that proposed by Sonnenschein
(Ann. Ch. Pharm. civ. 45). The reaction upon which this me-
thod of separation is founded is the precipitation of these sub-
stances from an aqueous acid solution by phosphomolybdic acid.
This reagent is thus prepared. The yellow precipitate obtained
by adding phosphate of sodium to molybdate of ammonium is
well washed, suspended in water, and heated with carbonate of
sodium till it is completely dissolved. The solution is evaporated
to dryness, and the residue ignited till all ammonia is expelled : if
any reduction of molybdic acid take place, the residue is moistened
with nitric acid, and again ignited. It is then heated with water,
nitric acid added till the solution has a distinctly acid reaction,
and the gold-yellow solution thus obtained diluted till 10 parts




PART V. EXAMINATION FOR POISONOUS ORGANIC BASES. 279

solution contain 1 part solid residue. It must be carefully pre-
gerved from contact with ammonia.

The following is the process for the extraction of the bases.
The whole of the organic matter to be examined is repeatedly
exhausted with very dilute hydrochlorie acid: the extract is eva-
porated at a heat of 30° to the consistency of a thin syrup, then
diluted, and left for some hours in a cool place before filtration.
The filtrate is precipitated by excess of phosphomolybdic acid,
filtered off, thoroughly washed with water containing phosphomo-
lybdic and nitric acids, and introduced while moist into a flask.
Caustic baryta is added, to a distinet alkaline reaction: and the
flask having been fitted with a delivery-tube which is connected
with a bulb-apparatus containing hydrochloric acid, heat is gradu-
ally applied, when the ammonia and volatile organic bases distil
over, and are collected in the hydrochloric acid. The residue in
the flask (containing the non-volatile bases) is freed from excess
of baryta by a current of carbonic anhydride, carefully evapo-
rated to dryness, and extracted with strong aleohol. On evapo-
rating the aleoholie solution, the bases are commonly obtained in
a state of such purity that they will at once exhibit their cha-
racteristic reactions: occasionally, however, they require to be
further purified by recrystallisation from alcohol or ether.

In some cases—e. g. in examination for strychnine in large quan-
tities of liquid—it is advantageous to employ animal charcoal,
which possesses the property of absorbing several organic bases.
The liquid is left for a day in contact with good animal charcoal,
being frequently agitated with it: the charcoal is collected on a
filter, thoroughly washed, and boiled with alecohol, which dis-
solves out the base.

The facts elicited by the judicial investigation will generally
afford a clue to the particular poison which is especially to be
looked for. The reactions obtained should always be controlled
by careful comparison with those exhibited by a pure specimen
of the substance whose presence is suspected.

T4
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ATOMIC WEIGITS AND SYMBOLS OF THE ELEMENTS.

Sym. Element, ; At wt. Sym. Element. At wt.
Al.  Aluminium. . 186 | Hg. Mercury . w100
Sh. Antimon Wb . 120 Mo. Molybdenum . . 48

As, Arsenic . » AD Wi - sk i . 929

Ba. Barium . . 68+ | Nb. Niobium or Columbium  —
Bi. Bismuth . . 208 |-  (Nitrogen . . 14

B. Boron g ] 145 | 0s. Osmium " M [
Br. Bromine . . 80 O. Oxygen . . 48
Cd. Cadmium . 1 56 Pd. Palladium ; - a3

i P.  Phosphorus |
oo - (o b TR

A ] $ANs K. Potassium . . 39
Cl. Chlorine . . 8553 | Rh. Rhodium h » 52
Cr. Chromium . " 26-2 Ru. R‘uthenium : . o2 .
Co. Cobalt . i 30 Se. Saleninm . ¥ 79 1
Cu. Copper . . 3817 | Si Silicum . . 285
Di. Didymium . . 48 | Ag. Silver v e L1008
: Na. Sodium ; . 28
[ Erbiom . . 2 T

Sr.  Strontium . 438
P. Fluorine . e S.  Sulphur . . o2

G. Glucinum or Beryllium 47 | Ta.  Tantalum : . 1876
Au. Gold . g - 196 Te.  Tellurium . . 128
%;‘1 %erhium . " _ii :
H. Hydrogen . g 1 . horium. -, : 59-
e on. Tint . e . 148

f I Todine : TP 17 Ti.  Titanium P 50
Ir. Tridium. = 2 9586 U. . - 60
Fe. Iron . . . 28 vigitin A

