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2 MR. CHURCHILL'S PUBLICATIONS.

MR. RUTHERFORD ALCOCK, K.T.&.,
Deputy Inspector-General of Tospitals, &e.

NOTES ON THE MEDICAL HISTORY AND STATISTICS OF
THE BRITISH LEGION OF SPAIN ; comprising the Results of Gun-shot
Wounds, in Relation to important Questions in Surgery. Hvo, Sa.

L]

DR. ALLNATT, FS.A.
TIC-DOULOUREUX ; OR, NEURALGTA FACTALIS, AND OTHER

NERVOUS AFFECTIONS; their Seat, Nature, and Cause. With Cases
illustrating successful Methods of Treatment.  Second edition. 8vo, cloth, 5s.

Frrrdriesderid fa dsdg

DR, ARNOLD,
Fellow of the oval College of Physicians, Edinburgh, &e., &c.

A PRACTICAL TREATISE ON THE BILIOUS REMITTENT

FEVER : with Remarks on the Connexion of Diseases with the Changes of the
Atmosphere upon Epidemics; Medical Topography, &c.  &vo, cloth, 10s,

Fp RS A A A S

DR. JAMES ARNOTT,

Member of ihe Royal College of Burgeons.

PRACTICAL TLLUSTRATIONS OF THE TREATMENT OF OB-
STRUCTIONS IN THE URETHRA, AND OTHER CANALS, BY THE
DILATATION OF FLUID PRESSURE. 8vo, boatds, 3s.

“The work containg numorous illustrations of the application and resulis of this mode of
treatment, in which the dilating process was not merely confined to the urethra, but wis also
extondad to contractions of the rectum. . . The volume abounds in sound sense and exeellont
practical information, and deserves to be read attentively, as well as to cccupy a plase in the
library of every practical surgeon.” -—Lancet,

PP

MR. ATKINSON,

Late Benior Surgeon to the York County Hospital, and Viee-President of the Yorkshire
Philozsophical Society.

MEDICAL BIBLIOGRAPHY. Vol I. Royal 8vo. 16s.

“We have never encountored so singular and remarkable a book. It unites the German
rosearch of a Plougoet with the ravings of Rabelais,—the humour of Sterne with the zatire of
Demoeritis,—the learning of Burton with the wit of Pindar"—Dv. Johazon's Revicee.

DR. BILLA RD.
ATREATISE ON THE DISEASES OF INFANTS;

Translated from the Third French Edition, with Notes,by JAMES STEWART,
M.D. fivo, cloth, 141,

¢ M, Billard held o very important station at the Hipiial des Enfans, and there he Iaboured
with almost unrivalled industry and talent to shed new light upon the general pathology and
trentment of infantile diseases. The work is decidedly a very valuable contribution to sur knowledyge,
The translator has performed his task in a very correct and creditable manner, and his Appendiz
forms a very important addition.—Brifish and Forcign Medical Reviewr.

e

MR. DELABERE BLAINE.

OUTLINES OF THE VETERINARY ART; OR, A TREATISE
ON :l‘l-ll?l‘r}Nﬂ'['DMY, PHYSIOLOGY, AND CURATIVE TREAT-
MENT OF THE DISEASES OF THE HORSE, and subordinately of those

of Neat Cattle and Sheep. Illustrated by Plates, The fifth edition, revised
throughout. fivo, cloth, 21s.
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DR. GOLDING BIRD, F.L8., F.GS,

Lecturer on Natural Philesophy, at Guy's Hospital.

BLEMENTS OF NATURAL PHILOSOPHY ; being an Experimental
Introduction to the Study of the Physical Sciences. 1llustrated with Two Hun-
dred and Thirty Wood-cuts, Second edition, in the press.

o

DR. BRADY,

Fellow and Professor of Medical Jurisprudence in the King and Queen's Colloge of Physicians
in Ireland.

FOURNET ON AUSCULTATION, AND ON THE DIAGNOSIS,
CURABILITY AND TREATMENT OF THE FIRST STAGE OF II

CONSUMPTION. Translated from the French. Part L. 8vo, Ts.

DR. CARPENTER,
Lecturer on Physiclogy in the Bristol Medieal School,

PRINCIPLES OF HUMAN PHYSIOLOGY : with their chief alip!iA

cations to Pathelogy, Therapeutics, Hygiene,and Forensic Medicine.  With nu-
merons Hlustrations on Steel and Wood.,  Omne volume, 8vo, cloth, 20s,

H.The Principles of General and Comparative Physiology” of Dr. Carpenter, which have just
entered upon a new edition, and which we have had occasion (o mention with eommendation in
our last volume, had alrendy spenod the path to the oxtension of the labours of that Awthor into
the more important department of human physiology. The able manner in which the subject of
comparative physiclogy was handled, the enlarged and elevated views entertained by the Anthor,
at once pointed to Dr. Carpenter s the writer by whom the obyioas want in the field of humen
phyvsiology was to be supplied. The volume before us is the much-desiréd contribution to our
seience for which we have long looked, . . . In eoncluding our notice of this volume, we do g0 by
recommpending it most strangly to onr readerz, and cspecially (o our young friemids, who are pre-
paring & foundation wpon which to boild their reputation and future success in life. The volume
is benutifully got up; [t will form an ornamental addition to the stady snd Hbrary,"—~Laneed,

“ A work admirably calenlated not only to guide and direet the student of Physiology, lnt
from the agreeable mode in which old facts are presented, and new ones [?H'I:ﬂfl up, also to afford
pleasure and Instruction to the deeply learned in this bragch of medical selence: . . o The style is
everswhere easy, perspionous, and appropriate to the subjects. The nnmerous woodeuts and sieel
opgravings, with which the descriptions are illustrated, nro judiciously selected amnd excellentiy
exceuted,  The whole work reflects the highest honour upon the talents, knowledge, and judgment
of the Author.”=Mritish and Ferelgn Medical Review.

BY THE SAME AUTHOR,

PRINCIPLES OF GENERAL AND COMPARATIVE PHYSIO-
LOGY ; intended as an Introduction to the Study of Human Physiology,and as
a Guide to the Philosophical Pursuit of Natural History. Tlustrated with
numerous Figures on Copper and Wood, The Second Edition, with important
additions. fvo, cloth, 18s, )

“ I recommend to your perusal n work recently published by Dr. Corpenter. Tt has this ad-
vaniage, it is very much up to the prezent state of knowledge on this sulject. 1t is written in o
elear style, and iz well illustrated. " —Profaser Sharpey’s Tnfrodeciory Lechure.

“ I e, Carpenter's work will be found the beat exposition we possess of all that is furnizhed
by comparative anatomy fo oor knowledge of the nervous system, as well as o the more general
priveiples of life and organiantion,"—Dv, Holland's Madical Noles and Reffeetions.

# Bep Dy, Carpenter’s * Prineiples of General amd Compartive Physiology,—a work which
makes moe proud to think be was oncs my pupil."—Dv. Kllictson's Physiolsry.

Frmr et e rr

ME. COOPER,
Professor of Surgery in the University of London.

THE FIRST LINES OF THE PRACTICE OF SURGERY; de-
signed as an introduction for Students, and a concise Book of HReference for
Practitioners. Sixth edition, considerably improved. &vo, eloth, 18

BY THE SAME AUTHOR,

A DICTTONARY OF PRACTICAL SURGERY ; comprehending all !

the most interesting improvements, from the earliest times down to the present
period, &e¢. Seventh edition. One very thick 8vo vol, £1. 10s.
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4 ME. CHURCHILL'S PUBLICATIONS.

SIR ASTLEY COOPER, BART, F.R.S.
A TREATISE ON DISLOCATIONS AND FRACTURES OF THE

JOINTS. fvo, cloth, 205,

* * Sir Astley Cooper left very eonsiderable additions in MS. for the express pur-
pose of being introduced into this Edition.

. Edited by BRANSBY COOPER, ESQ., F.R.S.

“Tho present will be found a muel more convenient edition of this invaluable work than its
predecessors.  Although new matter and new illusteations have been added, the price has been
rediced from two cuineas to twenty shillings.  After the fiat of the profession, it would be absurd
in us to eulogize 8ir Astley Cooper’s work on Fractures and Dislocations. It is a national one,
and will probably subsist as long as English surgery.”— Medica-Ohirurvgical Revivw.

“ A most valuable and fmportant addition o surgical literature, Tn it we find the last, the
most matured views of its venerable guthor, who, with unexampled zenl, continued to almost the
last monnent of his Hie to acenmulate materials fov perfocting his works, Every practical surgeon
mimst add the presont volume to hid libeary, Tt commodions anid portable form-—=no miéan T
derntion—the graplic, the almoest speaking foree of the unequallod fllnstrations, the cophous addi-
tinm of valuable and instructiveeases, and the great improvement in clearness and preeision which
has been gained by the judicions arrangement of the materials, all combine 1o render the present
gdition indispenzable.  The wosdents, profusely seattercd through almost every page, are beyond
proige s nothing can exceed their fithful acenmey and clearness."—Brifish and Foreign Modioal
Tevica,

Y THE SAME AUTHOR,

ON THE STRUCTURE AND DISEASES OF THE TESTIS.
1lustrated with Twenty-four highly-finished coloured Plates. Second Edition.
Royal 4to, cloth, 31, 3z, now reduced to 11, 10s.

Edited by BRANSBY B. COOPER, F.R.8., Surgeon to Guy’s Hospital.

A A R

SIR ALEXANDER CRICHTON, F.R.S.

K. 8t V. and 8t. Anne,
Phiysician to the Emperor of Russia, and to his Hoyal Highness the Duke of Cambridge.

COMMENTARIES ON PATHOLOGY, AND ON USEFUL AS WELL
AS ON DANGEROUS INNOVATIONS IN PRACTICAL MEDICINE.

S R i

DR. DAVIDBON,

Lately Senior Physician o the Glasgow Roval Infirmary, and Lecturer on Materin Medica
and DMetetics,

A TREATISE ON DIET; comprising the Natural History, Proper-
ties, Composition, Adulterations, and Uses of the Vegetables, Animals, Fishes,
&c., used as Food.  18mo. eloth, Gs.

BY THE SAME AUTHOR,

THE THACKERAY PRIZE ESSAY, ON THE SOURCES AND
MODE OF PROPAGATION OF CONTINUED FEVERS. 8o, cloth, bs.

FEER SRR e

MR. DRUITT.
THE SURGEON'S VADE-MECUM ; with Fifty Wood Engravings.

Third edition, in the press.  Feap. 8vo, cloth.

 This work is o Inithful codifieation of the opinions and practiee of TMunter, Pott, B Gooch,
Abernethy, the Bells, Physick, Dapuyiren, Hennen, Muearthey, Larrey, the Conpers, Bearpa
Lawrence, Liston, Guthrie, Mayo, Brodie, Carmichnel, Warren, Wardrop, Key, Travers, nu.nf_.;.-’
Buschet, Tyrell, Green, Dieffenbach, Civiale, Leroy, Amaott, Barton, Ricord, Colles, EtanIey,
and most of the other distinguished surgeons who have flourished sinee the commencement of
the Hunterinn epoch,.  Without any of the adventitions aids to which most publications of the
Isﬂrm-n'l day owe their suecess—the previous hernlding, and subsequently puffing which nre usually
n requisition at a lierary début —without the prestige of rank or offfelal distinetion on the part
of its anthor, the * Yade Mocom' haz secared an extrasrdinary popularity in Great Britaln, and
the most Auttering commendations of medical oritles,"— dmerisan Journal of Bie Medical Sgg:-m_-e,_
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MR. CHURCHILL'S PUBLICATIONS.

SIR ALEXANDER DOWNIE, M.D.
Phixsioian to Her Majesty's Legation at Frankfore, &e.

A PRACTICAL TREATISE ON THE EFFICACY OF MINERAL
WATERS IN THE CURE OF CHRONIC DISEASE. Illustrated hy
Cases.  With an Analysis of the most reputed Spas of Germany. 24mo, cloth, Gs.

e

MR. JOHN E. ERICIHSEN,
Fallow of the Roval Medico-Chirurgical Society.
T A T M A PICTs IO L7 mTITn
A PRACTICAL TREATISE ON DISFASES OF THE SCALP,
being an Attempt to Simplify the Disgnosis and Treatment of that Class of
Atfections. With Six Plates, drawn and coloured from Nature. 8vo, cloth, 105, Gd.

SOTE is wikh great confidence that we recommenid this treatise to the perusal of tho student and
practitioner, as u most valuable contribution to a branch of practical medicine which has hitherto
ot been studied with the care and attention that its importanee denuonds,”—Eondon Aedical
ezl i,

** We cannot conclude our notice without expressing onr approbation of the beauty and fidelity
af the plates, which considerably onlance the value and utitity of the work ; and we have no hesi-
tutbon i expressing our belief that the pablication of Mr Erichsen’s work will give anfmpolse
tor the study of the entaneons affections of the sealp, that waz much wanting.  We most earnestly

recomimetid Hs perusal to all who desire to tront thoso diseases upon scientific, rather than cmpiri-
cal principles,™—frilish and Foreign Medical Reviow.

e et

DR. EVANZ

A CLINICAL TREATISE ON THE ENDEMIC FEVERS OF THE
WEST INDIES, intended as a guide for the Young Practitioner in thuse
Countries. §vo, cloth, 9s

Sarsrresresadeieanie

sl DR. WILLIAM FARR.
A MEDICAL GUIDE TO NICE; containing every information ne-

cessary to the Invalid and Resident Stranger. Post fivo, cloth, 58 Gd,

P

rere

DR. J. C. AUGUST FRANZ, M.R.C.B,

THE EYE: a Treatise on the Art of Preserving this Organ in a
Healthy Condition, and of Tmproving the Sight; to which i3 prefixed A VIEW
OF THE ANATOMY AND PHYSIOLOGY OF THE EYE., With plates,
post 8yo, 7s. 6d.

BY THE SAME AUTHOR,

ON MINERAL WATERS; with particular reference to those pre-
pared at the Rovar Gersmax Sea, Baiguron. 1Zmo. cloth, 4s. Gd.

ME. FERGUS2O0N,
Professor of Burgery in King's College, London,

A SYSTEM OF PRACTICAL SURGERY; illustrated with 246
Wood-Cuts, Fcap. 8vo, cloth. 12s. 6d.

Extract frone Prefiee.

U Tk has been the object throughout the whole of this work to prodoce a Mannoal of the details
of Practical Burgery, which shall meet the wishes and wants of the student, as well as of the surs
geon engaged in practice.”

¢ Preofessor Fergusson®s work, we feel persusded, will be as groat s favonrite as it deserves, for
it combines the powerfol recommendations of cheapness and elegance with o cloar, sound, and
practieal treatment of every subject in surgical seience,  The illustrations, by Bage, are admirable
=in his very beat style. —Rdinburah Jovwrnal of Wedical Scicnee,

S What o omass of valuable informastion respecting some of the most important points in surgery,
Mr. Fergusson has contrived to compress within very moderate limits. It is scarcely mecessary to
say, that we dem the work o be very valuable, amd proctically wseful, nud the present tronti=e
cannot but enhance the reputation of its anthor as a judicions and experienced practitioner.”—
Hritish amd Foreign Medical Reeicer,




6 ME. CHURCHILL'S PUBLICATIONS,

MR. GRAY.
A SUPPLEMENT TO THE PHARMACOP(EIA; being a Treatise

on Pharmacology in general: including not only the Drugs and Compounds
which are used by Practitioners in Medicine, but also most of those which are
used in the Chemical Arts, or which undergo Chemical Preparations, Sixth
edition. Bvo, 14s.
DR. GREGORY,
Phyzician (o the Fever Hospital.

ELEMENTS OF THE THEORY AND PRACTICE OF MEDICINE ;

designed for the Use of Students. Fifth Edition, 8vo, cloth, 16s.

DR. GUY,
Physicinn to King's Colloge Hospital,
HOOPER'S PHYSICTAN'S VADE MECUM; OR, MANUAL OF
THE PRINCIPLES AND PRACTICE OF PHYSIC. New edition, con-
siderably enlarged, and re-written. Feap. 8vo, cloth, 10s.

e

DR. GULLY.
THE SIMPLE TREATMENT OF DISEASE; deduced from the

Methods of Expectancy and Revulsion. 18mo, cloth, 4a. 6d.

G. 1. GUIMRIE, RS, -
Burgeon o the Westminster Hozpital,
{}HqIN.] i{}Iiﬂ;lSﬁ OF THE HEAD AFFECTING THE BRAIN.
uarto, boards, bs.
BY THE BAME AUTHOR,
ON THE ANATOMY AND DISEASES OF THE URINARY AND
SEXUAL ORGANS. Third Edition. #vo. cloth, ja.

B

DR. HALL, F.L.8.
CLINICAL REMARKS ON DISEASES OF THE EYE, and on

Miscellaneous Subjects Medical and Surgical, Svo. eloth, 7s.

MR, HARRISON.
DEFORMITIES OF THE SPINE AND CHEST, successfully treated

by Exercise alone; and without Extension, Pressure, or Division of Muscles.
Tllustrated with Twenty-eight Plates, 8vo, cloth, 8s.

Frimia

DR. HOFPE, F.R.5.,;
Late Physiclan to St George's Hospital.

A TREATISE ON THE DISEASES OF THE HEART AND GREAT
VESSELS, and on the Affections which may be mistaken for them. Third
edition, with Plates, fivo, cloth, 18,

“When his great work on ¢ IHaenses of the Heart' was first published, the whole profession
unized in commendation of its excellence : and in the enlarged and mproved form in which the

author was fortiunately enabled to reprodues 18 in o thied cdition, it is now aniversally acknow-
ledged to be the best book on the subject in any language.'— British and Forelgn Medicel Reciew,
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DR. HEN N EN, F.R.S,

Inspector of Military Hospitals:

PRINCIPLES OF MILITARY SURGERY: Third Edition, Edited
by his Son, DR. JOHN HENNEN. B8vo, boards, 16s.
“The valoe of Dr. Hennen's work is too well apprecisted to need any praise of ours. We are

only required, then, to being the thind edition before the notlee of our readers; and having done
this, we shall meraly add, that no military surgeon ought @0 be without it"— Medical Gazelte

e

DR. JOHNSTONE,

Physician to the General Hospital, and Lecturer on Materin Medica and Therapeutics at the
Royal School of Medicine, Birminglam.

A DISCOURSE ON THE PHENOMENA OF SENSATION, AS
CONNECTED WITH THE MENTAL, PHYSICAL, AND INSTINC-
TIVE FACULTIES OF MAN. #vo, cloth, 8s.

“ This volume containg & good rezumd of the labours of different physiologists ; it exhibiis
carciul and extensive reding, and a just and eandid appreciation of the labours of other men,

The student of the nervous system will devive benetit from the perusal of this work, —Ihiyi
Jarrnal gf Medical Scierce.

P e e L B

MR. JUKES,
Burgeon to the General Hogpital, Birmingham.

A CASE OF CARCINOMATOUS STRICTURE OF THE REC-
E};é\:s: 3:;1 which the Descending Colon was opened in the Loin.  dto. with Four

DR. HUNTERMEIEF.L;S,, F.3.5.A.
A COMPENDIUM OF MATERIA MEDICA AND PHARMACY ;

adapted to the London Pharmacopeia, embodying all the New French, Ame-
rican, and Indian Medicines ; and also comprising a Summary of Practical
Toxicology. One neat pocket volume, 5e. cloth.

“ i, Lane's volume is on the same genernl plan s Dr. Thompeon's long known Conspectus ;
bt it iz mueh fuller in its details, more especially in the chemical department. Tt scems eare-
fully eompibed, is well suited for its purpose, and caomot fail fo be useful'—Britizh and Forsign
Meodical Reviow.

et e rae me fe b

IDE. LEE: F.R.S.
Lecturer on Midwifery at St. George's Hospital.

CLINICAL MIDWIFERY ; with the Histories of Four ITundred Cases
of Difficult Labour., Feap. 8vo. cloth, 4s. 6d.

Fxtract from Prefaoe.,

i The following Feporis comprise the most important practical details of all the enses of difficolt

arturition which have come under my observation during the last fiftecn years, and of which I
mve preserved wreitten histories.  They have now been colleeted mnd arranged for publieation, in
the hope that they may be fownd to illustrate, confirm, or correct the roles Baid down by systematic
writers for tho treatment of difficult libours, and supply that eourse of clinica] instruction in mid-
wifery, the want of which has been 50 often experienced by proctitioners at the commencement of
iheir carcer,”

“ e Lee's work will be comsulied by every acconcheur who practizes his art with the zeal which

It merits"—Medical Gazctie,

Ao e

MR. LAWRENCE, F.R.8,,
Surgeon to St Bartholomew's Hospital.

T 1 f il mTT Tren - o] & &
A TREATISE ON RUPTURES. fThe Fifth Edition, considerabl
» ¥
enlarged, 8vo, cloth, 16s.
** The peenliar advantage of the treatise of Mr. Lawronce is, that he explaing his views on the
anatomy of hernia and the different varieties of the disease in a manner which renders his book
pectilinrly nroful to the student. 1t must bz superfluons to express our opinilon of its value to the

surgieal practitioner. As a treatise on hernin, presenting o complete vlew of the literature of the
aubject, it stands in the first rank."—Edinburgh Medicol ond Surgical Jowrnal,
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MR. EDWIN LEE. M.R.CS,,
Corresponding Member of the Medieal and Chirurgical Soeloties of Paris, Berlin, Florence, &e,
ANIMAL MAGNETISM AND HOM(EOPATHY, with Notes illus-
trative of the Influence of the Mind on the Body., Third Edition, greatly altered
and enlarged, 4s. cloth,

BY THE SAME AUTHOR,
OBSERVATIONS ON THE MEDICAL INSTITUTIONS AND
PRACTICE OF FRANCE, ITALY, AND GERMANY, with notices of

the Universities and Climates ; and a parallel view of English and Foreign Medi-
cine and Surgery. Second Edition, 8vo. cloth, 7s.

BY THE BAME AUTHOR,

ON STAMMERING AND SQUINTING, AND ON THE METHODS

FOR THEIR REMOVAL. 8vo, boards, 3s.

MR. LINTOTT.

THE STRUCTURE, ECONOMY, AND PATHOLOGY OF THE
HUMAN TEETH, with concise Deseriptions of the best Modes of Surgical
Treatment, With Forty Illustrations. 24mo, cloth, 5s.

MR. LISTON, F.R.8,
Surgeon to the North London Heepital.
PRACTICAL OR OPERATIVE SURGERY.
The Third Edition, 8vo, cloth, 22s.

# " This edition has been carefully revised throughout by the Author, is illustrated
with additional wood-cuts, and contains much important new matter.

L]

MR, EDWARD F. LONSDALE, M.R.C.8.

A PRACTICAL TREATISE ON FRACTURES, Ilustrated with
Sixty Woodeuts, 8vo, boards, 16s.

e e e

‘ DR. MACREIGHT.
A MANUAL OF BRITISH BOTANY ; with a Series of Analytical

Tables for the assistance of the Student in the Examination of the Plants indi-
genous to, or commonly cultivated in, Great Britain. Small 8vo, cloth, 7s. 6d.

““ There ia a prodigious mass of clementary matter and nseful information in this pocket
volume,"—Medico-Chirtrgicad lerian.

P L L PR

DR. MACKNESS,
Physician to the Hastings Dispensary.

HASTINGS, CONSIDERED AS A RESORT FOR INVALIDS,
with T'ables illustrative of its Temperature, Salubrity, and Climate, showing
its suitability in Pulmonary and other Diseases ; also, Directions for the choice
of a Hesidence, and Hints as to Diet, Regimen, Bathing, &c. 8vo, cloth, 4s.

DR MILLINGEN,
Late Rosident Physician of the Middlesex Panper Lunatie Asylom at Hanwell.
APHORISMS ON THE TREATMENT & MANAGEMENT OF THE
INSANE. 13mo, cloth, 4=, Gd.

“ Dr. Millingen, in one siwall pocket volume, bas compressed more real solid matter than conld
bet gleaned out of any dozen of octavoes on the same subject. We recommend this vade mecum
s the Best thiog of the kind we ever perised, —Dr. Joknson's Repiew.

——
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ME NASMYTH, F L. 5., F.G 5,
Member of the ?M}!ﬂl Colloge of #-l_lrgauun‘ &m_
RESFARCHES ON THE DEVELOPEMENT, STRUCTURE, AND
DISEASES OF THE TEETH. With Plates, Bvo, cloth, 10s. 6d.

" Buch interesting and imporiant diseoveries have Iately been made on the strocture of ihe
teeth, and so important have these organs become as guides 1o the anstomist in the classification
of the different members of the animal kingdom, that a new work on the subject was imperatively
catled for, and the demand could ot have been more eficlently responded to than it b by Mr.
Nasmyth in the work before us.—Loareet,

BY THE SAME AUTHOR,

THREE MEMOIRS ON THE DEVELOPEMENT & STRUCTURE

OF THE TEETH AND EPITHELIUM. With Plates, Second Edition.
8vo, cloth, Gs.

B L)

MR. NUNNELEY,
Lecturer on Anatomy and Physiclogy in the Leeds 2cliool of Medicine.
A TREATISE ON THE NATURE, CAUSES, & TREATMENT OF
ERYSIPELAS. 8vo, cloth, 10s 64,

ol T

MR. LANGSTON PARKER,

Lecturer om Anatomy in the Birmingham Royal Schiool of Medicine, and Surgeon to Queen's
Hospiusl,

THE MODERN TREATMENT OF SYPHILITIC DISEASES
both Primary and Secondary ; comprehending an account of improved Modes

of Practice adopted in the British and Foreign Hospitals, with numerous
Formule for the Administration of many new Remedies.  12mo, eloth, Se.

o 1t abounds fn uzeful and interesting information."—Lanect.

DRI PRU L'lrl‘:. I"i B!Sl

ON THE NATURE AND TREATMENT OF STOMACH AND
URINARY DISEASES; being an Inquiry into the Connexion of Dinbetes,
Caleulus, and other Affections of the Kidney amd Bladder, with Indigestion.
Fourth edition, with 8ix Engravings, &vo, cloth. Nearly ready.

it e

P. RAYER, D.MP,

A TREATISE ON DISEASES OF THE SKIN,  Translated from
the French, by WILLIAM B, DICKENSON, Esq., M.R.C.S. 8vo, 12s.

© We can recommend the present translation of Rayer’s Treatise ns an execllont companion at
the bedside of the patient."—Lancet,

B R e

DR. JAMES REI D,
A MANUAL OF PRACTICAL MIDWIFERY. Intended chiefly as

a book of reference for Students and Medical Practitioners. With Engravings on
Wood, 24dmo, cloth, ds. Gd.

¢ The relative dinmeters of the pelvis and the feetal head, and the different presentations of the
child, aro all wsefully represented by wood engravings among the letter-pross, and the book is thus
|1:|.rti1:1.1.lu.rly well calenlnted toeffect e objeets of such a work."— Lancet,

P ]

DR. EVANS RIADORE, FLS.
ON SPINAL IRRITATION, the Source of Nervousness, Indigestion,

and Funetional Derangements of the Principal Organs of the Body ; with Cases
illustrating the most successful Mode of Treatment,  Post divo, cloth, 5s. Gd.
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DR. RYAN,
Mamber of the Royal College of Physiclans,

THE UNIVERSAT PHARMACOP@IA ; OR, A PRACTICAL FOR-
MULARY of HOSPITALS, both BRITISH and FOREIGN. Third edition.
considerably enlarged. 32mo. cloth, 5s. Gd.

8 This work is a conspectua of the best preseriptions of the most eclebrated physicians snd
surgeons throughout the civilized world. It includes every medicine described in the Pharma-
copmins, with the doses and uses, the roles for prosceibing, the actions of medicines on tha
economy, the various modes of administering them, and the prineiples on which they are com-
poanded.

“ A vast mnss of information in this littlo worle "—Dr. Johneon's fleview.

MR, SAVORY, ]

Member of the Society of Apothecaries, and Follow of the Medieo-Botanical Saciety of London.

A COMPANION TO THE MEDICINE CHEST, AND COMPEN-
DIUM OF DOMESTIC MEDICINE; comprising plain Directions for the
employment of Medicines, with their Properties and Doses 3 and brief Descrip-
tions of the Symptoms and Treatment of Diseases, and of the Disorders incidental ||
to Infants and Children : with a Selection of the most efficacious Prescriptions. ||
Intended as a source of easy Reference for Clergymen, and for Families residing
at o distance from professional assistance, Second Edition, 12mo, cloth, 5s.

okt i

MR. SHARP, F.R.B. F.GS.,

Senfor Eurgeon to the BErdford Infirmary.

PRACTICAL OBSERVATIONS ON INJURIES OF THE HEAD.

Bvo, cloth, Ts

R LT

MR. SHAW,. MR.CS.,
Assistant- Apothecary to St Bartholomow's Hospital,

THE MEDICAL REMEMBRANCER; OR, PRACTICAL POCKET

GUIDE: concisely pointing out the Trmhm,:nt to he adopted in the First Moments
of Danger from Poisoning, Drowning, Apoplexy, Burns,and other Accidents. ||
32muo, cloth, 2s, Gd,

# * This pocket volume will be found a safe practical guide in all cases of sudden
emergency, presenting at a glance the most approprinte remedy.

DR. B8HAPTER,
Physician to the Exeter Disponsary, &o.
THE CLIMATE OF THE SOUTH OF DEVON, ANDITS INFLU-
ENCE UPON HEALTH;: with Short Accounts of Exeter, Torguay,

Teigmmouth. Dawlish, I:.'cmmlih.. Sidmouth, &c. Illustrated with a Map, geolo- |
gically coloured. Post fvo, cloth, 7s. Gd.

ERERAE R e e AR R

MR. SKEY, F.RS.,

Conmilting Surgeon to the Charter-Mouse, and Assistant Surgeon to 8. Bartholomow's
Hospital, de.

A PRACTICAL TREATISE ON THE VENEREAL DISEASE.
With Coloured Plates. 12ma. eloth, 4s. Gd.

¥ Mr. Bley's work Is cleverly written, and containg a store of nsaful information upon the sub-
jeet, well deserving the attentive perusal of our readers,”— Lanecl.

B

MR. SNELL, M.R.CS. |
A PRACTICAL GUIDE TO OPERATIONS ON THE TEETIL !

With Plates. Bva, cloth, 8a.

4 Thoae of onr readers who ||nntnu. i the doparement of surgery on which Me. Sucll's CREAY
freata, will Hod useful instructions on the mode of extracting teeth,” &e—Medical Gazctle,
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MR. STAFFORD,
Burgeon to the 5t. Maryvlebone Infirmary.

THE TREATMENT OF SOME AFFECTIONS OF THE PROSTATE
GLAND, With Plate, 8vo, 5s.
AW have read Mr. Stafford's work with considerable interest: the great frequency of such
disenses, their diffienlty of mansgement, their extreme inconvonience, render overy attempt to
improve their treatment worthy of encourngemeont, and entitle the practitioner who, with a view

bo sueh improvement, ventures out of the beaten romd of praetice, to our liberal eonsideration,
our eordial thanks, and sineere gratulations on his success."—Malical Guazelle.

DR. STEGGALL,

Licentiale of the Royal College of Physicians.
FOR MEDICAL AND SURGICAL EXAMINATION.

A MANUAL FOR THE USE {]II*‘- STUDENTS PREPARING FOR
EXAMINATION AT APOTHECARIES' HALL. Ninth Bdition. 12mo,

11.
A MANUAL FOR THE COLLEGE OF SURGEONS: intended
for the Use of Candidates for Exzamination, and Practitioners. By JOHN
STEGGALL, M.D., and M, W. HILLES, Surgeon, One thick volume, 12mo,

cloth, 123, Gd.
111.

GREGORY'S CONSPECTUS MEDICINA THEORETICAL. The
First Part, containing the Original Text, with an Ordo Verborum and Literal

Translation. 12me, cloth, 10
iv.

THE FIRST FOUR BOOKS OF CELSUS. Containing the Text,
Ordo Verborom, and Translation.  12ma, eloth, Bs,
*o" The above two works comprise the entire Latin Classics required for Exami-
nation at Apothecaries’ Hall,

'l?l
THE ELEMENTS OF BOTANY. Designed for the use of
Medical Students, With Nine coloured Plates, 24mo, cloth, 63,

MR. SPRATT,
Burgeon- Accouchenr.

OBSTETRIC TABLES ; comprising Graphie Illustrations, beautifully

coloured, with Descriptions and Practical Itemarks, exhibiting on Dissected
Plates many Important Subjects in the Practice of Midwifery. Third edition,
2 vols. 4to, cloth, £2. 5s,

JOHN STEPHENSON, M.D., & JAMES MORSS CHURCHILL, F.L.S.
MEDICAL, BOTANY; OR, ILLUSTRATIONS & DESCRIPTIONS

or THE MEDICINAL PLANTS or vz PHARMACOPWEIAS ; compris-
ing a popular and scientific Account of Poisonous Vegetables indigenous to Great
Britain. New Edition, edited by GILBERT BURNETT, F.L.8., Professor
of Botany in King’s College, 1In three handsome royal 8vo volumes, illustrated
by Two Hundred Engravings, beautifully drawn and coloured from nature, cloth
lettered, Six Guineas.

*¢ 8o high is our opinion of this work, that we recommend every stedent at college, and every
surgeon who goes ahroad, to bave a cop¥. as one of the essential constituents of his litrary. *—
D, Joknson's Medico-Chirurgfoal Reoion.

# The work forms a complete and valuable system of toxicology and materia medica. Tt will
prove: a valunble addition to the libraries of mediend peactitioners and general readers. — Lancet.

e fgares aee equol, if not superior, to those of any  other botnnical periodical.”— Lowdon's
Craridencr s Magazine, -
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DR. STEPHENSON.
MEDICAL Z00LOGY AND MINERALOGY ; OR, TLLUSTRA-

TIONS AND DESCRIPTIONS OF THE ANIMALS AND MINERALS
EMPLOYED IN MEDICINE, AND OF THE PREPARATIONS DE-
RIVED FROM THEM. Forty-five coloured Plates, royal §vo, cloth, £32, 2s.

ME TULKE

DR. JACOBI ON THI CONSTRUCTION & MANAGEMENT OF
HOSPITALS FOR THE INSANE. Tranzlated from the German. With
Introductory Observations, by SAMUEL TUKE. With Plates. 8vo, cloth, 9s.

# We have just received, with very great pleasure, a translation of Dre. Maximilinn Jacobits
work, and we desire to recommend it strongly to our readers,  Tho whole work s composcd with
aorare proctieal knowledze of the sabject, which has seldom marked the recent publications of tlie

same clasz.  The obzervations both of the author and of Mr, Tuke are such as may suggest im-
provements in every institution for lunatics in the country."—2>Medical (orclie.

=r

MR, TYRRELL,
Surgeon to the Royal London Opthalmic Hospital ; Surgeon to St Thomas's Tlospital, &e.

A PRACTICAL WORK ON THE DISEASES OF THE EYE AND
THEIR TREATMENT, MEDICALLY, TOPICALLY, AND BY OPE-
RATION., With coloured Plates, 2 vols. 8vo, £1. 16a.

44 This worlk is written in a perspleunous style, and abounds in practical nformation; we add
our earnest recommendation to onr readers, to procure, and read through the two volomes,
assuring them that they will be richly repaid for their trouble, A serics of plates, illustrative of
the various diseasas, are given' —Duliin Jowrnal of Medical Science.

P

e

THE PRES{'“H%EH'S PHARMACOPEIA 2 cnntaining all the Medi-

cines in the London Pharmacopeia, arranged in Classes aceording to their Action,
with their Composition and Doses, .

BY A PRACTISING PIHYSICIAN. Second edition, 32mo, eloth, 2s. 6d.

U Naver was half-a-crown botier spent than in the purchase of this * Thesmwrug Aladisaminem,”
This Httle work, with our visiting-book anil stethoscope, are our daily companions in the carrlage.’*
=iy, Johinsoni's Reviewn.

= The title-page of this little hook indicates itz general character. "We shall he very much mis-
taken if the author does not find his cxpeetations fulfilled, as we bellove the class of doctors with
Liad memories comprehonds many beyond the pale of the College of Physicians."—@ritish and
Foreign Medical Revior.

e

THREE THOUSAND PRACTICAL RECEIPTS.

THE CYCLOPZAEDIA OF PRACTICAL RECEIPTS IN ALL THE
USEFUL AND DOMESTIC ARTS; being a complete Book of Reference
for the Manufacturer, Tradesman, and Amateur.

By A PRACTICAL CHEMIST. Post 8voe, cloth, Ts, Gd.

% This work embraces all the latest improvements in science and art: no receipt has been
mdmitted that is not of sctual ntility, and the writer hag been particular to illustete the plan of
producing sxact imitations of most imported articles, sueh as bromdics, perfomery, wines, lquenars,
deo., derived from the processes of various Ianboratories, hoth abroad and at home, which the author
has personally inspected, on an extensive scale, thus placiog within the reach of every one tho
means of meeting the increased competition in teade™

o

DR, MICHAEL UNDERWOOIL,
A TREATISE ON THE DISEASES OF CHILDREN ; With Direc.

tions for the Management of Infants from the Birth. Ninth Edition. Revised
with additions, by SAMUEL MERRIMAN, M.D,, F.LLS,, and MARSHALL
HALL, M.D., F.R.8. 8vo, boards, 15s.

e
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MR. TUSON, F.RS., F.LBS5,
Sargoeon to the Middlesex Hospital.

ANATOMICAL DISSECTED PLATES.
A NEW AND IMPROVED SYSTEM OF MYOLOGY. Tllustrated

by Plates on a peculiar construction ; containing, and clearly demonstrating, the

whole of the Muscles in the Human Body, in Layers, as they appear on Dissec-
tion. Second Edition, large folio, £3. 12s.

“ This is the elosest imitation of nature thai can possibly be effected on paper.  Each muscle,
eoloured and proportioned, ean be raised, as in dissoction, exposing Inyer aftor layer, the varions
atrata, till we come to the bone. The plan is cxceedingly ingenious, and the exeecuiion highly
mnoritorious. "— Aedive. Chiruegionl Reeieo.

BY THE SAME AUTHOR,

A SUPPLEMENT TO MYOLOGY. Tlustrated by Coloured Plates

on a peculiar construction, containing the Arteries, Veing, Nerves and Lymphatics,
the Abdominal and Thoracic Viscera, the Brain, the Ear, the Eye, &c. &e. £4, 125,

HY THE SAME AUTHOR.,

THE ANATOMY AND SURGERY OF INGUINAL AND FEMO-
RAL HERNTA. Ilustrated by Plates Coloured from Nature, and interspersed
with Practical Remarks. Large folio, £2, 25.

BY THE SAME AUTHOR,

A POCKET COMPENDIUM OF ANATOMY. Containing a cor-
Irect ::lnd accurate Deseription of the HUMAN BODY. Third edition, 7s. 6id.
ORI .

nYy THE SAME AUTHOR,

THE DISSECTORS GUIDE; OR, STUDENT'S COMPANION.

Ilustrated by Numerous Wood-cuts, elearly explaining the Dissection of every
part of the Human Body. Second edition, 12mo, 9s.

S : nY THE SAME .u'l.l.l"f"ﬂﬂ.,. :

THE CAUSE AND TREATMENT OF CURVATURE OF THE
SPINE, AND DISEASES OF THE VERTEBRAL COLUMN. With
Twenty-six Plates. 8vo, cloth, 105, 6d.

MR. WALKER.
INTERMARRIAGE : Or, the Natural Laws by which Beauty, Health,

and Intellect result from certain Unions; and Deformity, Disease, and Insanity
from others: with Delineations of the Structure, and Forms, and Descriptions of
the Functions and Capacities which each Parent, in every pair, bestows on
Children ; and an Account of Corresponding Effects in the Breeding of Animals.
Illustrated by Dirawings of Parents and Progeny. Second Edition. 8vo, cloth, 14s,
¢ This is in many respects a very remarkable hool ;3 we are not disposed to go the whaole lengih
with the anthor in the positions he maintains, but he has eollected in support of them a mass of
facte, many of them az novel as they are unimpenchabile, which render his volume alilie important
s interesting to the physiologist. . . Mr. Knight, whose extensive researches on s correspond-
ing department of vegetable physiology are well known, contributed many of the most valusblo
observations contained in the present volume."— British and Forelgn Malical Review.

ME WARDROF,
Burgeon to his late Majeety George TV.

THE MORBID ANATOMY OF THE HUMAN EYE. Second

edition, with Eighteen coloured Plates. £ vols. royal 8vo, 30s.
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DR. WALLER,

Lecturer on Midwifery and Diseases of Women and Children, at the Medical School,
Aldersgate Strect.

A PRACTICAT, TREATISE ON THE FUNCTION AND DISEASES
OF THE UNIMPREGNATED WOMDB; with a Chapter on Leucorrhaa,
Fluor Albus, or Weakness. Illustrated by Plates. 8vo, cloth, 9s.

5 The present solumo containg nshort and sueeinot practionl account of the principal morhid
states either of the functions or the structure of the womb, the best methods of dizstinguizhing
them, and the means which cxperience hns shown to be the most effectual in removing them,

The render will find that he obtains, in o small coonpazs, & distinet view of the nature and treat-
ment of cach disorder.""—Edinburgh Medical and Surgical Journal,

R ]

DR. WARREN,

Professor of Anatomy and Surgery in Harwood University, and Surgeon of the Massachusets
General Hospital.

SURGICAL OBSERVATIONS ON TUMOURS: with Cases and

Observations. With sixteen coloured Plates, royal 8vo, cloth, 16s,

DR. WILLIAMS,
Member of the Roval College of Burgeons.

ON THE ANATOMY, PHYSIOLOGY, AND PATHOLOGY OF
THE EAR; being the ]'-'nm,- Essay in the University of Edinburgh. With
Plates, 8vo, e!nth 10s. Gd.

N

MR. ERASMUR WILSON,
Lecturer on Anatomy and Physiology at the Middiesex Hospital Medical School.

THE ANATOMIST'S VADE-MECUM; A SYSTEM OF HUMAN
ANATOMY. With 167 1llustrations on Weod. Second edition.  Feap. Givo,
cloth, 125, Gd.

W noticed with high pralse, on jts first publication, this singulnely boantifal and exeollent

wikl. Thiz now edition eallz for onr mpg[inu“ of OuE enenmims, and with interast, ingame b

as all the old merits are enhanced by cognate novelties both of text and illusiration. " —Gritish and
Foreign Medical Heview,

BY THE SAME AUTHOR,

DISEASES OF THE SKIN: A Practical and Theoretical Treatise on

the Diagnosis, Pathology, and Treatment of Cutaneous Diseases, arranged
according to a Natural System of Classification, and preceded by an Outline of
the Anatomy and Physiology of the 8kin. #vo. cloth, 10z, Gd.

# An excellene digest of the actoal amount of knowladge of catancous diseases; it ineludes

almost cvery fact or opinion of imporiance connected with the anatomy and pathology of the
skin =Nrilish and Forsign Medical ferio,

e e

DR. WILLIAMS, FRS,
Professor of the Practice of Medicine, University College, London.

THE PATHOLOGY AND DIAGNOSIS OF DISEASES OF THE

CHEST ; illustrated chiefly by a Rational Exposition of their Physical Signs.
Fourth edition, with much lmpﬂli-ﬂ.l!l-l new matter. DPlates.  fGvo, cloth, 108, 6d.
* The fact that a fourth edition is called for isa very gnod armument in favonr of any book,
But this was not necessary in the ease of The, Willinms ; it was well known to the  profession ms
pne of the best moanuals of disease of (he chest we possess "— Dublin Mediced Journal.