Y. Yanadiom : . 635
La. Lanthanum . . 46
Pb., Lead . . . 1035 | W. Wolfram or Tungsten 92
Li Lithium . i 2 65 Y, g " 25

Mg. Magnesium. . 12 | 7, 7 ., . 325
Mn. Manganese . . 26 Zr.  Zirconium . . Seu
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estim, of . . 205
Carbonate of sodium, estim. “of in

alkaline waters . . 231

Carbonates . . 12; vuiuatmn ot‘ 234
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Chloroplatinates . . . . 103
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Course of qualitative analysis ., 192
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Cyanates, cyanic goid ., v oMl



——-—“

284 INDEX.
Page Page
Cyanides . : 5 . 38—41 | Ferroso-ferric oxide . s . 158
double . 2 . 39,43 Ferrous oxide and salts i . 153
Cyanite " . ‘ . 54 | Fleitmann (phosphates) . . 63
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detection of in (Grape-sugar, estim. of . . 260
presence of Graphite 3 ; : S |
ferrous salts 156 | Groups : g . I
Ferricyanides . - . 43 | Gun-metal, anal, all ; . 212
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Todates, iodic acid : 5 . 36 oxide and salts of . . 188
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Petroleum - . 185
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Phosphides - . ; . b6
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sep. and estim. of 187,207,223

Prehmite 52; anal, of 221
Preliminary examination . 192
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Prussiate of potassinm, red and
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P ugh, estim. of nitrates ‘« -9
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Pyrites , . - 15
Pyrochlorite . . 167
Pyrolusite . 4 . . 149
Pyrophosphates,  pyrophosphorie
acid . a x . 63
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Selenium . 3 : : . 113 salts . , « 08



INDEX.

Page

Stannous salts, distinct. from stannic 96

Starch, estim. of . * . . 260

Stilbite, anal. of . . - . 291
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Strontium . : : . . 179
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sep. and estim. of 180, 208
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water . 15
Sulphuric acid . . . . 18
estim. of 18, 208
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Tannic acid . 73
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sep. and estim. of . 172
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Uranic oxide and salts . 3 . 161 phides of antimony, arsenic,
Uranite : : : : . 161 and tin . ; 99
Uranium . : p : . 161 | White lead . 118 anal. ﬂf 119
protoxide of . g . 161 | Witherite . . 178
sep. and estim. of . . 162 | Waohler, prep. of pm‘c mn]j bdie
sesquioxide of W anhydride . . . 108
Uran-ochre . g : . . 161 anal. of cinnabar, mereurie }
Uranoso-uranic oxide . . . 161 oxide, and red lead . 126
Uranouns oxide and salts . 161 estim. of water in Rochelle-
Urea, estim, of in urine {Lleh:g} 267 salt . . 207
(Davy) . 269 anal, of platinum ores 239
Uric acid . . 75 ferrocyanide of
estim. of in urine . ’ Eﬁ-lr pntassium . 241
*Urine, anal. of . 5 . . 264 extract. of arsenic from
organic matter . . 278
Vanadate of lead, anal. of . . 111 | Wolfram g a . 104
Vanadates . . . 110 anal. of mineral . . 105
Vanadic acid and anhy dride. - . 110 oxides of . . 104
oxide . - : . 109 sep. and estim. of . . 108;

salts : . . . 110
Vanadites . L A . . 110

Ytitra . g s - b . 168

Vanadium . : ’ - . 109 | Yttrium : : : a . 168
binoxide of . . . 109 sep. and estim, of . . 16
extract. of fromiron-ores 110 | Yttrotantalite . 168, 17
protoxide of . ' .. 108 :
galts |, « 109 | Zeolites, anal. of . . . 298
sep. and estim. of' & ER behaviour of to acids . 52