R

MR. YEARSLEY, M.R.C.5.

A TREATISE ON THE ENLARGED TONSIL AND ELONGATED
Uwvula, in connexion with Defects of Vaice, Speech, and Hearing, Difficult
Deglutition, Susceptibility to Sore Throat, Nasal Obstruction, &c. &c. Co-
loured Plates. Second edition, Bvo. cloth, 5s.
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Mu. Cuvrcniny is the Publisher of the following Periodicals, offering to Authors
a far wider extent of Literary announcement, and a medium of Advertisement, than
that possessed by any other Publishing House. Conmmunicarions, Booxs for Review,
addressed to the respective editors, are received and duly forwarded by Mr. Churchill.

THE BRITISH AND FOREIGN MEDICAL REVIEW.
EDITED BY JOHN FORBES. M.D,, F.RS, F.G.S.

Published Quarterly, price Six Shillings. The fifteen volumes may be had, ele-
gantly done up in cloth boards.

*.* No. XXX, published on the 1st of April, 1843,

“Wa have now, for the first thme, n Modieal Review from the British Press, deserving of eom-
parison with the most eelebrated of the Journals devoted to literature and gencral science. The
articles do not consist simply of an analysis of the work subject to examinetion 3 but of a critical
digest of all the information therein contained, and of all that ean be gathered from other sources
unnoticed by the author. The most profound research, exténsive experience, and critical acomen;,
are brought to bear upon the subjects discussed; and the consequence is;, 8 more satisfactory
epitoma of the state of modieal selence at the present time than we have met with in any other
work which has come under our observation.”—3%e American Meodicad Lilbrary amd Infeltioencer,

*i4 The British and Foreign Medieal Review" i3 ¢eriainly the ablest periodical now published in
England “*—Jowrnal of the Caleuiia Medival and Physical Soctely.

THE LONDON AND EDINBURGH MONTHLY JOURNAL OF
MEDICAL SCIENCE. Price One Shilling and Sixpence,
EDITED BY DR. CORMACK.

The ** Finst Pant" containg orfginal arficles ; contributed by many of the most eminent men
in the profession. The ** Secoxp Part™ is devoted ta the Review of New Worke, The * Timno
Panr™ is composed of a condengation of all the wvaluable matter in the British and Foreign
Jourmals, and of extracts from books difficnlt of access, The *° Fovrrm Pant™ containg careful
reporia of the Medical Soeletics of London, Edinburgh, Parig, &c., the professional nows of
the day, & succinet obituary, &e.

The volume for 1841, neatly bound in cloth, Price 19,

s aan

THE PHARMACEUTICAL JOURNAL,
EDITED BY JACOB BELL, F.L.§ M.R.L
Published Monthly, price One Shilling.
This Jovnxarn is under the sanction of the Pranaacevrical Socierv, whose
Traxsacrions form a distinet portion of each Number., It has been received with

the greatest favour, the sale, exceeding four thousand copies.
The First Volume may be had in cloth, priee 12s, 6d.

i

THE LANCET,
EDITED BY THOMAS WAKLEY, SURGEON; M P,

Published Weekly, price Eightpence.
The Lancet enjoys the largest circulation of any Medical Periodical.

s

THE DUBLIN MEDICAL PRESS.
PUBLISHED EVERY WEDNESDAY, and Stamped, postage free, to any
part of the Empire.
Terms of Subseription, (payable in advance.)
Twelve Months, 11, 5s. Six Months, 13s. Single Number, 6d.

P

EDITED BY .J. ROBINSON, ESQ).
Price s,




Unable to display this page






ELEMENTARY INSTRUCTION

1IN

CHEMICAL ANALYSIS.

BY

DR. C. REMIGIUS FRESENIUS,

CHEMICAL A2SISTANT IN THE LARBORATORY OF TIHIE UNIVERRITY
OF GIESSEN.

WITH

A PREFACE BY PROFESSOR LIEBIG.

EDITED BY

J. LLOYD BULLOCK,

MEMBER OF THE CHEMICAL SOCIETY, LATE OF THE GIESSEN AND
PARIS LABORATORIES.

LONDON :
JOHN CHURCHILL, PRINCES STREET, SOHO.

MDCCCXLITL.






PREFACE

BY PROFESSOR LIEBIG.

Dr. FresENIUS conducts the course of elementary instruction,
in mineral analysis, in the laboratory of the University of Giessen.
During the two last sessions he has followed the method described
in his work, entitled, * Elementary Instruction in Qualitative
Chemical Analysis.” This method I can confidently recommend
from my own personal experience to all who are desirous of ob-
taining instruction in inorganic analysis, forits simplicity, useful-
ness, and the facility with which it may be apprehended.

I consider Dr. Fresenius' work extremely useful as an intro-
duction to Professor H. Rose’s excellent manunal, and for adoption
in institutions where practieal chemistry is taught, but it i3 espe-
cially adapted to the use of Pharmaceutical Chemists.

Further, a number of experiments and discoveries have been
recently made in our laboratory, which have enabled Dr. Fresenius
to give many new and simplified methods of separating substances,
which will render his work equally welcome to those who already

are familiar with the larger works on inorganic analysis.

JUSTUS LIEBIG.

10






EDITOR'S PREFACE.

Trs work of Dr. Fresenius has already gone through two edi-
tions in Germany. The abundant opportunities enjoyed by its
nuthor of discovering the wants felt by students in entering upon
the practice of chemical analysis, and his position in the school at
(Giessen, has enabled him to devise a method of study of the
highest value. That it has received the approbation of the illus-
trious HEAD of that school, and the benefit of three years practical
experience under s immediate observation, must powerfully re-
commend it to the English student of chemistry. Whoever is
desivous of obtaining the knowledge necessary to become a prae-
tical chemist, will be in no small degree indebted to Dr. Fresenius
for the facilities thus afforded im. Every one who knows any-
thing of Giessen, will bear testimony to the rigid economy
of time, and the resolute adoption of every improvement in
method which characterise that school, and serve to accomplish
the many chemists annually flocking there for the completion
of their studies. The author, in his preface to the first edition,
tells us that he was led to compose this volume upon pereeiving
that the larger works on chemical analysis, such as H. Rose's,
Duflos’;, and others, although admirable in themselves, present

great difficulties to beginners, which difficulties may be summed up
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under three heads; 1st, Too great copiousness and detail; 2nd,
The absence of explanations of the causes of phenomena, i. e. the
theory of the operations and reactions; and 3rd, The omission
altogether of many substances of very frequent occurrence, espe-
cially in the operations of the pharmaceutist, such as the organic
acids, &ec.

In avoiding these objections to former works on chemical ana-
lysis, Dr. Fresenius, 1 think, is not chargeable with having fallen
mto the opposite extreme of being too concise or elementary.

The student may, perhaps, at first be disappointed in taking
up this work, to find that there are no tables constructed to fur-
nish him at a glanee with all he is desirous to know of tests and
reactions, and to save him, as he may think, trouble and
time. Dut this has not arisen from oversight; the gquestion of
the advantage or disadvantage of tables to the student has been
fully considered, and the author has decided,—and the decision is
borne out by the highest authorities,—that such tables serve no
really good purpose; they rather, on the contrary, supply but
very superficial imformation, and sat.iﬁf}* the student hefore they
have really informed him. The information contained in this
work, like every other professing to teach a practical science,
requires application and perseverance to attain; but if begun
at the beginning, if the student will carefully go over the neces-
sary preliminary facts, the examination of his tests, and the
reaction of the simple bodies econsecutively, and make himself
master of this very simple and elementary part of the course,
he will find few or no difficulties when entering upon the more
claborate, and—what might appear, without this preparation—
complex and intricate processes of the second part, the analysis
of compound bodies. It is altogether another question whether
the student shonld or should not exercise himself and his memory

by tabulating the results of his experiments as he proceeds; and
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to this question we reply in the affirmative : but it must be left to
individuals to act in this, according to their own judgment, and
their own feeling of its necessity.

In the preface to the Second Edition, Dr. Fresenius tells us that
his work has met with much sueccess, having been adopted in the
Pharmaceutical Institution of Bonn, &ec., as well as in the labo-
ratory of Giessen; and that he has improved it by many correc-
tions and additions.

For my own part, I may be allowed to observe that the English
edition was undertaken by the express desire of Professor Licbig,
who kindly recommended its being intrusted to my care. The
author has supplied me with many corrections, and some addi-
tions, and the hope is shared by us in common that it will faei-
Litate the study of analytical chemistry to the English student,

and in every way serve to promote the interests of the science.

J. LLOYD BULLOCK.

29, Conduit Street, Oct. 1, 1843,
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PART 1.

INTRODUCTORY COURSE OF QUALITATIVE CHEMICAL ANALYSIS.

Page
PRELIMINARY REMARKS.

Definition, design, and utility of qua-
litative chemical analysis, and con-
ditions whereon a successful study
of this science depends :

CHAFTIER L

Operations, § 1 . : ’ ; 5
1. Solution, & 2 : : I &
2. Crystallization, § 3 : p T
3. Precipitation, § 4 . : ; a8
4. Filtration, § 5 : » p b STRE
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&, Decantation, § 6 . : A Tt
6. Evaporation, § 7 . ; S

7. Distillation, § 8 . e .
8. Roasting, § 9 : - . 13
9. Bublimation, § 10 . . . 14
1(. Bmelting and fluxing, § 11 . 14
11. The use of the blaw-pilm § 12 16

Appendiz to Chapter
Apparatus and utensils, § 13 . a LB

CHAFTER 1L
BEAGExTS, § 14 . ’ 21
A. Reagents in the humul way.
I. General Reagents.
. Reagents principally used az simple

solvents,
L Wetet, 816, . .. . o
2. Aleohol, § 16 ; . . 25
3. Ether, g 1T~ 25

b. Reagents which are pnnmpn]lv
used as chemical solvents.
1. Hydrochloric acid, § 18 . o 30
2, Nitric acid, § 19 . - . 27
3. Kitro-muriatic acid, § 20 o 2B
4. Acetic acid, § 21 . ; ., 28
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PART 1II.
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ELEMENTARY INSTRUCTION

QUALITATIVE CHEMICAL ANALYSIS.

PRELIMINARY REMARKS,

DEFINITION, DESIGN, AND UTILITY OF QUALITATIVE CHEMICAL
ANALYSIS, AND CONDITIONS WHEREON A SUCCESSFUL STUDY
OF THIS SCIENCE DEPENWDS.

CHEMISTRY is that science which teaches us the knowledge of
the elements of which our earth consists, their composition and
decomposition, and, in general, their relation to each other. A
special branch of this science is designated by the name of awa-
Iytical chemistry, inasmuch as it has a definite objeet in view, viz.,
the analysis of compound bodies, and the determination of their
constituent parts. If this determination of the constituent parts
merely refers to their nature, the analysis is called qualitative ;
but if the guantity of every single element is to be ascertained,
the analysis is called guantitative. The object of the first, there-
fore, is to exhibit the constituent parts of an unknown substance
in forms already known, so that these new forms admit of safe
inferences as to the presence of the single elements. The value of
its method depends on two circumstances, viz. it must attain
the object in view infallibly, and in the quickest possible

B



2 PRELIMINARY REMARKS.

manner. Whereas, it is the object of quantitative analysis, to ex-
hibit those elements rendered manifest by qualitative investiga-
tion, in such forms as admit of an exact determination of their
amount.

The ways and means by which these various objects are at-
tained, differ, of course, materially from each other. The study
of qualitative analysis must, therefore, be separated from that of
quantitative analysis, and, as a matter of course, must precede it.

After having thus generally defined the meaning and objects of
qualitative analysis, we must now shortly consider, in the first
place, the preliminary information which qnalifies students to cul-
tivate this science successfully, the rank which it oceupies in
the department of chemistry, the ohjects to which it extends, the
advantages derived from it; and, in the second place, the main
points whereon its study is based, and the principal branches into
which it is distributed.

In order to enter with any prospect of success upon qualitative
experiments, the student must previously have acquired some
knowledge of the chemical elements, and of their most important
combinations, as well as of the principles of chemistry generally,
together with a certain readiness in the apprehension of chemical

processes, This practical art demands, moreover, strict order,
great neatness, and a certain degree of skill in manipulations. If

the pupil combines with these qualifications a habit, in all cases
in which phenomena contrary to experience appear, of imputing,
first the fault to himself, or rather to the absence of some condi-
tion or other indispensable to the snccess of the experiment,—and
a firm reliance on the immutability of the laws of nature cannot
fuil to ereate this habit,—he possesses every requisite to render his
study of analytical chemistry snccessful.

Now, although chemieal analysis is based on general chemistry,
and cannot be cultivated without some knowledge of the latter,
vet, on the other hand, we must consider it also as a kind of
corner stone, upon which the entire structure of this science rests ;
for it is almost of equal importance for all branches of theoretical,
as well as of practieal chemistry ; and we need not expatiate here
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on the utility and advantages which the physician, the apotheecary,
the mineralogist, the rational farmer, the artisan, and many others,
derive from it.

This alone would be a sufficient reason to recommend a thorough
and diligent study of this science, if even its cultivation possessed
none of those attractions which, I may safely assert, without fear
of contradiction, it must of necessity possess for every one who
devotes himself zealously and ardently to its acquisition. For the
human mind is constantly striving for the attainment of truth ; it
delights in the solution of enigmas, and where do we meet with a
greater variety of problems, of more or less diffienlt solution, than
in the province of chemistry? But as a problem, an enigma, for
which, after long pondering, we can find no solution, wearies and
discourages the mind; so, in like manner, do all chemical in-
vestigations, if the object in view be not attained, if our results do
not bear the stamp of truth,—of unquestionable certainty. A half-
knowledge is therefore, in every province of science, but prin-
cipally here, to be considered worse than no knowledge at all,
and the student must therefore be especially warned against a mere
superficial cultivation of chemieal analysis.

A qualitative experiment may be made with a twofold view, viz.
either, 1st, to prove that some definite body or other is or is not
contained in a substance, e.g. lead in wine ; or, 2nd, to ascertain
all the constituents of a chemical combination or mixture. Any
substance whatever may, of course, become the objeet of chemical
analysis.

In the present work, however, we purpose to confine ourselves
to those elements and combinations which are employed in phar-
macy, arts, and trades, and understand thereby the following :

I. BasEs.

Patash, Soda, Ammonia, Barytes, Strontian, Lime, Magnesia,
Alumina, Owxide of Chromium, Oxide of Zine, Protoxide of
Manganese, Protoxide of Cobalt, Oxide of Nickel, Protoxide of
lron, Peroxide of Tron, Oxide of Cadminm, Oxide of Lead, Oxide

B 2
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of Bismuth, Oxide of Copper, Ozide of Silver, Protoxide of Mer-
cury, Peroxide of Mercury, Owide of Platinum, Oxide of Gold,
Protoxide of Tin, Peroxide of Tin, Oxide of Antimony.

I1I. Acips.

Sulphuric Acid, Nitric deid, Phosphoric Acid, Arsenious Acid,
Arsenie Acid, Boracic Acid, Carbonic Acid, Chromic Acid,
Chioric Acid, Silicic Acid, Oxalic deid, Tartaric deid, Para-
tartaric deid, Citric Aeid, Malic Acid, Benzote Adcid, Suceinic
Aeid, Acetic Acid, Formic Aeid.

I1I. SALT-RADICALS, AND NON-METALLIC SUBSTANCES.

Chlorine, Iodine, Bromine, Cyanogen, Fluorine, Sulphuyv,
Carbon.

The study of qualitative analysis depends principally on four
points, viz. lst, on the knowledge of eperations; 2nd, on that
of reagents and of their application ; 3rd, on that of the re-
lation of bodies to reagents; and 4th, on that of the syste-
matie eourse to be pursued in every experiment.

Chemical analysis, therefore, requires not only theoretical know-
ledge, but also practical skill ; and it 18 obvious that a mere spe-
culative study of it can no more lead to success, than experiment-

ing at random ; but in order to obtain satisfactorily results, theory
and practice must be combined.



CHAPTER I

OPERATIONS.

§ 1.

Tue operations of analytical and synthetical chemistry are
essentially the same, modified however to a certain extent, accord-
ing to the object we have in view, and the quantities upon which
we operate.

The following arc the principal operations employed in qualita-
tive investigations.

§ 2
1. SOLUTION.

The general meaning of *‘ solution " is *“ the combination” of a
gaseous, liquid, or solid substance, with a fluid, forming a homo-
geneous liquid. But we call the solution more properly absorp-
tion when the dissolved substance is gaseous ; and when liquid, the
term wmixture or intermixture is more frequently made use of.
The term solution, in its usual and more restricted sense, is con-
fined to the perfect union of a solid substance with a fluid. The
more minutely we divide the substance to be dissolved, the more
we facilitate its solution. The liquid, by means of which the
solution i1s effected, 15 called the sefvend. We call the solution
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chemical, if this solvent forms a chemical combination with the
substance dissolved, simple, if no definite combination takes
place.

A simple solution contains the dissolved body in a free and un-
connected state, and with all its original properties, except those
dependent on its form and cohesion ; and when it separates from the
solvent in the same unaltered state, as soon as the latter is with-
drawn. Common salt dissolved in water is a familiar instance of
a simple solution. The salt here imparts its peculiar taste to the
water, and on evaporating the latter, we re-obtain common salt in its
original form. A simple solution is called saturated when the solvent
has received as much as it can hold of the substance to be dissolved.
But as fluids, on an average, dissolve larger quantities of a
substance, the higher their temperature, the term saturated can
only refer to a certain temperature, and it must be considered a
rule, that elevation of temperature facilitates and accelerates simple
solution.

A ehemical solution contains the substance dissolved, not in the
same state nor with the same properties as before; the dissolved
body is no longer free, but intimately combined with the solvent,
which latter has likewise lost its original properties; the result of
this combination has been the formation of a new body, the solu-
tion, therefore, now manifests the properties of this newly-formed
substance. A chemical solution too may certainly be accelerated
by elevation of temperature, and this is indeed usually the case, as
heat generally promotes the action of bodies upon each other.
But the quantity of the dissolved body remains always the same,
in proportion to a given quantity of the solvent, whatever may be
the difference of temperature ; their combining proportions are in-
variable, and independent of the gradations of temperature.

In chemical solution, the solvent and the body, on which it acts,
have always opposite properties, and their tendency is mutually to
neutralize these opposite properties. Further, solution ceases as
soon as this tendency is satisfied ; if we add more of the solid
body it remains unaltered. The solution in this case also is called
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saturated, or more properly neutralized, and the point which de-
notes it to be completely so, is called the point of saturation or neu-
tralization. The substances by means of which chemical solutions
are effected, are, in most cases, either acids or alkalies. They all
require, first, a simple solvent to be converted to the fluid state,
When the opposite properties of acid and base have mutually nen-
tralized each other, and the new combination has been formed, the
real conversion into fluid form takes place, only, if the product of
this new combination possesses the property of forming a simple
solution with the liquid present: e.g. when an aqueous solution
of acetic acid is brought into contact with oxide of lead, there
ensues, first, a chemical combination of the acid with the oxide,
and then a simple solution of the thereby produced acetate of lead,
in the water of the menstruum.

Crystallization and precipitation are the reverse of solution,
as they have for their object the conversion of a fluid or dissolved
substanceinto the solid state. Asboth depend on the same cause, viz.
on the absence of a solvent, it is impossible to assign exact limits
to either, and in many cases they merge into each other. We
must, however, consider them separately, since they essentially
differ, as well in their extreme forms, as, in most cases, in the
special objects we purpose o attain by their application.

§ 8.

2. CRYSTALLIZATION.

We understand by the term erystallization, in a more general
sense, every operation, every process in which bodies pass from a
fuid to a solid state, agsuwming certain regular, determinate, geome-
trical figures. But, as these figures, which we ecall crystals, are
the more regular, and consequently the more perfect, the more
slowly the operation is carried on, we always connect with the
term * crystallization,” the accessary idea of a slow separation,—
of a gradual conversion to the solid state. The formation of
erystals depends on the regular arrangement of atoms; it can

8
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only take place if these atoms possess perfect freedom of motion,
and thus, generally, only when a substance, from the fluid or
gaseous, changes to the solid state. Those cases, in which it is
sufficient merely to heat or to soften a solid body, to induce
crystallization, must be considered as exceptions,—as, e. g.
barley-sugar becoming white and opaque, or crystallizing, when
moistened.

To induce crystallization, we must remove the causes of the
fluid or gaseous form of a substance. These causes, are either—
heat alone, e.g. in metals in fusion, or selvents alone, as in an
aqueous solution of common salt; or both combined, as in a hot
and saturated agqueous solution of nitre. In the first instance, we
can obtain crystals only by ecooling the substance we wish to
crystallize ; in the second only by evaporating the menstruum ;
and in the third by either of these means. The most frequently
ocenrring cases of crystallization are those by means of cooling
hot and saturated solutions. The liquors which remain after the
separation of the erystals, are called mother waters. The term,
amorphous bodies, is applied to such solid substances as have no
erystalline form.

We cause crystallization to take place, generally, either to ob-
tain the substance crystallized in a solid form, or to separate it
from other substances dissolved in the same menstruum.

§ 4.

8. PRECIPITATION

This operation differs from erystallization inasmuch as in
precipitation the substance dissolved is converted to the solid state,
not in a slow and gradual manner, but suddenly ; it is a matter of
perfect indifference, as regards the application of the term preci-
pitation to the process, whether this substance is crystalline or
amorphous, whether it gravitates to the bottom of the vessel, or
whether it ascends or remains suspended in the liquid. We may
cause precipitation to take place, either, Ist, by modifying the
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solvent ;—thus sulphate of lime (gypsum) separates immediately
from its solution in water, if this water, by the addition of aleohol,
is converted into diluted aleohol ; or 2nd, by separating some sub-
stance insoluble in the menstrunum ;—thus, if ammoma be added
to a solution of sulphate of alumina, decomposition of this latter
salt takes place, and alumina, not being soluble in water, is preci-
pitated. Precipitation takes place also when, by the action of
simple or compound chemical affinity, new combinations ensue
which are insoluble in the menstruum; thus, oxalate of lime
precipitates on adding oxalic acid to a solution of acetate of
lime ; chromate of lead on mixing chromate of potash with nitrate
of lead. In decompositions of this kind, induced by simple or
compound affinity, one of the new combinations generally remains
in solution, and the same is sometimes the case with the sub-
stance separated,—thus in the instances just mentioned, the sulphate
of ammonia, the acetic acid, and the nitrate of potash, remain in
solution. Cases may, however, happen, where both products pre-
cipitate, so that nothing remains in solution, e.g. when a golution
of sulphate of magnesia is mixed with water of barytes; or a solu

tion of sulphate of silver with chloride of barium.

Precipitation is applied to the same purposes ns erystallization :
either, lst, to obtain a substance in a solid form ; or 2nd, to se-
parate it from other substances dissolved in the same menstruum.
But in qualitative analysis we employ this operation especially, in
order to detect substances by the colour, and the properties and
relations in general, which they exhibit when precipitated, either
alone or in combination with other substances. The solid body
separated by this process, is called precipitate, and the substance,
which i1s the immediate cause of this separation, is termed the
precipitant. For the sake of a more particular designation, we
apply various terms to precipitates, according to their different
nature; thus we distinguish crystalline, pulverulent, flocculent,
curdy, gelatinons precipitates, &e. &e.

The term furdid is made use of, when a precipitate is in a state
of such minute division, and so small in quantity, that its parti-
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cles cannot be clearly distinguished, and that the fluid in which it
is suspended merely appears troubled. We may generally pro-
mote the separation of a precipitate by strongly agitating the
menstruum, as well as by elevating its temperature. The vessels
used for the purpose of precipitation, must, therefore, admit of
either of these operations. In qualitative analysis we prin-
cipally make use of tubes of thin glass, closed at the bottom,
such as are usually called test-tubes, or test-cylinders. DBeside
the advantages just mentioned, they permit the experimentalist
closely to inspect the whole process, as well as the colour of the
liquids and precipitates, and to experimentalize with very small
quantities. e

Two different operations, according to ecircumstances, are em-
ployed in analysis, in order mechanically to separate a fluid from
matter suspended therein, namely, “ filtration,” and  decanta-
tion.”

§ 5.

4. FILTRATION.

We purify liquids, by means of this operation, in pouring the
fluid from which we wish to remove the mechanically-suspended
solid particles, on a filter, for which purpose we usually employ
unsized paper, supported by a funnel; for an apparatus of this
description allows the Jiquid to trickle through with ease; and, on
the other hand, completely rotains the solid particles. We use
smooth filters and plaited filters : the former, in such cases where
the defiltrated solid substance is to be made use of; the latter,
when we merely wish to clear the solution, Smooth filters are
produced by folding a circular paper doubly together, so that the
folds form right angles. The preparation of plaited filters is more
properly a matter for ocular demonstration than for description.
In minute operations, care should be taken that the filters do not
reach over the brim of the fummel. Itis in most cases advisable
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to moisten the filter previous to use, because then, not only the
filtration proceeds more rapidly, but the solid particles of the
substances to be filtered are less liable to pass through the pores
of the filter. The paper selected for the purpose of filtration,
must be as free as possible from inorganic substances, especially
iron and lime. It is advisable to have always two sorts on hand,
one of greater density for the separation of very minute precipi-
tates, and one of greater porosity for the speedy separation of
grosser particles, The funnels must be either of glass or of porcelain.

§ 6.
. DECANTATION.

This operation is frequently made use of instead of filtration, if
the solid particles to be removed are of considerably greater spe-
cific gravity than the liquid in which they are suspended. They
in such cases speedily gravitate to the bottom, and are deposited
there, so that it becomes easy, either to decant the supernatant
liquid by simply inclining the vessel, or to remove it by means of
a syphon.

In such cases where we employ these operations (filtration or
decantation) in order to obtain the solid substance out of the
liquid in which it is suspended, we must afterwards free this sub-
stance by repeated washing or rinsing from the liquid still ad-
hering to it. This operation is termed edulcoration or rinsing.
In order to edulcorate a precipitate collected on a filter, we most
frequently make use of the syringe bottle,—a glass vessel, stopped
with a perforated cork, into which a small glass tube is adapted,
drawn out at the top into a fine point. If air be blown through
this tube, into the flask, and, when the air is sufficiently com-
pressed, the flask be reversed, so that the inner aperture of the
tube comes under water, a minute stream of water is expelled, pe-
culiarly adapted to the rinsing of precipitates,

There are four operations by means of which we separate vola-
tile substances from less volatile or from fixed bodies, viz. Eva-
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PORATION, DISTILLATION, ROASTING, and suBLiMATION. The two
former of these operations always refer to fluids, the two latter only
to solids.

§ 7.

. EVAPORATION,

This is one of the most frequently-employed operations. We
have recourse to it when a volatile fluid is to be separated from
another less volatile, or from a fixed substance, (either fluid or
solid,) if by this separation we only intend to obtain this residuary
substance, without heeding the evaporating substance. Thus, eva-
poration serves, for instance, to remove from a saline solution
part of its water, in order to induce the salt to erystallize, or,
also, to remove all the water from the solution of an uncrystal-
lizable substance, so as to obtain this latter in a solid form, &e. &e.
The evaporating water is entirely disregarded, in either of these
cases, and the only object in view is to obtain in the former case
a more concentrated fluid, and, in the latter, a dry substance.
These objects are always attained by converting the fluid to be re-
moved, into the gaseous state; in ordinary cases, therefore, by ex-
posing it to heat ; sometimes, also, by leaving the fluid for a certain
time, in contact with the atmosphere, or in confined air, constantly
kept dry by hygroscopic substances ; or, in many cases, by placing
the fluid in a rarified air, with the simultaneous application of
hygroscopic substances. The heating process is conducted either
over a free fire, (coal-fire or flame of spivits of wine,) or in the
sand-bath, or by means of steam, (in the water-bath,) &e. &e.
Concentrated sulphurie acid and slaked lime, and also chloride of
calcium, are used as the cheapest and most efficient hygroscopic
substances. The vessels used in evaporation are of poreelain,
glass, platinum, or silver, and have usually the shape of a shallow
basin,
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§ BI
7. DISTILLATION.

This operation has for its object the separation of a volatile
liquid from a less volatile or fixed substance, either solid or fluid,
and the recovery of the evaporating fluid. In order to attain this
object, it is necessary to reconvert the liquid from the gaseous
form in which it evaporated into the fluid state. A distilling appa-
ratus, therefore, consists of three parts, whether separated from
each other or not, 1s quite indifferent. These three parts are,—1Ist,
a vessel in which the liquid to be distilled is heated, and thus con-
verted into vapour; 2nd, an apparatus in which this vapour is
eooled again or condensed, and thus reconverted to the fluid state ;
and 3rd, avessel which receives the distilled flnid. In distillation on
a small scale, we generally employ small glass retorts and receivers,
but in the distillation of large quantities, either a metallic appa-
ratus,—a copper still with helmet, and condensing-tube of pewter,
or large glass retorts.

N9

H. ROASTING.

Roasting is, in a certain measure, for solid bodies, what evapo-
ration is for fluids ; for the object to which we apply it is, (at least
generally,) the separation of a volatile substance from a less vola-
tile, or from a fixed body, merely for the purpose of purifying this
latter residuary substance. Roasting always presupposes the ap-
plication of a high temperature, and in this it differs from exsie-
cation. The form or state which the volatilized substance assumes
on cooling, is a matter of perfect indifference as to the name of
the operation.

This is the usual design in the application of roasting. In
some instances, however, substances are heated merely for the
purpose of modifying their state, without any volatilization taking
place ; e. g. in the conversion of oxide of chromium into its in-
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soluble modifieation, &e. &e.  Crucibles are the vessels made nse
of in roasting. In analytical experiments we select, according to
the substances to be heated, either porcelain, or platinum, or
silver erueibles. In operations on a large scale, we employ either
hessian or black-lead crucibles. The necessary heat we obtain
either from a coal-fire, or in experiments on a small seale, most
usually by means of a Berzelius spirit-lamp.

§, 10,
). SUBLIMATION

Is that operation, whereby solid bodies are converted into
vapours by the application of heat, and condensed again by cool-
ing, to asolid state ; the substance thus volatilized and recondensed
is ealled a snblimate. Sublimation is consequently a distillation
of solid bodies. We generally employ this process for the separa-
tion of substances of different degrees of volatility. Its appliea-
tion is of the highest importance in analysis, for the detection of
divers substances, e. g. of arsenic. The vessels used in sublima-
tion are of various shapes, according to the different degrees of
volatility of the substances we have to operate upon. In subli-
mation for analytical purposes we generally employ glass tubes
closed nt both ends.

§ 11

10. SMELTING AND FLUXING.

We designate by the term * smelting,” the conversion of a
solid substance into a fluid form, by the application of heat, and
apply this operation generally to the purpose either of combina-
tion or of decomposition of bodies. The term “ fluxing” is ap-
plied to this process in such cases where a substance, either inso-
luble or difficult of solution in water and acids, is, by being fused
with some other body, modified or decomposed in such a manner,
that the former or its new-formed combinations, afterwards admit of
solution in water or acids. We employ in analysis, according to
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circumstances, either porcelain, silver, or platina crucibles, for
the purposes of these operations. If we are unable to produce the
necessary degree of heat by means of a Berzelius spirit-lamp, the
erucible containing the substance or substances to be fused, may
be placed in a larger, hessian erucible, and this latter exposed to
a charcoal or coke fire.

The application of fluxing is especially required in the analysis
of the sulphates of alkaline earths, and of many silicates. The
flux most commonly used is carbonate of soda, or earbonate of
potash, or, better still, a mixture of both, in equal atomic propor-
tions, (vide § 75.) In certain cases, carbonate of barytes is used
instead of carbonate of soda or potash, (vide § 76.) DBut in cither
ease the operation is conducted in platina crucibles.

We will here briefly lay down a few precautionary rules for the
prevention of damage to the platinum vessels used in these opera-
tions. No substance, evolving chlorine, ought to be treated in
platinum vessels ; no nitrate of potash, canstic potash, metals,
sulphur or sulphurets, should be fused in such vessels, nor onght
easily deoxidizable metallic oxides, organic metallic salts, and
phosphorie salts, to be heated therein when organic compounds are
present. It is also detrimental to platinum erucibles ; and espe-
eially to their covers, to expose them directly to a strong coal-fire,
(i. e. without shielding them in larger, hessian crucibles,) because
silicide of platinum is easily formed, in such cases, by the in-
fluence of the ashes, and this renders the vessels brittle.

§ 12.

11. THE USE OF THE BLOW-FIPE.

The application of the blow-pipe is of the utmost importance in
analytical echemistry.  We have here to consider, first, the neces-
sary apparatus ; then, the manner of its application ; and, lastly,
the results of the operation.

A Dblow-pipe is a small instrument, usnally made of brass. It
was originally used by metallurgists for the purpose of soldering,
whence it derived the name of soldering-pipe. Tt consists of three
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distinet parts ; viz. lst, a tube through which air is blown from
the mouth ; 2nd, a small vessel into which this tube is ground air-
tight ; this vessel serves to collect and retain the moisture of the
air blown into the tube; and 8rd, a smaller tube, also closely
fitted into this vessel, forming a right angle with the large tube,
and having a very fine aperture at its anterior extremity. The
blow-pipe serves to conduct a fine and continuous stream of air
into the flame of a candle or lamp. Such a flame, under ordinary
circumstances, presents to the eye three distinet parts ; viz. Ist, a
dark nucleus in the centre; 2nd, a luminous part surrounding
this nuecleus; and 8rd, a kind of mantle encircling the whole
flame, and but feebly luminous. The dark nucleus is formed by
the gases which the heat evolves from the fuel ; these gnses cannot
burn, from want of oxygen. In the luminous sphere they come into
contactwith acertain quantity ofoxygen,althoughinsufficient for their
complete combustion.  The hydrogen of the carburetted hydrogen
gases evolved, therefore, burns principally here, whilst the carbon
separates in a state of intense white heat, and is thus the cause of
the luminousness of this part. In the outer coat, the access of
air is no longer limited, and all the gases, not yet consumed, are
consumed there. This part of the flame is the hottest. Oxidizable
bodies, therefore, oxidize with the greatest possible rapidity when
placed in it, as the conditions of oxidizement are here combined,
viz. high temperature, and an unlimited supply of oxygen. This
part of the flame is therefore called the oxidizing flame. But the
contrary ensues when we place oxidized bodies having a tendency
to yield up their oxygen, within the luminous part of the flame,
1.e. these substances lose their oxygen, the carbon and the still
unconsumed carburetted hydrogen withdraw it from them, and
thus reduce them. The luminous part of the flame is there-
fore called the reducing flame. Now, if we conduct a fine
stream of air into a flame, we have oxygen, not merely around
the outward flame, but also in its interior part. Combus-
tion takes place, therefore, in either part. But this air rushes
with a certain vehemence into the flame, and carries forward the
gases evolved, mixes intimately with them, and effects their com-
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bustion at a certain distance from the point of the blow-pipe. This
spot is marked by a bluish light. It is the hottest of the whole
flame, since the combustion is most complete there, owing to the
intimate intermixture of the air with the gases. The luminous
part of the flame being thus surrounded on all sides by very hot
flames, its temperature also becomes exceedingly elevated, and
this elevation of temperature is the prineipal object in the appli-
cation of the blow-pipe ; the hottest point is then, of course, some-
what before the aperture of the blow-pipe. In this reducing
flame many bodies fuse with ease, which remain unaltered in a
common flame. The heat of the oxidizing flame also is consi-
derably increased by the blow-pipe, since it becomes more con-
centrated upon one point,

As fuel we use either an oil-lamp, or a wax candle, or a lamp
fed with a solution of oil of turpentine in spirits of wine, A
common spirit-lamp does not yield, in all eases, the requisite de-
aree of heat.

The blowing is effected by the check-mnscles alone, and not
by the lungs. This way of blowing may easily be acquired by
practising for some time to breathe gently, with puffed up cheeks.
If by this means the student has succeeded so far as to be able to
continue calmly breathing in this manner, even when holding the
blow-pipe between his lips, nothing except a little practice will
be required to enable him to produce a continuous, correct, and
steady flame,

The supports on which the substances to be examined are ex-
posed to the flame of the blow-pipe, are usually either charcoal,
platinum wire, or platinnm plate. In the choice of charconl for
the purpose of blow-pipe experiments, we must especially look to
its being thoronghly charred, because, if not so, it will split
and throw off’ the substances placed on it. The substances to
be examined arve put into small conical cavities carved into the
piece of charcoal by means of a pen-knife. We generally employ
charcoal as a support, when we want to reduce a metallic oxide, or
to test a substance as to its fusibility. If metals are volatile in
the heat of the reducing flame, they evaporate partly or entirely

«
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APPENDIX TO THE FIRST CHAPTER.

§ 14
APPARATUS AND UTENSILS.

As the student cannot be supposed to know the apparatus,
&e., necessary for chemical analysis, it may be well here to
farmish him with a list of indispensable articles, and to point out
the qualities they should possess, in order to gnide him in their
purchase.

1. A BErzELIUS sPIRIT-LAMP. The vessel containing the spirit
of wine should be connected with the wick by means of a narrow
tube, to avoid explosions ;—the chimney should not be too narrow-
The aperture through which the spirit of wine is poured should
not be air-tight.

2. A LAMP-STAND with moveable rings and brackets.

3. A GLAss sPIRIT-LAMP with ground cover and brass wick-tube.

4. A prass BrLow-rirE with a mouth-piece made of horn or
hone, (vide § 12.) The longer tnbe may be about seven inches,
slightly varying, of course, according to the visual distance of the
individual ; the length of the smaller tube ought to be about two
inches, Both must be ground air-tight into the small vessel,
which, as we have stated, (§ 12,) collects and retains the moisture
of the air blown through the pipe. It is advisable to keep two
small tubes at hand, one with a wider, and the other with a nar-
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5. A pLATINUM cRUCIBLE with ground cover; this should not
be too deep, in proportion to its breadth.

6. A PLATINUM SPATULA; this ought not to he selected too
thin, and must be as clean and even as possible, and about two
inches long and one inch in breadth.

7. A FEW PIECES OF PLATINUM WIRE, of the size of lute-
strings, varying in length from three to four inches, and twisted
at both ends into a small loop. It is advisable to keep these wires
in a small glass containing water.

R. A STAND WITH FROM TWELVE To TWENTY TEST TUBES. The
latter may vary from four to six or eight inches in length, and
must be of different width. They should be made of thin white
glass, and so well annealed, that they do not crack even if boil-
ing water be poured into them. Their brim must be quite round,
and slightly turned down ; it ought to have no lip whatever, as
the latter is not of the slightest use, and prevents the tube from
being closely stopped with the finger.

9. SEVERAL BEAKER GLASSES AND SMALL RETORTS of thin, well-
annealed glass.

10. SEVERAL PORCELAIN EVAPORATING DISHES, AND A VARIETY
OF SMALL PORCELAIN CRUCIBLES. Those of the royal manufactare
of Berlin are quite unexceptionable in shape as well as durability.

11. SEVERAL GLASS FUNNELS of various sizes. They must be
inclined at an angle of sixty degrees, and ought to merge into
their tube at a definite angle,

12. A SYRINGE BOTTLE, capable of holding from twelve to six-
teen ounces of water, (vide § 5.)

13. SEVERAL GLASS RODS AND VARIOUS GLASS TUBES. The
latter may be bent, drawn out, &ec., over a Berzelius spirit-lamp.

14. A selection of WATCH-GLASSES,

5. A small AGATE MORTAR.

16, Several small 1roN srooNs.

17. A pair of small piNcERs, with scissor-handles, the blades
close together and bent at their extremity at an obtuse angle.

These should be varnished.
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CHAPTER I1I.

REAGENTS.

§ 14,

Variovs phenomena may manifest themselves during the de-
composition or eombination of bodies. In some cases liquids
change their colour, in others precipitates are formed, sometimes
effervescence takes place, and sometimes deflagration, &e.  Now,
if these phenomena are very striking, and if' they accompany only
the combination or decomposition of two definite bodies, it be-
comes evident that by means of one of these bodies the presence
of the other may be detected and proved: e. g. if we know that a
white precipitate, of determinate properties, is formed on mixing
barytes with sulphuric acid, there can be no difficulty in under-
standing that, if by adding barytes to any liquid we obtain a precipi-
tate of these determinate properties, the conclusion must follow,
that this liquid contains sulphurie acid.

Those substances which indicate the presence of other bodies,
by somewhat striking phenomena, are called reagents, on account
of their mutual action upon each other.

Reagents are divided into general and special, according to the
object obtained by their application. By general reagents, we un-
derstand those by means of which we determine the class or group
to which the substance under investigation belongs; and by
special veagents those, by means of which we detect a single de-
finite substance. It cannot be considered an ohjection to this



22 NEAGENTS.

classification, that the limits between these two divisions cannot
be drawn with any degree of exaciness. I suggest it only to in-
duce the student to keep distinetly in view his precise objeet, i.e.
whether a group is to be determined or a single substance.

The value of reagents depends on two circumstances: 1st, whe-
ther they are characteristic; and 2nd, whether they are sensible.
We call a reagent characteristic, if the alteration it produces by
the detection of the substance, the presence of which (in mixture
or combination) we wish to ascertain, is of so distinct a character
as to admit of no erroneous conclusion. Thus, iron is a charac-
teristic reagent for copper, protochloride of tin for mercury, because
the phenomena thereby produced, such as the separation of me-
tallic copper and of globular mercury, admit of no mistake. We
call a reagent semsille, if its action is still clearly perceptible,
although but a very small quantity of the substance to be detected
may be present, e.g. the action of starch upon iodine. We need
searcely mention that reagents must in general be chemically pure ;
they must contain no foreign substance, but simply consist of their
essential constituents, for their evidence cannot be relied upon if
this be not the case. We must therefore make it a rule carefully
to test rengents as to their purity, before we use them in experi-
ments, no matter whether they be articles of our own production
or of purchase. As a matter of course, in the instruction we shall
give when treating of each reagent in particular, and of the mode
of testing its purity, we cannot take cognizance of all those sub-
stances with which the reagent may, accidentally, have become
mixed, but only of those, the presence of which is probable from
the manner of its preparation.

One of the most common sources of mistakes in qualitative
analysis, proceeds from missing the proper measure—the right
quantity—in the addition of a reagent to a substance under exa-
mination. Such terms as ** addition in excess,” ** supersaturation,”
&c. often induce novices erroneously to suppose that they cannot
add too much of the reagent, and, to avoid using too small quan-
tities, many fill a test eylinder with acid for the supersaturation
of a few drops of an alkaline fluid, whilst yet every drop of acid
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added, after the neutralization point has once been reached, must
be considered an excess of acid. But, on the other hand, an in-
sufficient addition is just as much to be avoided as a too copious
one, since a reagent in insufficient quantity often produces pheno-
mena quite different from those manifested when added in excess :
e. g. chloride of mercury, when treated with a small quantity of
sulphuretted hydrogen, gives a white precipitate ; but when treated
with sulphuretted hydrogen in excess, the precipitate is black.
Experience has, however, proved that the most common mistake
beginners are liable to, and which renders their operations difficult
and uncertain, is to add the reagents in too copious quantities.
The reason why the experiment loses thereby in certainty, is clear,
if we recollect that all the changes effected by reagents are percep-
tible only within certain limits, and that consequently they become
less and less evident, and may the easier be overlooked the more
we approach this point by diluting the fluid.