Vanadous anhydride . ‘ « 109 } Zine . o P ; . 158

oxide . 3 . . 109 oxide and salts . : . 15

Warriato:, .+« & o+ s 148 sep. and estim, of . . 159, 212

Veratrine . . . ‘ 2?7 278 | Zinc-blende . 158; anal. of 2111

Vesuvian . . .~ b2 | Zingplanoes . ¢ oo le e

Vohl, sep. of tin from arsenic and Zinkenite, anal. of . 93

antimony . : ; . 85,100 | Zircon . 54; anal. of 1677

Volumetric analysis . : . 241 | Zirconia ; : ) A . 167

direct and resi- Zirconium . . .y Al . 16

dunal method 242 salts . . . 167

examplesin . 243 sep. and estim. of. . 167
THE END.
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amongst the foremost in the annals of elec-
tricity, and is, therefore, too well known to
most of our readers to render it necessary to
say mnch by way of introduction. Hoth as an
experimenter and a theorist the author of this
treatise stands amongst the very highest in
Europe. Any work, therefore, from his pen
must be valuable, but the one before us is un-
usually so, because it contains not only the
matured resultof his own extensive researches,
but also of all other electricians up to the pre-
gent year., No work at all approaching it in
either fulness, completeness, or clearness, has
yet been published. The three volumes contain
very nearly 2,300 pages, and have been more
than five years in the course of publication, the
delay having been in a large degree occasioned
by the anxicty of the author to make his work
as complete as possible. We have in it, con-
8 equently, not merely a full exposition of the
older laws and applications of the science, but
of its most recent acquisitions and develop-
ments, all set forth with that perspicnity and
accuracy which no man could give who was not
a thorough master of the science.” )
MECHANIC'S MAGAZINE.

¢ The fundamental phenomena of elec-
tricity are explained in the first part. The
gecond part is devoted to a careful examination
of the conditions of electricity in a state of rest
or tension, and an examination of the theories
of electricity., Electro-dynamics and magnet-
ism are very fully treated of in the third section
of the work, and different chapters are devoted
to a philosophic disquisition on the mutual
actions of magnetism and electricity, and a de-
scriptionof magnetic instruments. In the fourth

e P

MPLETION OF DE LA RIVE'S WORK ON ELECTRICITY.

Just published, Vor. IIT. in Svo. with Woodecuts, price 27s. cloth,

TREATISE ON ELECTRICITY,

IN THEORY AND PRACTICE.
By A. DE LA RIVE,

LATE PROFESS0R IN THE

Translated for the Author by C. V. WALKER, F.R.S.

L, i

ACADEMY OF GENEVA.

OFPINIONS OF THE PRESS.
“ The name of De la Rive has long been | section we have an examination of the

phenomena relating to the mode of the propa-
gation of electricity in the interior of bodies ;
a detailed study of the calorific, luminous, and
chemical effects; and of the physiological
phenomena to which electrigity gives rise in
organised bodies. ‘The sources of electricity
then become, in the fifth divigion, the subjects
of study; and in the last section all the uses of
this remarkable power are treated of—such as
electro-chemical applications (gilding, galvano-
plastic, &ec.), electro-magnetic appliances
(telegraphy, clocks, &c.), electro-calorific and
electro-luminous experiments, and the uses of
electricity as a curative agent, or a means of
physiological investigation. This enumeration
of the eontents of this work, of which the
volume before us forms a part, will prove the
extent of the inquiry, and will serve to show
how large an area is oceupied by electricity in
the domain of the phvsical sciences. Professor
De la Kive has ably executed his tazk, and in
the three volumes, now brought to a close, we
have one of the best treatises on electricity in
any English language. The English translation
has been executed from the author's French
manuseript by Mr. Charles V. Walker, so well
Known to the public by his ingenious appliances
to render the electric telegraph more effective,
and less liable to derangement, than he found
it. So able a translator has, it may be imagined,
done full justice to his author; and, secing that
noone who did not possessa perfect knowledge
of the seience of electricity conld deal with 1ts
technicalities, our acknowledgments of ex-
cellence are also due to him who has under-
taken the laborious task of rendering this
treatise into English.”
LITERARY GAZETTE,

*.¥ Vor. I. price 18s. and Vor. II. price 28s. may also be had.

T -

London: LONGMAN, BROWN, and CO., Paternoster Row.



VAN DER HOEVEN'S HANDBOOK OF ZOOLOCY.

A T T Tl R

R,

Just published, in 8vo. with 24 Plates of Figures, price 60s. cloth,

HANDBOOK OF ZOOLOGY

By J. VAN DER HOEVEN, M.D.,
Professor of Zoology in the University of Leyden.

Translated from the Second Dutch Edition (with eopious additional References
furnished by the Autfor)

By the Rev. W. CLARK, M.D., F.R.S,, &e.