No definite rules can be given for avoiding this source of errors ;
a general rule may, however, be laid down, and this even is sufhi-
cient to point out the proper measure in all, or at least in most
eases. It is sumply this: let the student always, before the appli-
cation of a reagent, well consider to what purpose he applies it,
and what are the phenomena he intends to produnce.

We divide reagents into two classes, according as the fluid state
of substances, indispensable to the action of the reagents, is caused
either by the application of heat, or by means of liguid solvents ;
viz. 1, Reagents in the humid way ; and 2, Reagents in the dry
way. For the sake of facility and simplicity, we subdivide these

two classes as follows :(—

A. REAGENTS IN THE HUMID WAY.

I. GENERAL REAGENTS.

a, Keagents principally wsed as SIMPLE SOLVENTS.

b. Beagents principally used as CHEMICAL SOLVENTS.

c. Reagents which serve especially to separate, or otherwise to

characterise groups of substcnces.
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I1. BPECIAL REAGENTS.

a. Reagents which serve especially for the detection of the
various BASES.

b. Beagents which are particularly applied to the detection of
the various ACIDS.

B. REAGENTS IN THE DRY WAY.

I. Fruxes.

II. BLoW-PIPE REAGENTS.

A. REAGENTS IN THE HUMID WAY.
1. GENERAL REAGENTS.
a. Keagents principally used as simple solvents.

§ 1.

1. water. (HO.)

Preparation.—FPure water is obtained by distilling spring-water
from a copper still, or from a glass retort. This distillation should
not be carried beyond three-fourths of its quantity. Rain-water
received in the open air may in most cases be substituted for dis-
tilled water.

Testing.—Distilled water must leave no residue on evaporation,
and must not alter the colour of Georgina paper. Nitrate of
silver, chloride of barium, oxalate of ammonia, and lime-water,
should not disturb its transparency.

Uses.—We use water* chiefly as a simple solvent for a great
variety of substances. It has, moreover, a special application for
the decomposition of several neutral metallic salts, giving rise to
the formation of soluble acid, and insoluble basic compounds ;
this is particularly the case with the salts of bismuth and the
chloride of antimony.

* In chemical experiments we never make use of any other but distilled
water; whenever therefore the term ** water” occurs in the present work,
distilled water is meant.
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§ 16.
2. arconoL. (C*H,0.=E, O + Aq.)

Preparation—Two sorts of aleohol are used mm chemical ana-
lysis ; 1st, spirit of wine of 0°83 or 084, (spiritus vini rectifica-
tissimus of the shops;) and 2nd, absolute alcohol. The latter
may be obtained by distilling the former, with the addition of
fused chloride of caleinm.

T'esting.—Pure alcohol must completely volatilize, and ought
not to cause any empyreumatic smell when rubbed between the
hands, nor should it redden litmus paper.

Uses—DMany substances ave soluble in alcohol, others remain
insoluble. It may therefore frequently be employed for the sepa-
ration of the former from the latter, e.g. of chloride of strontium
from chloride of barium. We use alcohol also to precipitate from
their aqueouns solutions such substances as are insoluble in alco-
hol, e. g. to precipitate malate of lime. We employ alcohol,
moreover, in the production of various kinds of ether, especially
of acetic ether, (which is so particularly characterized by its agree-
able odour.) Alcohol serves also for the detection of various sub-
stances which impart a characteristic tint to its flame, especially
boracie acid, strontian, soda, and potash.

§ 17.
3. ETHER. (C,H,0=EOQO.)

Ether has but a very limited application in the analysis of inor-
ganic bodies. We use it in fact only to detect and isolate bromine,
(§ 100, &.) and for this purpose commercial officinal ether is suf-
ficiently pure and strong.



206 HYDROCHLORIC ACID,

b. Reagents which are principally used as chemical solvents.

§ 18.
1. HYDROCHLORIC acip. (ClIH.)

Preparation—A mixture of thirteen and a half parts of oil of
vitriol and four parts of water, when cold, is poured upon eight
parts of common salt contained in a retort; the neck of the retort
is then somewhat raised, and the heat of the sand-bath applied to
the latter, as long as gas passes over. The gas evolved is by
means of a bent tube, transmitted through twelve parts of water,
in a glass flask, which must be constantly kept cool. In order to
prevent the gas from receding, the tube is only permitted to dip
about one line into the water of the receiver. If the sulphuric
acid contains nitric acid, the gas which passes over first, (and
which in that case contains chlorine,) must be received separately.
The hydrochloric acid thus produced is tested as to its specific
gravity, and diluted with water until its specific gravity is 111
or 1'12.

Testing—Hydrochlorie acid, used for the purposes of chemical
analysis, must be colourless and leave no residue upon evapora-
tion, nor ought it to discolour indigo-solution, even when heated
with it to boiling. Chloride of barium ought not to produce any
precipitate of barytes, neither in the highly diluted acid, (sulphuric
acid, ) nor even after having been boiled with nitric acid, (sulphurous
acid.) Sulphuretted hydrogen must leave it unaltered. Ferrocy-
anide of potassinm must not cause any precipitate in it, nor
even impart the slightest blue tinge to it, after neuntralization
with ammonia and subsequent addition of some acetic acid in
EX (eSS, ;

Uses—We employ hydrochloric acid as a chemical solvent for
a very great variety of bodies, especially for oxides and peroxides,
(on the solution of which, chlorine is liberated,) and salts with
weaker acids. A solution of this kind always depends on the for-
mation of a chloride soluble in water. Muriatic acid serves also
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as a simple solvent for many salts, e. g. the phosphates, borates,
and oxalates of the alkaline earths. We use it, moreover, to expel
weaker acids from their salts; e. g. earbonic acid, hydrosulphuric
acid. It has also a special application in the detection and preci-
pitation of oxide of silver, protoxide of mercury, and oxide of
lead, (vide infri,) as well as in the detection of free ammonia, by
producing dense white fumes with it, dependent on the formation
of sal ammoniae, in the air.

§ 19,
2, NITRIC aciD. (N Os.)

Preparation.—The nitric acid of commerce almost invariably
contains sulpburic acid and hydrochlorie acid. In order to purify
it for the purpose of chemical analysis, a solution of nitrate of
silver is added to it, as long as any precipitate of chloride of silver
is formed ; this precipitate is allowed to settle and the supernatant
acid decanted into a retort, and distilled to within a small fraction
of its whole amount. The distillate is then, if necessary, diluted
with water till the acid has a speecific gravity of 1°2.

Testing.—Pure nitric acid must be colourless, and, when eva-
porated on a platinun plate, leave no residue behind. Nitrate of
burytes, or nitrate of silver, must not render it turbid. It is ad-
visable to dilute the acid highly with water before the application
of these reagents, since nitrates will be precipitated if this precau-
tion be neglected.

{7ses.—Nitrie acid serves, in the first place, as a chemical sol-
vent for metals, oxides, sulphnrets, oxygen salts, &e. Its action
on metals and sulphurets depends on the oxidation of these bodies,
at the expense of part of its oxygen, and on the subsequent che-
mical solution of the thereby formed oxides, giving rise to the
formation of nitrates. Most oxides dissolve in nitric acid, directly
as nitrates, and the same is the case with most insoluble—(i. e. in
water)—salts with weaker acids, the nitric acids expelling the
latter. For many salts with stronger acids it is (like hydrochlorie
acid) used as a simple solvent, e. g. the phosphates of the alkaline
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earths. Nitrie acid serves, moreover, as the most common means
of oxidation ; thus we use it, for instance, to convert protoxide of
iron into peroxide, to decompose hydriodic acid und the iodides, &e.

NITRO-MURIATIC ACID. AQUA REGIa. (N O, + Cl)

Preparation.—One measure of pure nitric acid is mixed with
from three to four measures of pure hydrochlorie acid.

{/ses.—Nitric acid and hydrochloric acid decompose each other
in such a manner as to give rise to the formation of chlorine,
hyponitric acid, and water. This decomposition ceases as soon as
the liquid is saturated with chlorine, but it is resumed imme-
diately, if this state of saturation is disturbed, by the application
of heat, or by the chlorine combining with some other substance.
Thus we have, in agqua regia, 1st, a continuous source of chlorine ;
and 2nd, hyponitric acid, and consequently a combination which
has the property of readily yielding oxygen. The mixture of
those two substances renders aqua regia the most powerful solvent
we possess for metals, (those excepted which form insoluble com-
pounds, with chlorine.) We use aqua regia chiefly for the solu-
tion of gold and platinum, (both of which are insoluble in hydro-
chloric acid alone, as well as in nitrie acid alone,) and for the de-
composition of various sulphurets, e. g. cinnabar, &e.

§ 21.
4. acETIC acip. (C,H,0, = fa.)

Preparation—Pure acetic acid is best obtained by rubbling ten
parts of crystallized neutral acetate of lead together, with three
parts of anhydrous sulphate of soda, pouring the mixture into a
retort, adding a cooled mixture of two and a half parts of sulphurie
acid, with an equal weight of water, and distilling to dryness, in a
sand-bath. The receiver is best connected with the retort by
means of a Liebig's condensing apparatus.

Testing.—Pure acetic acid must leave no residue upen evapora-
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tion. Sulphuretted hydrogen, and solution of silver and of barytes,
must not precipitate it when diluted, solution of barytes not even
when the acetie acid has been previously boiled with nitrie aeid.
Indigo solution must not be discoloured on being heated with the
acid, (vide § 101, «.)

Uses —The application of acetic acid in qualitative analysis is
chiefly based upon its possessing an unequal power of solution for
different substances, so 1t serves, for instance, to distinguish oxa-
late of lime from phosphate of lime. We apply acetic acid also

for the acidulation of liquids, when we wish to avoid the use of
mineral acids.

§ 22.
H. CHLORIDE oF ammonioM. (N Hs Cl)
Muriate of Ammonie.

Preparation.—The sal ammoniac of commerce may generally
be purified for the purposes of chemical analysis by simple re-
erystallization. If it contains ivon, asmall quantity of hydrosulphu-
ret of ammonia must be added to the solution; the precipitate
formed is allowed to settle, the solution filtered. and hydrochlorie
acid added to 1t until a feeble acid reaction manifests itself; the
mixture then is boiled, filtered, saturated with ammonia, and erys-
tallized. For use as a reagent, one part of the salt is dissolved in
eight parts of water. i

Testing.—Solution of sal ammoniae, when evaporated on a pla-
tinum plate, must leave a residue which completely volatilizes
upon a higher degree of heat being applied. Hydrosulphuret of
ammonia ought not to change it. Its reaction ought to be com-
pletely neutral.

Uses.—We employ sal ammoniac chiefly to keep in solution
certain oxides, e. g. protoxide of manganese, magnesia, or certain
salts, e, g. tartrate of lime, when other oxides or salts are preci-
pitated by ammonia or by some other reagents. This application
of sal ammoniac is based on the tendency of the ammoniacal salts
to form double eombinations with other salts.  Sal ammoniae also
serves to distinguish between precipitates possessed of similar pro-
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perties, e, g. to distinguish the basie phosphate of magnesia and
nmmonia which is insoluble in sal ammoniac, from other precipi-
tates of magnesin. We employ sal ammoniac besides to pre-
cipitate from their solutions, various substances soluble in
potash, and inseluble in ammonia, e g. aluomina, oxide of chro-
mium ; for in this process the sal ammonia decomposes with the
potash, and chloride of potassium, water, and ammonia are formed.
Sal ammoniac is moreover specially used to precipitate platinum
as ammonio chloride of platinum.

e Reagents which serve especially to separate or otherwise to
characterize groups of substances.

§ 23.
1. REAGENT PAPERS: a. BLUE LITMUS PAPER.

Preparation.—0One part of commercial litmus is digested with
six parts of water; the intensely blue liquid obtained is divided
into two parts, and the free alkali contained in the one half satu-
rated by stirring it repeatedly with a glass rod dipped into very
dilute sulphuric acid, until the colour exhibits ashade of red ; then
the other blue half iz added, the whole poured into a cup, and
slips of fine unsized paper are dipped into this tincture. These
slips are then suspended on threads for the purpose of drying.
The colour of litmus paper must be uniform, and neither too light
nor too dark.

Uses.—Litmus paper serves for the detection of free acids in
liquids, since its blue colour becomes thereby changed into red.
It must, however, be borne in mind, that it undergoes the same
alteration by the nentral salts of most metallic oxides.

3. REDDENED LITMUS PAPER.

Preparation.—Blue litmus tincture is repeatedly stirred with a
glass rod dipped into dilute sulphuric acid, until its colour has
assumed a distinet shade of red. Slips of paper are then dipped
into this tincture.  They must be distinetly red when dry.
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Uses—The blue colour of reddened litmus paper is restored by
pure alkalies and alkaline earths, as well as by their snlphur com-
binations, by alkaline carbonates, and also by the soluble salts of
several other weak acids, especially of boracic acid. Tt serves
therefore for the detection of these substances in general.

v. GEORGINA PAPER.

Preparation—The violet coloured petals of Georgina purpurea
are boiled in water or digested with spirits of wine, and slips of paper
dipped into the tineture. Care should be taken to concentrate the
liquor only to such a degree as to impart to the paper when dry, a
fine violet-blue eolour, which must not be too dark (deep.) A
small quantity of ammonia 1s added to the tineture, if the colour
is too red.

Uses.—Georgina paper is reddened by acids ; alkalies impart a
beautiful green tinge to it. It is therefore of very convenient ap-
plication, as a substitute for the blue as well as the red litmus
paper. ltis of extreme susceptibility, if properly prepared, for
acids as well as for alkalies. Concentrated solutions of canstie
alkalies, colonr it yellow by destroying its colouring matter,

™

¢. TURMERIC PAPER.

Prepavation.—One part of bruised turmeric-root is digested
and heated with six parts of dilute spirit of wine; the tineture ob-
tained is filtered, and slips of fine paper are dipped into it, Tur-
meric paper, when dry, must have a fine yellow colour.

Uses.—It serves in the smme manner as reddened litmus paper
anid Georgina paper, for the detection of free alkalies, &e.; as
they change its yellow colour into brown. It is not so susceptible
as the other reagent papers, but the change of colour it produces
is highly characteristic, and can he especially well perceived in
several coloured liquids; we consequently cannot well dispense
with turmeric paper. It must be borne in mind, when using it as
a test, that, besides the substances mentioned above, (vide red-
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dened litmus paper,) several other bodies, e. g. boracic acid, change
its yellow colour into brown.

All reagent papers should be eut into slips, and kept in well-
closed glass jars or small boxes.

§ 24.
2, sULPHURIC AcID. (S Oa)

English sulphuric acid may always be used in qualitative ana-
lysis, provided it eontains no arsenic, and has previously been
freed from nitrie acid, by boiling.*

Testing.—Pure sulphuric acid, when boiled with a small quan-
tity of indigo solution, must not destroy its blue colour. When
mixed with pure zine and water, it must yield hydrogen, which,
on being passed throngh a tube heated to redness, does not
deposit the slightest crust of arsenic. (Compare § 93, d.)

Uses —Sulphuric acid having to most bases a greater affinity
than almost any other acid. is principally employed for the libe-
ration and expulsion of other acids, especially of phosphorie,
boracie, muriatic, nitrie, and acetic acids. Sulphurie acid serves
also for the liberation of iodine from the iodides. It oxidizes, in
this process, the metals at the expense of its own oxygen, and is
converted into sulphurous acid. Several substances which cannot
exist in an anhydrous state (e.g. oxalic acid) are decomposed
when brought into contact with coneentrated sulphurie acid ; this
decomposition is caused by the great affinity which sulphuric acid
has for water. The nature of the decomposed body may in such
cases be determined by the liberated products of its decomposi-
tion. Sulphuric acid is, moreover, frequently used for the evolu-
tion of several gases, especially of hydrogen and sulphuretted
hydrogen. 1t is besides especially employed for the detection and
precipitation of barytes, strontian, and lead. The acid used for
this purpose is diluted with four parts of water.

* The sulphuric acid of eommeree often contains lead, which renders it

turbid when diluted ; this may be removed by allowing the lead to subside,
or by distillation.—Eb.
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§ 25.

4. SULPHURETTED HYDROGEN. (HS.)

Preparation.—Mix intimately thirty-two parts of iron filings
with twenty-one parts of sublimed sulphur, divide into small por-
tiong, and gradually project them into a crucible heated to redness,
and before adding new portions, wait until the last are red-hot.
After the entive nuxture has thus been fused, the erueible is well
covered, and allowed to remain a short time longer exposed to the
fire. The sulphuret of iron thus obtained is broken into lumps,
when cool, covered with water, in an evolution bottle (a,) and
concentrated sulphuric acid added by means of (through) a funnel
tube (4.) The gas evolved is transmitted through some water ()
for the purpose of punfying it.

Sulpluretted hydrogen waler is prepared by conducting the
gas obtained in the preceding process into water of the lowest pos-
sible temperature (o) until it is saturated, consequently until the
whole volume of the gas added in excess begins to escape com-
pletely unabsorbed. Sulphuretted hydrogen water must be kept
- in well-closed vessels, as it soon undergoes complete decomposi-
tion, if this precaution is neglected. It keeps very long if it is
immediately after preparation put into little flasks, and these
latter, being well corked, are placed in an inverted position into
small vessels filled with water. Sulphuretted hydrogen water must

D
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be clear, possess the odour of the gas to a high degree, and yield
a strong precipitate of sulphur, when treated with ehloride of iron.
It must not assume a blackish tinge upon the addition of ammonia.

Uses —Sulphuretted hydrogen has a strong tendency to decom-
pose with metallic oxides, forming water and sulphurets. As these
latter are mostly insoluble in water, a decomposition of this kind
is usually attended with precipitation of the metallic oxides from
their solutions. The conditions under which these precipitations
take place, differ in such a manner, that by altering them we are
enabled to divide all precipitable metals into groups, (as we shall
afterwards explain, vide § 26, wses.) Sulphuretted hydrogen is,
therefore, an invaluable means for the division of metals into groups.
Some of these sulphuret precipitates have so distinct a colour,
that we are enabled thereby to determine the particular metals they
contain. Sulphuretted hydrogen serves for the special detection
of the following metals: tin, antimony, arsenic, cadmium, man-
ganese, and zine. For more ample information we refer the reader to
the third chapter. From its property of being readily decomposed,
sulphuretted hydrogen serves also as means of reduction for many
substances ; thus, for instance, salts of peroxide of iron are con-
verted by it into salts of protoxide of iron, chromic acid is changed
into chromic oxide, &e. Sulphur separates in these reductions,
in the form of a white powder.

§ 26.
2. HYDROSULPHURET OF aMMoNIA. (NH, SHS.)

Preparation —This liquid is formed by transmitting sulphu-
retted hydrogen through liquor of ammonia, to complete satura-
tion, consequently till it no longer causes precipitation in a solu-
tion of sulphate of magnesia. The solution obtained must be kept
in well-closed bottles, since contact with the atmosphere decom-
poses it

Testing.—Hydrosulphuret of ammonia is transparent at first, and
yields no sulphur on being mixed with acids ; in contact with the
atmosphere it assumes a yellow tint caused by the formation of
sulphuret of ammonium, in excess. This yellow tinge, however,
does not render the reagent useless. But it now yields sulphur
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when mixed with acids, and this ought not to be overlooked in
experiments. Hydrosulphuret of ammonia must be transparent,
and when heated evaporate without residue ; and, as already men-
tioned above, ought not to precipitate solution of magnesia.

Uses.—The arrangement into groups of the metallic oxides,
precipitable by sulphuretted hydrogen, depends upon certain con-
ditions indispensable to their precipitation. The presence of an
alkali is one of these conditions—its absence is another ; i. e. cer-
tain sulphurets precipitate only if the liquid is alkaline, because
they are soluble in acids, others precipitate only if the liquid is
acid, as they are soluble in alkaline sulphurets. Now, hydrosul-
phuret of ammonia may be considered as a reagent in which sul-
phuretted hydrogen acts in conjunetion with ammonia. Here we
have, therefore, as well those conditions which are necessary for
the precipitation of the first-mentioned group, as also those con-
ditions which prevent the precipitation of the other group of sul-
phurets, or cause their re-solution, when those precipitated from
acid solutions are digested with the reagent. For the purposes of
this latter application, the hydrosulphuret of ammonia must, in
certain cases, contain sulphur in excess. DBesides the sulphurets,
the precipitation of which is effected by the joint action of sul-
phuretted hydrogen and of ammeoenia, the hydrosulphuret of am-
monia by the sole action of its ammonia, precipitates oxide of
chromium and alumina as hydrated oxides, and also such sub-
stances as are only dissolved by free acids, e. g. phosphate of lime,
dissolved in hydrochlorie acid, and this property of hydrosulphuret
of ammonia must not be lost sight of in experiments.

§ 27.
BULPHURET OF FOTASSIUM. {Ksa.}

Preparation —This reagent must not be kept in store, but pre-
pared immediately previous to its application. It may be pro-
duced by boiling sulphur, in proper proportions, with solution of
caustic potash.

Uses.—Sulphuret of potassinm must be substituted for hydro-
sulphuret of ammonia, when sulphuret of copper is to be separated
from sulphur combinations soluble in alkaline sulplurets, e. g.

D 2
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from sulphuret of tin, because the sulphuret of copper is not quite
insoluble in hydrosulphuret of ammonia.

§ 28.
6. rorasn. (KO.)

Preparation.—One ounce of pure carbonate of potash (§ 29)
is dissolved in twelve ounces of water, the solution boiled in a
clean iron pan, and whilst the liquid is kept constantly at the
boiling point, hydrate of lime added in small portions until a por-
tion of the fluid thus obtained, causes no longer any effervescence
when filtered into hydrochlorie acid. (The proportions used are,
the hydrate of about one part of caustic lime to two parts of car-
bonate of potash.) The pan is then taken off the fire. If the
process has been conducted exactly according to the direction here
given, the carbonate of lime which has been formed will quickly
subside. When all the earbonate of ime has settled at the bottom
of the vessel, the supernatant solution of potash may be filtered
through bleached linen, and the filtrate obtained rapidly evaporated
in a clean iron pan, or more properly in a silver basin, until four
ounces only remain, which, consequently, will give a specific gra-
vity of 1'33. Solution of potash is kept best in small bottles,
shut in the manner of glass spirit-lamps by a ground-glass cover,
in default of which a small slip of paper ought to be rolled around
the glass stopper of a common bottle. If this precaution be neg-
lected, it will be found impossible, after a short time, to take the
stopper off.

Testing.—Pure solution of potash ought to be colourless. Tt
must form no precipitate with chloride of barium nor with nitrate
of silver, when supersaturated with nitric acid, during which latter
operation a slight effervescence only ought to take place. It must
leave no silicic acid behind, when after evaporation to dryness the
residue is washed off with water. Tt ought not to be rendered
turbid on being heated with an equal measure of solution of sal
ammoniae.

Uses.— By means of its great affinity for acids, potash decom
poses the salts of most bases, and precipitates therefore from their
solutions all those salts which are insoluble in water. Many of
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these oxides are dissolved by potash in excess, e g. alumina,
oxide of chromium, oxide of lead; others are not, e. g. oxide of
iron, oxide of bismuth, &e. Potash thus furnishes us with a
means of separating the former oxides from the latter. Potash,
besides, dissolves many salts, (e. g. chromate of lead,) sulphurets
t. 8. 0., and thus enables us as well to separate as to distinguish
them from other substances. Many of the precipitates produced
by potash exhibit particular colour or other characteristic proper
ties, as, e. g. suboxide of manganese, suboxide of iron, suboxide
of mercury, and by means of these colours or properties we may
detect the nature of the metals they contain.  Potash expels am-
monia from its salts, and thus enables us to detect the latter sub-
stance by its odour, its reaction on vegetable colours, &e.

§ 29.
7. CARBONATE oF poTasH. (KO COy)

Preparation.—Pure carbonate ol potash, for chemical purposes,
is prepared by ealcining purified bitartrate of potash in an iron
pan, to complete carbonization ; the residue is then boiled with
water ; the solution thus obtained is purified by filiration and eva-
porated to dryness, in a clean iron pan ; towards the latter end of
this process the mass must be constantly stirred. The residuary
dry salt is kept in a well-closed bottle. For use one part of it is
digsolved in five parts of water,

Testing—Pure carbonate of potash must be perfeetly white.
Its solution, when supersaturated with nitric acid, must not
be rendered turbid by chloride of barium nor by nitrate of silver ;
and, when supersal.umted with hydrochloric acid and evaporated
to dryness, must leave no residue (silica) when redissolved in
water.

Uses.—Carbonate of potash precipitates all bases, with the ex-
ception of the alkalies, most of them as carbonates, but also a few
as oxides. Those bases which are soluble in water, as bicarbo-
nates, are only on boiling completely precipitated from their acid
solutions. Many of the precipitates produced by carbonate of
potash exhibit particular colonrs, and may therefore serve for
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the detection of the various metals. The solution of earbonate of
potash is moreover emjloyed for the decomposition of many in-
soluble salts with metallic bases, or bases of the alkaline earths,
especially of those with organic acids. For these salts, on being
boiled with carbonate of potash, are converted into earbonates,
whilst the acids combine with the potash, forming soluble salts.
Carbonate of potash is also used to saturate free acids, in order to
obtain them in combination with potash as salts, and is, morcover,
especially used to precipitate platinum from solutions containing
hydrochloric acid.

§ 30.
8. AMMONIA. (NHL0.)

Preparation—Pure liquor of ammonia 1s prepared by slaking
four parts of quick lime with one and one-third part of water, mix-
ing this hydrate of lime, in a glass retort, with five parts of sal
ammoniac reduced to powder, and cautiously adding as much water
as will cause the powder to form into lumps when agitated. The
ratort 18 then placed in a sand-bath, and brought into connexion
with two gas conducting tubes, joined to each other in the middle
by means of a rinsing apparatus, containing only a small quantity
of water, such as has been deseribed in the preparation of sulphu-
retted hydrogen, (vide § 25, and engraving.) Tle absorbing re-
ceiver should contain ten parts of water. This receiver is placed
in a vessel filled with cold water ; heat is then applied to the re-
tort. The evolution of gas immediately ensues. The heat is con-
tinued until no more bubbles appear, and the stopper of the retort
is then quickly taken off, to prevent the fluid from receding.
The liquor of ammonia contained in the washing apparatus 1s 1m-
pure, but that in the receiver is pure ; it contains about sixteen per
cent. of ammonia, and thus has a specific gravity of 0.93. 1t is
kept in phials closed with glass stoppers.

Testing—Pure liquor of ammonia must be colourless, and
upon evaporation on o watch-glass not leave the slightest residue.
It ought not to render lime-water turbid, (carbonic acid,) and
after supersaturation with nitrie acid, must not be rendered turbid
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by solution of barytes nor by solution of nitrate of silver, nor be
coloured by sulphuretted hydrogen.

Uses—Ammonia is one of the most frequently used reagents.
It is especially applied for the saturation of acid liquids, for the
precipitation of a great many metallic oxides and earths, as well
as for their separation from each other, as many of them are dis-
solved as ammoniacal double salts, by ammonia in excess; such
as the oxides of zine, eadminm, silver, copper, nickel, and cobalt,
wlilst others remain insoluble in free ammonia.  The precipitates,
as well as their ammoniacal solutions, sometimes exhibit a very
distinet and peculiar colour, by means of which we may at once
detect the metals which they contain.

Many oxides which are precipitated by ammonia from neutral
solutions, are not precipitated from acid solutions, their precipita-
tion being here prevented by the formation of an ammoniacal
salt.  (Compare Chloride of Ammonium, § 22.)

§ 81.
. CARBONATE OF AMMoON1A. (NHLO, CO,)

Preparation.—We use, for the purposes of chemical analysis,
sesquicarbonate of ammonia, which must be entirely free from any
smell of amimal oil, (such as is prepared on a large scale, by the
sublimation of sal ammoniac and chalk.) The outer and inner
surface of the mass must be carefully scraped off ; and then one
part of the salt dissolved in a mixture of four parts of water, and
one part of caustic liquor of ammonia.

Testing.—Pure carbonate of ammonia must completely evapo-
rate, and after supersaturation with nitrie acid, neither be coloured
nor precipitated by solution of barytes, nor by solution of silver,
nor by sulphuretted hydrogen.

Uses—Carbonate of ammonia precipitates most metallic oxides
and earths, like carbonate of potash. The complete precipitation
of many of them takes place only on boeiling. Several of the pre-
cipitated combinations redissolve again when this reagent is added
in excess. Carbonate of ammonia dissolves many hydrates of
oxides in a like manner, and thus enables us to separate them
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from others which are insoluble. This power of solution depends
upon the tendency of ammoniacal salts, to form soluble double salts,
indecomposible by free ammonia as well as by carbonate of
ammonia.

Like canstic ammonia, and for the same reason, earbonate of
ammonia does not precipitate from acid solutions, many oxides
which it precipitates from neutral solutions. (3 80.) We apply
carbonate of ammonia, in chemieal analysis, especially for the
precipitation of barytes, of strontian and of lime, and for the sepa-
ration of these substances from magnesia, as the latter is not pre-
cipitated in the presence of ammoniacal salts.

y B
10. CHLORIDE OF BARIUM. (Ba, Cl)

Preparation —Six parts of heavy spar reduced to a fine powder
are mixed with one part of powdered charcoal and one and a half
part of flour ; this mixture is put into a hessian crucible and ex-
posed to the strongest possible red heat. The fused mass is rubbed
to powder when cool ; about nine-tenths of the powder are boiled
with four times their weight of water, and hydrochloric acid is
added, until no more effervescence of sulphuretted hydrogen takes
place, and the liquid manifests an acid reaction. Then the last tenth
of the fused mixture is added, and the boiling still continued for
some time. The alkaline liquid is then filtered and crystallized.
The crystals when dry are digested and washed with alcohol,
redissolved in water, and again crystallized. TFor use, one part of
the erystals is dissolved in ten parts of water,

Testing.—Pure chloride of barium must not affect vegetable co-
lours, nor ought its solution to be altered by sulphuretted hydrogen,
nor by hydrosulphuret of ammonia. Pure sulphuric acid must
precipitate every fixed partiele from it, so that the filtered liquid
leaves not the slightest residue when evaporated on a platinum
plate.

Uses.—Barytes forms, with many acids, soluble salts; with others,
insoluble combinations. This property of barytes affords us a
means of distinguishing the former acids, which are not precipitated
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by chloride of barium, from the latter in saline solutions which
are precipitated by chloride of barium. These barytes pre-
cipitates manifest to other substances (acids) relations differing
from each other. Consequently, by subjecting them to the action
of such bodies, we may subdivide again the group of preeipitable
acids, and even directly detect certain acids. Chloride of barium
is one of our most important reagents, on account of its applica-
tion distinguishing one group of acids from another, and espe-
cially as a means of detecting sulphuric acid.

r§ HE$
11. NITRATE OF BARYTES. (Ba O, NO,.)

Preparation — A dilute solution of chloride of barium is boiled,
and carbonate of ammonia added, as long as it causes any preci-
pitate, and further until the liquid manifests an alkaline reaction.
The carbonate of barytes obtained by this process is carefully
washed, and then dissolved in hot and dilute nitric acid, until the
liquid no longer manifests any acid reaction. The solution is
then filtered and afterwards erystallized, by evaporation. One
part of the crystallized salt is dissolved in ten parts of water,
for use. The tests as to its purity are the same as in chloride
of barium. Nitrate of silver must not render its solution
turbid.

{/ses —Nitrate of barytes is analogous in its action to chloride
of barium, and may be substituted for this latter substance, when
we wish to avoid the formation of a chloride in a liquid.

y 84.
CHLORIDE OF caLciuM. (Ca CL)

Preparations.—Chalk is added to hot and dilute hydrochlorie
acid, until all acid reaction ceases ; the solution is then filtered,
and, with the addition of some ammonia, allowed to stand a few
hours, at a moderate heat. It 1s then filtered again ; the filtrate
is heated to boiling, and carbonate of ammonia added until all



42 NITRATE OF SILVER.

the lime is precipitated ; the thus obtained carbonate of lime is
carefully washed. A mixture of one part of pure hydrochlorie
acid, with five parts of water, is then heated and the washed
carbonate of lime added to complete neutralization; the solu-
tion is then boiled up several times, filtered, and preserved for
use.

Testing.—Solution of chloride of ecaleinm must be perfectly
neutral, and neither be tinged nor precipitated by hydrosulphuret
of ammeonia ; nor ought it to evolve ammonia when mixed with
potash or with hydrate of lime.

Use—~Chloride of caleium is, in its action and application,
analogous to chloride of barium. For, as the latter is applied to
divide the inorganie acids into groups, so the former serves for
the same purpose with the erganie acids, since it precipitates some
of them, whilst 1t forms soluble combinations with others. And,
as is the case with the barytes precipitates, the different conditions
under which the various insoluble lime salts are precipitated,
furnish us with means for a more special classification of these
acids.

§ 35.
13. NITRATE OF SILVER (Ag O, NO; )

Preparation.—To obtain nitrate of silver in a state of purity,
silver alloyed with copper, as e. g. a piece of standard coin, is
dissolved in nitric acid. The solution is evaporated to dryness,
and the residue fused in a small porcelain crucible, at a moderate
heat, by means of a spirit-lamp, till all the nitrate of copper is
decomposed, i. e. till the green colour of the salt has completely
vanished, even in the portions adhering to the upper sides of the
erucible, and a portion dissolved in water becomes no longer blue
when ammonia in excess is added. The mass, when cooled, is
boiled with water, filtered, and crystallized. One part of the
erystals is dissolved in twenty parts of water, for use. The oxide
of copper remaining after the solution of the fused mass, always
contains some silver, to remove which the residue 1s dissolved in
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nitric acid, and the silver precipitated from the solution, as
chloride of silver.

L'esting —Nitrate of silver may be considered pure, if the fixed
part of its solution is completely precipitated by dilute hydro-
chlorie acid, so that the fluid filtered from the chloride of silver
leaves no residue upon evaporation on a watch-glass, and is
neither precipitated nor tinged by sulphuretted hydrogen.

Use.—Oxide of silver forms, with many acids, soluble, with
others, insoluble combinations ; nitrate of silver may therefore be
used, like chloride of barium, for the classification of acids into
groups.

Most of the insoluble silver combinations are soluble in dilute
nitric acid, chloride, iodide, bromide, and cyanide of silver ex-
ecpted.  Nitrate of silver is, therefore, an excellent means for
distinguishing and separating the hydracids corresponding to the
last-named silver combinations from all other acids. Nitrate of
silver is also of great importance for the detection of individual
acids, as many of the silver precipitates exhibit a particular
colour, (chromate, and arseniate of silver, for example,) or a par-
ticular relation to other reagents, or peculiar properties, on being
lieated, e. g. formiate of silver.

§ 36.
14. PERCHLORIDE oF IRoN. (Fe, Cl..)

Preparation.—To obtain pure perchloride of iron, two parts of
hydrochloric acid, diluted with from six to eight parts of water,
are heated with an excess of small iron nails free from rust, until
the evolution of hydrogen ceases; the solution is then decanted,
mixed with one part of hydrochlorie acid, boiled in a very capa-
cious vessel, and, whilst boibng, nitric acid in small portions
cautiousiy and gradually added, till a further addition pro-
duces mno longer any effervescence; 1. e. till no more red
vapours of nitrous acid appear, and solution of ferricyanide of
potassium (§ 42) no longer tinges the mixture blue. A small
excess of nitric aeid does no harm whatever. The solution ob-

10
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tained is then diluted with water, boiled, ammonia added to alka-
line reaction, and the produced precipitate of hydrated peroxide
of iron well washed with hot water, and when =till moist,
added to a heated mixture of 272 parts of hydrochloric acid, and
ten parts of water, till the last portions are not dissolved, even
on continued heating. The solution is then filtered, and kept
for use.

Testing.—Solution of perchloride of iron, for the purposes of
chemical analysis, must not contain acid in excess; a portion of
it must, therefore, when stirred with a small rod dipped in am-
monia, yield a precipitate, which is not re-dissolved on shaking
the vessel. Ferricyanide of potassium must not impart a blue
tinge to it.

Use.—Chloride of iron serves for a further classification of
those organic acids which are not precipitated by chloride of
calcium, as it produces precipitates with benzoic and succinie salts,
whilst it leaves acetic and formie salts in solution. The neuntral
salts which these latter acids form with peroxide of iron, dissolve
in water, imparting an intensely red colour to the latter; chloride
of iron affords, therefore, a useful means for their detection.
(Vide & 98, a 7, forits application for the decomposition of
phosphates of the alkaline earths, to which purpose it i1s exceed-
ingly well adapted.) Chloride of iron serves also for the detection
of ferrocyanide of hydrogen, producing Prussian blue with this
substance.

I1.—SPECIAL REAGENTS IN THE HUMID WAY,

a. Reagents which serve especially for the detection or separa-
tion of individual bases.

§ 87,
1. sULPHATE OF PoTAsH. (KO, 50;.)

Preparation—The sulphate of potash of commerce 1s purified
by re-crystallization, and one part of the pure salt is dissolved in
twelve parts of water, for use.
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Uses —Sulphate of potash precipitates from solutions of barytes
and strontian the sulphates of the oxides, which are insoluble in
water. It serves, therefore, for their detection and separation.
It also produces a precipitate in very highly concentrated solu-
tions of lime, but, in most cases, only after the lapse of some
time. Tt does not precipitate dilute solution of lime. The action
of sulphate of potash being analogous to that of dilute sulphurie
acid, it i3 in many eases preferable to the latter reagent, since it
does not disturb the neutrality of the solution.

§ 38.
2. PHOSPHATE OF s0bA. (2 Na O, PO}

Preparation.—'To obtain this reagent pure, dilute commercial
phosphoric acid is heated, and solution of carbonate of soda
added, till all effervescence ceases, and the liquid manifests a
feeble alkaline reaction. The liquid is then filtered, evaporated,
and erystallized. The crystals are dried, triturated with a portion
of chareoal and flour, and the entire mass strongly heated in a
hessian crucible, The heated mass 1s then boiled with water,
filtered, and crystallized. One part of the salt obtained is dis-
solved in ten parts of water, for nse. This solution must not
become turbid on being heated with ammonia. The precipitates
produced by the addition of solution of barytes, and of silver,
must completely redissolve on the addition of dilute nitric acid.

Uses.—Phosphate of soda precipitates the alkaline earths, and
all metallic oxides, by double affinity. It serves in the course of
analysis, after the separation of the heavy metallic oxides, as a
test for alkaline earths in general; and, after the separation of
barytes, strontian, and lime, with simultaneous addition of am-
monia, as a test for the detection of magnesia, which precipitates
under these circumstances as basic phosphate of ammonia and
magnesia.



406 CYANIDE OF POTASSIUM.

§ 89.
3. NEUTRAL CHROMATE of porasH. (KO, Cr Oj.)

Preparation.—To obtain this reagent pure, the commercial bi-
chromate of potashis dissolved in water, and carbonate of potash
added, till the solution manifests a feeble alkaline reaction. The
liquid, which is now of a yellow colour, is then crystallized. The
crystals are well washed and re-dissolved in water, in the propor-
tion of one part of the crystals to ten parts of water, The solu-
tion must be neutral.

Uses.—Chromate of potash decomposes, by double affinity,
most of the soluble metallic salts. The precipitated metallie
chromates are, for the most part, very difficult of solution, and
often manifest such peculiar colourings, that the metals they
contain may be easily detected. We use chromate of potash
principally as a test for lead.

§ 40.

4. cyaNIDE OF PoTASSIUM. (KCy.)

Preparation.—To obtain this reagent pure, commercial ferrocy-
anate of potash is gently heated and stirved, till its water of erystalli-
zation is completely expelled ; it is then pounded, and eight parts
of the dry powder are mixed with three parts of perfectly dry car-
bonate of potash. This mixture is put into a erucible heated to
redness, and the latter well closed and kept at a bright red heat,
till the mass is in a state of clear and calm fusion. The fused
cyanide of potassium is then poured into a heated porcelain
basin ; this must be done cautiously, in order to prevent the
passing over of any particles of the iron which, in a highly-
divided state, has separated from the mass, and subsided to the
bottom of the erucible. The thus obtained cyanide of potassinm
i exceedingly well adapted for application in analysis, although
it contains cyanate of potash. It must be perfectly white. One
part is dissolved in four parts of cold water.
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Uses.—Cyanide of potassium (containing cyanate of potash)
produces in the solutions of most metallic salts in water, insoluble
precipitates of cyanides, oxides, or carbonates. The former of
these precipitates are soluble in cyanide of potassium ; they may,
therefore, by a further addition of the reagent, be separated from
the oxides, &c., which are insoluble in ecyanide of potassium.
Some of the eyanides of metals always dissolve as eyanides com-
bined with eyanide of potassium, even if free prussic acid be pre-
sent ; others combine with cyanogen, forming new radicals, and
as such, combined with potassium, remain in solution. Cobalti-
eyanide of potassium, ferro and ferri-cyanide of potassium, arve
the most common combinations of the latter kind. They
differ from the double cyanogen compounds of the former de-
seription, especially inasmuch as dilute acids do not separate
from them the cyanides of metals. Those metals forming such
combinations may, therefore, by eyanide of potassium, be sepa-
rated from all those metals, the eyanides of which are precipitated
by acids, from their solutions in eyanide of potassium. This
reagent has a highly important special application, in analysis, for
the separation of nickel from cobalt.

§ 41.
5. FERROCYANIDE OF PoTASSIUM. (Cs N; Fe+2 K=Cfy+2 K.)

Preparation—Commercial ferrocyanide of potassium is suffi-
ciently pure for the purposes of chemieal analysis. Omne part is
dissolved in twelve parts of water, for use.

Uses—Ferrocyanide forms with most metals combinations in-
goluble in water, and often very peeuliarly coloured. These com-
binations occur when ferrocyanide of potassinm is brought into
contact with soluble salts of metallic oxides, with chlorides,
&e., the potagsinm changing places with the metals. Ferro-
evanide of copper, and ferrocyanide of iron, show the most cha-
racteristic colourings of all; and ferrocyanide of potassium is,
therefore, especially applied as a reagent for the detection of oxide
of copper and peroxide of iron.
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§ 42,

i. TERRICYANIDE OF POTASSIUM.
(CiaNgFe 43 EK=2 Cify+3 K.)

Preparation—This reagent is obtained by transmitting chlo-
rine gas through a solution of one part of ferrocyanide of potas-
sium in ten parts of water, till a portion of the fluid, when added
to a solution of perchloride of iron, no longer produces a blue pre-
cipitate. or even a blue tinge. The solution is then concentrated
by evaporation, and some carbonate of potush added, until a
feeble alkaline reaction becomes manifest. The liquid is then
filtered, and allowed to cool. The erystals obtained are of a
magnificent red colour. One part is dissolved in ten parts of
water, for use. The solution, as already remarked, must neither
produce a blue precipitate nor a blue tinge, when added to solu-
tion of perchloride of iron.

Uses.—Ferricyanide of potassium decomposes with solutions of
metallic oxides, in the same manner as ferrocyanide of potassium,
Of all ferricyanides of metals, ferricyanide of iron is peculiarly
characterized by its colour, and we apply, therefore, ferricyanide
of potassium especially as a reagent for protoxide of iron. And
for this purpose it may very well be prepared extempore, by gra-
dually adding nitric acid to a solution of ferrocyanide of potas-
sium, till a portion of the mixture no longer imparts a blue
colour to a solution of chloride of iron. All elevation of tempe-
rature must be avoided in this process, and the vessel ought to be
agitated whilst the nitric acid is added.

§ 43,
7. HYDROFLUO SILICIC AciD. (3 HF+2 8i I,.)

Preparation.—This reagent is obtained in the following man-
ner: equal parts of fluor spar and sand, in powder, are mixed in
a glass retort, with six parts of English sulphuric acid; the
opening of the retort is closed with a perforated cork, into which
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one end of a double-limbed tube is fitted air-tight. The exit
limb must reach to the bottom of a flat-hottomed glass jar, and
its extremity be covered with a column of mereury, to the extent
of a few lines ; this glass-jar receiver contmns four parts of water.
A disengagement of the fluo-silicic gas immediately takes place,
even without the application of heat; a gentle heat by the sand-
bath is, however, required to aid the operation. Every bubble
of gas, as it ascends through the mercury, produces a precipitate
of hydrate of silicic meid. One equivalent of every three equi-
valents of the fluoride of silicon is decomposed in this process,
and combines with three equivalents of water, forming silicie acid,
which preeipitates, and hydrofluoric acid, which combines with
the two remaining equivalents of the fluoride of silicon, forming
hydrofluo silicie aeid. The precipitated hydrate of silicic acid
renders the liquid gelatinous, and it is on this account that the
aperture of the exit tube must be placed under mercury, for it
would speedily be choked if this precaution were neglected. Tt
sometimes happens in the course, and especially towards the end,
of the operation, that the gas forms complete tubes or channels
of silica inthe gelatinons liquid, through which it gains the
surface without decomposition, if they are not broken from time
to time by stirring. When the disengagement of gas has ceased,
the gelatinous mass is poured on a piece of linen, and the fluid
squeezed through. The liquid obtained is then filtered, and kept
for use, The hydrofluo-silicic acid, mixed with two parts
of water, produces no precipitate in the solution of salts of
strontian.

Uses.—DBases decompose with hydroflue-silicie acid, form-
ing water, and metallic fluo-silicates. Many of these com-
binations are soluble, others insoluble ; the latter may, there-
fore, by means of this reagent, be distingnished from the former.
In the course of analysis, it is only applied for the deteetion
of barytes.
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§ 44.

8. oxaLic aAcip. (2 CO+40=C, 0,=0.)

Preparation.—This acid is prepared by pouring upon one part
of starch, contained in a porcelain bagin, five parts of nitrie acid,
of 1.42, diluted with two parts of water, and applying a gentle
heat, till no more nitrous gas is evolved. The liquid is then
filtered and crystallized ; the erystals obtained are drained and
purified by a second crystallization. Oxalie acid must be pre-
served in the form of a powder, as it soon decomposes in solution.
Pure oxalic acid, when boiled with a small quantity of solution
of indigo, does not discolour the latter.

Uses.—Oxalic acid combines with many bases, forming salts
insoluble in water; it may, therefore, be used to precipitate these
bases. Many of the oxalates insoluble in water, are easily
dissolved by an excess of oxalic acid, whilst others dissolve
with difficulty in the same menstruum. This relation affords
us, therefore, a means of distinguishing the precipitated
bases from each other. As all oxalates insoluble in water
are soluble in stronger acids, (hydrochlori¢ acid, nitrie acid,) a
complete precipitation by oxalic acid ensues, in most cases, only
when the liberated acid is saturated by an alkali, In analysis,
oxalie acid is of great importance for the detection and precipita-
tion of lime.

§ 45.

0. OXALATE OF aAMMONTA. (NHi+ 0, 0.)

Preparation—~This reagent is prepared by dissolving oxalie
acid in water, adding ammonia till a feecble alkaline veaction takes
place, and erystallising. One part of the salt 1s dissolved in
twenty-four parts of water, for use.

Uses—Oxalate of ammonia is conveniently employed instead
of oxalic acid and ammonia. It possesses this advantage over
the free acid, that its solution does not decompose on keeping.
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§ 46.

10. TarTARIC Acip. (C, H, 0,=T.)

The tartaric acid of commerce is sufficiently pure for the pur-
poses of analysis.® It is best preserved in powder, since it decom-
poses with the formation of a white film when kept in solution for
some time.

UTses —The addition of tartaric acid to solutions of iron, man-
ganese, chromium, alumina, cobalt, and many other metals,
prevents their precipitation by alkalies, by the formation of
double tartrates indecomposible by alkalies. Tartaric acid may,
therefore, be employed to separate these metals from others, the
precipitation of which it does not prevent. Tartarie acid forms
with potash, but not with soda, a bi-salt difficult of solution;
it is, therefore, one of the best means of distinguishing potash
from soda.

§ 47.

11. BITARTRATE oF poTasH. (KO, HO, T.)

The cream of tartar of commerce is sufficiently pure for the
purposes of qualitative analysis. It should be preserved in powder.

Uses.—Many metals dissolve in hot solution of tartar, forming
double tartrates; others do not. The former may, therefore,
by means of this reagent, be separated from the latter. In ana-
lysis, tartar is employed in certain cases to separate oxide of
antimony from oxide of tin,

§ 48.

12. ACETATE OF BARYTES. (Ba O, A.)

Preparation.—This reagent is obtained in the same manner as
nitrate of barytes, (vide § 38,) substituting, of course, acetic

* In cases where commercial salts are mentioned, well-defined erystals

should be selected.—En.
E 2
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acid for the nitric acid. It may conveniently be preserved in a
dry state, as it is but of rare application.

Uses.—The acetate of barytes is employed to convert sulphates
into acetates, (especially sulphate of magnesia, and the alkaline
sulphates). As these acetates are converted by heat into carbon-
ates, and as carbonate of magnesia is insoluble, whilst the alka-
line carbonates are soluble in water, acetate of barytes indirectly
serves to separate magnesia from the alkalies.

§ 49,
13. cauvstic BARYTES. (Ba O.)

Preparation.—To prepare this reagent, one part of sulphuret of
barium is boiled with twenty parts of water; copper scales are
then added in excess to the solution, whilst boiling, till a filtered
portion of the liquid ceases to blacken a solution of acetate of
lead. The solution is then filtered, while still hot, and as much
water added as will prevent any considerable portion of the
hydrate of barytes in solution from erystallizing on cooling. The
saturated water of barytes obtained is kept in well-closed bottles.
Should it contain a small quantity of copper, some sulphuretted
hydrogen must be ecautiously added, and the liquid filtered from
the precipitated sulphuret of copper.

Uses —Caustie barytes is analogous in its action to potash, i. e.
it precipitates, as a strong base, from saline solutions, those
metallic oxides and earths which are insoluble in water. In
analysis, we apply this reagent only for the precipitation of mag-
nesia. For this purpose a solution of sulphuret of barinm may
equally well be employed, inasmuch as (as is generally the case)
it contains caustic barytes. Water of barytes may also, like the
various salts of barytes, of which we have already treated, be
used to precipitate those acids which form insoluble combinations
with barytes ; we generally employ it thus only for the detection
of carbonie aecid.
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§ oo
14, PROTOCHLORIDE OF TIN, (Sn Cl.)

Preparation—To obtain this reagent, English tin is reduced
to powder, by being fused in an iron spoon, then taken from the
fire and rubbed in a mortar till it has reassmmned the solid state.
This powder is then, for some length of time, boiled with con-
eentrated hydrochloric acid in a glass vessel ; (care must always be
taken that the mixture contains tin in excess;) the solution is
diluted with four times its quantity of water, slightly acidulated
with hydrochloric acid, and filtered. The clear solution is kept
in a small closed bottle, containing small pieces of metallic tin.
If this latter precaution be neglected, the reagent soon becomes
useless, the protochloride being converted into perchloride of tin.

Testing.—Pure protochloride of tin, when mixed with perchlo-
ride of mercury, immediately produces a white precipitate of pro-
tochloride of mercury ; it yields a dark brown precipitate with
sulphuretted hydrogen, and is neither precipitated nor disturbed
by sulphurie acid.

Uses—The great tendeney which protochloride of tin has to ab-
sorb oxygen, and thus to form peroxide of tin, or rather perchlo-
ride of tin, as the oxide at the moment of its formation, unites
with the free hydrochlorie acid present, renders it one of the most
powerful means of reduction. We employ it, in analysis, for the
detection of gold, for which purpose it must first be mixed with
some nitrie acid, without the application of heat; we also use it
to detect the presence of mercury.

§ 5.

15. CHLORIDE oF GoLD. (Au Cly. )

Preparation—To obtain this reagent, fine shreds of gold,
which may be alloyed cither with silver or with copper, are
drenched, in a emall retort, with aqua regia in excess, and a
gentle heat is applied till no more gold is dissolved. If the gold
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for the latter substance, nearly the most susceptible reagent we
possess.

§ 53,

17. ziNe. (Zn.)

Pure, sublimed zine is selected for the purposes of chemical
analysis; it must especially be free from arsenic. The method
described in § 24 may be employed as a test to detect the pre-
sence of any trace of this Iatter substance. The pure zine should
be fused, and a portion of it gradually dropped into a large
vessel, containing water; the remainder should be poured into
wooden moulds, coated with chalk, for the purpose of casting it
into little eylinders.

Uses.—Zine precipitates many metals in their metallic state, by
depriving them of their oxygen and acid, owing to the great
affinity it possesses for oxygen, and its oxide for acids. As the
precipitated metals vary in colour, form, &e., zine may serve as
well for their detection and distinetion from each other, as for
their precipitation. We employ it especially for the precipitation
of antimony and of tin. Zine is also frequently used for the pro-
duction of hydrogen.

§ b4.

18. 1roN. (Fe.)

Iron, like zine, reduces many metals, and precipitates them in
a pure state. We employ it especially for the detection of cop-
per, which is precipitated on it with its characteristic colonr. Al
clean surfaces of iron, such as knife-blades, needles, pieces of
wire, &ec., are well adapted to this purpose.

§ 55.
19. correnr. (Cu.)

We employ copper exelusively for the reduction of mercury,
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which precipitates thereon as a white coating, which shines with
silvery lustre when rubbed. Any copper coin scoured with fine
sand, in fact any clean copper surface, may be employed for this
purpose.

b. bpecm! reagents which arve f;arnet:t‘ar!y employed for the de-
{ection and sepavation of acids.

§ 56.

l. ACETATE oF PoTAsH. (KO, A.)

Preparation—This reagent is obtained by dissolving one part
of pure carbonate of potash in two parts of water, heating the
solution and exactly saturating with acetic acid,

Uses.—Every salt of potash may serve to produce a precipitate
of tartar, and therefore to detect tartaric acid, DBut the acetate
of potash is peculiarly adapted for this purpose, as the precipi-
tated tartar is insoluble in the liberated acetic acid. As this test
is rarely employed, it is best to prepare it when needed.

§ 87.
2, cauvsTic LIME. {Ca O.)

Newly prepared hydrate of lime is agitated and digested for
some time in cold distilled water, allowed to settle, and the clear
fluid decanted and kept in well-closed bottles. Lime-water must
impart a bright green tinge to Georgina paper, and yield with
carbonate of potash no inconsiderable precipitate. It becomes use-
less as soon as it no longer manifests these properties, which soon
takes place, when it is exposed to the access of air. Beside lime-
water, hydrate of lime also ought to be kept at hand.

Uses—Lime forms with some acids insoluble, with others,
soluble salts. Lime-water may therefore be employed to distin-
cuish these acids from each other, as it precipitates the former
whilst it yields no precipitate with the latter. Many of the pre-
cipitable acids are precipitated only under certain conditions, as
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¢ g. on boiling, (citric acid;) and it is therefore easy to distin-
guish them from each other by altering these conditions, We
employ lime-water especially for the detection of carbonic acid,
and to distingunish from each other paratartarie acid, tartarie acid,
and citrie acid. Hydrate of hme serves, like caustic potash,
to liberate ammonia, and is in many cases preferable to the latter
reagent.

§ o8,
3. sULPHATE oF LIME. (Ca O, S0;.)

Preparation—To obtain this reagent, a conecentrated solu-
tion of chloride of caleium is mixed with dilute sulphuric acid ;
the precipitate produced is well washed, digested, and for some
time agitated with water, then allowed to settle, and the clear
fluid decanted and kept for use.

Uses—Sulphate of lime serves for the further subdivision of
those aecids which are precipitable by chloride of calcium, as,
owing to its difficult solubility, a few acids only of that group
(oxalic acid, paratartaric acid,) cause precipitates in its so-
lution. The solution of sulphate of lime serves moreover as
a reagent for bases, viz., to distinguish barytes, strontian, and
lime from each other. For, of course, it cannot precipitate the
latter, whilst it behaves with solutions of barytes and of strontian,
in the same manner as highly dilute sulphuric acid, 1. e. it pre-
cipitates barytes immediately, and strontian only after the lapse of
gome time.

§ 59,
4. CHLORIDE OF MAGNEsIUM. (Mg Cl.)

Preparation —Chloride of magnesium 15 prepared by heating a
mixture of one part of hydrochlorie acid and two and a half parts
of water, and adding basic carbonate of magnesia, (magnesie
carbonas of the shops,) till the liquid ceases to manifest any
acid reaction. The solution is once more boiled up, filtered, and
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kept for use. Sulphate of magnesia may, in most cases, be sub-
stituted for chloride of magnesium.

Uses—Chloride of magnesium almost exclusively serves for the
detection of phosphorie acid, ns it precipitates from the aqueous
solutions of phosphates, with presence of nmmonia, a double salt,
(basic phosphate of magnesia and ammonia,) which is almost in-
soluble and highly characteristic in its properties. Chloride of
magnesium is moreover employed as a test of the purity of hydro-
sulphuret of ammonia. (Vide § 26.)

§ 60.

5. ProTo-sULPHATE oF IRoN. (Fe O, SOs.)

Preparation—To obtain this reagent, a quantity of iron nails,
(free from rust,) in excess, is heated with dilute sulphurie acid
till no more hydrogen is evolved ; the solution is then filtered, and
after the addition of a few drops of dilute sulphuric acid, left to
cool. Crystals are immediately obtained, if the solution was
sufficiently concentrated, but if more dilute, evaporation must be
had recourse to. The crystals are washed with water slightly
acidulated with sulphuric acid, dried and preserved.

Uses.—Proto-sulphate of iron has a great disposition to change
to persulphate of iron, i. e. to absorb oxygen. It acts therefore
as a powerful means of reduction, We employ it especially for
the reduction of nitric acid, from which it separates nitrie oxide,
by depriving it of three atoms of oxygen. As this decomposition
is attended with the formation of a characteristic, intensely brown-
ish-black coloured combination of nitrie oxide with undecom-
posed protosulphate of iron, this reaction is particularly charac-
teristic and susceptible for the detection of mitric acid. Proto-
sulphate of iron serves moreover for the detection of ferricyanide
of hydrogen, with which it produces a kind of Prussian blue, and
for the detection of gold, which it precipitates from its solutions in
its metallic state.
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§ 61.

fi. SOLUTION OF MAGNETIC OXIDE OF IRON (FERROSO-FERRIC OXIDE.)
(Fe O, Fe 50,.)

This reagent is not kept on hand, but prepared, when needed,
by mixing solution of protosulphate of iron with some perchloride
of iron. (Fe O, 803 + Fe ,Cl,.) 1t serves for the detection of
hydrocyanic acid, which when previously combined with alkalies,
vields with it a precipitate of sesquiferrocyanide of iron (Prussian
blue).

§ 62.
7. OXIDE OF LEAD. (Pb Q.)

Oxide of lead is employed for the detection of free acctic acid,
as it forms with no other acid than this, a soluble combination
with an alkaline reaction. Finely-washed litharge answers this
purpose sufficiently well. (Compare § 104, @.)

§ 63.
8. NEUTRAL ACETATE OF LEAD. (Pb O, ﬁ.}

The better sorts of commercial acetate of lead are sufficiently
pure for the purposes of chemical analysis.  One part is dissolved
in ten parts of water for use.

Uses.—Oxide of lead forms, with a great many acids, combina-
tions which are insoluble in water, and are distinguished by
their colour or by some characteristic property. The acetate of
lead produces, therefore, precipitates in solutions of these acids or
their salts, and essentially contributes to ascertain and characterize
several of them. Thus, in particular, chromate of lead is distin-
guished by its yellow colour, phosphate of lead by its peculiar re-
lation before the blow-pipe. and malate of lead by its easy
fusibility.
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§ 64.

BASIC ACETATE OF LEAD. (8PbO, E.}

Preparation.—This reagent is obtained by drenching in a well-
stopped bottle, seven parts of finely-washed litharge, and six parts
of nentral acetate of lead, with thirty parts of water, and allowing
them to stand at a moderate heat, shaking it from time to time,
till the sediment in it has become perfectly white. The clear
fluid is then decanted and preserved in a well-stopped bottle. This
acetate of lead is unfit for use, if it contains copper, which is de-
tected by the blue colour it exhibits on the addition of ammonia.
It must, in this case, be purified by digesting it with metallic lead,
till all the copper is precipitated.

Uses.—The basic acetate of lead, like the neutral acetate, pre-
cipitates those acids which form insoluble combinations with oxide
of lead, and indeed all those soluble in acetic acid, more com-
pletely than the former reagent. We employ it in analysis espe-
cially for the detection of sulphuretted hydrogen, for which sub-
stance 1t 18 nearly the most susceptible reagent. It serves, more-
over, to neutralize free acids, in cases where it 18 desirable to avoid
the application of an alkali, e. g. to render solutions of highly acid
nitrate of bismuth precipitable by water.

§ 65.
HYDRATED OXIDE OF BisMUTH. (Bi0O + HO.)

Preparation.—DBismuth reduced to a gross powder is projected
into pure nitric acid, 1, 2 as long as solution takes place ; this pro-
cess may be promoted by the application of o gentle heat. The
solution obtained is diluted with about an equal quantity of warm
water, (slightly acidified with nitric acid,) and then filtered ; the
filtrate is mixed with from ten to twenty parts of water, and am-
monia added to the milky fluid, till the reaction becomes percep-
tibly alkaline ; the solution is then heated, and the precipitate ob-
tained washed, first, by decanting the supernatant liquid, and then
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rinsing the precipitate upon a filter, and afterwards drying it be
tween some sheets of blotting-paper, at a moderate heat.

Uses.—The oxide of bismuth, when boiled with alkaline solu-
tions of sulphurets, decomposes with the latter, giving rise to the
formation of metallic oxides, (corresponding with the various de-
grees of sulphuration of the sulphurets,) and of sulphuret of bis-
muth. Tt affords us, therefore, especially, a very proper and effi-
cient means, to convert the sulphuret or bisulphuret of arsenic into
arsenious or arsenic acid,

§ 66,
SULPHATE oOF coPPER. (Cu O, SO;.)

Preparation —The blue vitriol of commerce may be purified by
repeated recrystallization.

{/ses —Sulphate of copper is employed in qualitative analysis,
for the precipitation of hydriodiec acid as protiodide of copper. For
this purpose a solution of one part of the blue vitriol must be
mixed with two and a quarter parts of protosulphate of iron, or
else half of the iodine will separate in a free state. The protoxide
of iron in this process changes to peroxide, by reducing the per-
oxide of copper to protoxide. Sulphate of copper is besides used
as a test for the detection of arsenious and arsenic acid, and it is
indeed as such very susceptible, but by no means characteristic.
For this purpose it is best to prepare ammonio-sulphate of copper
by adding ammonia to a solution of sulphate of copper till the pre-
cipitate which appears at first, is redissolved. We refer to § 94,
d. G, for the manner in which sulphate of copper is employed, in
junction with eaustic potash, to deteet arsenious acid, and especially
to distinguish it from arsenie acid. Sulphate of copper may, more-
over, be employed for the detection of ferroeyanide of hydrogen.
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§ 67.
12. PROTONITRATE OF MERCURY. (Hg:0, NO;.)

Preparation.— To prepare this reagent, nine parts of nitric
acid, of 1.23, are gently heated in a small retort, with ten parts of
mercury, till no more red vapour of nitrous acid appear ; the solu-
tion is then boiled for some time with the undissolved metallic
mercury, taking care to replace the water lost by evaporation, till
a solution of common salt in excess precipitates from a portion of
the liquid, all the mercury it contains, as a protochloride, so that
protochloride of zine produces no precipitate in the filtered liquid.
The original solution is then shaken until cold ; the erystals ob-
tained are pounded, and agitated with twenty parts of cold water,
to which a very small quantity of nitric acid is added. The
solution is then filtered, if necessary, and kept in a glass bottle,
the bottom of which is covered with mercury.

Uses.—The protonitrate of mercury acts in a manner analogous
to the corresponding salt of silver. In the first place, it preci-
pitates many acids, especially the hydracids ; and 2, it serves for
the detection of several substances of easy oxidation, e. g. of formic
acid, since their oxidation at the expense of the oxygen of the
black oxide of mercury, is attended by the highly characteristic
precipitation of metallic mercury.

§ 68,
13. PEROXIDE OF MERCURY. (Hg O.)

The peroxide of mercury of commerce is reduced to a fine
powder, after having been moistened with some aleohol, in order to
prevent its minute particles from rising into the air. This powder
is then kept for use. As a reagent it affords us a certain means
of detecting hydrocyanic acid, since it dissolves in an alkaline fluid
only when this acid is present. (Compare § 100, d.)
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§ 69.

14. PERCHLORIDE oF MERCURY. (Hg CL)

The commercial perchloride of mereury is sufficiently pure for
the purpeses of chemical analysis. For use, one part is dissolved
m sixteen parts of water.

Uses.—Prechloride of mercury yields with various acids, e.g. with
hydriodic acid, precipitates of a characteristic colour, but it is,
nevertheless, one of the less essential reagents for the determina-
tion of acids. It acts moreover as a means of oxidation, and allows
us to detect the presence of easily oxidizable bodies, e.g. of pro-
toxide of tin, by the precipitation of protochloride of mercury.

§ 70.
AMMONIO-NITRATE OF SILVER. (Ag O, NO; + 2 NH;)

This reagent is not kept on hand, but prepared, when needed
for use, by eantiously dropping caustic ammonia into a solution
of nitrate of silver, till the precipitate which at first appears is re-
dissolved. It serves for the detection of arsenious and arsenic
acid in solutions which contain a free acid.

§ 71.
SULPHUROUS ACID. (S0;,)

Preparation.~To obtain this acid, small pieces of charcoal are
heated in a retort with six or eight times their weight of English
sulphurie acid, and the evolved gas is transmitted through water
(which must be kept cool) till no more sulphurous acid is ab-
sorbed. The solution obtained must be kept i well-closed
botiles,

Uses—Sulphurous acid has a great disposition to be con-
verted into sulphuric acid, by the absorption of oxygen. It is,
therefore, one of our most powerful means of reduction; it
precipitates metallic mercury from its solutions, and converts
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chromic acid into oxide of chromium, in the same manner as proto-
chloride of tin. We employ sulphurous acid principally for the con-
version of arsenic acid into arsenious acid, in order to be enabled
to precipitate arsenic more rapidly and more completely, by means
of sulphuretted hydrogen, (vide § 93, e.) Before applying this
reagent, it is always necessary to ascertain by its odour whether it
has undergone decomposition.

§ 72.

" 17. cHLoRINE. (Cl.)

Preparation.—One part of pounded peroxide of manganese is
drenched in a retort, with from four to five parts of com-
mereial hydrochlorie acid ; a gentle heat is then applied to the re-
tort, and the evolved gas is conducted into a jar containing about
from thirty to forty parts of water at the lowest possible tempera-
ture. The chlorine water obtained must be kept in a well-closed
bottle, and cautiously protected from the influence of light, for if
this precaution be neglected, it will soon become completely de-
composed, i.e. converted into dilute hydrochloric acid, with evo-
Iution of oxygen, (owing to the decomposition of the water.)

Uses.—Chlorine has a greater affinity for metals and for
hydrogen than iodine and bromine. Chlorine water is therefore
an efficient means of expelling iodine and bromine from their
combinations. Free chlorine forms with bromine, chloride of
bromine, and with iodine, ehloride of iodine, and these combina-
tions present a different relation to that of the uncombined metal-
loids ; we must, therefore, in certain cases, e. g. when testing for
iodine by means of starch, (§ 100) carefully avoid adding chlorine
water in excess. Chlorine serves, moreover, for the destruetion of
organie substances, by depriving water, which contains these sub-
stances, of its hydrogen, so that the liberated oxygen is enabled
to combine with the vegetable elements, and thus to effect their
decomposition. For this latter purpose it is most advisable to
evolve chlorine in the fluid, which eontains the organic substances,
by adding hydrochlorie acid to it, heating it to boiling, and then
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adding chlorate of potash. In this process, chloride of potassium
and water are formed, and chlorous acid and ehlorine liberated.

§ 73
18, SOLUTION OF INDIGO.

Preparation—One part of pounded indigo is heated with
seven parts of faming sulphuric acid. The solution obtained is
diluted for use, with so much water that the fluid just appears still
distinetly blue,

Uses.—Indigo becomes decomposed when boiled with nitric acid,
giving rise to the formation of oxidation-products of a yellow colour.
It is therefore employed for the detection of nitric acid, either in
its free and uncombined state or in its salts; in which latter
case, however, the nitric acid must first be liberated by means
of sulphuric acid.

§ 74.

19, STARCH-PASTE.

Common starch 1s rubbed with eold water, and the mixture then
heated to the boiling point, being at the same time constantly
stirred. The paste must be uniform, and so thin as almost to
run.

Uses —Starch, when bronght into contact with free iodine,
forms, with this latter substance, a peculiar dark-blue combination,
the colour of which is so intense that it is distinetly pereeptible,
even when the two substances are brought together, in a
highly dilute state.  Starch-paste is therefore a most excel-
lent and delicate test for free iodine. Tt is by far less susceptible
with regard to bromine, as the fiery yellow colour of bromide of
starch 1s far less characterestic and intense than that of iodide of
starch.
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B. REAGENTS IN THE DRY WAY.

1. Fluxes and means of decomposition.
§ 74,

1. MIXTURE OF CARBONATE OF SODA AND CARBONATE OF POTASH.
(NaO, CO; + KO, COs.)

Preparation.—Ten parts of dried earbonate of soda are rubbed
together with thirteen parts of dry carbonate of potash ; the mix-
ture is kept in a closed vessel.

Uses.—When silicic acid or silicates are fused with about four
parts, (and consequently with an excess,) of carbonate of potash
or soda, a basic alkaline silicate is formed, (earbonic acid escaping
with effervescence,) which, being a combination seoluble in water,
may be separated from such metallic oxides as it may peradven-
ture contain, and from which hydrochloric acid always separates
silicic acid in its soluble modification. When a fixed alkaline
carbonate 1s fused together with sulphate of barytes, of strontia,
or of lime, carbonates of the alkaline earths and sulphate of the
alkali present are formed, in which combinations the base, as well
as the acid of the previously insoluble salts, may now be ascer-
tained with facility. In order to enable us to render soluble the
insoluble silicates and sulphates, we use neither carbonate of
potash nor carbonate of soda, separately, but the above mixture
of both, because this mixture requires a far lower degree of heat
for fusion than either of its components, and thus renders it pos-
sible to conduct the operation over a Berzelius lamp. This should
always be done in a platinum crucible, when no easily reducible
metallic oxides are present.

§ 76.
2. CARBONATE OF BARYTES. (BaO, CO )

For the preparation of this reagent we refer the reader to § 83,
Uses.—When silicates are heated with about six times their
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weight of earbonate of barytes till they begin to fuse together, the
silicates decompose with the salt of barytes, in the same manner
as with alkaline ecarbonates, 1. e. superbasic silicate of barytes is
formed, which is easily decomposed by hydrochloric acid, the car-
bonic acid escapes and the oxides separate. It is, however, by far
more diffienlt to render silicates eompletely soluble by this method,
than by means of alkaline carbonates, and we use carbonate of
barytes, therefore, only, when we intend to test silicates as to the
presence of alkalies. The operation with carbonate of barytes is
conducted in a platinum crucible.

§ 7.
3. NITRATE oF poTasH. ( KO, Noj )

Preparation.—Commerecial saltpetre is dissolved to saturation
in boiling water. The solution is then diluted with a small quan-
tity of water, filtered hot into a glass bealker, this latter put into cold
water, and the solution stirred till cold. The erystalline powder
obtained is thrown on a filter and washed with cold water till the
filtrate is no longer disturbed by nitrate of silver. It is then well
dried and kept for use.

Testing.—A solution of pure nitrate of potash must neither be
disturbed by solution of silver, nor by solution of barytes, nor pre-
cipitated by carbonate of potash.

Uses.—Saltpetre serves as a very powerful means of oxidation,
by yielding oxygen to combustible substances when heated with
them. We use it principally to convert several metallic sulphurets,
especially the sulphurets of tin, of antimony, and of arsenic, into
oxides and acids ; and also for the rapid and complete combus-
tion of organic bodies. For this latter purpose, however, nitrate of
ammonia is in most cases preferable : we obtain this by saturating
nitric acid with carbonate of ammonia.
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Il. BLOW-PIPE REAGENTS.

§ 78.

. cHARcoaL. ((C.)

Any kind of completely ealcined wood-charcoal may be used for
blow-pipe experiments. The charcoal of pine or linden-wood is
however preferable to any other sort. Smooth pieces ought to be
selected, as knotty pieces split and throw off fragments of the
test specimen when heated.

Uses.—Charcoal is principally used as a support for the matter
under examination in blow-pipe experiments, (vide § 12.) The
following are the properties which render it so valuable in this re-
spect. First, its infusibility ; 2nd, its lJow conducting power for
heat, which admits of a substance being heated more strongly upon
a charcoal than on any other support ; 8rd, its porosity, by means
of which 1t imbibes easily fusible substances, such as borax, soda,
&e., whilst infusible bodies remain on its surface ; 4th, its property
of reducing oxidized bodies, by means of which it co-operates in
the reduction of oxides by the inner flame of the blow-pipe. Char-
coal serves, moreover, for the reduction of arsenious acid and of
arsenic acid, by depriving them of their oxygen, at a red heat.
Charcoal, for this purpose, is employed either in the shape of
small splinters, or reduced to powder. Sometimes the simultane-
ous application of an alkaline carbonate is necessary for the sepa-
ration of arsenic; in such cases it is best to use a mixture of soda
in powder and lamp-black ; this mixture is heated in a covered
erucible, and kept in a well-stopped bottle.

§ 79.

2. CARBONATE OF s0DA. (NaQ, COy )

Preparation.—One part of crystallized and three parts of dried
carbonate of soda are intimately mixed together and then put into
the broken-off neck of a retort, or into a wide glass tube, or some
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vessel of that description; one aperture is closed by means of a
perforated cork, the other remains open. To the perforated cork
a tube is fitted, which is connected with a gas evolution flask, in
which, when the entire apparatus is ready, carbonie acid is evolved
from limestone and hydrochlorie acid. We obtain in this manner
bicarbonate of soda. The complete saturation of the carbo-
nate of soda with earbonic acid is known by the falling of the tem-
perature of the mixture which had become elevated in the course
of the operation, and by the immediate extinction of an ignited
wood-splint, when held before the open aperture of the tube. The
salt 1s then thrown on a filter-funnel and washed with cold water,
till the liquid which runs off, after supersaturation with nitric
acid, is no longer disturbed by chloride of barium, or by nitrate
of silver; the salt is then dried, and heated in a erneible of silver,
platinum, or porcelain. Carbonate of soda is thus obtained,
one atom of carbonie acid being expelled. The purity of carbo-
nate of soda is tested like that of carbonate of potash. Hydro-
sulphuret of ammonia must not alter its solution.

Uses—We employ earbonate of soda, on account of its fusibi-
lity, to promote the reduction of oxidized substances by the inner
flame of the blow-pipe. In fusing it brings the oxides into
most intimate contact with the charcoal support, and allows the
flame of the blow-pipe to embrace every part of the specimen.
But it does not co-operate in this process by its matter, or by de-
composition. It the quantity operated upon is very minute, the
reduced metal will often be found in the pores of the coal. In
auch cases, the parts surrounding the little hole which contained
the sample, are taken off with a knife, triturated in a mortar, and
the coal washed off from the metallie particles, which then become
visible, cither as powder or as small and flat spangles, according
to their various nature.

In many cases, e. g. in the reduction of peroxide of tin, it is ad-
vantageous to add some borax to the carbonate of soda, in order
to render the mass more easily fusible. In the second place, car-
bonate of soda serves as solvent. It is best to use platinum wire
as the support, when testing whether bodies are soluble in earbonate
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of soda. For this purpose the substance is made into a paste with
some carbonate of soda and water ; this paste is placed on the
loop of a platinum wire, and heated. A few only of the bases dis-
solve in melting carbonate of soda, but acids dissolve with facility
therein. Silicie acid differs from all other acids, inasmuch as the
glass which it forms with carbonate of soda, remains clear on
eooling, if, of course, the two constituents are present in the right
proportion to each other. Carbonate of soda is moreover applied
as o means of decomposing, and rendering other bodies soluble,
especially the insoluble sulphates, with which it exchanges acids,
whilst, at the same time, a reduction of the new-formed sulphate
of soda to sulphuret of sodium takes place ; when fused together
with sulphuret of arsenic, both are decomposed, giving rise
to the formation of sulphuret of arsenic and sodinum, and of arse-
nite or arseniate of soda, and thus converting it into such a form
as to admit of its being reduced by means of hydrogen. Finally,
carbonate of soda is the most susceptible reagent in the dry way,
for the detection of manganese, since, when fused together in the
outer flame of the blow-pipe, with a substance containing manga-
nese, it produces a green, turbid button, owing to the formation
of manganate of soda.

§ 80.
J. cyanIDE oF rorassiom. (KCy.)

For the preparation of this reagent, vide § 40.

Uses.—Cyanide of potassinm is so powerful as a reducing
agent in the dry way, that it excels in its action almost all other
reagents, and, indeed, it separates the radicals not only from
oxygen combinations, but also from sulphur combinations, giving
rise, in the first case, to the formation of cyanate of potash, by
absorbing oxygen, and, in the latter case, to the formation of sul-
phocyanide of potassium. We may, by means of this reagent, in
the easiest manner (commonly merely in a porcelain erucible over
a spirit-lamp) obtain pure metals from their combinations, as e. g.
antimony from antimonious acid or {rom sulphuret of antimony,
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iron from peroxide of iron, &e. &e. The separation of these metals
18 much promoted by the easy fusibility of cyanide of potassium.
In analysis, this reagent is of the highest importance, for the re-
duction of arsenites and arseniates, especially of some of those
salts which have the heavy metals for bases, and the reduction of
which by the usual means of deoxidizing succeeds only with
difficulty. As eyanide of potassium is not yet universally known
as a reagent in this respect, I invite particular attention to its
superior usefulness in the reduction of arsenic. IFor experiments
on a larger scale, glass tubes are selected, rounded at their closed
end. The salt which it is intended to reduce, e.g. arseniate of
silver, is thrown into a tube of this deseription, and covered by a
small piece of cyanide of potassium ; all moisture is first removed
from the tube by gently heating it from below upwards; the
evanide of potassium is then heated to fusion and allowed to act
on the test specimen. The deoxidation begins in a brisk man-
ner, and with ignition ; it is therefore unnecessary to apply much
external heat, at this point of the operation. Up to this time, ge-
nerally, no incrustation of arsenic appears, but if the melting mass
be now somewhat more strongly heated, the arsenic will, after some
time, completely sublime, and as the fused mass does not spout,
if the interior of the tube is perfectly dry and clean, exceedingly
beautiful mirror-inerustations will be obtained. For the reduction
of very small quantities of compounds of arsenic, we use a per-
feetly dry mixture of equal portions of carbonate of soda and of
cyanide of potassium, and cover the test specimen with about six
times its quantity of this mixture; conducting the operation in a
small glass tube expanded at onme end into a small bulb. From
sulphuret of arsenic also we may completely sublime the arsenie,
by fusing the sulphuret together with eyanide of potassium. Se-
veral arsenious and arsenic metallie-salts, when fused together with
eyanide of potassium, are reduced in such a manner as to give riso
to the formation of fixed arseniurvet, (e.g. arseniate of iron.) In
such cases no mirror incrustations of arsenic are obtained, which
must be borne in mind.  As a blow-pipe reagent, cyanide of po-
tassium is also highly useful ; its action is indeed extraordinary :
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substances like peroxide of tin, sulphuret of tin, &e. &e., which for
their reduction with carbonate of soda, require rather a strong
flame, are reduced with the greatest facility when cyanide of
potassium is used. In blow-pipe experiments we always use a
mixture of equal parts of carbonate of soda and of cyanide of
potassium, since the cyanide of potassium alone fuses too easily.
This mixture, besides its more powerful action, has another ad-
vantage over carbonate of soda: it is with extreme facility im-
hibed by the porous charcoal, so that the purest metallic globules
are obtained.

§ Hl1.
BIBORATE OF $0DA. (BORAX.) (Na O, 2 B, C3)

The purity of commercial borax may be tested, by adding to its
solution, either carbonate of potash, or, after a previous addition of
nitric acid, solution of nitrate of barytes or solution of nitrate of silver.
The borax may be considered pure if these reagents cause no altera-
tion ; but if they either disturb or precipitate its solution, it must
be purified by recrystallization. The puore crystallized borax is
exposed to a gentle heat, in a platinum crueible, till it no longer
swells up ; it is then triturated and kept for use.

Uses.—DBoracic acid shows a great affinity for oxides, when
bronght into contact with them whilst fusing. 1t combines there-
fore, in the first place, directly with oxides. 2. It expels weaker
acids from their salts; and 3, with the co-operation of the outer
fame of the blow-pipe, it disposes metals, sulphur combinations,
and haloid ecombinations to oxidize, in order to combine with the
oxides. The borates produced, generally fuse readily by them-
selves, but by far more easily when fused together with borate of
soda ; the latter salt acts in this operation either as a mere flux, or
by giving rise to the formation of double salts. In the biborate
of soda, we have 1, free boracic acid; and 2, borate of soda:
and thus both conditions united, by which, as before stated, oxides,
sulphurets, metals, &e. are disposed for solution and fusion ;
borax is therefore, as a blow-pipe reagent, of the greatest im-
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portance in analytical chemistry. We generally select platinum
wire as support in this operation, heating the loop of it to red-
ness, dipping it into the borax powder, and holding it in the outer
flame, whereby a colomless pearl is obtained. This pearl is
brought into contact with the test specimen, either when still hot,
or after being moistened, and thus a small quantity of the latter
attached to it; it is then again exposed, first, to the flame of a
spirit-lamp, then to that of the blow-pipe, observing the pheno-
mena which appear. The following points ought to be examined
with especial care: 1. Whether the specimen dissolves trans-
parent or not, and whether it retains this transparency on cooling,
or not. 2. Whether this specimen shows a distinet and definite
colour, which in many cases, e. g. with cobalt, leads to an in-
stantaneons and certain detection; and 3. Whether the pearls
show the same or a different relation in the outer and inner flame.
Phenomena of the latter kind depend on the mutation from higher
degrees of oxidation to lower, or even to the metallic state, and
are for some substances particularly significant.

§ 82

5. PHOSPHATE OF SODA AND AMMONIA. (MICROCOSMIC SALT.)

(Na O, NHy O, PO;)

Preparation—This salt is obtained by dissolving six parts of
phosphate of soda and one part of pure sal-ammoniac in two
parts of hot water, and allowing the mixture to cool. The
crystals of the double salt thus obtained are purified by recrystal-
lization from the chloride of sodium which still adheres to them.
They are then dried, powdered, and kept for use.

{'ses—When phosphate of soda and ammonia is heated, the
ammonia escapes together with the water of crystallization.
There remains consequently a compound, which, with regard to
composition, (free acid and fusible salt,) very nearly approaches
borax. The action of microcosmic salt is therefore quite analo-
gous to that of biborate of soda.  We prefer it, however, to borax
in many cases as a solvent or flux, knowing by experience that
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the glasses which it forms with many substances, are more
beautifully and distinetly coloured than those of borax. Platinum
wire is equally used as a support when employing microcosmic
salt as a flux ; it ought, however, here to be remarked, that the
loop of the wire must be small and narrow, or else the pear]l will not
stick to it. The operation is conducted as stated § 81 in the pre-
ceding paragraph.

§ 83.

-

PROTO-NITRATE OF CoBALT. (Co O, NO; )

Preparation.—To obtain this reagent, an intimate mixture of
two parts of very finely pounded cobalt, four parts of saltpetre,
one part of effloresced carbonate of soda, and one part of dry
carbonate of potash, is projected in small portions inm a crucible
heated to redness; the latter is then left exposed to the strongest
possible heat, till the mass, although perhaps not in perfect fusion,
yet is melting. The mass is then allowed to cool, and afterwards
reduced to powder and boiled with water; the impure peroxide of
cobalt obtained is completely washed, digested and heated with
hydrochloric acid until dissolved. This solution is of a dark
green colonr, and generally gelatinous, owing to the separation of
silicie neid. It is evaporated to dryness, the residue boiled with
water, filtered, and ecarbonate of ammonia added to the filtrate,
whilst kept at the boiling point, ill all acid reaction ceases. The
filtered solution is precipitated by means of carbonate of potash,
the precipitate obtained washed and then dissolved in nitric acid.
The solution is evaporated to dryness, at a gentle heat, and one
part of the residue dissolved in ten parts of water, for use.

Uses —The protoxide of cobalt, when heated with certain infusible
substances, forms with them combinations of divers various charac-
teristic colours, and may therefore serve for the detection of those
substances. Experiments of this kind are conducted in the fol-
lowing manner. The substance under examination, reduced to
powder, is heated to redness, on a charcoal support, the smallest
possible drop of solution of proto-nitrate of cobalt is then dropped
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upon it, and it is again heated to redness. In this process,
oxide of zine assumes an intensely green colour, alumina a blue,
and magnesia a feeble rose tint. The rose tint of magnesia is of
so little intensity that beginners may easily overlook this reaction.
Silica also, when moistened with solution of nitrate of cobalt and
heated to redness, assumes a feeble blue tint, which ought to be
borne in mind when testing for alumina. The blue compound of

the latter is, however, by far more beautifully and intenscly
coloured, than that of silica.
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CHAFPTER III.

ON THE RELATION OF THE VARIOUS SUBSTANCES TO
REAGENTS.

§ 84.

As we have stated in our introductory remarks, qualitative
analysis is based on experiments by means of which we endeavour to
convert the unknown constituents of a substance into forms with the
relations and properties of which we are familiar, so as to enable us
to determine the nature of constituents. It is the same with such
experiments as with inguiries and investigations in general. They
are the better the more certainly they lead to a definite result, no
matter whether of a positive or negative character. But as a
guestion does not render us a whit the wiser, if we do not under-
stand the language in which the answer is returned, so an ex-
periment cannot avail us if we do not know the manner of ex-
pression in which the information is conveyed to us, 1. e., if we do
not know what conclusion we are to draw from a reagent leaving
a body unaltered, or producing some phenomenon or other, owing
to a mutation of form or state in the substance operated upon.

Before we can, therefore, proceed to the practice of analysis, we
must, as an indispensable condition, first really and completely know
those forms and combinations of substances, which are supposed
to be known. But this perfect knowledge depends, first, on a com-
prehensive conception of the conditions which are necessary for
the formation of the new combinations, and thus, in short, for the
manifestation of the various reactions; and 2ndly, on a distinet
impression of the colour, form, and physical properties in general
which characterize the new combinations.