Late Fellow of Trinity College, and Professor of Anatomy in
the University of Cambridge.

e

* This stupendous monument of scien-
tific erudition is more fitted for a text-book to
the student whose motto is therough than for
a popular reader of zollogy., Everything that
the celebrated Dutch Professor touches is
thumuthw handled, without being overlaid,
though vnless for the determined student there
will seem to be a great amount of detail as
well as much minuteness. The first edition
of his Zedlogy was commenced in 1827, and
completed in 1835. The work may be con-
sidered under two heads. The one gives a
broad view of the general subject—a class, an
order, &c.; including the history of its dis.
covery, as well as the account of its nature.
This is followed by a detailed exposition of
the different species, with the particulars
necessary for the student to learn.  An intro-
duction contains a survey of nature in its great
divisions of inorganic bodies and vegetable and
animal life. The volume begins with the
lowest class, the Infusoria, and closes with
the Molluscs.” SPECTATOR.

¢ Professor Van Der Hoeven's excellent
volume opens with an Introduction describing
briefly, but clearly, the general conditions of
animal life, and the general principles o1
zoological classification. This is followed by
a detailed description of every class in sue-
cession, with an enumeration of its orders,
families, genera, and species. A series of ele-
gant plates completes the volume. No other
work presents o clear and so perfect a view
of the animal kingdom. In translating it, and
interweaving into its text the new matter which
the advance of science has contributed since
its original publication, Dr. Clarke has most
judiciously discharged the duty which he felt
imposed upon him by the recent changes in
the Cambridge ewrriculum, and his own posi-

tion in the University. We shall be glad to
see the work completed by the addition of the

Vertebrate Animals in a second volume.”
GUARDIAN.

“ The appearance of the second volume
of this work puts the English stndent into full
possession of the latest conspectos of the ale
ready immense and ever increasing science
zoolegy.,  The eminent Dutch professor hag
produced a great work. The master-genius,
which in Linnsus formed the Systema Nature,
cannot indeed be attributed to Van Der Hoes
ven, nor the grand conception which developed
La Régne Animal in the brain of Cuvier. The
illustrious sSwede created the science almost
de nove; and the sagacious Frenchman, thrusts
ing it again into the fire, forged it anew upon
his own anvil, by the sole power of his own
mighty hand. But a host of artificers have
been working at it of late years; the clang
a thousand hammers is daily heard, fashionin
and re-fashioning it in every part; the p;rans,-
ditficulty is now in selecting from the host of
rival booksmiths: ecce signum ! even before
the iron has cooled, while one end of the ela=
borate implement is vet in the Levden fire,
the other end has been found to needy remodel=
ling, and is changing its shape under the
hammers of ardent saccessors. The volume
before us is prefaced by a valuable and elabo=
rate essay from the pen of the translator,
embodying the principal additions made to
zoology (chiefly invertebrate zoology) since the
appearance of the first volume. Some of thesa
mdditions are important....... The ook is an
admirable result of learning, skill, and labour,
and ought to find a place in every zoologist's
library. The translator appears to have exe-
cuted his part of the work with care and
faithfulness,” LiTERARY GAZETTE.

" Each volume, viz. VOL. 1. Tnvertebrate Animals, with 15 Plates of Fi
VoL IL Fertebrate Animals, with 9 Plates of Figures,—may be

gures, and :

had separately, price 30s. cloth.

London : LONGMAN, BROWN, and CO., Paternoster Row.




MAUNDER’S
POPULAR TREASURIES.

B R A e

*+* New and thoroughly revised Editions; each Zreasury complete in One
compact Volume, fep. Svo. of about 900 pages, comprising about
1,500 mlumm nf sma]l hut very ].Lgil.}lL type.

Science and Literature.

AUNDER’S SCIENTIFIC AND LITERARY

TREASURY : A new and popular Encyclopeedia of Science and the Belles-
Lettres: Including every Subject connected with Literature and Art. Price 10s.

Biography.

AUNDE R’S BIOGRAPH [CAL TREASURY:

Consisting of Memoirs, Sketches, and brief Nntmea of above 12,000 Eminent
Persons of all Ages and Nations............. ...Price 10s,

General Knowledge.