It is, therefore, of paramount importance to the student, not
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merely theoretically to study this branch of qualitative analysis,
but also by actual experiments to verify every part of it. To
teach the relation of the various bodies to reagents, it is usual, in
works like the present, to treat of the substances individually and
separately, and to point out their characteristic reactions. I have,
however, in the present work, deemed it more judicions and beiter
adapted to its elementary character, to collect into groups those
substances which are in many respects analogous, and thus by
confronting their analogies with their differences, to place the
latter in the clearest possible light.

A.—RELATION OF THE METALLIC OXIDES.
§ 85
First Group.
POTASH, 80DA, AMMONIA.

Praoperties of the group.—The alkalies are easily soluble in
water, as whether in their pure—or caustic state—or as sulphurets
and carbonates. They, therefore, do not precipitate each other,
neither in their pure state nor as carbonates, nor are they preci-
pitated by sulphuretted hydrogen under any condition whatever.
The solutions of the pure alkalies, as well as of their sulphurets
and carbonates, tinge reddened litmus paper blue, and impart an
intensely brown tint to turmeric paper.

Special reactions characteristic of the individual substances.

a. rorasa. (K O.)

1. The salts of potash are not volatile in the heat of a spirit-
lamp. They almost all dissolve in water with facility. Their
solutions are colourless provided the constituent acid be so. The
neutral salts of potash with strong acids, do not affect vegetable
colours. Carbonate of potash is of difficult erystallization. The
dry salt as well as the erystals, (KO, COs 2aq.) which are
formed in concentrated aqueous solutions of carbonate of potash,
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when allowed to stand for some time, deliquesce with rapidity
when exposed to humid air.

2. Chioride of platinwm produces in the neutral and acid
solutions of the salts of potash, a yellow erystalline heavy pre-
cipitate. (CHLORIDE OF PLATINUM AND PoTASSIUM. K Cl+
P+ Cl,.) In concentrated solutions, the formation of this pre-
cipitate is immediate, in dilute solutions it takes place after a
short time, and frequently even after the lapse of some time.
The presence of free hydrochloric acid promotes its formation. It
is difficultly soluble in water, and wholly insoluble in alcohol.
Chloride of platinum is therefore a particularly delicate test for
salts of potash when the latter is in alcoholic solution. Care
should be taken to avoid confounding chloride of platinum and
potassium with chloride of platinum and ammonium.

3. Tartaric acid produces, in neutral or alkaline solutions of
salts of potash, (to alkaline solutions the reagent must be added
till a strongly acid reaction becomes manifest,) a white, quickly
subsiding, granwlar crystalline precipitate of BI-TARTRATE OF
roTasa. (KO, HO, T.) In concentrated solutions this preeci-
pitate is formed immediately, in dilute solutions frequently only
after the lapse of some fime. Violent agitation of the liquid
considerably promotes the formation of the precipitate. Free
alkalies and free mineral acids dissolve the precipitate; it is
difficultly soluble in cold, but more easily so in hot water. |

4. When salts of potash, by means of a platinum wire, are held
in the summit of the inner blow-pipe flame, the outer lame assumes
a VIOLET tint, owing to a reduction of potash, and a reoxidation
of the potassium thus formed. This reaction is hardly percep-
tible in phosphates and borates of potash. The presence of soda
renders it completely imperceptible.

5. When a salt of potash is heated with a small quantity of
water, alcokol added, and the latter igmited, the flame appears
vioLET. The presence of soda renders this reaction also imper-
ceptible.
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4. When asalt of soda is heated with a small quantity of water,
aleohol added, and the latter ignited, the flame appears strongly
vELLOW. The presence of a salt of potash has no preventive influ-
ence on this reaction.

H. Chloride of platinum produces no precipitate in solutions
of soda: fartaric acid only when they are highly concentrated.
The BITARTRATE oF sopa, (Na O, HO, T+ 2 aq.) which crystal-
lizes out in such canses, appears always in the shape of small
needles and columns, and not, like the corresponding salt of
potash, in the form of a granular crystalline precipitate.

e. AMMonIa, (NH,O.)

1. All salts of ammonia are volatile at a high temperature,
either with decomposition, or remaining in combination. Most
of them are easily soluble in water. Their solutions are colour-
less. The neutral ammoniacal compounds with strong acids do
not alter vegetable colours.

2. When salts of ammonia are triturated with hydrate of lime,
with the addition of a few drops of water, or when they are
heated, either in a solid form or in solution, with solution of
potash, ammonia becomes liberated in its gaseous state, and
manifests 1itself, 1, by its characteristic odowr; 2, by its re-
action on moistened test-papers; and 8, by giving rise to
the formation of white jfumes, when any object (e. g. a glass
rod) moistened with hydrochloric acid, nitric acid, acetic acid,
any volatile acids, is brought in contact with it. These
fumes are caused by the formation of fixed salts, produced by
the contact of the gases in the air. Hydrochloric acid i1s the
most delicate test in this experiment; acetic acid, however, less
easily admits of any mistake.

8. Chloride of platinum shows the same relation to salts of
ammonia as to salts of potash; the yellow precipitate of cHLORIDE
OF PLATINUM AND AMMoNIUM (NHy Cl4+ P4 Cl: ) has, however, a
somewhat lighter colour than chloride of platinum and po-
tassium.

e. Tartarie acid produces in solutions of salts of ammonia a
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alkaline earths are insoluble in water. The solutions of the salts
of the alkaline earths are, therefore, not precipitated by sulphu-
retted hydrogen, under any condition, but alkaline carbonates
and phosphates do precipitate them. This relation distinguishes
the oxides of the second group from those of the first. The
salts of the alkaline earths are colourless, partly soluble, partly
insoluble, and not volatile,

Special Reactions.

a. BARYTES. (Ba O.)

1. dAnumonia causes no precipitate in the solutions of salts of
barytes; PoTasH only when they are concentrated. Water re-
dissolves the precipitate of HYDRATE OF BARYTES (Ba O+aq.)
which is formed.

2. Alkaline earbonates throw down from solutions of barytes
CARBONATE OF BARYTES, (Ba O, CO,, ) in the form of a white preci-
pitate. In acid solutions, however, complete precipitation takes
place only on boiling ; the same is the case when carbonate of
ammonia is employed as the precipitant. The presence of salts of
ammonia does not prevent this precipitation.

8. Swulphurie acid, and all the soluble sulphates, produce, even
in the most highly diluted solutions of barytes, immediately, a fine
white precipitate, SULPHATE OF BARYTES, (Ba O, 8O3 ) which is
insoluble in acids and alkalies.

4. Hydrofluo-silicie acid precipitates from solution of barytes
SILICOFLUORIDE OF BARIUM, (8 Ba Fl4 2 Si FI*) in the form of a
colourless, erystalline, quickly-subsiding precipitate. In dilute
solutions this precipitate is formed only after the lapse of some
time, hydrochloric acid and nitrie acid dissolve it, but only to
a hardly perceptible extent.

5. Phosphate of soda causes in neutral or alkaline solution, a
white precipitate of PHOSPHATE oF BARYTES, (Ba O, PO; ) which
is soluble in free acids. Addition of ammonia neither increases
the quantity of this precipitate, nor promotes its formation.

6. Oxalic acid causes only in concentrated solutions a white
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precipitate of OXALATE oF BaRYTES, (Ba O, O+aq.) which is
soluble in acids. But if ammonia be added, the reaction is by
far more susceptible, and the solution must be highly dilute
indeed if no precipitate is formed.

7. Salts of barytes, when heated with diluted spirit of wine,
impart to the flame of the latter a but little characteristic YELLOWISH
colour.

b. STRONTIAN. (Sr 0.)

1. Salts of strontian show completely the same relations as
salts of barytes, to ammonia and potash, as well as to the alkaline
carbonates, and to phosphate of soda.

2. Sulphuric acid and sulphates precipitate from solutions of
strontian, SULPHATE OF STRONTIAN, (Sr O, 8SO;) in form of a
white powder, which is insoluble in acids and alkalies. Sulphate
of strontian is by far more soluble in water than sulphate of
barytes, owing to which the precipitate in rather dilute solutions
is generally only formed after the lapse of some time; and this
is always the case (even in concentrated solutions) if solution of
gypsum is employed as the precipitant.

3. Hydrofluo-silicie acid does not cause any precipitate, even
in concentrated solutions of strontian.

4. Oxalic acid precipitates even from rather highly dilute
solutions, after the lapse of some time, OXALATE OF STRONTIAN,
(Sr O, E-t-nq.] as a white powder. Addition of ammonia pro-
motes the formation of the precipitate, and considerably increases
1ts quantity.

5. If such salts of strontian as are soluble in water or aleohol, be
heated with diluted aleokol, and the latter ignited, they impart to
its flame, especially on stirring, an intense CARMINE RED colour,
This colour must not be confounded with that which salts of lime
communicate to the flame of aleohol.

¢. LIME. (Ca O.)

1. Ammonia, potash, alkaline carbonates, and phosphate of
G 2
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soda, show the same relations to salts of lime as to salts of
barytes.

2. Sulphuric acid and swlphate of soda produce in highly-
concentrated solutions of lime immediately, white precipitates of
SULPHATE OF LIME, (Ca O, SOy HO 4 aq.) which are completely
dissolved by a large proportion of water, but are far more
goluble in acids than in water, TIn less concentrated solutions the
precipitates are only formed after the lapse of some time; and
no precipitation whatever takes place in highly dilute solutions.
Solution of gypsum, of course, eannot produce any precipitafe ;
but even a cold saturated solution of sulphate of potash, mixed
with an equal quantity of water, produces no precipitate in solu-
tions of lime, at least mever immediately. If solutions of lime
are so highly dilute, that sulphuric acid causes no precipitation
in them, a precipitate is immediately formed on the addition of
aleohol.

3. Hydrofluo-silicic acid does not precipitate salts of lime,

4. Oxalic acid produces a white precipitate of OXALATE oF
LiME, (Ca O, O+2 aq.) even in highly dilute neutral solutions of
lime. Addition of ammonia promotes the formation of this pre-
cipitate, and increases its quantity. Oxalate of lime is easily
soluble in hydroehloric acid and nitric aeid, but not in acetic
acid, nor in oxalic acid.

Soluble salts of lime, when heated with dilute aleokol, impart
to the flame of the latter a YELLOWISH RED colour, which is often
confounded with that caused by strontian.

d. magNEsia. (Mg O.)

1. Ammonia throws down from the solutions of neutral salts of
magnesia, a portion of the magnesia 85 HYDRATE OF MAGNESIA,
(Mg O, HO.) in the form of a white bulky precipitate. The
other portion of magnesia remains in solution, combined with the
salt of ammonia to which the decomposition has given rise, and
forming with it a double salt, not decomposible by ammonia.
This disposition of the salts of magnesia to form such double
salts with salts of ammonia, is the eanse that salts of magnesia are
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not precipitated when salts of ammonia are present, or, what is in
fact the same, that ammonia does not produce any precipitate in
acid solutions of magnesia, and that a precipitate cansed by
ammonia, in neatral solutions, is re-dissolved on the addition of a
salt of ammonia,

2. Potash and caustic barytes precipitate from solutions of
magnesia, HYDRATE oF MaGNESiA. The formation of this pre-
cipitate is much promoted by boiling. Salts of ammonia re-
dissolve the precipitated hydrate ; and no precipitate is formed at.
all, if they are mixed in sufficient quantity with the magnesia
solution, before the addition of the precipitant. But it will of
course make its appearance if the solution be then boiled with
an excess of potash, for in that case the condition of its re-
maining in solution, i. . the salt of ammonia, becomes decom-
posed and is thus removed.

3. Carlbonate of potash causes in neutral solutions of magnesia a
white precipitate, A COMPOUND OF ONE EQUIVALENT OF HYDRATE
OF MAGNESIA, AND THREE EQUIVALEKNTS OF CARBONATE OF MAG-
sesia. (Mg O, HO+3 Mg O, COs)  The fourth part of the
carbonic acid contained in the carbonate of potash becomes
liberated on the decomposition of this salt, and combining with a
portion of the new-formed carbonate of magnesia, keeps this part
in solution as a bicarbonate of magnesia. This carbonic acid may
be expelled by boiling ; the application of heat to the solution,
therefore, promotes the formation and inecreases the quantity of
the precipitate. Salts of ammonia prevent this precipitation also,
and re-dissolve a precipitate already formed.

4. Carbonate of ammonia does not precipitate solutions of
magnesia when cold, and but imperfectly when boiling. The
addition of salts of ammonia completely prevents the formation of
i precipitate.

Phosphate of seda precipitates PHOSPHATE OF MAGNESIA
(2 Mg O, PO; ) as a white powder, from solutions of magnesia,
provided they be not too highly dilute. The preeipitation is
much promoted by boiling the solution. But if ammonia be
added to even a highly diluted solution of magnesia, no matter
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whether before or after the addition of the phosphate of soda, a
white crystalline precipitate of BASIC PHOSPHATE OF MAGNESIA
AND AMMoNnIA (2 Mg O, NH: O,) (POs; + 2 HO + 10 aq.) is
formed. Its separation from dilute solutions is much promoted
by violent stirring (with a glass rod), if even the solution is
too highly diluted as to admit of the formation of a precipitate ;
vet white lines appear after some time in those places of the sides
of the vessel which have been touched by the glass rod whilst
stirring the fluid. Muriate of ammonia and salts of ammonia in
general do not dissolve the basie phosphate of magnesia and am-
monia, but it is soluble in free acids, (even in acetic acid).

6. Owxalate of ammonie (but not free oxalic acid) produces a
white precipitate of oxaraTe or MacNEsia. (Mg O, O+2 aq.)
Salts of ammonia prevent its formation.

7. Sulphuric acid and hydrofiuo-silicie acid do not precipitate
salts of magnesia.

8. If magnesia, or a salt of magnesia, be moistened with
solution of protonitrate of cobalt, and for some time exposed on
a coal to a strong blow-pipe flame, o FEEBLY FLESH-COLOURED
mass is obtained, the tint of which only becomes distinct on cool-
ing, but is never very intense.

Reeapitulation and remarks—The difficult solubility of the
hydrate of magnesia, the easy solubility of the sulphate of mag-
nesia, and the disposition of salts of magnesia to form double
salts with salts of ammonia, are the three main points in which mag-
nesia differs from the other alkaline earths, To detect magnesia,
we remove always first barytes, strontian, and lime, if they are
present ; and we effect this purpose either by beiling with earbo-
nate of ammonia with addition of sal ammoniae, or by means of
sulphate of potash and of oxalate of ammonia, with addition of
sal ammoniac, and then select for the detection of magnesia, the
reaction with phosphate of soda, with addition of ammonia. The
detection of barytes is always easy, for the immediately forming
precipitate which it yields with solution of gypsum, and its reac-
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tion with hydrofluo silicic acid, leave no doubt as to its presence
Strontian may also easily be detected by its relation to solution of
gypsum, except in cases where barytes is present. It must, there-
fore, in such cases first be separated from barytes. This separa-
tion may best be effected by converting both earths into dry
chlorides, and digesting the latter with absolute alcohol. The
chloride of strontian dissolves whilst the chloride of barium re-
mains undissolved. When testing for strontian by means of the
aleohol flame, we must avoid confounding the colour it imparts to
it, with that communicated by salts of lime. For the detection of
lime, oxalic acid is always selected. Barytes and strontian must,
however, first have been removed by means of sulphate of potash,
since they manifest with oxalic acid an analogous reaction, only
varying in intensity. On the separation of barytes and strontian,
by means of sulphate of potash, it may possibly happen that also
a portion of the lime precipitates. This is, however, a matter of
indifference, sinee, at any rate, sufficient remains dissolved in the
fluid to admit of its presence being ascertained with indubitable
certainty, by means of oxalic acid.

§ 87.
Third Group.

ALUMINA, OXIDE OF CHROMIUM.

Properties of the group—Alumina and oxide of chromium are
hoth in their pure state, and, as hydrates, insoluble in water. They
form no neutral salts with ecarbonic acid. Their sulphur combina-
tions cannot be formed in the humid way. Sulphuretted hydro-
gen, therefore, does not precipitate solutions of alumina or oxide
of chromium ; hydrosulphuret of ammonia precipitates the
hydrated oxides from these solutions. This relation to hydrosul-
phuret of ammonia distinguishes the oxides of the third from
those of the two preceding groups.



HS OXIDE OF CHROMITA,

Special Reactions.

a. ALUMINA. (Al Og)

1. The salts of alumina are colourless, for the most part not
volatile ; some of them are soluble, others insoluble, The soluble
salts redden litmus paper and lose their acids, when leated to
redness.

2. Potash throws down from the solutions of alumina a bulky
precipitate of HYDRATE OF ALUMINA, (Als O3 + HO,) containing
potash, which eagily and completely dissolves in an excess of the
precipitant, but may again be precipitated from this solution by
the addition of hydrochlorate of ammonia, even when the solution
is cold, but more completely on heating it. The presence of salts
of ammonia does not prevent this precipitation by potash.

3. dmmeonia also produces a precipitate of HYDRATE OF ALU-
MINA ; and this precipitate also is redissolved by a very consi-
derable excess of the precipitant, but only in such cases where the
solution of alumina contains no salts of potash or soda. But if a
certain quantity of these salts is present, ammonia is not able to
redissolve the precipitate first formed.

Upon this relation, the complete precipitation of the hydrate of
alumina from a potash solution, by means of hydrochlorate of am-
monia, depends. For in this process, potash and hydrochlorate of
ammonia mutually decompose, giving rise to the formation of
chloride of potassinm and of ammonia; and ammonia not being
able to maintain the hydrate of alumina in solution, when a salt
of potash is present, this hydrate of course precipitates.

4. If alumina, or a compound of alumina, be heated to redness,
on charcoal, before the blow-pipe, and then moistened with a few
drops of solution of protonitrate of cobalt, and again strongly
heated, an unfused mass of a deep SKY-BLUE colour is obtained, a
compound of the two oxides, The colour becomes distinct only
on cooling. By candle-light it appears violet.
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potash solutions, by means of hydrochlorate of ammonia allows us,
in the first place, to separate them from the oxides of other groups,
and affords us, in the second place, a certain means of detection
for alumina, when no oxide of chromium is present. If the
Iatter, therefore, is present—which we may ascertain either by the
colour of the solution, or, at any rate, by the reaction with phos-
phate of soda and ammonia,—it must be separated before we can
proceed to test for alumina. This separation may be effected
most completely by fusing the mixed oxides together with nitre.
The precipitation of oxide of chromium, by means of boiling its
potash solution, is also a sufficiently exact indication ; it gives,
however frequently rise to mistakes.

§ 88.
Fourth Group.

OXIDE OF ZINC, PROTOXIDE OF MANGANESE, OXIDE OF NICEEL,
PROTOXIDE OF COBALT, PROTOXIDE OF IRON, PEROXIDE OF
IRON.

Properties of the group~—The sulphurets corresponding with
these oxides, are more or less soluble in dilute acids, but in-
soluble in water, alkalies, and alkaline sulphurets. The solutions
of the salts of these oxides, are therefore not at all precipitated by
sulphuretted hydrogen, when they contain free acid, and either
not at all, or at least but incompletely, when they are neutral, but
completely, when they are alkaline, or when an alkaline sulphuret
is employed instead of sulphuretted hydrogen.

Special Reactions.

@. OXIDE OF zINnc. (Zn0.)

1. The compounds of oxide of zinc are colourless. Its soluble
neutral salts redden litmus paper, and are easily decomposed by
heat, with the exception of sulphate of zine, which can bear a
slight degree of red heat.
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2. Sulphuretted hydrogen precipitates from neutral zine solu-
tions, a portion of the zine as white SULPHURET OF zZINC (Zn S.)
In acid solutions no precipitate is formed, if the free acid present
be one of the stronger acids.

3. Hydrosulphuret of ammonia throws down from neutral as
sulphuretted hydrogen does from alkaline solutions, all the zine
they contain, as SULPHURET oF zINC, in the form of a white pre-
cipitate. This precipitate is not redissolved by hydrosulphuret
of ammonia in excess, nor by potash or ammonia; it is sparingly
soluble in hydrochloric acid, but easy of solution in aqua regia.

4. Potash and ammonia throw down from solutions of zine,
HYDRATED OXIDE oF zinc (Zn O, HO) in the form of a white
gelatinons precipitate, which is easily and completely redissolved
by an excess of the precipitant.

5. Carbonate of potash produces a precipitate of BasIC CAR-
BONATE OF ZINC 3(Zn O, HO) + 2(Zn O, COs) which is inso-
luble in an excess of the precipitant. The presence of salts of
ammonia prevents its formation, or they redissolve it when already
formed, giving rise to the formation of double salts of oxide of
zine and ammonia.

6. Carbonate of ammonia produces the same precipitate as
carbonate of potash ; addition of carbonate of ammonia in excess
redissolves it.

7. Oxide of zine, or a salt of oxide of zine mixed with cardo-
nate af soda, and exposed to the reducing flame of the blow-pipe,
covers the coal support with an incrustation of oXIDE oF zINc,
presenting a vellow colour, as long as it is hot, and changing to
white, on cooling. This is caused by the reduced metallic zine
volatilizing at the moment of its reduction, and reoxidizing in
passing through the outer flame.

8. If oxide of zine, or a salt of zinc, be moistened with solution
of protonitrate of coball, and heated before the blow-pipe, an un-
fused beautifully 6REEN coloured mass is obtained, consisting of
a combination of oxide of zine with protoxide of cobalt.
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b. PROTOXIDE OF MANGANESE. (MnO.)

1. The protosalts of manganese are colourless or of a pale red ;
some of them are soluble, others insoluble, The soluble salts are
decomposed by a red heat, with the exception of protosulphate of
manganese. The solutions of the manganese salts do not alter
vegetable eolours.

2. Sulphuretted hydrogen does not precipitate acid nor neutral
solutions of protoxide of manganese.

3. Hydrosulpluret of ammonia throws down from neutral so-
lutions, as sulphuretted hydrogen does from alkaline, all the man-
ganese they contain, as SULPHURET OF MANGANESE (Mn 8) in the
form of a bright flesh-coloured precipitate, which changes to a
dark-brown when exposed to the air; this precipitate is insoluble
in hydrosulphuret of ammonia and in alkalies, but easily soluble
in hydrochloric acid and nitric acid.

4. Potash and ammonia produce whitish precipitates of
HYDRATED PROTOXIDE OF MANGANESE, (Mn O, HO,) which, when
exposed to the air, soon change to a brownish, and at last to a
dark blackish brown colour, owing to the hydrated protoxide being
converted into hydrated peroxide, by the absorption of oxygen from
the air. Ammonia and earbonate of ammonia do not redissolve
this precipitate ; but sal ammoniac prevents the preeipitation by
ammonia completely, and that by potash partly. Solution of sal
ammoniac redissolves only those parts of the already-formed pre-
cipitates which have not yet undergone a higher degree of oxida-
tion. The solution of the hydrated protoxide in sal ammoniae
depends on the disposition of the protosalts of manganese to form
double salts with salts of ammonia. The pellueid solutions of
these double salts become brown, when exposed to the air, and
depose dark-brown peroxide of manganese.

5. If any compound of manganese be fused with earbonate of
soda, on a platinum wire, in the ewfer flame, MANGANATE oF
sopa is formed, which makes the test specimen appear GREEN, as
long as it is hot, but, after cooling, of a bluish green and opaque.
This reaction enables us to detect the smallest quantities of man-
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ganese. The delicacy of the test is still further inereased if a
minute quantity of nitre is added to the earbonate of soda.

6. Borar and phosphate of soda and ammonia dissolve man-
ganese compounds, in the outer flame of the blow-pipe, giving
rise to the formation of clear and vieLeT-rED glasses, which, on
cooling, appear of an amethyst red, and lose their colour when
exposed to the inner flame, owing to the peroxide becoming re-
duced to protoxide. The glass which borax forms with man-
ganese, appears black when containing a considerable proportion
of peroxide of manganese, but the glass formed by phosphate of
soda and ammonia never loses its transparency. The latter, when
exposed to the inner flame, becomes colourless fur more easily
than the former.

<. OXIDE OF NICKEL. (Ni O.)

1. The salts of nickel are yellow or green; their solutions are
of a bright green colour. The soluble neutral salts redden litmus
paper and are decomposed at a red heat.

2. Sulphuretted hydrogen precipitates neither acid nor neutral
solutions cf nickel ; or the latter at least but very incompletely.

8. Hydrosulpluret of ammonia produces in neutral, as sul-
phuretted hydrogen does in alkaline solutions, a black precipitate
of SULPHURET OF NICKEL, (NiS,) which is not altogether inso-
luble in hydrosulphuret of ammonia, owing to which property the
fluid from which it has been precipitated, presents always a brown-
ish colour. Sulphuret of nickel is dissolved with difficulty by
hydrochlorie acid, but easily by aqua regia.

4. Potash produces a bright green precipitate of HYDRATED
OXIDE OF NICKEL, (Ni O, HO,) which is insoluble in potash, and
does not alter when exposed to the air. Carbonate of ammoniy
re-dissolves this precipitate to a greenish-blue fluid, from which
potash again precipitates the nickel it contains, as a yellow-green
hydrated oxide of nickel.

5. Ammonie precipitates also HYDRATED OXIDE OF NICKEL,
but an excess of the precipitant easily re-dissolves it to a blue
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fluid, as a double salt of oxide of nickel and ammonia. Potash
precipitates hydrated oxide of nickel from this solution.

6. Cyanide of potassium produces a yellowish-green precipi-
tate of cvawipeE or NiIckEL, (Ni Cy,) which by an excess of the
precipitant is easily redissolved to a brownish-yellow fluid, con-
taining cyanide of nickel and cyanide of potassium combined.
Sulphuric acid and hydrochlorie acid again precipitate from this
solution cyanide of nickel, which is very difficultly soluble in an
excess of these acids, at a low temperature.

7. Borax and phosphate of soda and ammonia dissolve com-
pounds of oxide of nickel, in the outer flame of the blow-pipe,
giving rise to the formation of clear glasses of a dark yellow
colour, with a tinge of red-brown, which become clearer and
almost colourless on cooling. Addition of nitre or carbonate of
potash changes the colour to blue or to dark purple. The glass
which phosphate of soda and ammonia forms with nickel remains
unaltered when exposed to the inner flame, but that of borax
becomes grey and troubled owing to the reduction of nickel.

d. PROTOXIDE oOF coBaLT. (Co O.)

1. The protosalts of cobalt are blue in their anhydrous, and of
a characteristic bright red tint in their hydrated state. Their
solutions show their colour even when considerably diluted. The
soluble nentral salts redden litmus paper, and are decomposed by
a red heat,

2, Sulphuretted hydrogen does not precipitate acid solutions
of cobalt, and neutral solutions at the most, very incompletely,
when they contain weak acids ; these latter precipitates are of a
black colour.

8. Hydrosulphuret of ammonia precipitates from neutral, as
sulphuretted hydrogen does from alkaline solutions, all the cobalt
they contain, as black SULPHURET OF COBALT. (Co 8.) This
substance is insoluble in alkalies and hydrosulphuret of ammonia,
difficultly soluble in hydrochloric acid, easily soluble in aqua
regia.
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4. Potash produces in solutions of eobalt BLUE precipitates of
basic salts of cobalt, which become GREEN when exposed to the
air, owing to the absorption of oxygem, and are converted into
hydrates of a pale red colour when boiled. They are insoluble in
potash. But neutral carbonate of ammonia dissolves them com-
pletely to intensely violet-ved fluids, in which potash does not
cause any, or at least but a very scanty, precipitate.

5. Ammonia produces the same precipitate as potash, but an
excess of the preeipitant redissolves it to a reddish-brown fluid,
in which potash does not cause any, or at least but a very scanty,
precipitate.

6. If to a solution of cobalt acidified with some hydrochlorie
acid, eyanide of potassium be added, a brownish-white precipitate
of PROTOCYANIDE OF COBALT is formed, which by an excess of the
precipitant, with presence of free hydrocyanic acid, is easily dis-
golved to COBALTOCYANIDE OF PoTassTUM. (Cys Cop + 3 K.)
Acids cause no precipitation in the solutions of this salt.

7. Borax dissolves compounds of cobalt in the inner as well as
in the outer flame of the blow-pipe, ToO CLEAR SPLENDIDLY BLUE
COLOURED GLASSES which appear almost black, when cobalt is
present in any considerable proportion. This test is as delicate as
it is characteristic. Phosphate of soda and ammonia manifest the
same reaction, but in a lesser degree.

¢. PROTOXIDE oF 1RON. (Fe 0.)

1. The protosalts of iron have a greenish colour; their solu-
tions appear coloured only when quite concentrated. The soluble
neutral salts redden litmus paper and are decomposed by a red
heat.

2. Acid solutions are notprecipitated by sulphuretted hydrogen,
and neutral solutions, with weak acids, at the most but incom-
pletely ; these precipitates are of a black colour.

8. Hydrosulphuret of ammonia precipitates from neutral, as
sulphuretted hydrogen does from alkaline solutions, all the irem
they contain, as black surLpHURET or 1ron, (Fe 8,) which is

(i
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msoluble in alkalies and alkaline sulphurets, but easy of solution
in hydrochloric acid and nitric acid.

4. Potash and ammonic produce a precipitate of HYDRATED
PROTOXIDE oF 1roN, (Fe O, HO,) which, in the first moment
appears almost white, but, after a very short time, becomes of a dirty
green, by absorption of oxygen from the air, and at last assumes
a red-brown colour. The presence of salts of ammonia prevents the
precipitation by potash partly, and that by ammonia totally,

5. Ferrocyanide of potassiwm produces in solutions of pro-
toxide of iron a bluish-white precipitate of FERROCYANIDE oOF
POTASSIUM AND IRON, (2 Ciy+ K43 Fe,) which, by absorption
of oxygen from the air, soon becomes blue. In this change, all
the potassium of three equivalents of the compound, and one
equivalent of iron, become oxidized, and Prussian blue (3 Cfy+2
Fes ) remains. Nitrie acid or chlorine causes this oxidation im-
mediately.

6. Ferrieyanide of potassium produces a splendidly blue pre-
cipitate of FERRICYANIDE oF IroN, (2 Cfy+3 Fe.) This pre-
cipitate does not differ in colour from Prussian blue. It is in-
soluble in hydrochloric acid, but easily decomposed by potash.
When the solution of protosalt ofiren is highly dilute, the reagent
imparts to it only a dark bluish green colour.

7. Borax dissolves protosalts of iron in the oxidizing flame,
forming DEEP RED GLASSES, the colour of which changes to
bottle green when exposed to the inner flame, owing to the re.
duction of the first formed peroxide to magnetic-oxide. Both tints
disappear totally, or in a great measure, when the glasses become
cool. Phosphate of soda and ammonia shows a similar relation
to the protosalts of iron, but the colour of its glass vanishes even
more decidedly than is the case with borax.

/. PEROXIDE oF 1RoN. (Fe; O%)

1. The persalts of iron are of a more or less red yellow colour.
Their solutions present this colour even when pretty highly
diluted. The soluble neutral salts redden litmus paper and are
decomposed by heat.
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2. Sulphuretted hydrogen produces in neutral and acid solu-
tions a slight precipitate of SULPHUR, which renders the solution
turbid and imparts a milky white tint to it. Peroxide of iron and
sulphuretted hydrogen decompose each other; in this process,
the hydrogen withdraws from the peroxide of iron, one-third of
its oxygen combining with it to form water; the persalt of iron
is thus converted into a protosalt, and the sulphur of the decom-
posed sulphuretted hydrogen separates.

3. Hydrosulphuret of ammonia precipitates from neutral, as
sulphuretted hydrogen does from alkaline solutions, all the perox-
ide of iron they contain, as black suLPHURET oF IroN ; this pre-
cipitation is preceded by the conversion of the persalt into a proto-
salt. The reagent produces only a blackish-green tint in the
fuid, if the seolution is very dilute. The minutely divided sul-
phuret of iron subsides in such cases only after the lapse of some
time. For the several degrees of solubility of sulphuret of iron in
various substances, vide ¢. (Protoxide of iron.) 3.

4. Potash and ammonia produce bulky red-brown precipitates
of HYDRATED PEROXIDE OF IRoN, which areinsoluble in an excess
of the precipitant, as well as in salts of ammonia,

5. Ferrvocyanide of potassiwm produces even in highly dilute
solutions a splendidly blue precipitate of SESQUIFERROCYANIDE
oF IRON, (3 Cfy+4 Fe,) (prussian blue) which is insoluble in
hydrochloric acid, but easily decomposed by potash, with preci-
pitation of peroxide of iron,

6. Ferrvicyanide of potassium imparts a reddish-brown tint to
solutions of peroxide of ivon, but it causes no precipitate,

7. The persalts of iron present the same appearances as the
protosalts, when exposed to the action of the blow-pipe flame,
vide e. (protoxide of iron,) 7.

Becapitulation and remarks.—Of the metallic oxides belonging
to the fourth group, oxide of zine alone is soluble in potash. It
is this property which distinguishes it from the other oxides of
this group, and connects it with those of the third group. DBut it
differs from oxide of chromium and from alumina, inasmuch as

H
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sulphuretted hydrogen precipitates it from its solutions in potash.
This characteristic property is the surest test of oxide of zinec.
Protoxide of manganese, oxide of nickel, protoxide of cobalt, and
protoxide of iron form with salts of ammonia double salts, from
which the metallic oxides are not precipitated by free ammonia :
but peroxide of iron, just like the oxides of the third group, is
completely precipitated by ammonia, even when salts of ammonia
are present. Hence it follows, in the first place, that by means
of this property, manganese, nickel and cobalt may be separated,
as well from peroxide of iron as from oxide of chromium and from
alumina ; and, in the second place, that, in order to separate these
metals from protoxide of iron, the latter substance must first be
peroxidized, which operation is best performed by boiling its solu-
tion with nitric acid. The peroxide of iron differs from oxide of
chromium, and from alumina, inasmuch as it is insoluble in potash ;
and peroxide of iron may be distingnished from protoxide, by
means of ferrocyanide of potassinm. Hydrated oxide of nickel
and hydrated protoxide of cobalt dissolve in carbonate of ammo-
nia, whilst hydrated protoxide of manganese is insoluble in this
substance. 'We may, therefore, by means of this solvent, separate
the protoxide of manganese from the two other oxides. The
brown tint assumed by the white hydrated protoxide when ex-
posed to the air, and the blow-pipe reactions, especially that with
soda, are the surest test of protoxide of manganese. Cyanide of
nickel, and cyanide of cobalt are soluble in eyanide of potassium,
But cyanide of nickel may be precipitated from this solution by
acids, which is not the case with cyanide of cobalt. This pro-
perty, i. e. the formation of a precipitate in a solution of these two
cyanides in eyanide of potassium, by the addition of hydrochlorie
acid, is under all circumstances a perfectly sure test of the presence
of nickel. Whether this precipitate be cyanide of nickel or cobalti-
eyanide of nickel, is quite immaterial as far as the detection of
nickel is concerned ; we have only to bear in mind that no preci-
pitate forms if cobalt alone be contained in the solution, since
cobalticyanide of potassium is not decomposed by hydrochlorie
acid. To explain the composition of the precipitates formed, and
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the process in general, we will now proceed to consider and ex-
amine three special cases, the difference of which depends on the
unequal relative proportion of the nickel and the cobalt.

1, Ni : Co=38 eq. : 2 eq.

2, Ni i Co=38eq. ¢« 2 eq. +x

3, Ni : Co=8eq. +x + 2 eq.
Consequently, we getin solution in the first ease, one eq. : of cobal-
ticyanide of potassium, (Cyg, Cos + 8 K,) and 3 eq. : of eyanido
of nickel and eyanide of potassium ecombined, (Cys Ni, 4+ Cy; K,)
and if we add hydrochloric acid in excess to this solution, we
obtain a dirty green precipitate of cobalticyanide of nickel
(Cys Cos + 8 Ni,) which contains all the nickel and cobalt of
the solution; in this process the combination of eyanide of
nickel and eyanide of potassium is decomposed, and the potassium
in the cobalticyanide of potassium changes places with the nickel
in the cyanide of nickel. Besides the cobalticyanide of nickel,
chloride of potassinm and hydrocyanic acid ave formed. In the
second case we obtain also a precipitate of cobalticyanide of
nickel, but this precipitate, thongh containing all the nickel, does
not contain all the cobalt of the solution, for the exeess of cobalti-
evanide of potassium is not decomposed. In the third case, at
last, we obtain a precipitate of cobalticyanide of mickel, which
contains all the cobalt and a portion of the nickel, mixed with in-
soluble cyanide of nickel, which contains the remaining part of
the nickel. The precipitate of cobalticyanide of nickel has been
formed, as in the first case, whilst the cyanide of nickel is formed
by the decomposition of the double eyanide of nickel and po-
tassinm in excess., Hence it is evident, that nickel is in all cases
a necessary condition to the formation of a precipitate, and con-
sequently that this precipitate can leave no doubt as to its pre-
sence. As cobalt may, under all circumstances, be safely and
ensily detected by its characteristic properties before the blow-
pipe, any further indications for the mere detection of either
metal, would almost seem superfluons; but since we are now
already far advanced towards the complete separation of these two
substances from each other, we may as well briefly state how to

H 2
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effect it.  In the first and second of the above-mentioned ecases,
we have, after the addition of the hydrochlorie acid, only to heat
the fluid together with the therein suspended precipitate of cobalti-
cyanide of nickel, till the free hydroeyanie acid is expelled, (the
cobalticyanide of nickel as well as the cobalticyanide of potassium
present in the second case, remain unaltered during this opera-
tion ;) and then we may, by addition of canstic potash, easily de-
compose the cobalticyanide of nickel, into cobalticyanide of potas-
sinm, which remains in solution, and oxide of nickel which preci-
pitates as hydrated oxide. DBut in the third case we must add a
larger quantity of hydrochloric acid, and boil the solution there-
with, till the cyanide of nickel contained in the preeipitate (which
would only be incompletely decomposed by potash) is converted
into chloride of nickel, and till the hydrocyanic acid, formed
during this operation, is completely expelled : and then, after this
preparatory process, we may, by boiling with caustic potash.
obtain all the nickel as an insoluble hydrated oxide, and all the
cobalt as soluble cobalticyanide of potassium. Lastly, we must
still mention, that the oxides of the fourth group are not preci-
pitated by alkalies, if non-volatile organic substances, (such as
sugar, tartaric acid, &c.) are contained in their solutions. The
same is the case with alumina and oxide of chromium.

§ 89.
Fifth Group.

0XIDE OF SILVER, PROTOXIDE OF MERCURY, PEROXIDE OF MER-
CURY, OXIDE OF LEAD, OXIDE oOF BISMUTH, OXIDE OF
COPPER, OXIDE OF CADMIUM.

Properties of the group—The sulphurets corresponding with
the oxides of this group, are insoluble both in dilute acids and in
alkaline sulphurets. The solutions of these oxides are therefore
completely precipitated by sulphuretted hydrogen, no matter
whether their reaction be neutral, alkaline, or acid.

We divide the oxides of this group into two sections, and dis-
tinguish
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1. OXIpES PRECIPITABLE BY HYDROCHLORIC ACID, ViZ. :
oxide of silver, protoxide of mereury, and oxide of lead, from

2, (OXIDES, NOT PRECIPITABLE BY HYDROCHLORIC ACID, viz.:
peroxide of mercury, oxide of copper, oxide of bismuth, oxide of
cadmium. Lead must be considered in both sections, as the diffi-
cult solubility of its chloride renders it possible to confound it
with protoxide of mercury and oxide of silver, without affording us
any means of separating it completely from the oxides of the
second section,

§ 90,
FIRST SECTION. OXIDES PRECIPITABLE BY IIYDROCHLORIC ACID.
Spectal Reactions.

. OXIDE OF sILVER. (Ag O.)

1. The salts of oxide of silver are fixed and colourless ; most
of them blacken when exposed to light. The soluble neutral
salts do not alter vegetable colours, and are decomposed at a red
heat.

2. Sulphuretted hydrogen and hydrosulphuret of ammonia
precipitate black SULPHURET oF SILVER, (Ag 8,) which is
insoluble in dilute acids, alkalies, alkaline sulphurets, and
cyanide of potassium. Boiling concentrated sulphurie acid
casily decomposes and dissolves this precipitate, with separation
of sulphur.

3. Potash and ammonie precipitate OXIDE OF SILVER, in the
form of a BrRIGHT BROWN powder, which is insoluble in potash,
but easy of solution in ammonia. The presence of salts of am-
monia prevents this reaction either totally or partly.

4. Hydrochioric acid and soluble ellorides produce a white
curdy precipitate of cHLORIDE oF SILVER. (Ag CL) In very
dilute solutions, this precipitate merely imparts to the fluid a
bluigh-white opalescent appearance. The white elloride of silver,
when exposed to light, acquires first a violet tint, and at.last «
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black colour, but without any alteration in its composition ; it is
insoluble in nitric acid, but dissolves easily in ammonia, giving
ris¢ to the formation of chloride of silver and ammonia. Acids
precipitate it again from this combination. Chloride of silver,
when heated, fuses without decomposition, forming a transparent
horny mass.

5. When silver compounds, mixed with earbonate of sada, are
on a charcoal support, exposed to the énner flame of the blow-
pipe, WHITE, SHINING, AND DUCTILE METALLIC GLOBULES are
obtained, whilst no incrustation takes place.

b. PROTOXIDE OF MERCURY. (Hge O.)

1. The salts of protoxide of mercury, when exposed to a red
heat, either volatilize without decomposition, or decompose; in
the latter case the mercury separated volatilizes in a metallic state.
They are colourless. The soluble salts, when neutral, redden
litmus paper; when mixed with much water, they separate into
insoluble basic and soluble acid salts.

2, Sulphuretted hydrogen snd Aydrosulphuret of ammonia
produce black precipitates of SULPHURET oF MERCURY, (Hg. S,)
which are insoluble, as well in dilute acids as in alkaline sulphu-
rets, and in cyanide of pofassium. Potash resolves this sulphuret
into bisulphuret and globules of metallic mercury. Sulphuret
of mercury is easily decomposed and dissolved by aqua regia, but
not by boiling concentrated nitric acid.

8. Potash and ammonia produce black precipitates, which are
insoluble in an excess of the precipitants. The potash preeipi-
tates consist of PROTOXIDE oF MERCURY ; those of ammonia, of a
BASIC SALT OF PROTOXIDE OF MERCURY AND AMMONIA.,

4. Hydrochloric acid and soluble chiorides precipitate proTO-
CHLORIDE OF MERCURY (Hgs Cl) as a shining white, fine powder.
Cold hydrochloric acid, and cold nitrie acid, do not dissolve this
precipitate ; but it dissolves, although very difficultly and slowly,
when long boiled with these acids, being converted by hydro-
chloric acid into chloride of mercury, by mitrie acid into chloride
of mereury and per-nitrate of mercury. Ammonia and potash
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decompose protochloride of mercury, giving rise to the formation
of black protoxide of mercury.

5, If a drop of a neutral or feebly acid solution of protoxide of
mercury be poured on a clean and smooth surface of copper,
washed off after some time, and the spot rubbed with cloth or
paper, &e. &e., it will appear of a SILVERY WHITE COLOUR, with
metallic lastre.  This apparent silvering vanishes when the
copper is heated, owing to the volatilization of the metallic mer-
cury precipitated on its surface.

6. Protochloride of tin produces in solutions of protoxide of
mereury, a grey precipitate of METALLIC MERcURY, which may be
united into globules by heating and agitating it, but most easily
by boiling it with hydrochlorie acid.