UNDER’S TREASURY OF KNOWLEDGE, AND

LIBRARY of REFERENCE: A copious popular Compendium of Universal

Knowledge: Including Grammar, Dictionary, Gazetteer, Mythology, Chronology, Peerage, &c. Price 10s.

Natural History.

AUNDER’S TREASURY OF NATURAL

HISTORY : A popular Dictionary of Animated Nature: Enlivened with
Anecdotes of the Instinet, &ec., of Animals; with 900 Woodcuts.. .. Price 10s.

History.

AUNDER’S HISTORICAL TREASURY:

Comprising copious general introductory Outlines of Universal History, and
separate Histories of every principal Nation..............oooovvmvvvnnnn, Price 10s.

Geography.

[AUNDERS TREASURY OF GEOGRAPHY,

Physical, Historical, Descriptive, and Political. (Completed by WILLIAM
Huenes, F.R.G.S.) With Maps and Steel Plates.. .. ... Price 10s,

The SIX TREASURIES complete, price £3, cloth.

may be had sepurateig

(as above

(price 122. 6d. neatly whole bound in calf,
ach T reasurylprice 12s. bound in roan, with gilt edges, or
price 10s. bound in cloth lettered,
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London: LONGMAN, BROWN, and CO., Paternoster Row.



NEW EDITION OF HERSCHEL’S OUTLINES OF ASTRONOMY.

In One Volume, 8vo. with numerous Plates and Woodcuts, price 18s. cloth,

OUTLINES OF

By 8ir JOHN F. W. HERSCHEL, Bart., K. H.

MEMBER OF THE INSTITUTE OF FRANCE, ETC.

THE FIFTH EDITION,
Thoroughly revised and corrected to the existing state of Astronomical Science.

i first edition of this work, which

was published in 1849, might be con-
sidered as an extension of a treatise on
the same subject that was published in
the Cabinet Cyeclopedia in 1833. But
within the last few years, astronomy has
been enriched by so many and such con-
siderable additions, that this new edition,
in which they are recorded, may in some
respects be considered as a new work.
Together with these recent accessions to
our knowledge, the author has intro-
duced an account of the methods by which
the mass of the earth has been deter-
mined, the ancient solar eclipses, M. Fou-
cault’s remarkable pendulum experi-
ments, and the beautiful instrument the
scope, together with notices of Pro-
essor Thomson’s speculations on the
origin of the sun’s heat, and some curious
views of M. Jean Reyvaud on the secular
variation of our climates. Some new
speculations are also hazarded; as, for
instance, on the subject of the moon's
habitability, the cause of the acceleration
of Encke’s comet, &e. &e. In writing
this work, the object of the author was
not to produce a technical treatise, in

P S L e

Uniform with the above, in Svo. price 18s. cloth,

Sir J. HERSCHEL’S ESSAYS from the EDINBURG
and QUARTERLY REVIEWS; with Addresses and other Pieces.

THESE essays and addresses of Sir John
Herschel are not mere chronicles of
the progress of the science with which
his name is indissolubly connected. The
highest truths of this science are simply
and beautifully expounded,and made clear
to all classes, Very many of our readers

ASTRONOMY

which the student should find a minute
deseription of methods of observation
on the formule he requires prepared to
his hand, or their demonstrations drawn
out in detail ; but to present to him i
each case the mere ultimate rationale of
Sacts, arguments, and processes; and in
all cases of mathematical application,
avoiding whatever would tend to encum-
ber its pages with algebraic or geometri-
cal symbols, to place under his inspection
that eentral thread of common sense on
which the pearls of analytical research
are invariably strung ;—in a word, the
aim of the work is simply fo feach all
fhat s Lnown on the subject of astro-
nomy. The author has endeavoured
to render it as independent of other
books as possible. But for the more
advantageous perusal of it, the student
should be familiar with decimal and sex=
agesimal arithmetie, besides having a
moderate acquaintance with geometry
and trigonometry, the elementary prin-
ciples of mechanies, and enough of optics:
to understand the construction and use
of the telescope and some other of the
simpler instruments. ]

are active members of general book clubs,
and we can assure them that it would be
difficult to find a work so likely to be both
instruetive, interesting, and generally
acceptable as this collection of Sir John
Herschel's essays and addresses.

B T N e
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MPLETION OF DR. COPLAND’S MEDICAL DICTIONARY.