7. If mercury compounds, intimately mixed with effloresced
carbonate of soda, and covered with a layer of carbonate of soda
in a distended glass-tube, are heated before the blow-pipe, a de-
composition always takes place to the effect of liberating metallic
mercury, which sublimes as a grey crust above the heated part of
the tube. The fine particles of mercury unite into globules on
this crust being rubbed with a glass rod.

¢. OXIDE OF LEAD. (Pb O.)

1. The salts of oxide of lead are colourless and not volatile ;
the soluble salts, when neutral, redden litmus paper, and are de-
composed at a red heat.

2. Sulphuretted hydrogen and hydrosulphuret of ammonia
produce black precipitates of SULPHURET oF LEAD, (Pb 8,) which
are in=oluble in dilute acids, alkalies, alkaline sulphurets, and
eyanide of potassium. This sulphuret of lead is decomposed by
boiling concentrated nitric acid ; all the lead is first converted
into nitrate of lead, the greater portion of the sulphur separates,
another portion is converted into sulphuric aeid, and this again
decomposes a part of the nitrate of lead, and thus, besides the
precipitated sulphur, sulphate of lead is formed, and remaimg un-
dissolved as a white powder.

3. Potash and ammonia throw down BASIC SALTS OF LEAD in
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the form of white precipitates, which are insoluble in ammonia,
and of difficult solntion in potash.

4. Hydrochloric acid and soluble ehlorides produce in con-
centrated solutions heavy white precipitates of CHLORIDE OF LEAD,
(Pb C1,) which are soluble in much water, especially if the water
be heated. This chloride of lead is not altered by ammonia, and
is more difficult of solution in hydrochloric acid and in nitric acid
than in water.

b, Sulphuric acid and sulphates produce white precipitates of
SULPHATE OF LEAD, (Pb O, 803 ) which are almost insoluble in
water and dilute acids, but to a small extent soluble in concen-
trated nitric acid, difficult of solution in boiling concentrated
hydrochloric acid, and more easily soluble in solution of potash.
Salts of ammonia, and especially sulphate of ammonia, prevent
the precipitation partly or altogether.

6. Chromate of potash produces a yellow precipitate of cHRoO-
MATE OF LEAD, (Pb O, Cr O3 ) which is easily soluble in potash,
but insoluble in dilute nitric acid.

7. Lead compounds, mixed with ecarbonate of soda, and on a
charcoal support, exposed to the reducing blow-pipe flame, very
easily yield soft and ductile METALLIC GLOBULES ; whilst the ecoal
is, at the same time, covered with a YELLOW incrustation of oXIDE
OF LEAD.

Recapitulation and remarks —The metallic oxides of the first
section of the fifth group are the most easily characterized in
their corresponding chlorides, sinee the divers relations of these
different chlorides to ammonia afford us means as well of detect-
ing as of separating them from each other. For chloride of
silver, as we have stated, is dissolved by ammonia, whilst protochlo-
ride of mercury and chloride of lead remain undissolved. By add-
ing nitric acid to a solution of chloride of silver and ammonia, we
may again precipitate the chloride of silver; and as this reaction
admits of no mistake, we want in fact no further means for the
detection of silver. Of the two remaining chlorides, the protochlo-
ride of mercury is converted by ammonia into black protoxide of
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mereury, whilst the chloride of lead remains unaltered. The
new-formed protoxide of mercury may be separated from the
chloride of lead by treating with nitric acid, whereby the prot-
oxide of mercury is dissolved; or by boiling with water, wlhen
solution of the chloride of lead takes place. These relations
sufficiently characterize the protoxide of mercury; as further
tests for lead, its reaction with sulphuric acid or with chromate of
potash may be employed.

§ 91.

SECOND SECTION OF THE FIFTH GROUP. OXIDES WHICH ARE NOT
PRECIPITATED BY HYDROCHLORIC ACIL.

Spectal Reactions.
@. PEROXIDE oF MERCURY. (Hg O.)

1. The salts of peroxide of mercury volatilize when heated to
redness, some with, some without decomposition. Most of them
are colourless. The neutral soluble salts redden litmus paper.
The nitrate and sulphate of peroxide of mereury are decomposed
by much water into soluble acid and insoluble basic salts.

2. I sulphuretted hydrogen, or hydrosulphuret of ammonia,
be added in very small proportions to solutions of peroxide of
mercury, and these solutions be then agitated, a perfectly white
precipitate is obtained. The addition of somewhat large quan-
tities of these reagents causes the precipitate to acquire a yellow,
orange, or brown-red colour, as more or less of them is added;
an excess of the precipitate produces a black precipitate of
BISULPHURET OF MERCURY, cINNABAR. (Hg 5.) This varia-
tion of ecolour depends on the different proportions added of
sulphuretted hydrogen, distinguishing the peroxide of mer-
cury from all other substances. It is caused by the formation,
at first, of a white-coloured double compound of bisulphuret of
mercury, with still undecomposed salt of peroxide of mer-
cury, which then, becoming more and more mixed with black
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bisulphuret, causes the precipitate successively to assume the various
tints deseribed above. Bisulphuret of mercury is not dissolved by
liydrosulphuret of ammonia, nor by cyanide of potassium ; it is
quite insoluble in hydrochloric acid and nitric acid, even on being
boiled with these acids. Potash ley dissolves it completely, and
aqua regin decomposes and dissolves it with facility.

3. Potash, when added in insufficient quantity to neutral or
feebly acid solutions of peroxide of mercury, yields with them a RED-
BROWN precipitate, which acquires a YELLOW tint when the re-
agent is added in excess. The red-brown precipitate is a BasIc
sALT ; the yellow, on the contrary, consists of pure HYDRATED
PEROXIDE OF MERCURY., (Hg O, HO.) An excess of the preci-
pitant does not re-dissolve these precipitates. In very acid solu-
tions this reaction either does not take place at all, or is at least
incomplete. If salts of ammonia be present, the precipitates
formed are neither red, brown, nor yellow, but white; consisting
of basic compounds of peroxide of mercury and ammonia.

4. Aminonia causes the same WHITE PRECIPITATE, which potash
produces when salts of ammonia are present.

5. Protockloride of tin, when added in small proportions to salts
of peroxide of mercury, causes areduction of this peroxide to prot-
oxide, inconsequence of which a white precipitate of PROTOCHLORIDE
oF MERCURY forms; but when added in excess, it completely
withdraws the oxygen and acid or the salt-radical from the mer-
cury, and causes the latter to separate in a metallic form, just as is
the case with protoxide of mercury, (vide § 90, 4 6.) The preci-
pitate, therefore, which in the first place was white, acquires now
a grey tint, and may be united into globules of metallic mercury,
by being boiled with hydrochlorie acid.

5. The salts of peroxide of mercury present the same relation
to metallic eopper as those of the protoxide ; and the same is the
ease with regard to their behaviour before the blow-pipe, when
mixed with earbonate of soda.
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b. oxipE oF coprpPER. (Cu O.)

1. The salts of oxide of copper undergo decomposition, even
at a gentle red heat, with the exception of blue vitriol, which ean
bear a somewhat higher temperature. They present in their an-
hydrous state a white, but as hydrates, a blue or green colour,
which their solutions still retain, though rather highly diluted.
Most of the neutral salts of oxide of copper are soluble in water ;
those which are soluble redden litmus paper.

R. Sulphuretted hydrogen and hydrosulphuret of ammonia pro-
duce, under any circumstances, brown-black precipitates of BIsUL-
PHURET OF coPPER (Cu$.) This substance is insoluble in dilute
acids and caustic alkalies, as well as in hot solutions of sulphuret
of potassium and of sulphuret of sodium ; but it is not quite in-
soluble in hydrosulphuret of ammonia, on account of which this
reagent is not applicable for the separation of bisulphuret of copper
from other metallic sulphurets. Boiling coneentrated nitric acid
readily decomposes and dissolves bisulphuret of copper. Solu-
tion of eyanide of potassium dissolves it completely.

8. Potash produces a brght blue, bulky precipitate of
HYDRATED OXIDE oF COPPER, (Cu O, HO.) In highly concen-
trated solutions this precipitate becomes, on addition of potash in
excess, black, and loses its bulkiness, even at a low temperature,
after some time, but at any rate on being boiled with the fluid
wherein it is suspended. In this process the hydrated oxide is
converted into oxide.

4. Ammonia, when added in a small proportion, produces a
GREENISH BLUE precipitate, consisting of a BASIC SALT OF COPPER.
This precipitate is easily redissolved when the addition of ammonia
iz continued, and a PERFECTLY TRANSPARENT MAGNIFICENTLY
AZURE BLUE sOLUTION obtained, which owes its colour to the new-
formed BASIC AMMONIACAL SALT OF OXIDE OF COPPER., This tint
vanishes only when the solution is highly diluted. Potash causes
in this blue solution—(at a low temperature only after having been
allowed to stand at vest for some time)—a precipitate of BLUE
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HYDRATED OXIDE, but at the boiling point, it precipitates the en-
tire copper as prLAck oxipE. Carbonate of ammonia presents the
same relation to salts of copper, as pure ammonia.

5. Ferrocyanide of potassium produces even in highly-dilute
solutions, a reddish-hrown precipitate of FERROCYANIDE OF COPPER
(Cfy + 2Cu) which is insoluble in dilute acids, but decomposed
by potash.

6. Metallic iron, when in contact with coneentrated solutions
of copper, is almost immediately covered with a corPERY RED
CRUST OF METALLIC COPPER; but when the copper solution is
highly dilute, this coating only takes place after the lapse of some
time.  This test is very delicate, but especially so, when the solu-
tion contains a free acid, (e. g. hydrochlorie acid.)

7. If copper compounds, mixed with carbonate of soda, be ex-
posed on a charcoal support to the reducing flame of the blow-
pipe, METALLIC COPPER ig obtained without simultaneous incrus-
tation of the coal. The best method of examining this copper, so
as to leave no doubt of its presence, is to triturate the fused mass
together with the surrounding particles of the charcoal support, in
a mortar with some water, and then to wash off the charcoal
powder. The coppery-red metallic spangles will remain.

¢. OXIDE OF BISMUTH. (B10.)

1. The salts of bismuth are not volatile, with the exception of
a few, (chloride of bismuth.) Most of them decompose at a red
heat. They are colourless; some are soluble in water, whilst
others are insoluble. The soluble salts, when neutral, redden
litmus paper, and are decomposed by much water into soluble acid
and insoluble basic salts.

2. Sulphuretted hydrogen and hydrosulphuret of ammonia
produce, under all circumstances, black precipitates of SULPHURET
or pisMuTH (Bi 8) which are insoluble in dilute acids, alkalies,
alkaline sulphurets, and cyanide of potassium. Boiling concen-
trated nitric acid readily decomposes and dissolves it.

8. Potash and ammaonie throw down from solutions of salts of
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bismuth, IYDRATED oxipE oF pismuti (Bi O, HO) as a white
precipitate, which is insoluble in an excess of the precipitants.

4. Chromate of potash precipitates CHROMATE OF BISMUTH
(Bi0O, Cr O;) asa yellow powder. This substance differs from
chromate of lead, inasmuch as it 18 soluble i dilute nitric acid,
and insoluble in potash,

5, The reaction which particularly characterizes the oxide of
bismuth, is the decomposition of its neutral salts by walfer into
acid soluble and basie insoluble salts. For when a solution of
bismuth is diluted with much water, a shining white precipitate
immediately forms, provided free acid be not present in a too large
proportion. T'his reaction is the most suseeptible with chloride of
bismuth, the basie chloride of bismuth being almost absolutely in-
soluble in water. If water causes no precipitate in nitric solutions
of bismuth, owing to the presence of a too large quantity of free
acid, precipitation may immediately be induced by the addition of
basic acetate of lead in excess. DBefore recurring to this means,
we must, of course, be convineed of the absence of sulphuric acid,
&e. &o.  The precipitates of bismuth are easily to be distingmshed
by means of their insolubility in tartaric acid, from the basic
salts of antimony which are formed under analogous eireum-
stances.

fi. If bismuth compounds, mixed with carbonate of soda, be ex-
posed on a chareoal support, to the reducing flame, BRITTLE GRATNS
OF BISMUTH are obtained, which fly into pieces under the stroke
of the hammer. The charcoal at the same time becomes covered
with a slight yellow inerustation of OXIDE OF BISMUTH,

d. ox1ipE oF capmivsm. (Cd O.)

1. The salts of oxide of cadmium are either colourless or white ;
most of them are soluble in water. The soluble salts, when
neutral, redden litmus paper and decompose at a red heat.

2. Sulplhuretted hydrogen and hydrosulphuret of ammonia
produce, under all circumstances, precipitates of a rich yellow
colour, consisting of sulphuret of eadmium (Cd, S.) This sub-
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stanée is insoluble in dilute acids, in alkalies, alkaline sulphurets,
and cyanide of potassium. Boiling concentrated nitrie acid readily
decomposes and dissolves it.

3. Potash produces a white precipitate of HYDRATED OXIDE oF
capyruym (Cd O, HO) which is insoluble in an excess of the pre-
cipitant.

4. Ammonia also precipitates white HYDRATED OXIDE OF CAD-
MivM, but readily redissolves into a colourless fluid, when added
in excess.

5. Carbonate of potash and earbonate of ammonia produce
white precipitates of carpBoNATE oF capyioMm (Cd O, COg) which
are insoluble in an excess of the precipitants. The presence of
salts of ammonia does not prevent the formation of these pre-
cipitates.

6. If cadmium compounds mixed with earbonate of soda be
exposed on a charcoal support, to the reducing flame, the char-
conl becomes covered with a REDDISH YELLOW incrustation of
OXIDE OF CADMIUM, owing to the reduced metal immediately vola-
tilizing, and then becoming reoxidized in passing through the
oxidizing flame.

Recapitulation and remarks—The metallic oxides of the
second section of the fifth group may, as we have stated, be com-
pletely separated, by means of hydrochloric acid, from protoxide
of mercury and oxide of silver, but only incompletely from oxide
of lead. The peroxide of mercury is distinguished from the other
oxides of this section, by the insolubility of its bisulphuret in boil-
ing nitric acid. This property affords a convenient means for its
separation. Moreover, the reactions with protoxide of tin, or with
metallic copper, as well as those in the dry way, readily admit of
its detection when the protoxide has been previously removed.

Of the still remaining oxides, those of copper and cadmium are
distinguished, inasmuch as the precipitates which ammonia causes
in their solutions, are soluble in an excess of ammonia, whilst the
precipitates which this reagent produces in solutions of lead and
bismuth, are not redissolved by an excess of the precipitant. The
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oxide of bismuth may be separated from the oxide of lead by
means of sulphuric acid, but is most safely detected by the de-
composibility of its salts by water. The other tests of lead have
already been stated in the first section of this group. The oxide
of copper may be separated from the oxide of cadmium, by means
of carbonate of ammonia; the former is especially characterized
by the reactions with ferrocyanide of potassinm and with 1ron, as
well as by its relations before the blow-pipe; and oxide of cad-
mium may always be detected by its yellow sulphuret, which is
insoluble in hydrosulphuret of ammonia, and by the characteristic
inerustration with which it covers charcoal when exposed to the
reduecing flame. Tor a separation of the oxides of the fifth group
from each other, by means of eyanide of potassinm, we refer to
the second section of Part II.

§ 92.
Nixth Group,

PEROXIDE OF GOLD, PEROXIDE OF PLATINUM, OXIDE OF ANTIMOXNY,
PEROXIDE OF TIN, PROTOXIDE OF TIN, ARSENIOUS AND ARSENIC
ACID. ¥

Properties of the group.—The sulphurets corresponding with
the oxides of the sixth group are insoluble in dilute acids. They
combine with alkaline sulphurets, forming soluble sulphur salts
in which compounds they perform the part of an acid. Sulphu-
retted hydrogen, therefore, precipitates them completely from aci-
dified, but not from alkaline solutions. The precipitated sul-
phurets dissolve in hydrosulphuret of ammonia, sulphuret of

* The two acids of arsenic will be again referred to, when we treat of
the relations between acids and reagents. We join them here to the me-
tallic oxides, since the relation of sulphuret of arsenic easily admits of their
being confounded with several oxides of the sixth group, and because in
analysis we always obtain the sulphuret of arsenic as a precipitate, together
with sulphuret of antimony, sulphuret of tin, &c. &ec.
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6. Protochloride of tin, containing perchloride of tin, produces
even in highly dilute solutions of gold, & purple-red precipitate or
tint at least, which sometimes melines more to violet or to brown-red.
This precipitate has received the name of PURPLE OF CASSIUS ; it
is a mixture of peroxide of tin and metallic gold, and is insoluble
in hydrochlorie acid.

7. Protosalts of iren reduce the peroxide of gold when added
to its solutions, and precipitate metallic gold as a very fine brown
powder, which shows a metallic lustre, when pressed upon with
the blade of a knife, or when rubbed. The fluid in which the pre-
cipitate is suspended, appears of a blackish-blue colour, by trans-
mitted light.

b, PERDXIDE oOF pPLATINUM. (PtO;)

I. The persalts of platinum decompose at a red heat. They
are of a red-brown colour, which their solutions still show, though
considerably diluted. The soluble salts when neutral redden
litmus paper.

2. Sulpluretted hydrogen precipitates from acid and neutral
solutions—(but not from alkaline solutions)—after the lapse of
some time blackish-brown SULPHURET oF PLATINUM (It 5 )
Potash and alkaline sulphurets dissolve 1t when added greatly in
excess. Sulphuret of platinum is insoluble in hydrochloric
acid as well as in nitrie acid, but dissolves readily mn aqua regia.

8. Hydrosulphuret of ammonia produces the same precipitate,
which completely redissolves in a large exeess of the precipitant.
Acids precipitate it again unaltered from this solution.

4. Potash and ammonia produce in solutions of platinum, when
not too highly dilute, yellow chrystalline precipitates of CHLORIDE
OF PLATINUM AND roTassivM and of CHLORIDE OF PLATINUM AND
amymontos, which are insoluble in acids, but soluble 1n an excess
of the precipitants, upon the application of heat. The presence
of free hydrochloric aeid promotes the precipitation in a high de-
gree, by effecting the conversion of the free alkalies into chlo-

rides,
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prepared, is completely soluble in a hot solution of bitartrate of
potash.

2. Sulphuretted hydrogen precipitates the oxide of antimony
from neutral solutions very meompletely, from alkaline solutions
not at all, but from acid solutions completely as orange-red svL-
PHURET OF ANTIMONY (Sb Sy ) This precipitate is readily dissolved
by potash and by alkaline sulphurets, especially if the latter
contain sulphur in execess, whilst it is almost insoluble in am-
monia, and totally so in bicarbonate of ammonia, when free from
any admixture of sulphur, as well as from sulphantimonious and
sulphantimonic acid. It 1s insoluble in dilate acids. Concentrated
boiling hydrochlorie acid dissolves it, with evolution of sulphu-
retted hyvdrogen gas.  When heated, with free access of air, it is
converted into a mixture of antimonious acid with sulphuret of
antimony. When deflagrated with saltpetre, it yields sulphate of
potash and antimoniate of potash. If a potash solution of sul-
phuret of antimony be boiled together with oxide of copper, sul-
phuret of copper is formed, and oxide of antimony dissolved in
potash remains in solution.

3. Hydrosulphuret of ammonia produces an orange-red preci-
pitate of SULPHURET oF aNTIMONY, which readily redissolves in an
excess of the precipitant. Acids precipitate from this solution the
sulphuret of antimony unaltered. But the colour of this second
precipitate usually appears somewhat lighter, owing to an admix-
ture of sulphur.

4. Potash, anunonia, carbonate of potash, and earbonate of
ammonia, throw down from the solutions of simple salts of oxide
of antimony,—but not, at least not immediately, from those of
tartar emetic or analogous compounds,—a white and bulky preci-
pitate of HYDRATED oXIDE oF anTIMONY (Sb Oy HO) which
readily redissolves in an excess of potash, but is very difficult of
solution in an excess of the other three precipitants.

5. Metallic zine precipitates from all solutions of oxide of an-
timony, unless containing free nitric acid, METALLIC ANTIMONY as
& BLACK POWDER. But if they contain free nitric acid, a precipi-

I 2
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tate of oxide of antimony forms simultaneously with the metallic
precipitate.

G. If a solution of oxide of antimony is mixed with 2ine and
sulphuric acid, the zine oxidizes not only at the expense of the
oxygen of the water, but also at the expense of that of the oxide
of antimony. Antimony, therefore, separates In its METALLIC
STATE, but a portion of the metal in the moment of its separation
combines with the liberated hydrogen of the water, forming aANTI-
MONIURETTED HYDROGEN ( Sbh Ha ) Ifthisoperation be condueted
in a gas-evolution flask, connected by means of a perforated cork
with one limb of a bent tube, the other limb of which ends in a
linely drawn-out point, pinched off at the top,*) and the hydrogen
passing through this fine aperture, be kindled, after all atmo-
spheric air has been previously expelled, the Hame appears of a
bluigh-green, owing to the antimony separating in a state of intense
heat, during the combustion of the antimoniuretted hydrogen ; white
fumes of oxide of antimony rise from the flame, which readily con-
dense upon cold substances, and are not dissolved by water. 1If a
cold substance (such as a porcelain plate) be depressed upon the
flame, a deep black and almost lustreless spot of metallic antimony
in a state of minute division is formed upon the surface of the
plate.  1f the tube through which the gas is passing be heated to
redness i the middle, the bluish-green tint of the flame disap-
pears, and a metallic mirror of antimony of silvery lustre is formed
within the tube on both sides of the heated spot. If a stream of
dry sulphuretted hydrogen be now very slowly transmitted through
this tube, and the mirror be heated by a spirit-lamp, from its outer
towards its inner extremity, i.e. in a direction opposite to that of
the gas stream, the mirror of antimony changes into sulphuret of
antimony, which appears of a more or less red-yellow colour, and

* In very minute and exact experiments it is necessary further to transmit
the gas through another connecting tube, loosely filled with cotton, in order
to prevent it from carrying with it any moisture with which it may be charged,
into the emission part of the tube. Vide engraving of Marsh’s apparatus for
the reduction of arsenic, § 94 d 7.
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almost black when in thick layers. If a weak stream of dry hydro-
chloric acid gas be then transmitted through the same glass tube, the
sulphuret of antimony disappears, immediately, when only present
in thin layers, and, after a few seconds, when the inerustation is
somewhat thicker.  For sulphuret of antimony readily decomposes
with hydroehloric acid gas, and the nascent chloride of antimony
is very volatile in the stream of hydrochloric acid gas. If
this gas stream be transmitted through water, the presence of an-
timony in the latter may easily be proved by means of sulphu-
retted hydrogen. By this eombination of reactions, antimony may
be distinguished with certainty from all other metals.

7. If compounds of antimony mixed with carbonate of soda, on a
charcoal support, be exposed to the reducing bivw-pipe flame,
BRITTLE GLOBULES OF METALLIC ANTIMONY are obtained. At the
same time, volatilization of the reduced and reoxidized metal takes
place, which, even after the removal of the test specimen from the
flame, continues for some time, and becomes especially evident
when a stream of air is directed by means of the blow-pipe
upon the surface of the cooling mass. The oxide formed is partly
deposed on the charcoal as o white erust, and partly surrounds the
metallic globule in the form of fine chrystalline needles.

b. PROTOXIDE OF TIN. (Sn 0O.)

I. The protosalts of tin are colourless, and decompose when
heated. The soluble salts when nentral, redden litmus paper.
When solutions of neutral stannous salts are diluted with water,
they become turbid and of a milky-white colour, owing to their
decomposition into soluble acid and insoluble basic salts. The
addition of hydrochlorie acid causes the milkiness to disappenr.

2. Sulphuretted hydrogen precipitates from nentral and acid,
but not from alkaline solutions, dark brown SULPHURET OF TIN,
(Sn 8.) which is soluble as well in potash and in alkaline sul-
phurets, especially in such as contain larger proportions of sul-
phur, as also in concentrated boiling hydrochlorie acid.  Boiling
nitrie acid converts it into insoluble peroxide of tin.
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3. Hydrosulphuret of ammonia oceasions the same precipitate
of SULPHURET oF TIN, which very sparingly dissolves in an ex-
cess of the precipitant. If the hydrosulphuret of ammonia has
already turned yellow, i. e. if it contains an excess of sulphur, or
if finely powdered sulphur be added, the solution is much facili-
tated. From this solution, in hydrosulphuret of ammonia, with
excess of sulphur, acids precipitate yellow bisulphuret of tin mixed
with sulphur.

4. Potash, ammonia, carbonate of potash, and carbonate of
ammonia, produce a white and bulky precipitate of HYDRATED PRO-
TOXIDE OF TIN, (Sn O, HO,) which readily dissolves in an excess
of potash, but is insoluble in an excess of the other three preci-
pitants.

5. Perchloride of gold produces in solutions of protochloride
or protoxide of tin, a precipitate or tinge of PURPLE OF CASSIUS,
on the addition of some nitric acid, (without the application of
heat,) vide § 93, «. 6.

6. If to a solution of protochloride or protoxide of tin, solution
of perchioride of mercury be added in excess, a white precipitate of
PROTOCHLORIDE OF MERCURY will be formed owing to the salt of
tin depriving the perchloride of mereury of half its chlorine.

7. If proto-compounds of tin be mixed with earbonate of soda
and some borax, or better still, with equal parts of carbonate of
soda and cyanide of potassium, and then, on a charcoal support, be
exposed to the dnner blow-pipe flame, ductile grains of METALLIC
TIN will be obtained, without simultaneous incrustation. They
may be most easily detected by scraping off the specimen and the
particles swrrounding, that part of the charcoal which contained the
specimen, strongly triturating them in a mortar, and washing the
coal off from the metallic particles.

¢. PEROXIDE OF TIN. (8Sn O;)

1. Peroxide of tin exists in two modifications which exhibit a
different relation to solvents. When precipitated from its salts,
by alkalies, it is easily soluble both in potash and acids, but when
produced by oxidation of metallic tin by means of nitre aeid,
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it is insoluble in these solvents, (the precipitated oxide of tin
also becomes insoluble on being heated to redness.) The inso-
Inble modification is converted into the soluble, by fusion with
carbonate of soda.

2. The persalts of tin are colourless and decompose at a red
heat.  The soluble neutral persalts of tin redden litmus paper.

3. Sulphuretted hydrogen throws down, from acid and neutral
solntions, a yellow precipitate of BISULPHURET oF TIN, (Sn Sg,)
Alkaline solutions are not precipitated.  The bisulphuret of tin is
soluble in pure alkalies, in alkaline earbonates and bicarbonates,
in alkaline sulphurets, and in concentrated and boiling hydro-
¢hloric acid.  Nitric acid converts it into insoluble peroxide of tin.
On deflagrating bisulphurte of tin with nitre, sulphate of potash,
and stannate of potash are formed. If asolution of bisulphuret of
tin in potash be boiled with oxide of copper, sulphuret of copper
and peroxide of tin will be formed, which latter substance remains
in solution in the potash.

4. Hydrosulphuret of ammonia produces the same precipitate
of BISULPHURET oF TiN, which readily redissolves in an excess of
the precipitant. Acids reprecipitate from this solution, the bi-
sulphuret of tin in its unaltered state.

3. Potash and ammonia, carbonate of potash, and carbonate
of ammonia, precipitate a white HYDRATED PEROXIDE OF TIN,
which readily redissolves in potash and carbonate of potash (in
execess,) but is sparingly soluble in ammonia, and quite insoluble
in earbonate of ammonia.

6. Metallic zine precipitates, from solutions of perchloride or
persalts of tin, when containing no free nitric acid, METALLIC TIN,
in the shape of small grey leaves or as a spongy mass. If; on
the contrary, nitrie acid be present, white peroxide or a mixture of
metallic tin and of peroxide of tin will precipitate.

7. The per-compounds of tin exibit the same properties before
the blow-pipe as the proto-compounds.
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d. ArsENIoug acip. (As 0O,.)

I. Arsenious acid on being heated volatilizes in white inodo-
rous vapours. Its salts, on being heated to redness, generally are
decomposed into fixed arseniates and arsenie, which volatilizes.
Of the arsenites only those with an alkaline base are soluble.

2. Sulphuretted hydrogen precipitates the solutions of arsenious
acid and of neutral arsenites, slowly and incompletely, but when a
free acid is present, totally and immediately ; these precipitates have
alively yellow colour. Alkaline solutions are not precipitated. The
yellow precipitate of SULPHO-ARSENIOUS ACID, (As S; ) is readily
and completely redissolved in pure alkalies, in alkaline carbonates
and bicarbonates, and in alkaline sulphurets, but is almost insoluble
in hydrochlorie acid. Boiling nitric acid readily decomposes and
dissolves it. On deflagrating it with earbonate of soda and
nitrate of potash, arseniated alkali and sulphated alkali are ob-
tained. When a solution of sulpharsenious acid in potash is
boiled with oxide of copper, sulphuret of copper and arsemiate of
potash are formed ; and when the same solution is boiled with
pure oxide of bismuth, or with a carbonate or basic nitrate of the
same substance, sulphuret of bismuth and arsenious acid are
formed. If sulpharsenmious acid be mixed with from three to
four parts of carbonate of soda, with the addition of some water,
and the magma be then spread over some small glass splin-
ters, and the latter, after having been well dried, be rapidly heated
to redness, in a glass tube, (¢. vide sketeh,) through which
dry hydrogen gas is transmitted, half of the ursenic contained in
the mixture forms a metallic mirror within the tube. For when
fusing two eq. of sulpharsenious acid, together with four eq. of
soda, sulpharsenico sulphuret of sodinm aund arsenite of soda are
formed ; heating these products in hydrogen gas, all the arsenic
18 expelled, if the heat is strong and continuous. This method,
although a great portion of the reduced arsenie is carried off, sus-
pended in the hydrogen gas, yields nevertheless very good results.
If the hydrogen gas be kindled at the exit aperture of the tube e,
and a cold poreelain plate depressed on the flame, this arsenie



ARBENIOUA ACID. 1]

(carried away with the hydrogen gas) will condense upon the
plate. Ifared heat be applied to another part of the tube ¢
more towards its anterior aperture, (the part first heated being at
the same time maintained at a red heat,) another sublimate will
be formed beyond the heated spot, the particles of arsenic earried
away with the stream of the hydrogen gas, being reconverted, at
the red hot spot, into arsenic vapours in a state of expansion, and
thus condensing again as a sublimate, on coming into contact
with the cold part of the glass tube. If the heat thus simultancously
applied to two parts of the tube be strong, whilst the stream of the
hydrogen gas is feeble, scarcely any arsenic will be carried away
with the gas. No arseniuretted hydrogen is formed in this opera-
tion and those who explain the phenomena just deseribed, by the
formation of arseniuretted hydrogen, are in ervor. (Fresenius
and Babo.) The apparatus may be constructed as in the anmexed
sketeh.

F TR 1 TR R =

a is the evolution flask. & a tube containing chloride of caleium,
¢ the tube in which, at the point «, the glass splinter with the
specimen is placed. This part is then (the apparatus being com-
pletely filled with pure hydrogen gas) exposed to a slight heat,
at first, in order to expel all moisture, and then suddenly to a
very strong heat, (this is best done with a blow-pipe,) to prevent
the sublimation of undecomposed sulphuret of arsenic. The
metallic mirror is formed near the point ¢.

3. Hydrosulpluret of ammonia causes al=o the formation of

SULPHARSENIOUs acip. In neutral or alkaline solutions, how-
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ever, this substance is not precipitated, but remains in solution as
sulpharsenico sulphuret of ammonia. On the addition of free
acid it precipitates immediately from this solution.

4. Nitrate of silver produces in neutral solutions of the arse-
nites, a yellow precipitate of ARSENITE or SILVER, (2 Ag O,
As 03 ) which is soluble both in dilute nitrie acid and in ammo-
nia. AMMONIO-NITRATE OF SILVER yields the same precipitate with
golutions of arsenious acid or arsenites when containing free acid.

5. Sulphate of copper and awmmonio-sulphate of copper pro-
duce, under the same cireumstances as the salts of silver, yellow
green precipitates of ARSENITE OF COPPER, (2 Cu O, As Os.)

6. If arsenious acid be dissolved in solution of eaunstic potash
in excess, or if the solution of an alkaline arsenite be mixed with
canstic potash, and a few drops of a dilute solution of sulphate of
copper be added and the mixture boiled, a red precipitate of pro-
toxide of copper is formed, and arseniate of potash remains in
solution. This reaction is highly sensible, provided only a
minute quantity of solution of blue vitriol be used. If the red
precipitate of protoxide of copper is no longer distinetly visible on
the light falling through the tube in which the solution is con-
tained, it will yet be distinetly seen on looking in at the top of the
tube. That this reaction, though really important in individual
cases as o confirmatory test of arsenious acid, and especially as a
means of distinguishing arsenious acid from arsenic acid, yet
cannot be employed as a means of directly detecting the presence
of arsenic, 18 a matter of course, since grape sugar and other
organic substances in the same manmer separate protoxide of
copper {rom salts of copper.

7. If an acid or neutral solution of arsenions acid, or of an
arsenite, be mixed with zine, water, and sulphuric acid, Arsg-
NIURETTED HYDROGEN (As Hj ) will be formed ; for the mode of its
formation we refer to § 94, @ 6. This property of arsenic affords
us a most delieate test for its detection, and a highly important
means for its isolation. The operation is, under all eircum-
stances, conducted in the apparatus alluded to, § 94, @ 6, of which
we annex a sketch.
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a is the evolution flask, containing fragments of metallic zine,
and water; 4 a funnel tube, through which the sulphurie acid,
and afterwards the liquor to be tested for arsenic, are poured into
the flask ; ¢ is a glass tube, loosely filled with smooth cotton, to
which a bent tube, 4, is fitted by means of a perforated cork ;
this tube is drawn out into a point, at its emission extremity, e,
and pinched off at the top. When the evolution of hydrogen has
proceeded for some considerable time, so that it may safely be
inferred that all atmospheric air has been expelled from the
apparatus, the gas is kindled at the emission aperture of the tube,
d, e. (It is advisable to envelope the flask with a piece of cloth
before kindling the gas, as an effectual means of preventing any
accident, should an explosion take place.) It is absolutely
necessary to ascertain, first, whether the zine and the sulphurie
acid are quite free from arsenic. For this purpose, Ist, a porce-
lain plate is depressed upon the flame, and, 2nd, the tnbe ¢ is
heated to redness in the middle, the limb ¢ being turned into a
horizontal position for this purpose. 1f no incrustation be formed,
neither on the plate nor in the tube, the zine and sulphuric acid
contain no arsenic. The liquor to be tested is then introduced
into the flask through the funnel tube. If 1t contain arsenie,
arseniuretted hydrogen will be evolved together with the hydrogen,
imparting a bluish tint to the flame, owing to the arsenic separating
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at ared heat. At the same time white fumes of arsenious acid are
observed, which condense upon ecold objects. If a porcelain
plate be now depressed upon the flame, black spots are formed
on its surface, owing to the reduced and not yet reoxidized
arsenic condensing on the plate. (Vide antimony, § 94, a 6.)
Arsenie spots are of a rather blackish brown colour, and
bright metallic lustre ; whilst those of antimony are of a deep
black colour, and but very feebly lustrous. If the tube d ¢ be
heated to redness in the mddle of its hmb 4, the arsenie will
condense in the cold part of the tube, forming a particularly
beautiful and distinct metallic erust, which is of a darker appear-
ance and less silvery than that formed by antimony under similar
circumstances ; it may moreover be eclearly detected by the cha-
racteristic odour of garlie which is perceived, if the tube is cut
off near the incrustation, and the latter then volatilized by heat.
The characteristic odour of alcarsin (vide 10 seq.) 1s even a safer
indication than that of garlic. If the metallic spots of crust
formed on the poreelain plate seem to indicate the presence of
arsenic, it is still necessary to make quite sure that it is really
arsenic and not antimony we have before us, for even the cha-
racteristic odour of garlic or alearsin is not sufficient to sct all
doubts at rest as to this point. The following are the best me-
thods of ascertaining the presence of arsenic beyond doubt:—

e, o fine and distinet metallic mirror is formed within the tube
through which the arseniuretted hydrogen passes, on heating its
middle part to redness. A very feeble stream of dry sulphuretted hy-
drogen is then transmitted through this tube, with simultaneous ap-
plication of the heat of a spirit-lamp to the metallic erust, from its
outer towards its inner extremity. If arsenic alone be present, a
yellow sulphuret of arsenic will be formed within the tube ; and if
antimony alone be present, an orange or black sulphuret of anti-
mony ; but if both metals be presemnt, both sulphurets will be
formed side by side, the sulphuret of arsenic, as the more volatilé,
always preceding the sulphuret of antimony. Not long ago. this
conversion of antimony and arsenic into sulphurets was suggesied
as the surest means of distingwishing these two metals from each
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other.  Experience has, however, tanght us that these differences
in colour and volatility are not striking enough to prevent
the possibility of mistakes. But if dry hydrochloric acid gas be
transmitted through the tube containing the deposit under
examination, without application of heat, no alteration what-
ever will take place if sulphuret of arsemic alone is present,
even if the gas be transmitted through the tube for a con-
siderable time. 1f sulphuret of sntimony alome be present, it
will entirely vanish, and if both sulphurets be present, the sul-
phuret of antimony will vamsh immediately, whilst the yellow
sulphuret of arsenic remains. - If a small quantity of ammonia be
then introduced into the tube, the sulphuret of arsenic will
dissolve, and may thus easily be distinguished from the sulphur
which peradventure may have separated. My personal experience
has convinced me of the infallibility of these tests for the detection
of arsenic,

b. The limb e (vide sketch of the apparatus) is turned into an
horizontal position, and the gas kindled and made to burn in a
small glass receiver, having a capacity of about twelve ounces.
This receiver is placed in a beaker glass filled with cold water, and
constantly turned and moved, so as to prevent its becoming
hot.  After some time, when the oxygen in the receiver becomes
exhausted, and the flame grows feeble, another is substi-
tuted for the first, and several are filled in this manner,
They contain, lIst, arsenious acid alone, or, 2nd, oxide of
antimony alone, or, 8rd, both together. If the first be the case
the white sublimate obtained will completely dissolve in hot
water, and the solution may them be further tested for arsenic.
In the second case nothing will dissolve, nor in the third, if the
oxide of antimony is present in sufficient quantity, as this gives
rise to the formation of arsenite of antimony. The arsenic in
this last case may be detected by dissolving the sublimate in
slightly dilute solution of potash, and adding sulphuretted hydro-
cen first, and then bicarbonate of ammonia in excess. All the
antimony will precipitate as sulphuret of antimony, whilst the
sulphuret of arsemic remuains dissolved in the excess of bicar-
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bonate of ammonia. The sulphuret of arsenic precipitates on the
addition of hydrochlorie acid to the solution, till an aecid reaction
becomes manifest. Marsh was the first who suggested the
method of detecting arsenic by the production of arseniuretted
hydrogen.

8. If arsenious acid or an arsenite be mixed with cardonate of
soda and charcoal, and the mixture (which must be perfectly
dry) be then heated over a spirit-lamp to redness, in a well-dried
alass tube, elosed at one end, and drawn ount into a point at the
other, the charcoal will oxidize at the expense of the oxygen of
the arsenious acid, and arsenic will become liberated, which
volatilizes and condenses above the heated part of the tube, form-
ing a more or less dark brown metallic mirror of great lustre.
This erust may be farther driven on in the tube by gradually
heating the latter to redness towards its emission aperture, and
may thus finally be expelled, when the characteristic odour of
arsenic (on volatilizing in the air) will afford a further proof of
its presence. For the reduction of the free arsenions acid, a
mere fragment of charcoal is used, instead of carbonate of soda and
charcoal ; the arsenious acid is introduced into the drawn-out
point of the tube, the fragment of charcoal is placed over it and
heated to redness ; heat is then applied to the pomnt of the tube.
This process has the advantage over the former of not soil-
ing the tube which is done when operating with carbonate
of soda and charcoal. The non-appearance of the metallic erust
is not always a sure sign that no arsenic is present, when testing
a supposed arsenite by means of carbonate of soda and char-
coal, as there are several compounds of arsenious acid, especially
of those with heavy metallic oxides, as e. g. oxide of iron, which
do not yield metallic mirrors.

9. If arsenites, or arsenious acid, or a sulphuret of arsenic, be
fused together with a mixture of dry ecarbonate of soda and
cyanide of potassium, all the arsenic contained in the test speci-
men will become reduced, under all circumstances. and sometimes
the bases also, if their properties admit of this reduction ; in this
process the oxygen which these substances lose, converts a por-
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tion of the eyanide of potassium into cyanate of potash, The
operation is conduected in the following manner:—the arsenie
compound, which must be perfectly dry, is put into a small glass
tube, expanded into a bulb at one end, and covered with six
times its quantity of the mixture of perfectly dry carbonate of
soda and eyanide of potassium. The quantity of the whole mass
must not fill more than half of the bulb, or else the eyanide of
potassium, when in fusion, will get into the tube. The heat of a
spirit-lamp is then applied to the bulb, and continued, as the
argenic often requires some time for its complete sublimation.
The mirrors which are obtained in this process arve of exceeding
purity. These crusts are produced from all arsenites, the bases
of which remain either altogether unreduced, or are converted
into such arseniurets as partly or totally lose their arsenic on the
simple application of heat. This method may be especially re-
commended on account of its simplicity, neatness, and cleanness,
as well as for the certainty of its results, even though but minute
quantities of arsenic be present. It is especially adapted for the
direct production of arsenic from sulphuret of arsenic, and is in
this respeet superior to all othgr methods suggested. The most
exact results are obtained by placing the sulphuret of arsenie,
rubbed together with twelve times its amount of a mixture con-
sisting of three parts of dry carbonate of potash, and one part of
cyanide of potassium, into a glass tube, open at its anterior
extremity.

The mixture is best introduced into the tube by means of a slip
of paper, folded into the shape of a gutter. This paper contain-
ing the mixture is inserted into the tube, and the latter then being
turned half way round its axis, the powder falls into it (at the
spot @ ¢) without seiling any other part. The tube is then gently
heated in its entire length, transmitting at the same time a very
slow stream of dry carbonie acid gas (dried by means of sulphuric
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acid) through it, till all water is expelled. The spot b is then
heated to a feeble degree of redness, when, as this point is
attained, the mixture is heated from « towards e, by means of a
second lamp. The arsenic condenses at d, forming a crust of
admirable purity. In this manner the most distinet metallic
mirrors may be obtained, from one 260th part of a grain of sul-
phuret of arsenic, and even less. Fresenins and Babo.

10. If to arsenious acid (either in solid form or in solution)
some acetic acid, and then some potash in excess, be added, the
mixture evaporated to dryness, and the residue heated to redness
in a tube, alcarsin (Oxide of cacodyl. Cs Hi As+0) will be
formed, which is immediately detected by its characteristic and
mmsupportable odour. This odour immediately changes into
that not less characteristic of chloride of cacodyl, when the
contents of the tube are again exposed to heat, with the addition
of a few drops of protochloride of tin. This property affords
us also a means of further testing the metallic crusts ob-
tained by Marsh's apparatns. They are for this purpose boiled
with water containing atmospheric air, till completely dissolved ;
acetic acid, and potash in excess, are then added to the solution,
which is evaporated to dryness, the residue heated to redness
in a small tube, and the further operation conducted as just now
stated. Bunsen has recently suggested this method of testing
crusts of arsenic; these are, however, but slowly dissolved in boil-
ing water containing air.

11. If arsenious acid or an arsenite be exposed on a charcoal
support to the reducing flame of a blow-pipe, a highly-charac-
teristic odour of garlic will be perceived, especially if some car-
bonate of soda be added to the test specimen. This odour is
owing to the reduction and reoxidation of the arsenic, and
enables ns to detect even minute guantities of this substance.
This test, however, cannot be implicitly relied upon. The garlic
odour belongs neither to the vapour of arsenious acid, nor to
those of arsemic, but probably to a lower degree of oxidation of
the latter substance. It is always perceived on exposing arsenic
to heat, with the free access of air.
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e. ARSENIC AcCID. (As O )

. Arsenic acid and the arseniates are volatile only at a very
high degree of heat.  Nearly all the arseniates are colourless, and
insoluble in water, with the exception of the alkaline arseniates.

2. Sulphuretted hydrogen does not precipitate alkaline and
neutral solutions ; in aeid solutions it produces a yellow precipitate
of SULPHARSENIC Acip, (As S;) In dilute solutions this pre-
cipitate is often formed after the lapse of a considerable time
(twenty-four hours). Heat promotes its separation. The sulph-
arsenic acid shows the same relations as the sulpharsenions
acid to these solvents and means of decomposition which
we have mentioned when treating of the latter substance. If to a
solution of free arsenic acid or of an arseniate, sulphurous acid is
added, this latter substance decomposes with the arsenie acid,
giving rise to the formation of arsenious acid and sulphuric acid
If sulphmretted hydrogen, and if needed, an acid be then added,
all the arsencic will immediately precipitate as sulpharsenious acid.

3. Hydrosulpluret of ammonia in neutral and alkaline
solutions, converts arsenic acid into sulpharsenic acid, which
remains in solution as sulpharsenico-sulphuret of ammonium.
This compound is decomposed on the addition of an acid, and
sulpharsenic acid precipitates. This precipitation is more rapid
than that from acid solutions by means of sulphuretted hydrogen.
It is promoted by heat.

4. Nitrate of silver produces in neutral solutions of the arse-
niates highly characteristic reddish-brown precipitates of Arse-
NIATE OF SILVER, (3 Ag O, As O5 ) which is soluble both in
dilute nitric acid and in ammonia. Adwmmonto-nitrate of silver
yields the same precipitate with solutions of arsenic acid or
arseniates.

5. Ammonio-sulphate of copper produces, under the same
cirenmstances as the salts of silver, greenish blue precipitates of

ARSENTATE oF corPER. (2 Cu O, As O;,)
f. The arseniates present the same relations as the arsenites
K
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to hydrogen, to carbonate of soda, and charcoal, to cyanide of
potassium and before the blow-pipe.

Recapitulation and remarks.—The separation and safe detec-
tion of the oxides belonging to the second section of the sixth
group, and especially of oxide of tin, presents difficulties under
certain circumstances. The protoxide of tin may be easily and
safely detected by its reaction with perchloride of gold, even in the
presence of other oxides. The separation of peroxide of tin
from oxide of antimony succeeds pretty well in the humid way by
means of a hot solution of bitartrate of potash, or of a solution of
free tartaric acid ; but it succeeds only when the peroxide of tin
is present in the form of the modification obtained by the action
of nitric acid on metallic tin. To obtain this modification, 1t 1s
necessary to reduce the substance under examination by means
of zine, if this substance is not an alloy; in this reduction the
presence of nitric acid must be carefully avoided. The method
of separating the sulphurets by means of ammonia gives rise to
errors, as the higher degrees of sulphuration of the antimony are
soluble in ammonia ; and even the simple sulphuret of antimony
is not absolutely insoluble in it, when mixed with a trace of free
sulphur, which cannot easily be avoided. The presence of per-
oxide of tin is certain only when a ductile metallic grain of tin
is obtained in the reducing flame; its ductility in this case
enables ng to distinguish it from antimony. This reduetion is
very easily effected before the blow-pipe by means of a mixture
of equal parts of eyanide of potassium and carbonate of soda;
but care should be taken that the peroxide of tin be not mixed
with nitre, which causes it to deflagrate, &e. Peroxide of tin
and oxide of antimony may be detected before the blow-pipe, even
if combined, the antimony being distinguished by its characte-
ristic oxidation crust, and the tin by its duectility after the
volatilization of the antimony. Inexperienced students, however,
generally fail in this method. Antimony may moreover be detected
by the decomposition of chloride of antimony by means of water,
and by the colonr of its sulphuret. If the sulphuret of antimony is
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mixed with alarge proportion of any of the sulphur-compounds of
arsenie, this latter mark of detection is unsafe. In this ease the mixed
sulphurets may be heated to redness, which canses the sulphuret of
arsenic to volatilize ; and the residue may be dissolved in hydro-
chloric acid, and this solution again tested by means of sulphu-
retted hydrogen.

The detection of arsenic upon the whole can by no means be
said to be difficult; but nevertheless frequent errors take place,
especially if we content ourselves with drawing definite conclu-
sions from individual reactions, such as the characteristic odour
when heated on charcoal. We must, therefore, lay it down as a
rule that the presence of arsenic can only be proved by a concur-
rence of the various reactions, and especially by the formation of
metallic arsenic. It may be pretty completely separated from tin
by deflagrating the sulphurets with carbonate of soda and nitre.
The presence of tin does not, however, prevent the detection of
arsenie.  But the case is different with antimony, especially in
testing by Marsh's method, which is now so generally followed.
A metallic mirror obtained by Marsh’'s apparatus ought, therefore,
never to be considered as a proof of the presence of arsenie, if
further tests do not give the most certain conviction that the
metallic crust is indeed produced by arsenic. And this convie-
tion 1s sometimes very difficult to be obtained, when we operate
upon very minute quantities, so that the formerly used methods
of reduction are by far superior to Marsh's method, as far as
certainty is concerned, although it cannot be denied that they do
not equal it in delicacy, nor in l‘:l]pi{lit.:," and convenience. The
complete separation of arsenic from antimony may be effected
by means of bicarbonate of ammonia, the simple sulphuret of
antimony being insoluble in this substance, whilst sulphuret of
arsenic readily dissolves in it. But this method of distinetion
yields a positive and eertain result only in a few cases, viz. in
those where we are quite sure that the simple sulphuret of anti-
mony cannot be mixed with a higher sulphuret of antimony, nor
with free sulphur, whilst in all other cases it easily gives rise
to mistakes. It is, therefore, exceedingly well adapted for the

K 2
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testing of the products of combustion obtained by means of
Marsh's apparatus, (vide § 04, & 7, 4,) but it cannot be used for
the separation of the sulphurets obtained in the usual way. And
even less complete are those separations of antimony from arsenic
which are founded on the relations of their sulphurets to concen-
trated hyhrochloric acid or to caustic ammonia. The separation
of both metals from each other does not succeed even by dis-
solving the sulphuret in potash, and boiling the solution with
oxide of copper. A far more certain result may be obtained by
deflagrating the sulphurets with carbonate of soda and nitre,
treating the mass obtained with water, filtering, and decomposing
with nitric acid the basic alkaline antimoniates, which the filtrate
contains in solution to a small extent. By means of this process
almost all the antimony is obtained as an insoluble, and all the
arsenic as a soluble compound.

The presence of antimony cannot easily give rise to any errors
in the reduection of arsenites or arseniates, by means of carbonate
of soda and charcoal, or eyanide of potassinm and carbonate of
soda. The reduction of sulphuret of arsenic by means of eyanide
of potassium and carbonate of soda, in a stream of carbonic acid
gas, does not admit even of the possibility of confounding arsenic
with antimony, and is of all methods best adapted to yield a most
conclusive proof of the presence of arsemic. Nitrate of silver is
the safest test for distinguishing arsenious acid from arsenic acid,
in their aqueous solutions.  If extraneous substances be contained
in the solution, they prevent its being directly tested for arsenious
or arsenic acid; in that case the solution must be completely
precipitated by means of sulphuretted hydrogen, and the sul-
phurets obtained dissolved in liquor of potash ; this solution must
then be boiled with pure oxide of bismuth, or with the carbonate
or basic nitrate of bismuth ; the liquid is then filtered off from
the sulphuret of bismuth formed; one part of the filtered liquid
is tested for arsenious acid by means of sulphate of copper, ac-
cording to the method deseribed § 94, d 6, and the other part for
arsenic acid, by means of nitrate of silver, after neutralization

with mitrie acid.
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B. RELATIONS OF THE ACIDS TO REAGENTS.

§ 95.

We divide the reagents which serve for the determination of
acids, in like manner as those used for the determination of the
bases into GENERAL REAGENTS, 1. e, such as indicate the croup
to which the acid under examination belongs; and SPECIAL RE-
AGENTS, 1. e, such as enable us to deteet the INDIVIDUAL ACIDS.
The determination and limitation of the groups can hardly be
made with the same degree of exactness with the acids as with
the bases.

The two prineipal groups into which acids are divided are that
of momGanic and that of omrcanic acips. No charactenstic
distinetion can, however, be selected which is applicable through
the entire series ; for we can neither select the ternary composi-
tion as a distinguishing mark of organie acids, nor can we define
organic acids to be such as require for their formation the co-ope-
ration of the vital power, for this definition not only leaves us in
doubt as to a great many acids, for instance, formic acid, uric
acid, &e., but it is in itself altogether unscientifie, since all the
vital processes in the animal and vegetable body are in fact merely
modified chemical processes. We shall therefore select, as the
characteristic mark by which we divide organic from inorganic
acids, the properties they exhibit at a high temperature, calling
those organie acids, the salts of which—(especially those with
alkaline bases or bases of the alkaline earths)—are decomposed at
a red heat, with separation of carbon. This mark of distinetion
has the advantage of being easily perceived, and of enabling us
by a very simple preliminary experiment immediately to decide
upon the prineipal group to which an acid belongs.
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I. INORGANIC ACIDS.
First Group.

ACIDS WHICH ARE PRECIPITATED FROM THEIR NEUTRAL SOLU-
TIONS BY CHLORIDE OF BARIUM : Arsenic Acid, Arsenious Aeid,
Chromic Acid, Sulphuric Aeid, Phosphoric Acid, Boracie
Aeid, Owxalic Aeid, Hydrofluoric Acie, Carbonic Aeid, Silicie
ffﬂﬁ'!f.

We subdivide this group into four classes, as follow :

1. Acids which are decomposed, in their acid solutions, by sul-
phuretted hydrogen, and which we have therefore already re-
marked upon, when treating of the bases, viz. ARSENIOUS
ACID, ARSENIC ACID, and CHROMIC ACID.

2. Acids which are not decomposed, in their acid solutions, by
sulphuretted hydrogen, and the barytes compounds of which
are insoluble in hydrochloric acid. SvuLPHURIC AciD alone
belongs to this class.

8. Acids which are not decomposed, in their acid solutions, by
sulphuretted hydrogen, and the barytes compounds of which
are dissolved by hydrochlorie acid, WITHOUT DECOMPOSITION :
these are PHOSPHORIC ACID, BORACIC ACID, OXALIC ACID, and
HYDROFLUORIC. (Although we intend to treat of oxalic acid
also in the organic group, yet we must consider this acid, in
the inorganie group too, since its salts have the property of
being decomposed at a red heat, without real carbonization,
and it might therefore easily be overlooked as an organic
acid.)

4. Acids which are not decomposed, in their acid solutions, by
sulphuretted hydrogen, and the barytes salts of which are
soluble in hydrochloric acid, WITH DECOMPOSITION : CAR-
BONIC ACID, SILICIC ACID.
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&e.  All these reactions are clearly characterized by the red or
yellow colour of the solution changing into the green tint of the
salt of oxide of chromium.

4. Chloride of barium produces a yellowish white precipitate
of caroMATE OF BARYTES (Ba O, CrOj3) which is soluble in
hydrochlorie and in nitric acid.

5. Nitrate of silver produces a dark purple precipitate of
CHROMATE OF SILVER (AgO, CrO,) which is soluble in nitric
acid and in ammonia.

6. Aecetate of lead produces a yellow precipitate of CHROMATE oF
LeEAD (PbO, CrO;) which is soluble in potash, and sparingly
soluble in dilute nitric acid. The yellow colour of this precipitate
changes to red, on the addition of ammonia,

7. If insoluble chromates be fused with carbonate of soda and
nitre, and the fused mass dissolved in water, a YELLowW coloured
fluid will be obtained, the colour of which is owing to the dis-
solved alkaline chromate; on the addition of an acid, this colour
changes to red. The oxides remain either in their pure state or
as carbonates.

Remarks.—When testing for bases we always find the chromic
acid as chromic oxide, since sulphuretted hydrogen converts the
acid into the oxide. The colour of the solution 1s so characteristie,
that a further testing for it is almost unnecessary. If we have any
reason to suppose that chromic acid is present in a substance
under examination, and if metallic oxides are at the same time in
the solution, we prefer reducing the chromic acid by means of
hydrochloric acid and alcohol, to effecting this reduction by sul-
phuretted hydrogen. The reactions with salts of silver and of
lead afford a safe test in agueous solutions,

Second Section of the First Group of the Inorganic Acids.
§ 97. '
SULPHURIC AcID. (8 0y)

. The sulphates are, for the most part, soluble in water; the
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insoluble sulphates are generally white, the soluble sulphates arve
for the most part colourless in their chrystalline state. The sul-
phates of alkalies and of alkaline earths are not decomposed by a
red heat.

R. Chioride of barium produces in solutions of sulphuric acid
and sulphates, even when extremely dilute, a heavy white preci-
pitate of sULPHATE OF BARYTES (Ba O, 80;) in the form of a
fine powder ; this precipitate is insoluble in hydrochloric acid and
in nitrie aeid.

3. Adeetate of lead produces a heavy, white precipitate of svL-
PHATE OF LEAD (Pb O, 80,) which is sparingly soluble in dilute
nitric acid, but completely so in hot and concentrated hydrochloric
acid. |

4. Those sulphates which are insoluble in water and acids, are
converted into CARBONATES on being fused with alkaline carbo-
nates, giving at the same time rise o the formation of an alkaline
sulphate.

5. The sulphates of alkalies and alkaline earths, may be reduced
to sulphurets by being exposed on charcoal to the reducing flame
of the blow-pipe, cither by themselves or (and with greater faci-
lity) mixed with carbonate of soda and charcoal. These sul-
phurets may be detected by the odour of sulphuretted hydrogen
which they emit upon being moistened with a few drops of an
acid. If this is done on a paper which has been previously dipped
into a solution of |i_2tl;d, or on a clean silver plate, (such as a po-
lished eoin,) ablack stain of sulphiuret of lead or sulphuret of silver
1s immediately formed.

Femarks —Of all acids, sulphuric acid is almost the easiest to
be detected, by its characteristic and excessively sensible reaction
with salts of barytes. It is only necessary to take care not to
mistake for sulphate of barytes, precipitates of chloride of barium,
and especially of nitrate of barytes, which are formed when aqueous
solutions of these salts are mixed with fluids containing a large
proportion of free hydrochloric acid or free nitric acid. It is very
easy to distinguish these precipitates from sulphate of barytes, as
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even highly dilute solution, a white, chrystalline and quickly sub-
siding precipitate of BASIC PHOSPHATE OF MAGNESIA AND AM-
MoNIA (2 Mg O, NH, O) (PO; + 2 HO 4 10 aq.) is formed, which
18 insoluble both in ammonia and in muriate of ammonia, but is
of easy solution in acids, even in acetic acid. This precipitate
often becomes visible only after the lapse of some time ; agitation
promotes its separation. (Vide § 86, d. 5.)

B. Nitrate of silver throws down from the solution of the
neutral and basiec alkaline phosphates, a bright yellow precipitate
of PHOSPHATE of sILVER. (3 Ag O P, O,) If the solation
contained a basie phosphate, the fluid in which the precipitate is
suspended, manifest a neutral reaction, whilst it has an acid re-
action if the solution contained a neutral phosphate. This is
owing to the nitric acid receiving for 3 eq. of oxide of silver
which it yields to the phosphorie acid, only 2 eq. of alkali and
1 eq. of water, (for the water does mot neutralize the character-
istic properties of the acid.)

6. Aeetate of lead produces in neutral and alkaline solutions
a white precipitate of PHOSPHATE oF LEaD, (2 Pb O, P O,,)
which is easily soluble in nitric acid, and almost insoluble in
acetic acid. By its behaviour before the blow-pipe this preci-
pitate affords us an excellent means of detecting the presence of
phosphoric acid. For, in the first place, it is not reduced, or at
least, only with the greatest difficulty, on being exposed on
charcoal, even to the reducing flame; and it is, in the second
place, distinguished inasmuch as the transparent and colourless
pearl which it presents in the oxidizing flame, chrystallizes on
cooling, becomes apaque, and generally shows quite distinet dode-
cahedrons,

7. If to a hydrochloric solution of a phosphated alkaline earth
perchloride of ivon be added in excess, and then ammonia till the
golution manifest an alkaline reaction, a bulky, more or less dark,
reddish-brown precipitate is obtained, consisting of a mixture of
hydrated peroxide of iron and BASIC PERPHOSPHATE OF IRON.
Ammonia withdraws from it but very little of its phosphorie acid,
whilst hyvdrosulphuret of ammonia completely decomposes it into



140 BORACIC ACID. OXALIC ACID.

sulphuret of iron and phosphate of ammonia. If an insufficient
quantity of perchloride of iron is used, a white precipitate of neutral
perphosphate of iron is formed, which redissolves on the addition of
AINMONia 1N eXCess,

b. Bomracic acip. (B Os)

1. The aqueous solution of boracic acid reddens litmus paper,
but it tinges turmeric paper brown. The borates are not decom-
posed by a red heat; only those with alkaline bases are easily
soluble in water. The solutions are colourless, and all of them,
even those of the acid salts manifest an alkaline reaction.

2. Chloride of barium produces in solutions of borates, when
not too highly dilute, a white precipitate of BORATE OF BARYTES,
(Ba O. B O3,) which is soluble in acids and ammoniacal salts.

8. Nitrate of silver produces in rather concentrated solutions
of borates, a white precipitate of BORATE oF SILVER, (Ag O,
B Og,) which is soluble in nitric acid and in ammonia.

4. If Sulphuric acid or hydrochioric acid be added to highly
concentrated, hot solutions of borates, the Boracic acip will sepa-
rate on cooling, in the form of shining chrystalline scales.

f. If free boracie acid or a borate—(in which latter case the
boracic acid must be liberated by the addition of sulphuric acid)—
be ignited with aleokol, the flame will appear of a very distinet
YELLOWISH-GREEN colour, especially on stirring the mixture,
owing to the boracie acid evaporating together with the alcohol, and
becoming incandescent in the flame. This reaction becomes most
sensible, if the cup containing the mixture is first heated, the
alcohol then ignited, allowed to burn for a short time, then ex-
tinguished and rekindled. At the first flickering of the flame
its borders appear green in that case, even though the quantity of
the boracic acid be so minute as to produce no perceptible colour-
ing of the flame, when treated in the usual manner.

e. OXALIC AcIip. (0=C, O3 )

I. All the oxalates are decomposed at a red heat, owing to the
oxalie acid decomposing into  carbonie acid and carbonic oxide.
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Those which have an alkali or an alkaline earth for their base, are
in this process converted into carbonates (without separation of
carbon, when pure) ; those with a metallic base leave the metal
behind either in its metallic state or as an oxide, according to the
degree of reducibility of the metallic oxide. The alkaline oxa-
lates are soluble in water, and so are some oxalates with metallic
base.

R. Uhdoride of bariwm produces in the neutral solutions of
oxalates, a white precipitate of OXALATE oF BARYTES, (Ba O,
O + aq.,) which is soluble in nitric acid and in hydrochlorie acid,
but is more sparingly soluble in ammonincal salts than borate of
barytes.

3. Nitrate of silver produces in neutral solutions of oxalates, a
white precipitate of 0XALATE oF SILVER (Ag O, O,) which is solu-
ble in nitric acid and in ammonia.

4. Lime-water, and all the soluble salts of lime, and thus also
solution of gypsum, produce in even highly dilute solutions of
froe oxalic acid or of oxalates, precipitates of OXALATE oF LIME,
(Ca O, O+2aq.) in the form of a fine white powder, which readily
dissolve in hydrochloric acid and in nitrie acid, but are almost in-
soluble in oxalic acid, and in acetic acid. The presence of ammo-
niacal salts does not at all prevent the formation of these preci-
pitates. The addition of ammonia considerably promotes the
precipitation of the free oxalie acid, by salts of lime.

5. If oxalie acid or an oxalate in a dry state be heated with
concentrated sulphuric acid in excess, the latter withdraws from
the oxalic acid its necessary constitutional water, the oxalic acid
is decomposed into CARBONTC AcID and CARBONIC OXIDE, and
both these gases escape with effervescence. If the quantity operated
upon is not too minute, the escaping carbonic oxide gas may
be kindled ; it burns with a blue flame. If in this reaction the
sulphuric acid assumes a dark tinge, it is a sign that the oxalic
acid contained an admixture of some organic substance.
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d. HYDROFLUORIC Acip. (H FL)

1. Hydrofluoric aeid 1s distinguished from all other acids by its
property of dissolving the insoluble modification of silicic acid, as
well as the silicates insoluble in hydrochloric acid, giving rise to
the formation of fluoride of silicon, and of water. The hydro-
fluoric acid decomposes in the same manner with metallic oxides,
giving rise to the formation of fluorides and of water. The fluo-
rides of the alkaline metals are soluble in water ; those corresponding
with the alkaline earths are either not at all or but very sparingly
soluble in water; floride of aluminum is easily soluble. Most of
the fluorides corresponding with the oxides of the heavy metals
are very sparingly soluble in water, such as, for instance, fluoride
of copper, fluoride of lead, fluoride of zine; many other fluorides
are of easy solution in water, as, for instance, perfluoride of iron,
fluoride of tin, perfluoride of mereury, &e. Of those compounds
which are either insoluble or but sparingly soluble in water, many
dissolve in free hydrofluoric acid, whilst others remain undis-
solved. Most of the fluorides do not undergo decomposition, when
heated to redness in a erucible.

2. If to the aqueouns solution of hydrofluoric acid or of a flu-
oride, ehloride of ealeiwm be added, FLUORIDE OF cALCIUM,
(Ca FL,) is obtained in the form of a gelatinous precipitate, which
is so transpavent, as at first to induce the belief, that the fluid has
remained clear and unaltered. The addition of ammonia promotes
the complete separation of this precipitate, which is insoluble in
hydrochloric acid and nitric acid, as well as in alkaline fluids when
cold; a minute quantity is however dissolved on boiling with
hydrochlorie acid. It is scarcely more soluble in free hydrofluoric
acid, than in water.

3. If any fluoride, reduced to a fine powder, be mixed with
pounded glass or sand, and the mixture be drenched in a test tube,
with concentrated sulphuric acid and heat applied, ¥LUuosILICIC
Gas (Si FL) is evolved, giving rise to dense white fumes in the
air when the latter contains moisture. If the gas be transmitted
through water—(by means of a bent tube fitted to the test tube)—

7
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silicic acid separates in a gelatinous form, whilst the fluid becomes
strongly acid, owing to the formation of hydrofluosilicic acid.
(Compare § 43.)

4. If a plate of glass be covered with bees-wax, which can
readily be done by heating it and allowing the wax to spread
equally over the surface, and lines be traced on it with a point,
(which should not be too hard, a point of wood answers best,)
and the plate be then covered with the solution of a fluoride mixed
with sulphurie acid, and allowed to dry, the lines exposed will be
found, on removing the wax, to be etched upon the glass. If we
have but very minute quantities to test, the acid solution of a
fluoride mixed with sulphurie acid is, at a gentle heat, evaporated
to dryness, in a watch glass ; after washing off the salt mass re-
maining, the internal surface of the glass appears dimmed.

5. If a fluoride, reduced to a fine powder, no matter whether
soluble or insoluble, is drenched, in a platinum erucible, with con-
centrated sulphurie acid, and the cruecible, being covered with a
glass plate, prepared as stated above, 1s exposed fifteen minutes or
half-an-hour to a gentle heat, taking always care not to melt the
wax, the exposed lines are found engraved after the removal of the
wax. If the quantity of hydrofluoric acid evolved by means of the
sulphurie acid was very minute, the etching frequently is not per-
ceived, after the removal of the wax, but if the glass be breathed
upon, the exposed lines become visible again, owing to the unequal
capacity of condensing water, which the etched and untouched parts
of the plate possess.

Remarks —The third section contains, as we have stated, phos-
phoric acid, boracie acid, oxalic acid, and hydrofluoric acid. The
barytes compounds of these acids, as we have seen, are dissolved
by hydrochloric acid, without decomposition; alkalies therefore
precipitate them unaltered, by neutralizing the hydrochlorie acid.
The barytes compounds of arsenious acid, arsenic acid, and chromic
acid, present the same property, and must therefore, if present, be
removed before any conclusion, as to the presence of phosphoric
acid, boracic acid, oxalic acid, or hydrofluoric acid, can be drawn
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from this precipitation of a salt of barytes. But even withont
regard to this point, no great value can be placed on their re-
action, not even for the detection of these acids, and far less for
their separation from other acids, since the salts of barytes in
question, and especially the borate of barytes, are not pre-
cipitated from their hydrochloric solutions, by ammonia, if the
quantity of free acids present is to any extent, or if any ammoni-
acal salt in a certain quantity is present. Boracie acid may always
be detected by the tint which it communicates to the flame of
alcohol, if care is taken that the solution be sufficiently concen-
trated before the addition of the alecohol, and when the substance
under examination is a borate, that it be mixed with a sufficient
quantity of sulphuric acid (best concentrated). If the boracic acid
is free, it should first be combined with an alkali when evaporating
its solution, or else a large portion of it will volatilize with the
vapours of the water. The phosphoric acid is sufficiently charac-
terized by the yellow silver precipitate, by the characteristic pro-
perties of the basic phosphate of magnesia and ammonia, (espe-
cially the insolubility of this compound in sal ammoniac,) and
finally, by the behaviour of phosphate of lead before the blow-pipe.
Perchloride of iron is undoubtedly the best means of decomposing
those phosphates which have an alkaline earth for their base, after
they have been dissolved in hydrochlorie acid. Oxalic acid may
always easily be detected by solution of gypsum, if we only keep
in view, that the precipitate thereby formed must not disappear on
the addition of acetic acid, (herein it is distinguished from phos-
phorie acid,) and must readily dissolve in dilute hydrochlorie acid,
and be converted into carbonate of lime on the application of a
red heat, (herein it differs from hydrochloric acid). The oxalates
of the alkaline earths are completely decomposed by boiling with
carhonate of soda. Lastly, the hydrofluoric acid cannot easily be
confounded with other acids ; since, under all eircumstances, it is
certainly detected by its property of etching glass. The most
sensitive results are always obtained by treating solid fluorides
with sulphurie acid.
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Fourth Section of the First Group of Inorganic Aeids.

§ 99.
d. CARBONIC AcID. (C Og,)

I. The carbonates lose a part of their earbonie acid, at a red heat.
All earbonates of colourless oxides appear white or eolourless.
Only those with an alkaline base are soluble in water, in their
neutral state. Their solutions have a very strong alkaline re-
action. Further, the bi-carbonates with alkaline bases, those also
which have an alkaline earth for their base, and some with metallic
bases, are soluble in water.

2. The carbonates are decomposed by all free acids soluble in
water, with the exception of hydrocyanie acid and hydrosulphurie
acid. In this process, the earbonic acid escapes with efferveseence,
as a colourless and almost inodorous gas, which imparts a tran-
sient reddish tint to litmus paper. It is necessary to use the
decomposing acid in excess, especially when operating upon a
salt with an alkaline base, since frequently no effervescence takes
place, when adding the acid in too small a quantity, owing to the
formation of acid ecarbonates.

3. Lime-water and waler of barytes produce, when brought
into contact with carbonie acid or soluble carbonates, white preci-
pitates of NEUTRAL CARBONATE OF LIME or BARYTES. When
testing for free carbonic aecid, the reagent ought always to be em-
ployed in excess, as the acid carbonates of the alkaline earths are
soluble in water. The precipitates formed dissolve in acids, with
effervescence, and are not precipitated again by ammonia, after
the complete expulsion of the earbonie acid, by boihng.

4. Chloride of calcivm and chiovide of baviwm yield with
neutral alkaline carbonates immediately, and with bicarbonates
only on boiling, precipitates of CARBONATE OF LIME or of BARYTES,
These reagents yield no precipitate with free carbonie acid.
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b. siicic acip. (81 0,.)

1. Silicie acid ocenrs in two modifications, the one is soluble in
acids and water, the other is affected only by hydrofluorie acid.
The soluble modification is converted by heat into the insoluble.
If the insoluble modification is fused with pure alkalies or alkaline
carbonates, a basic alkaline silicate is produced, which is soluble
in water and from which aecids separate the silicic acid in its solu-
ble modification. The soluble modification readily dissolves when
boiled with solution of potash, the insoluble modification dissolves
only very slowly in the same menstroum. The silicates of the
alkalies alone are soluble in water.

2. The solutions of the alkaline silicates are decomposed by all
actds ; when the solutions are highly concentrated. the siLicic
AcID precipitates in the form of gelatinous flakes, whilst it remains
dissolved in more dilute solutions. If a solution of this kind,
mixed with an acid, (hydrochloric acid or nitrie acid,) is evapo-
rated to dryness, the silicie acid is converted from its soluble into
its insoluble modification, and remains, therefore, as a white
gritty powder, on the residue being treated with water.

3. In the silicates which have an earth or a metal for their
base, the silicic acid is also present either in its soluble or in its
insoluble modification. The silicates with the soluble modifica-
tion are decomposed by boiling hydrochlorie or nitrie acid, the
gilicic acid separating as a gelatinous hydrate, and the decom-
posing acid combining with the base. But on silicates with the
insoluble modification, these acids have no action: in order to
separate the silicic acid from its base, such silicates must be
either treated in the humid way, with hydrofluorie acid, or fused
with alkaline earbonates.

4. Carbonate of sode dissolves a large proportion of silicie acid
in the flame of the blow-pipe, forming SILICATE OF s0DA as a colour-
less glass, which remains transparent on cooling; the carbonic
acid escapes with effervescence. Inexperienced students often
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fail in obtaining a clear glass, beeause they use too much carbo-
nate of soda in proportion to the quantity of the test specimen.

5. Phosphate of soda and ammonia leave silicic acid almost
entirely undissolved. The silicic acid floats about as an opagque
mass in the transparent glass, and may therefore be perceived
with greater facility in the glass when red hot than after cooling.
The silicates present the same property ; the phosphate of soda
and ammonia withdraws their base from them, and separate silicic
acid.  The bases are dissolved, whilst the silicie acid remains un-
dissolved.

Recapitulation and remarks.—Carbonic acid is generally very
easily detected by its salts evolving an almost inodorous gas when
treated with acids. We transmit the gas through lime-water or
water of barytes, when operating upon compounds which evolve
other gases at the same time. Silicic acid in its soluble modi-
fication, (into which it must always be converted first,) is detected,
under all cireumstances, by supersaturating its compounds with
hydrochloric acid, evaporating to dryness, treating the residue
with water, and testing the undissolved part before the blow-pipe.

Second Group of Inorganic deids.

ACIDS WHICH ARE PRECIPITATED BY NITRATE OF SILVER, RUT
NOT BY CHLORIDE OF BARIUM : Hydrochlorie Aeid, Hydro-
bromic Aeid, Hydriodic Acid, Hydrocyanic Adecid, Hydro-
silplurie Aeid.

§ 100,

All the silver compounds of the oxides belonging to this group
are insoluble in dilute nitric acad. The acids of this group de-
compose with metallic oxides, so as to give rise to the combination
of the metals with the metalloids, whilst the oxygen of the oxide
at the same time combines with the hydrogen of the acid forming
water,
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a. HYDRocHLORIC acin.  (Cl H.)

|. The chlorides are easily soluble in water, with the exception
of chloride of lead, chloride of silver, and protochloride of mercury ;
most of the chlorides are white or colourless. Many of them
volatilize at a high temperature, without decomposition; many
chlorides are decomposed at a red heat, and but few of them are
fixed.

2, Hydrochloric acid, and solutions of chlorides, yield with
nitrate of silver, even when highly dilute, white precipitates of
CHLORIDE OF SILVER, (Ag Cl,) which, when exposed to light,
change first into a violet colour and then into a black ; these are
readily soluble in ammonia, insoluble in nitric acid, and fuse
without decomposition when heated. (Vide § 90, a 4.)

8. Protonitrate of mercury and acetate of lead produce in
solution, containing free hydrochloric acid or chloride, precipi-
tates of CHLORURET oF MERCURY (Hgs Cl) and CHLORIDE OF LEAD
(Pb CL.) For the properties of these precipitates, vide § 90, & 4,
and § 90, ¢ 4.

4. When chlorides are heated with manganese and sulphuric
acid, chlorine is evolved, which is easily detected by its YELLOW-
1SH-GREEN colour, and its odour.

5. If a chloride be rubbed together with echromate of potash,
and the mixture be drenched with concentrated sulphuric acid,
in a tubular retort, and gentle heat applied, a deep brownish-red
gas will be copiously evolved ; (CHROMATE OF PERCHLORIDE OF
cHROMIUM, Cr Cl +2 Cr Oy;) this gas condenses into a fluid
of the same colour, and passes over into the receiver. If this
chromate of perchloride of chromium is mixed with ammonia in
excess, a yellow-coloured liguid is obtained, owing to the forma-
tion of chromate of ammonia ; this yellow colour changes into
a reddish yellow, on the addition of an acid, owing to the forma-
tion of acid chromate of ammonia.
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b, HYDROBROMIC Acip. (Br IL)

1. The bromides have in general a great analogy with the
chlorides, in insolubility and in their relations when exposed to
heat.

2. Nitrate of silver produces in aqueous solution of hydro-
bromie acid and bromides a yellowish-white precipitate of BROMIDE
OF SILVER, (Ag Br,) which 18 insoluble in dilute nitric acid,
and somewhat sparingly soluble in ammonia.

3. Nitrie actd decomposes hydrobromie acid and the bromides,
with the application of heat, liberating bromine, by oxidizing the
hydrogen or the metal. The liberated bromine colours the solu-
tion yellowish-red : but if we operate npon a bromide in a solid
form, yellowish-red vapours of bromine gas escape, with the odour
of chlorine ; these vapours, when present in sufficient quantity,
condense in the cold part of the test-tube into small drops.

4. Chiorine, or solution of chiorine, also liberates bromine in
solutions of its compounds; the fluid assuming a yellowish-red
tint, if the quantity of the bromine present is not too minute.
If a yellow-coloured solution of this kind be agitated with ether,
it becomes colonrless ; all the bromine dissolves in the ether,
which appears distinctly yellow, even though but a very minute
quantity of bromine be present. If the etherial solution of bro-
mine be agitated with some solution of potash, the yellow tint
vanishes, and we have bromide of potassium and bromate of
potash in solution. If the solution be then evaporated, and the
residue heated to redness, the bromate of potash is converted into
bromide of potassium. This substance may be further tested as
follows :

5. If bromides are heated with manganese and sulphurie acid,
YELLOWISH-RED VAPOURS oOF BROMINE are evolved. 1If the
bromine is present only in very minute quantity, the colour of
their vapours may not be visible. The experiment, in that case,
must be conducted in a small retort, and the vapours passing over
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transmitted through a long condensing glass tube into small test-
tubes, containing some starch, for if

6. Moist starch is brought into contact with free bromine, no
matter whether in solution or in gaseous form, YELLOW BROMIDE
oF sTARCH is formed. The colouring does not always take place
immediately. The reaction is rendered most delieate by closing
the test-tube which contains the starch drenched with the fluid
under examination, before a spirit-lamp, and then inverting it,
o that the moist starch becomes placed above the liquid. The
slightest trace of bromine will then, after twelve to twenty-four
hours, impart a yellow tinge to the starch. This colour vanishes
again on the tube being allowed to stand for a longer time.

7. If a mixture of a bromide and of chromate of potash be
drenched with sulphuric acid, and heat applied, a brownish-red
gas is evolved, just as is the case with the chlorides. But this
gas consists of pure proMing, and the fluid passing on, therefore,
beeomes not yellow, but colourless, when supersaturated with
ammonia.

¢. HYDR1ODIC AcID. (L H.)

1. The iodides also correspond in many respects with the
chlorides. Of those, however, which contain heavy metals, by
far more are insoluble in water than is the case with the chlorides.
Many iodides present characteristic tints.

2. Nitrate of silver produces in aqueous solutions of hydriodic
acid and of iodides, yellowish white precipitates of 10DIDE oF
siLvER, (Ag I,) which blacken when exposed to hght, are inso-
luble in dilute nitric acid, and very sparingly soluble in am-
monia.

3. A solution of one part of sulphate of copper, and two and a
quarter parts of sulphate of iron, precipitates from aqueous
neutral solutions of the iodides, PROTIODIDE OF coPPER, (Cug 1,)
in the form of a dirty-white precipitate. The addition of some
ammonia promotes the complete precipitation of the iodine.
Chlorides and bromides are not precipitated by this reagent.
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4. Nitrie acid decomposes the hydriodie acid and the iodides in
the same manner as the bromides. Colourless solutions of
hydriodic acid or of the iodides ave, therefore, immediately
coloured BROWNISH-YELLOW by nitric acid, even at a low tempe-
rature ; and from concentrated solutions the 10DINE separates as
BLACK PRECIPITATE, whilst mitric oxide gns escapes with efferves-
cence.  Solid 1odides, when heated with nitric acid, evolve, besides
the nitric acid gas, vioLET vapours of iodine, which condense on
the colder parts of the vessel mnto a blackish sublimate.

B, Ohilovine, and solution of chiorine, liberate iodine from its
combinations, but the liberated iodine combines with these re-
agents when they are added in excess, forming a colourless cHro-
RIDE OF I0DINE,

i. If iodides are heated with concentrated swlpluric acid, or
with sulphuric acid and manganese, 10DINE becomes liberated,
and may be easily detected by the violet colour of its gus. If
concentrated sulphuric acid alone has been nsed, sulphurous acid
is evolved at the same time. 1f the quantity of the iodine
present is very minute, it can mo longer be detected by the
colour of its gas, and we have recourse to the test with starch, as
follows :

7. If to a solution of iodine or of hydriodic acid, or of an
iodide, (the iodine in the latter must first be liberated by mesns
of nitric acid,) thin stareh paste be added, a more or less black-
ish-blue tint or precipitate of 10DIDE oF sTARCH is formed, even
though but the most minute traces of iodine be present. When
solution of chlorine is employed for the liberation of the iodine,
it ought to he added very cautiously, as, owing to the formation of
chloride of iodine, the blue tint does not appear, or at least
manifests itself only after the addition of sulphuretted hydrogen,
protochloride of tin, or some other means of reduction. Even the
most minute traces of iodine in dry compounds of any deseription,
may be detected most safely by means of starch, in the following
manner. The substance under examination is drenched in a
retort, with concentrated nitric acid, and the retort loosely closed
with a stopper. to which a moistened slip of paper, or, better still,
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a moistened strip of white cotton cloth, 1mbued with starch, 1s
attached ; after a few hours this will appear blue, even though
but the most minute trace of iodine be present

8. The iodides present the same relation to chromate of potash
and sulphurie acid combined, as to sulphuric acid alone. (Com-
pare § 100, @ 5.)

d. Hyprocyaxte acip. (Cy H.)

1. Those cyanides which have an alkali or alkaline earth for
their base, are soluble in water, as hydrocyanates. They are
easily decomposed by acids, even by earbonic acid, but are not
decomposed by heat when the access of air is prevented. When
fused with the oxide of lead, of copper, of antimony, of tin, and
many other oxides, they reduce these oxides, and are converted
into cyanates. Only a few of those eyanides which contain heavy
metals are soluble in water ; all of them are decomposed at a
red heat, giving rise either to the formation of cyanogen and
metals, as the cyanides of the noble metals, or of nitrogen gas and
carbonates, as the cyanides of the other heavy metals. Many
combinations of cyanogen with heavy metals are not decomposed
by dilute oxygen acids, and with difficulty by concentrated nitric
acid. Hydrochloric acid and sulphuretted hydrogen decompose
most of them easily and completely. Cyanogen combines with
several metals, (iron, manganese, cobalt, chromium,) forming
compound radicals, in which these metals cannot be detected by
many of the usual methods.

2. Nitrate of silver prodaces, in solutions of free hydro-
eyanic acid and of alkaline hydrocyanates, white precipitates of
CYANIDE OF SILVER, (Ag Cy,) which are easily soluble in cyanide
of potassium, somewhat difficult of solution in ammonia, and in-
soluble in dilute nitric acid ; these precipitates are decomposed
at o red heat, leaving the pure metallic silver behind.

3. If to the solution of an alkaline hydrocyanate, solution of
sulplate of éron, which has been for some time in eontact with
the air, (magnetic oxide of iren,) 18 added, a precipitate or tint
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of PrRUSSIAN BLUE is formed. (Compare § 88, /° 5.)  Free hydro-
evanic acid, to be detected in this manner, must, therefore, first
be combined with an alkali. If the alkali is present In excess,
hydrated magnetic oxide of iron is precipitated beside the Prus-
sian blue; in that case this latter precipitate must first be re-
dissolved by hydrochlorie acid, before the blue colour of the pre-
cipitate can appear clearly and distinetly.

3. If to a solution of hydrocyanic acid, potash be added in
excess, and then finely pounded peroaide of mercury, the latter
substance readily dissolves just as well as in free hydroeyanic acid.
As peroxide of mercury is soluble in an alkaline fluid only in
presence of hydroeyanie acid, it follows that by means of this
reaction we can safely detect the presence of hydroeyanic acid.

4. The cyanogen cannot be detected in evanide of mercury by
any of these methods. To detect it in this combination, we add
hydrochloric acid and metallic iron to a solution of cyanide of
mercury. Metallic mercury is separated in this process, and
hydrocyanic acid and protochloride of iron formed, (which latter
substance 1s partly converted into perchloride of iron, on exposure
to the air). If an alkali 1s then added to the fluid, Prussian blue
is formed, the colour of which, however, becomes distinet only after
having removed, by the addition of hydrochlorie acid, the excess
of the hydrated magnetic oxide of iron present. Cyanide of
mercury may also be easily decomposed by sulphuretted hydrogen,
giving rise to the formation of sulphuret of mercury and hydro-
cyanic acid.  When heated, the eyanide of mercury decomposes,
as we have already stated, (1,) into metallic mercury and eyanogen,
which latter substance may be detected by its characteristic effect
on the olfactory organs.

5. In the ferrocyanides and ferricyanides with alkaline bases,
the presence of these compound radicals may be easily detected, in
the former by solution of protoxide of iron, or solution of copper,
and in the latter by solution of peroxide of iron. Free hydro-
eyanic acid may be obtained from these cyanides by distilling
them with sulphuric acid. The insoluble ferrocyanides and
ferricyanides are decomposed by being heated with caustic potash
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appear of a feeble light blue eolour, and the mixture be then
Leated to boiling, this blue tint will disappear, owing to the indigo
beeoming oxidized at the expense of the oxygen of the nitric acid
liberated by the sulphuric acid ; the fluid becomes colourless, or
assumes a fecble yellowish tint. Several other substances, espe-
cially free chlorine, cause the same discoloration, which ought to
be especially borne in mind.

6. If a nitrate is mixed with eopper filings, and the mixture
drenched with concentrated sulphuric acid, in a test tube, the air
in the tube assumes a yellowish red tint, owing to the nitric oxide
gas which becomes free on the oxidation of the copper by the
nitrie acid, combining with the oxygen of the air, and forming
nitrous acid.