8vo, price £2. 11s. cloth,

“TN Dr.Corraxn’s Dictionary of Prac-

tical Medicine we see a reflex of
German erudition, French acuteness, and
British practical common sense. It has
long had an European reputation, and
will, we have no doubt, successfully main-
tain what it has taken its author so much
patient trouble to acquire.”

LaxcET, Sept. 4.

- WE heartily congratulate the learned

and indefatigable author of the
Dictionary of Practical Medicine on the
achievement of his herculean undertak-
ing, commenced in the enthusiasm of
manhood thirty years ago. His writings
during this long period have never failed to
arrest the attention, and to sustain it with
unflagging interest throughout the com-
prehensive accounts which from time to
time he has published regarding the na-
ture of diseases and their treatment. The
execution of every part of his work bears
ample evidence that he has not only

read, but studied, with unwearied men-
fal labour, the best medical authors, not only of
his own time, but those of past aces. His ideas,
his doctrines, his descriptions, and his instiuctions
are conveyed in language at onee terse, clear, forei-
ble, and condensed ; and his whole work is in itself
nli‘nra?' of pathological doetrine and therapeutical
lore, of which English litérature has every reason
to be prond. With incessant labour, alone and unas-

ust published, Parts XIX. and XX. (a double part, completion, with
CoxTENTS and g copious INDEX) price 9s, sewed ; and Vor. IIL (in two parts)

classified

A DICTIONARY
PRACTICAL

COMPRISING GENERAL PATHOLOGY, THE NATURE AND TREATMENT OF DISEASES,
MORBID STRUCTURES, AND THE DISORDERS ESPECIALLY INCIDENTAL o
CLIMATES, TO SEX, AXD TO THE DIFFERENT EPOCHS OF LIFE ;

WITH NUMEROUS APPROVED FORMULAE OF THE MEDICINES RECOMMENDED, &c.
By JAMES COPLAND, M.D., F.R.5., &e.
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MEDICINE:

Crrticar OriNioxs of fhis DICTIONARY,

sisted, but encouraged to persevere by
many friends, to whom in gratitude and
affection he dedicates his volumes, and
no doubt cheered also, at intervals, by
the encomiums of the medical press, as
part after part of his work made its tardy
appearance, Dr. CoPLAND has, at length,
accomplished an undoubtedly great work,
which must remain an imperishable mo-
nument of his talents, of his learning, and
of his persevering industry. Asa com-
pleted treatise, it is of the most com-
prehensive kind, executed with a umty
of principle, which, even through some
inconsistencies, tends to establish con-
viction and to command belief. Although
published as a dictionary (which, indeed,
18 the most unpretending form in which
the subject-matter of any science can be
expressed), the Dictionary of Practical
Medicine has some of the merits of a sys-
tematic treatise, inasmuch as a classified
table of contents has been issued in the
last part now published. Dr. Corrasnp’s

arrangement of diseases, lesions, and
modes of cure, i3 founded apon our knowledge, or
presumed knowledge, of the conditions of eital foree,
and has constant reference to those conditions,—* to
that power which actuates the whole human organi-
sation, and to which a continmed regard must neces-
sarily be had, and a constant reliance ]Jlumrc:l, in our
efforts to alleviate or remove disease,” ™
MEDICAL Thwes and GAZETTE, Sept., 18,

delay as possible.

g Vors. L and IL price 60s. cloth, may also be had: and the work complete,
in 3 vols, price £5. 11s. cloth.—The PArTs may at present be had separately ; and
the Publishers will be obliged by the Subseribers perfecting their sets with as little

L
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NEW SERIES OF GALBRAITH & HAUGHTON’S SCIENTIFIC MANUALS.

Preparing for publication, in fep. 8vo.
A NEW SERIES

SCTENTTFIC MANUALS

By the Rev. JOSEPH A. GALBRAITH, M.A.

Fellow of Trinity College, and Erasmus Smith’s Professor of Natural and Experimmta],. :
Philosophy in the University of Dublin ;

And the Rev. SAMUEL HAUGHTON, M.A.
Fellow of Trinity College, and Professor of Geology in the University of Dublin.

e

TaE success which has attended the
publication of the Mathematical Series
of Manuals has induced the authors to
eall in the aid of other highly compe-
tent writers, with a view of publishing
a corresponding series of Seientific
Manuals in Experimental