6. caLoric acip, (Cl Oj)

1. All ehlorates are soluble in water.  When heated to redness,
their oxygen escapes completely, leaving chlorides behind.

2. When heated with eharcoal or some organic substance, the
chlorates DEFLAGRATE, and this with by far greater violence
than the nitrates.

3. If a chlorate is mixed with cvaxipe oF rorassioM, and the
mixture heated on a platinum plate, DEFLAGRATION takes place,
with strong detonation and the appearance of flame, even though
the chlorate be present only in a very minute quantity.

4. Free chlorie acid oxidizes and discolours indigo in the same
manner as nitric acid ; if, therefore, the solution of a chlorate is
mixed with sulphurie acid and solution of indigo, the phenomena
manifest themselves which we have described when treating of
nitric acid, (vide supra, @ 5.)

5. If chlorates be heated with Aydrochioric acid, the consti-
tuents of both acids are mutunally decomposed, giving rise to the
formation of water, chlorous acid and chlorine, which latter sub-
stances may easily be detected by their odour and their greenish
colour. (ClH + ClO; =C10, + Cl 4+ HO.)

6. If a chlorate be drenched with concentrated sulplhuric acid,
two-thirds of the metallic oxide are converted into a sulphate, and
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II. ORGANIC ACIDS.
First Group.

ACIDS WHICH ARE PRECIPITATED BY CHLORIDE OF CALCIUM -
alic Aeid, Tartaric Adcid, Paratariaric Adcid, Citric Adcid,
Malic Acid.

y 102,
None of these acids volatilize without decomposition.

. OXALIC ACID.

For the reactions of oxalic acid we refer to § 98 ¢.

b. TartaRic acp. (T = (Cs Hy Oo.)

1. The combinations of tartaric acid with alkalies, as well as
with those metallic oxides which are weak bases, are soluble in
water. All tartrates insoluble in water are dissolved by hydro-
chloric acid.

2. The tartarie acid and the tartrates carbonise when heated to
redness, emitting a perfectly characteristic odour.  The salts
which have an alkali or alkaline carth for their base, are in this
process converted into carbonates,

3. If to a solution of tartaric acid, or to that of a tartrate, solu-
tion of peroxide of iron, protoxide of manganese, or alumina, and
then ammonia or potash be added, no precipitation takes place
of peroxide of iron, protoxide of manganese or alumina, since the
new-formed double tartrates are not decomposed by alkalies. Tar-
taric acid prevents also the precipitation of several other oxides by
alkalies.

4. Free tartaric acid yields, with a saft of potash, and best with
acetate of potash, a sparingly soluble precipitate of BITARTRATE oF
porasn (KO, HO, T). The same precipitate is formed, if ace-
tate of potash and free acetic acid, or bisulphate of potash, be
added to a neutral tartrate. When using bisulphate of potash, we
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must be careful not to add it in excess. The acid tartrate of
potash readily dissolves in alkalies and mineral acids; tartaric
acid and acetic acid do not increase its solubility in water. Violent
agitation greatly promotes the precipitation of tartar.

h. Chlloride of calcivm throws down from the solutions of
nentral tartrates, TARTRATE OF LIME as a white precipitate. The
presence of ammoniacal salts prevents the formation of this preci-
pitate more or less. The precipitate of tartrate of lime dissolves
to a clear fluid, in cold and dilute solution of caustie potash. If
this solution is boiled, the dissolved tartrate of lime separates in
the form of a gelatinous precipitate. On cooling, the solution be-
comes clear again.

G. Lime-water produces in solutions of nentral tartrates, or
even in solutions of free tartarie acid, when added till an alkaline
reaction manifests itself, white precipitates of TARTRATE OF LIME
(T,2Ca0 8 aq.) which readily dissolve in tartaric acid. This
precipitate of tartrate of lime dissolves with the greatest facility
in solntion of sal ammoniac, and separates from this solution only
after the lapse of several hours, in the form of small crystals,
deposited on the sides of the vessel.

7. Selution of gypsum does not produce any precipitate in a
solution of tartaric acid, and causes only a minute precipitate
after the lapse of some time in the solution of a neutral tartrate.

¢. PARATARTARIC ACID. (RACEMIC ACID.) R= (U4 He O5,)

1. The relations which paratarirates present to solvents, and
their behaviour when heated, are very analogous to those of the
tartrates, prevent, like the latter, the precipitation by alkalies of
protoxide of manganese, peroxide of iron, alumina, &e.

2. Paratartaric acid has the same relations to salts of potash,
as tartaric acid. The precipitate of acid paratartrate of potash is
as difficult of solution as tartar.

8. Chloride of ealeium precipitates from the solutions of free
as well as of combined paratartaric acid, PARATARTRATE OF LIME,
as a shining white powder. This precipitate is not soluble in sal



CITRIC  ACID. 161

ammoniae.  Cold and concentrated solution of potash dissolves it
completely, dilute solution of potash only partly ; this solution
becomes turbid and gelatinous, on boiling, and elear again on
cooling.

4. Lime-water produces in the solutions of neutral paratartrates,
instantaneously, white precipitates of PARATARTRATE OF LIME.
(R, Co O 4 40q.) It vields the same precipitate with a solution
of paratartaric acid, when added, till an alkaline reaction becomes
manifest.  When added in a smaller proportion, so that the solu-
tion still remains acid, this precipitate is formed ounly after the
lapse of a few moments. Paratartrate of lime is insoluble in pa-
ratartaric acid as well as in tartaric acid; when it is dissolved in
hydrochloric acid. and ammonia added in excess, it precipitates
again instantaneously, or at least after the lapse of a few mo-
ments.

6. Solution of gypstn does not instantancously produce a pre-
cipitate in a solution of paratartaric acid; after ten or fifteen
minutes, however, paratartrate of lime precipitates; in solutions
of neatral paratartrates the precipitation is instantaneous.

7. If chrystallized paratartavie acid, or a paratartrate is heated
with concentrated sulphuric acid, the latter assumes a black tinge,
owing to the evolution of sulphurous acid and carbonic oxide gas.
Tartaric acid has the same property.

d. ¢ITRIC AciD. (Ci= (Ci2H On.)

1. The citrates with alkaline bases are easily soluble in water,
as well in their neutral as in their acid state ; the same is the case
with the combinations of ecitrie acid with snch of the metallic
oxides as are wenk bases. Citric acid prevents the precipitation
of peroxide of iron, protoxide of manganese, alumina, &e., in the
same manner as tartarie ncid.

2. Citrie acid and the citrates earbonize when heafed to vedness,
emitting pungent acid vapour, which may be easily distingnished
by their odour from those caused by the combustion of tartaric
neid.

M
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3. Chioride of calcium produces no precipitate in a solution of
eitric acid, not even on boiling. But if the free acid be saturated
with potash or soda, a precipitate of NEUTRAL CITRATE OF LIME
(Ci, 8 Ca 0, 4 aq.) is formed instantaneously. This precipitate is
insoluble in potash, but readily dissolves in solution of sal ammo-
niac. If this solution in sal ammoniae is boiled, a white and
heavy precipitate of BASIC CITRATE OF LIME ([-Ii,:} Ca O+ CaO+aq.)
separates immediately. If a solution of citric acid, mixed with
chloride of caleinm, be saturated with ammonia, no precipi-
tate will be formed at a low temperature, (if the solution was
not highly concentrated.) But if the elear fluid be then boiled, a
white, heavy precipitate of basic citrate of lime separates sud-
denly.

4. Lime-water produces no precipitate in a cold solution of
citric acid or of a citrate. But on heating the solution to boiling
with excess of lime-water, a white precipitate of BASIC CITRATE OF
LiME is formed, which disappears again on cooling.

5. If to a solution of citric acid, acetate of lead be added in
excess, a white precipitate of cITRATE oF LEAD (Ci, 3 Pb O, aq.) is
formed, which is very sparingly soluble in ammonia, but easy of
solution in citrate of ammonia. A precipitate of citrate of lead is
equally formed, on adding citric acid in excess to a solution of
neutral acetate of lead. This precipitate readily redissolves on
the addition of ammonia. We have just now seen that the citrate
of lead is very sparingly soluble in ammonia ; this solution there-
fore is not caused by the ammonia, but by the new citrate of am-
monis.

6. If citric acid or a citrate is heated with concentrated sul-
phuric acid, carbonic oxide gas and carbonic acid escape first,
without simultaneons blackening of the sulphuric acid ; but after
boiling for some time, the solution becomes dark coloured, and sul-
phurous acid escapes.

e. MALIC AciD. (M = (CyH; Og)

1. Maliec acid forms with most bases, salts soluble in water.
The acid malate of potash is not of difficult solution in water.
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Malic acid prevents the precipitation of the peroxide of iron, &e.
by alkalies, in the same manuer as tartaric acid.

9. When heated to 200° Reaumur, malic acid is decom-
posed into MaLEfc Acip and mumaric actp. This property is
highly characteristic. 1f the experiment is made in a spoon,
pungent acid vapours of maleic acid are evolved with froth, but
if conducted in a tube, these vapours condense in the cold
part of the tube, forming crystals. The fumaric acid remains
behind.

3. Chloride of caletun produces no precipitates, neither in so-
lutions of free malic acid, nor in those of the malates. But if
after the addition of ehloride of ecalcium, alecohol is added to the
solution of a malate, MALATE oF LIME (I;-i, 2Ca O) immediately
precipitates as a white powder.

4. Lime-water precipitates neither the free nor the combined
malie acid.

b. deetate of lead throws down from golutions of malic acid and
of malates, a white precipitate of MALATE OF LEAD (M, 2Pb O, 6 arq.)
This precipitate is distinguished, 1st, by losing its curdiness, and
changing into concentrically-grouped needles, with the lustre of
mother-o’-pearl, when the fluid is allowed to stand for some time;
and 2nd, by its melting point being lower than the boiling point
of water. On heating, therefore, the fluid wherein this precipitate
is suspended to the boiling point, the precipitate fuses and resem-
bles resin which has been melted under water.

6. On heating malic neid with concentrated sulphuric acid, the
latter substances become black with evolution of sulphurous
acid.

Becapitulation and remarks.—Of the organic acids of this
group, the tartaric acid and paratartaric acid are sufficiently cha-
racterized by the sparing solubility of their acid salts of potash,
by the relation of their lime salts to solution of potash, and by
the characteristic odour which they emit during their combus-
tion. Tartaric acid may be distinguished from paratartaric acid
best by means of its combination with lime, since tartrate of lime is

M2
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gsoluble in free tartaric acid, and alzo in solution of sal ammoniae,
and thus presents two properties, which are wanting in paratarirate
of lime. The paratartaric acid, moreover, differs from tartaric acid
in its relation to solution of gypsum. This relation to a certain
extent assimilates paratartaric acid to oxalic acid; it does not,
however, give rise to any mistake, when operating upon the
free acids, since the precipitate which solution of gypsum produces
in solutions of paratartaric acid, is never formed instantancously.
The oxalates, moreover, are easily to be distinguished from the
paratartrates by the properties they exhibit when heated either by
themselves or with sulphuric acid. Citric acid is best detected
by its relations to lime-water, or to chloride of caleium and am-
Tonia.

The sparing solubility of the washed citrate of lead in am-
monia, distinguishes citric acid from tartaric and paratartaric acid.
The other reagents which produce precipitates or other alterations
in its solutions, such as chloride of gold, and salts of silver and
mercury, &c., show the same or similar relations to tartaric and
paratartaric acid, and therefore do not afford us safe means of dis-
tinguishing citric acid from the two latter substances. Malic acid
would be sufficiently characterized by the properties which malate
of lead presents when heated under water, if this reaction were of
greater sensibility, and if it were not prevented so easily by the
presence of other acids. The precipitation of malate of lime by
alcohol can only be of value for the detection of malic acid, when
we have previously convinced ourselves of the absence of all other
acids, the lime salts of which are sparingly soluble in water, and
quite insoluble in alcohol, such, for instance, as sulphurie acid or
boracic acid. It is, however, always necessary further to test the
precipitate produced by aleohol. The heating of malic acid in a
glass tube leads to the most certain result; this test is, however,
not applieable under all circumstances.
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Secand Group of the Ovganie dcids.

ACIDS, WHICH ARE UNDER NO CONDITION WHATEVER PRECIPI-
TATED BY CHLORIDE OF CALCIUM, BUT ARE PRECIPITATED
FilOM THEIR NEUTRAL SOLUTIONS BY PERCHLORIDE OF IRON :
Sueccinie acid, Benzoie acid.

§ 108.

@. SUCCINIC Acip, 5= (04 H.0;3)

I. Pure succinic acid is imodorous, dissolves readily in water,
and volatilizes completely when heated.  The officinal acid, which
lhas an empyreumatic odour, leaves a small carbonaceous residue.
The succinates are decomposed at a red heat, with the exception
of succinate of ammonia; those which have an alkali or alkaline
earth for their base, are converted into carbonates in this process,
Most of the succinates are soluble in water; succinic acid enters
into insoluble or sparingly soluble combinations only with the
metallic oxides which are weak bases.

2. Perkloride of iron produces, in a solution of succinie acid,
brownish pale red, bulky precipitate of PERSUCCINATE OF 1RON
(Fe* Oy, 38). To render this precipitation complete, the free acid
must first be neutralized with ammonia. Persuccinate of iron
readily dissolves in acids, and is decomposed by ammonia; the
hydrated peroxide of iron separates, in this process of decomposi-
tion. and suceinie acid dissolves as sucecinate of ammonia.

8. Aeetate of lead yields with succinic acid a white precipitate
of svccINaTE oF LEAD (PbO, S) which is soluble in succinie acid
in excess, in solution of acetate of lead, and in acetic acid.

1. Protonitrate of mercury and nitrate of silver also pre-
cipitate the succinates; these precipitates, however, are by no
means characteristic.

5. The alkaline succinates are insoluble in aleohol,
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5. BENzOIC aclp. (Be=Bz 0=Cy H; 0;)

1. Pure benzoic acid appears in the form of white scales or
needles, or merely as a chrystalline powder. It volatilizes com-
pletely when heated.  Its vapours cause a peculiar irritating sen-
sation in the throat, and provoke conghing. The common officinal
benzoic acid has the odour of benzoin, and on being heated,
leaves a small carbonaceous residue. The benzoates of the alka-
lies and alkaline earths, are converted into carbonates, by heat.
Benzoie acid is very sparingly soluble in cold water, but of pretty
easy solution in hot water and in alechol. It forms with most
oxides salts soluble in water, and enters into insoluble or sparingly
soluble combinations only with those oxides which are weak bases.

R. Benzoic acid shows the same relation to ekloride of iron as
succinic acid. The PERBENZOATE oF 1RON, (Fes, O, 8Be,) is how-
ever by far brighter and more yellow than the succinate. Ammo-
nia decomposes it in like manner as the succinate. When treated
with stronger acids, the latter combine with the peroxide of irom,
and the benzoie acid, on account of its sparing solubility, separates
as a white precipitate.

2. If to the solution of a benzoate a strong acid be added, the
benzoic acid is expelled, and separates in the form of a shining
white, sparingly soluble powder. The benzoic acid separates in
the same manner from its soluble salts, (as alveady stated, 2,) if
some stronger acid is added to these salts which forms soluble
salts with the bases with which the benzoie acid was combined.

Acetate of lead doesnot, or at least not immediately, preeipitate
the free benzoie acid nor the benzoate of ammonia, but it preci-
pitates benzoates with fixed alkaline bases, in the form of white
flakes.

5. The alkaline benzoates are soluble in alcohol

Recapitulation and remarks.—Succinic and benzoic acid are
distinguished from all other acids by their ready volatility and
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their relation to perchloride of iron. They differ from each other in
the colour of their persalts of iron, but especially in their solubi-
lity, suceinie acid being readily soluble, whilst benzoic acid is very
difficult of solution. Benzoic acid may, moreover, be detected by
its irrvitating and cough-provoking vapours. Suceinie acid is
generally not quite pure, and may therefore also be detected by
its odour of oil of amber.

A separation of these acids from each other may be effected by
decomposing their persalts of iron by ammonia, and treating the
new-formed compounds with aleohol, after previous evaporation
to dryness. The separation of these acids is, of course, even more
simple, if we can combine them with alkalies in a more direct
way. The benzoate in that case dissolves, whilst the succinate
remains.

Third Group of the Organic Acids.

ACIDS WHICH ARE XNOT PRECIPITATED, UNDER ANY CONDITION
BY CHLORIDE OF CALCIUM OR PERCHLORIDE OF IRON: deelic
acid, Formie acid.

§ 104.

¢. ACETIC ACID. (E=U.; H; 03)

1. Acetic acid iscompletely volatilized by heat, forming vapours of
a pungent odour, which in their concentrated state are inflammable
and burn with a blue flame. The acetates are decomposed at a
ved heat. Among the products of their decomposition we usnally
find acetic acid, and invariably acetone. The acetates which have
an alkali or alkaline earth for their base are converted into car-
bonates, in this process. Many of those with a metallic base leave
the metal behind in its metallic state, others as oxide. All the
residues are carbonaceouns. Almost all acetates are soluble in
water and aleohol ; most of them readily dissolve in water, but a
few are difficult of solution.

2. If perchioride of iron is added to acetic acid, no alteration

fi
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takes place, but if the acid is previously saturated with ammonia,
orif a neutral acetate is mixed with perchloride of iron, the solution
assumes a deep and dark red tint, owing to the formation of PER-
ACETATE OF IRON. Ammonia precipitates all the peroxide of iron
from such a solution.

3. Neutral acetates (but not free acetic acid) yield with »itrate
af silver, white chrystalline precipitates of ACETATE OF SILVER,
(Ag O, A) which are very sparingly soluble in cold water. They
dissolve more readily in hot water, but they separate again from
the solution, on cooling, in the form of very fine erystals,
Ammonia dissolves them readily; free acetic acid does not in-
crease their solubility in water.

d. Protonitrate of mercury produces in solutions of acetic acid,
and even with greater facility in solutions of acetates, white scaly
crystalline precipitates of PROTACETATE OF MERCURY, (Hg: O,
E,J which are sparingly soluble in water and acetic acid, at a low
temperature, but easily soluble in an exeess of the precipitant.
Protacetate of mercury dissolves in water on the application of
heat, but separates again, on cooling, in the form of small erys-
tals; it becomes partly decomposed in this process, metallic mer-
cury separates and imparts a grey colour to the precipitate. If
protonitrate of mercury is boiled with dilute acetic acid instead of
water, the quantity of the metallic mercury separating is exceedingly
minute.

5. If acetates are heated with dilute sulphurie acid, sckric
acip is evolved, which may be detected by its pungent odour.
And if the acetates are heated with about equal weights of con-
centrated sulphuric acid and aleohol, ACETIC ETHER is evolved ;
the odour of this ether is highly characteristic and agreeable ; it
becomes particularly perceptible on agitating the mixture when
somewhat cooled down, and scarcely admits of any mistake, and
certainly far less than the pungent odour of free acetic acid.

6. If acetates are distilled with dilute sulphuric acid, and the
distillate digested with oxide of lead in exeess, part of this oxide
will be dissolved as a basic acetate of lead, which may easily be
detected by its alkaline reaction.
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6. FormIic acip, (Fo O3 = C.HO;,)

1. Formic acid has a characteristic pungent odour; it volati-
lizes completely on heating ; the vapours of the concentrated acid
are inflammable and burn with a blue flame.  The formiates, like
the corresponding acetates, when heated to redness, leave either
carbonates, or oxides, or metals behind ; with simultaneous sepa-
ration of carbon, carburetted hydrogen, and escape of carbonic acid
and of water. All combinations of formie neid with bases are soluble
in water ; aleohol does not dissolve all of them.

2. Formie acid presents the snme relation to perchiloride of iron
ns acetic acid.

3. Nitrate of silver does not precipitate free formic acid, and
precipitates alkaline formiates only from concentrated solution.
The white, sparingly soluble, chrystalline precipitate of FORMIATE
oF sSILVER (Fo O3 Ag O) soon assumes a deeper fint, owing to
the separation of metallic silver. This reduction to metallic
silver takes place, even at a low temperature, after the solution
containing the formiate of silver has been allowed to stand for
some time, but it follows instantancously upon the fluid being
heated with the precipitate. The same reduction of the oxide of
silver ensues even if the solution of the formate was so dilute,
that no precipitate had been formed, or if we have to operate upon
iree formic acid. In this process, the formic acid, which may
be considered a cumpﬂund of carbonic oxide and water, deprives
the oxide of silver of its oxygen, giving rise to the formation of
carbonie acid, which escapes, and of water; the metal is precipi-
tated in its metallic state.

4. Protonitrate of mercury does not produce preeipitation in
free formic acid ; but in concentrated solutions of alkaline for-
mintes it causes a white, sparingly soluble precipitate of proTO-
FORMIATE OF MERCURY, (Fo Oz Hge O,) which after a very short
time turns grey, owing to the separation of metallic mercury ;
complete reduction takes place, sometimes even at a low tempe-
rature., but instantancously on heating. In this process, also,
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carbonic acid and water are formed. This reduction, in the same
manner, as is the case with the nitrate of silver, takes place, even
if the fluid 1s go dilute, that the protoformiate of mercury remains
in solution, or if we have free formic acid to operate upon.

5. If formie acid or an alkaline formiate be heated with perchio-
ride of mercury to 60-70° Reaumur, a precipitate of PROTOCHLORIDE
oF MERCURY is obtained. When heated to the beiling point of
water, metallic mercury separates besides the protochloride.

6. If formic acid or a formiate is heated with concentrated sul-
phurie acid, it beecomes decomposed, without blackening the fluid,
oiving rise to the formation of water and earbonic oxide gas, which
escapes with effervescence, and when ignited, burns with a blue
flame. The sulphuric acid withdraws from the formie acid, the
water or oxide necessary to the existence of this substance, and
thus causes a transposition of its atoms to take place (C; H O3 =
2 CO+HO.) If a formiate is heated with dilute nitric acid,
formie acid escapes, which may easily be detected by its odour.
If a forminte is drenched with a mixture of sulphuric acid and
aleohol, formic ether is evolved, which is characterized by its pecn-
liar arrack smell.

Recapitulation and remarks.—As the reactions of acetic aeid
and formic acid are not so characteristic as those of many other
acids, their safe detection can only be based on the concurrence of
all the reactions we have stated. Acetic acid is most easily deteeted
by its odour or by that of acetic ether, but most safely by its
behaviour with oxide of lead. Formic neid may best be detected
by its behaviour with sulphuric acid and with the salts of the
noble metals. The separation of acetic acid from formic ncid is
eflceted by heating both acids with peroxide of mercury in excess,
or with oxide of silver. The formie acid reduces the oxides, and
becomes decomposed at the same time; the acetic acid combines
with them and remains in solution.









PART TII.

PRELIMINARY REMARKS

ON THE
COURSE OF QUALITATIVE ANALYSIS IN GENERAL

AND ON THE

PLAN OF THIS SECOND PART OF THE PRESENT WORK
IN PARTICULAR,

WHEN we are once acquainted with the reagents and the rela-
tion of other bodies to them, we are immediately able to determine,
whether some simple compound or other, the physical qualities of
which admit of drawing an inference as to its nature, is in reality
what we take it to be. Thus, for instance, a few simple reactions
convince us that a body which we suppose to be calcarcous spar,
is really carbonate of lime, and another substance, which we deem
gypsum, is really sulphate of lime. This knowledge is usually
equally sufficient to ascertain, whether a certain body be present
or not in some compound substance or other; for instance,
whether a white powder contains protochloride of mereury or not.
But if our design is to ascertain the chemical nature of a sub-
stance entirely unknown to us,—if' we wish to discover a// the con-
stituents of a mixture or a chemical combination,—if we intend to
prove that, besides certain bodies we have detected in a mixture
or ecompound, no other substance can be present in it, and, con-



174 SYSTEMATIC COURSBE OF

sequently, if a coMPLETE qualitative analysis is our object, the
mere knowledge of reagents and reactions is no longer sufficient ;
we must of necessity know besides how to proceed systematically
in our Emiﬂjsis; 1. e, we must know in what order we have to
apply solvents, and general and especial reagents, so as to be
enabled with celerity and certainty to determine that all those
substances which a compound or mixture does NoT contain, ARE
REALLY NOT contained in it ; and on the other hand, quickly and
safely to detect those bodies which ARE PRESENT in the substance
under examination. If we do not possess the knowledge of this
systematie course, or if, in the ]mpe of more rapidly attaining our
ohject, we adhere to no method whatever in our investigations and
experiments, analysis becomes (at least in the hand of a novice)
mere guessing, and the results obtained are no longer the fruits of
scientific caleulation, but mere matters of accident, which some-
times may prove lucky hits and at others total failures.

A definite method, therefore, must form the basis of every
analytical investigation. But it is not by any means necessary
that this method should be in all cases one and the same. Prac-
tice, reflection, and a due attention to ecireumstances, will, on the
contrary, in most cases direct us to various and different methods.
But all analytical methods agree in this, that the substances
existing, or supposed to exist, must first be divided into certain
groups, and the bedies belonging to these groups be further dis-
tinguished from each other, so as at last to admit of their
individual detection. The diversity of analytical methods de-
pends partly on the order in which reagents are applied, and
partly on their selection.

Before we ean venture upon inventing methods of our own for
individual cases, we must first make ourselves thoroughly con-
versant with a certain definite course or system of chemical analysis
in general. This system must have passed through the ordeal of
experience, and must be adapted to every case imaginable, so as
to enable us afterwards, when we have acquired some practice in
analysis, to determine which modification of the general method
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will, in certain given cases, most easily and rapidly lead to the
attainment of the object in view.

The exposition of such a systematic eourse, adapted to all
cases, tested by experience, and combining the greatest possible
simplicity with the greatest possible security, is the object of
the second part of this work.

The elements and combinations comprised in it, are the same
which we have enumerated in our preliminary remarks.

Since it is necessary in the formation of such a systematic
course to provide for every possible circumstance which may
oceur, it follows as a matter of course that we are obliged to
suppose those substances which we treat of—(however mixed and
intermixed with each other we may admit them to be)—iree from
extraneous organic matters, since the presence of such matters pre-
vents the manifestation of many reactions, and causes various modi-
fications in others. We by no means intend to assert here that the
proposed systematie course may not be exactly followed even in
presence of many organic substances, especially of those which
dissolve in water, forming colourless transparent fluids. Expe-
rience and reflection in every individual case will best instruct us
how to act in cases where dark colouring slimy matters are
present. For the most important rules, and the method in gene-
ral, we refer to § 129.

This second part is divided into two sections ; the first contains
PRACTICAL INSTRUCTIONS IN ANALYSIS, wherein we have pointed
out a way which must lead to the end in view, if systematically
followed. At first sight, many parts of it may perhaps be deemed
rather prolix ; I think, however, that it would have scarcely been
possible to abbreviate it, except at the expense of clearness and
perspicuity for beginners. I hope, moreover, that my readers
will soon become convinced by experience that this prolixity,
after all, does not prove any bar to the celerity with which the
systematic course may be gone through, as I have always divided
the phenomena which may occur, into eclearly characterized in-
stances, and thus a given object being the only one to be con-
sidered, and one number always referring to the other, the
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stndent may save himself the trouble of reading through those parts
which are not adapted for the especial case engaging his attention.

The subdivisions of this practical course are, 1, Preliminary
examination ; 2, Solution ; 3, Real examination ; 4, Confirmatory
experiments. The third subdivision (the real examination) is
again subdivided into, 1, Examination of compounds in which
we suppose but one basis and but one acid present ; and, 2, Fx-
amination of mixtures or compounds in which we suppose that
all those substances which we have taken into consideration may
be present. With respect to the latter, it must be observed that
where the preliminary examination has not afforded us the most
certain conviction of the absence of certain groups of substances,
we cannot safely disregard any paragraph to which we refer, in
consequence of the phenomena that manifest themselves. In
cases where we merely intend to test a combination or mixture for
certain substances, and not for all its constituents, it will be easy to
find those numbers which we have to take into consideration.

The second section contains an EXPLANATION OF THE PRACTICAL
PROCESS, an exposition and explanation of the grounds whereon
the separation, and the causes, whereon the detection of substances
depend ; and, moreover, various additions to the first section.
Students would do well to make themselves early acquainted with
this section, which may be advantageously studied, concurrently
with the practical process.

As an appendix, we give A GENERAL SCHEME OF THE ORDER IN
WHICH THOSE SUBSTANCES WHICH ARE TO BE ANALYZED FOR THE
SAKE OF PRACTICE MAY MOST JUDICIOUSLY BE SUCCESSIVELY
TAKEN ; and ALSO A TABULAR ARRANGEMENT OF THE MORE FRE-
QUENTLY OCCURRING FORMS AND COMBINATIONS OF THE SUB-
STANCES ENUMERATED IN OUR PRELIMINARY REMARKS, ACCORD-
ING TO THEIR VARIOUS DEGREES OF SOLUBILITY IN WATER AND
acips.  The first is intended to serve the pupil as a guide to the
rapid and certain attainment of his object; 1. e. a sound and
complete acquisition of qualitative analysis; and the second will
undoubtedly prove useful to many who are not yet quite conver-
sant with the various degrees of solubility of compound bodies,
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especially in cases where they have to draw conclusions as to how
the detected acids, bases, &e., have been combined, or what par-
ticular acids cannot possibly be present in agueous or acid solu-
tions, when the latter contain certain bases.

FIRST SECTION.

PRACTICAL PROCESS.
I. PRELIMINARY EXAMINATION.

§ 105.

In the first place, the external and sensible properties of the sub-
stance under examination should be considered, such as its colour,
shape, hardness, gravity, odour, &c., as many conclusions may
often be drawn therefrom. Before proceeding any further, we
onght to consider well how much of the substance to be examined
we have at command, since it is necessary at this early period of
the examination to determine the quantity which we may use in
the preliminary investigation. A reasonable economy is in all
cases advisable, though we may possess the substance in large
quantities ; and it must be laid down as a fixed rule, never to
use at once all we possess of a substance, but always to keep at
least a small portion of it for unforeseen accidents. and for con-
firmatory experiments.

A. THE BODY UNDER EXAMINATION IS SOLID.
I. IT 1S NEITHER A PURE METAL NOR AN ALLOY.

1. The substance is fit for examination when in powder or in
small crystals ; but when in larger crystals or in solid pieces, a
portion of it, if possible, must first be reduced to powder.

'I'.;.
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2. The powder is heated over the spirit-lamp, in a small iron
gpoont. The phenomena resulting admit of many safe inferences
as to the nature of the substance, and allow us to draw many
probable conelusions.

@. THE SUBSTANCE REMAINS UNALTERED: N0 organic
substances, no salts containing water of crystallization, no
easily fusible matter, no volatile bodies.

b. IT ¥FUSES EASILY, AND BECOMES SOLID AGAIN WITH THE
EXPULSION OF AQUEOUS VAPOUR; salts which contain water
of erystallization. If the solidified residue fuses again upon
the application of an inereased heat, ¢ must be re-
ferred to.

e. IT FUSES WITHOUT EXPULSION OF AQUEOUS VAPOUR. A
small piece of paper is added to the melting mass; if defla-
gration takes place, it indicates NITRATES, or more rarely,
CHLORATES.,

d. IT VOLATILIZES COMPLETELY OR PARTLY. In the first
case, no fixed bases are present ; in the latter, the substance
contains a volatile body in admixture.

a. No odour is emitted. In this case we must espe-
cially have regard to compounds of AMMONIA, MERCURY,
and ARSENIC.

/3. An odour is emitted at the same time. If it 1s that
of sulphurous acid, suLPHUR is present; if that of iodine,
and if the vapours are violet, the presence of free I0DINE
is certain, With equal certainty free BENZOIC ACID, and
many other substances, may be detected by the odour of
their vapours.
¢. THE SUBSTANCE IS A WHITE POWDER, TURNING TO

YELLOW ON HEATING ; this indicates oXIDE OF ZINC or OXIDE
OF LEAD; the latter substance remains yellow on cooling,
whilst the oxide of zine resumes its white colour.

/. CARBONIZATION TAKES PLACE: organic substances. If
the residue effervesces when drenched with acids, whilst the
original substance does not present that property, it indi-
cates the presence of orGaNic acips, combined with alkalies
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or alkaline matter. If the odour of cyanogen is pereeptible,
it indicates the presence of a CYANIDE.

Many substances, moreover, swell up considerably, as

for instance, borax, sulphate of alumina ; others decrepitate,

e. g. chloride of sodium, and chloride of potassinm, &e.;

these phenomena, however, less admit of general and cer-

tain eonclusions than those stated above.

3. A small portion of the substance is put on a charcoal sup-
port, and exposed to the reducing flame of the blow-pipe. Since
most of the phenomena just now described (2) are equally ob-
tained by this proecess, we will here mention only those which
particularly belong to the latter.

@. THE SUBSTANCE VOLATILIZES PARTLY OR COMPLETELY.
This indicates besides the substances mentioned in § 1035,
2. d, also oXIDE oF ANTIMONY, and several other oxides.
(Compare § 105, 6, d, 8.) Oxide of antimony fuses pre-
vious to its volatilization in the form of a white vaponr,
It must moreover be remarked, that when ARSENIOUS or AR-
SENIC ACID are present, a characteristic odour of garlic is
perceptible, which is stronger if soda has previously been
added to the test specimen.

b. THE BODY FUSES, AND IS IMBIBED BY THE CHARCOAL;
this indicates the presence of aLganies, This process is
conducted by putting a portion of the substance reduced to
powder on the moistened loop of a platinum wire, and apply-
ing the heat of the reducing blow-pipe flame to it. TIf the
oxidizing flame assumes a violet tintyit indicates the pre-
sence of potaso alone; if a yellow tint, the presence of
sopa, which may, however, be mixed with potash, even in a
considerable proportion, since the flame always appears
yellow when both these alkalies are present.

e. AN INFUSIBLE WHITE RESIDUE REMAINS ON THE CHAR-
COAL, EITHER IMMEDIATELY, OR AFTER PREVIOUS MELTING
IN THE WATER OF CRYSTALLIZATION ; this indicates espe-
cially the presence of barytes, strontian, lime, magnesia, alu-
mina, zine, and silicic acid. Of these substances STRONTIAN,

& R



150

FRELIMINARY EXAMINATION

LIME, MAGNESIA, and zine, are distinguished by being very
luminous in the blow-pipe flame. A drop of solution of
nitrate of cobalt is added to the white residue, and the latter
then again strongly heated. ArLuMmMINA presents a fine blue
tint, MAGNESIA a reddish, and zise a green colour. When
SILICIC ACID is present, the flame assumes also a feeble
bluish tint, which should not be confounded with that pro-
duced by alumina.  Silicie acid is moreover distinguished by
forming a clear glass, with effervescence, when mixed with
carbonate of soda, and exposed to a strong blow-pipe flame.
(§ 99, 5.)

d. AN INFUSIBLE RESIDUE OF A DIFFERENT COLOUR RE-
MAINS, OR A METALLIC REDUCTION TAEKES PLACE, WITH OR
WITHOUT INCRUSTATION OF THE CHARCOAL SUPPORT. A
portion of the powder is mixed with carbonate of soda, and
heated in the reducing flame on charcoal.

a. A metallic grain is obtained, without simultaneous
incrustation of the charcoal ; this indicates the presence
of GoLp, SILVER, TIN, or coPPER. Platinum, irvon, cobalt,
and nickel, equally become reduced, but yvield no metallic
orains.

3. The charcoal support is coated over with an inerus-
tation, either with or without simultaneons formation of a
metallic grain ; this indicates the presence of bismuth,
lead, cadmium, antimony, or zine.

ac. If the inerustation is white, ANTIMONY Or ZINC
may be supposed present. The incrustation produced
by zine appears yellow as long as it remains hot. The
pure metallic grain of antimony evolves white vapour,
even for a long time after all application of heat has
been withdrawn ; and at last, on gooling, becomes gene-
rally surrounded with crystals of oxide of antimony. It
is brittle under the stroke of a hammer.

&b, The inerustation is more or less yellow or brown ;
this indicates the presence of BISMUTH, LEAD, or CAD-
mium.  The yellow incrustation of oxide of eadmium
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has a shade of orange colour in it; the brownish-yellow
incrustations of oxide of lead and oxides of bismuth
change into a light yellow on cooling. Cadminm im-
mediately volatilizes on becoming reduced. The grains
of lead are very ductile, whilst the grains of bismuth are
brittle under the stroke of the hammer.

The student must be prepared, of course, to meet with combi-
nations of bodies giving rise to mixed phenomena, and must
deduce his eonclusions accordingly, since we cannot give strictly
defined cases in these general rules.

1I. THE SUBSTANCE IS A METAL OR AN ALLOY.

1. The test-specimen is drenched and heated with water, mixed
with some acetic acid.

@. HYDROGEN I8 EVOLVED ; this indicates the presence of
a light metal. The presence of alkalies and of alkaline
earths must be had regard to in the real examination.

b. No HYDROGEN 18 EVOLVED ; this indicates the absence
of light metals. Alkalies and alkaline earths need not be
considered in the course of the special investigation.

2. The test-specimen is heated on charcoal, in the reducing
blow-pipe flame, and the phenomena observed, such as, for in-
stance, whether the substance fuses, whether an incrustation is
formed, whether any odour is emitted, &e.

@. THE SUBSTANCE REMAINS UNALTERED; this is pretty
conclusive of the absence of antimony, zine, lead, bismuth,
cadminm, tin, mercury, and’ arsenic; the absence of gold,
silver, and eopper, is also probable ; it indicates the presence
of PLATINUM, IRON, MANGANESE, NICKEL, Or COBALT.

b, THE SUBSTANCE FUSES WITHOUT SIMULTANEOUS IN-
CRUSTATION, AND WITHOUT EMISSION OF ODOUR; this indi-
cates the absence of antimony, zine, lead, bismuth, cadmium,
and arsenic, and the presence of GoOLD, SILVER, COPPER, or
TIN.
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c. THE SUBSTANCE TUSES WITH THE FORMATION OF A
CRUST, BUT WITHOUT EMITTING ANY ODOUR ; this indicates
the absence of arsenic, and the presence of ANTIMONY, ZINC,
BISMUTH, LEAD, or cADMIUM. (Compare § 105 A. I,
8 d, B.)

d. THE SUBSTANCE EMITS A GARLIC 0DOUR ; this indicates
the presence of arsenic. For the other phenomena which
may manifest themselves, we refer to a, &, or c.

3. The substance is heated before the blow-pipe in a glass tube,

closed at one end.

@. NO SUBLIMATE IS FORMED IN THE COLDER PART OF
THE TUBE; this indicates the absence of mercury.

b. A SUBLIMATE 18 FORMED; this indicates the presence
MERCURY, CADMIUM, or ARSEN1C. The sublimate of mercury,
which consists of small globules, cannot be confounded with
the sublimate of cadmium or arsenic.

B. THE SUBSTANCE UNDER EXAMINATION IS A FLUID.

1. A small portion of the fluid is evaporated in a platinum

spoon, or in a small porcelain erueible, to enable us to determine
whether the fluid contains any substance in solution, and what 1s
the nature of the residue. (§ 105 A.)

2. The fluid is tested by litmus papers.

a. BLUE riTMUs PAPER BECOMES RED. This reaction
may be caused either by a free acid, or an acid salt, or by a
soluble metallic salt. In order to distinguish these two
cases from each other, a small quantity of the liquid is
poured into a watch-glass, and a litile rod placed into it, the
extreme point of which has previonsly been dipped into dilute
solution of carbonate of potash; if the fluid remains clear, or if
the precipitate which may form is redissolved on stirring the
liquid, it indicates the presence of a free acid or an acid
salt ; but if the fluid becomes turbid, it proves the presence
of a soluble metallic salt, at least generally. As a matter of
course, with the presence of a free acid or acid salt, the
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solution camnot be considered as a mere agqneous one, and
consequently we must look carefully to all those phenomena
which may imdicate the presence of badies insoluble in water,
and soluble only in acids.

b. REDDENED LITMUS PAPER BECOMES BLUE; this indi-
cates the presence of free alkalies, or alkaline carbonates,
free alkaline earths, or alkaline sulphurets, and also of a
series of other salts of which this reaction is characteristic.
With the presence of a free alkali, a body dissolved in the
fluid may as well belong to those soluble as to those inso-
luble in water. We refer to § 114 I., 2, for further informa-
tion on this subject.

3. We test by smelling and tasting, or should this not yield
any safe results, by distillation, whether the simple solvent present
18 water, alcohol, ether, &e. If it is found not to be water, the
solution is evaporated to dryness, and the residue treated accord-
ing to § 106 A,

4. If the solution is agqueouns, and manifests an acid reaction, a
portion of it is highly diluted with water. If it hecomes milky,
the presence of ANTIMONY, BISMUTH, or TIN, may be supposed.
If the precipitate disappears on the addition of tartarie acid, we
may conclude that antimony is present, whilst its disappearance
on the addition of acetic acid, but not of tartaric acid, indicates
the presence of bismuth. The original fluid is then treated either
as § 107 directs, or § 114, according to whether we have reason
to suppose it to be the solution of a simple or of a compound or
mixed substance,

1I. SOLUTION OF BODIES OR CLASSIFICATION OF SUBSTANCES AC-
CORDING TO THEIR RELATIONS TO CERTAIN SOLVENTS.

§ 106.

Water and hydrochlorie acid, or in certain cases acetic acid,
are the solvents used to classify simple or compound substances,
and to isolate the component parts of mixtures. We divide sub-
stances into three classes, according to their relations to these
solvents.
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First elass.—SUBSTANCES SOLUBLE IN WATER,

Second class —SUBSTANCES INSOLUBLE OR SPARINGLY
SOLUBLE IN WATER, BUT SOLUBLE IN HYDROCHLORIC OR
NITRIC ACID,

Third class.—SUBSTANCES INSOLUBLE OR SPARINGLY SOLU-
BLE, BOTH IN WATER, AND ALSO IN HYDROCHLORIC OR
IN NITRIC ACID.

A special method for the solution of alloys is given in § 106 B,
as it is advisable to dissolve them in a manner somewhat different
from that employed for other bodies.

The process of solution or separation is conducted in the follow-
Ing manner.

A. THE SUBSTANCE UNDER EXAMINATION IS NEITHER A METAL

NOR AN ALLOY.

1. About fifteen or twenty grains of the substance to be ex-
amined, reduced to powder, are covered in a test-tube with ten or
twelve times as much water, and heated to the boiling point over
a spirit-lamp.

a. THE SUBSTANCE 1S COMPLETELY DISSOLVED. In this
case it belongs to the first class ; regard must be had to what
we have stated in § 105 B, 2, concerning reactions. The
solution is treated either as stated at § 107, and at § 114,
according as to whether one or several acids and bases are
supposed to be present.

b. A RESIDUE REMAINS, EVEN AFTER BOILING THE SOLU-
TI0N FOR A LoNG TIME. The solution is allowed to settle,
and filtered, so that the residue remains in the test-tube if
possible ; a few drops of the clear filtrate are then evaporated
on a clean platinum plate ; if no residue remains, the sub-
stance is completely insoluble in water, and is then further
tested, as stated in § 106, 2. But if a residue remains, the
substance is at least partly soluble. Itis then again boiled
with water, filtered, and the filtrate added to the original
solution. This fluid is treated, according to circumstances,
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either as § 107 directs, or as stated § 114. The residue is
washed, and treated according to § 106, 2.

2. This residue is drenched with dilute hydrochloric acid. If
it does not dissolve, it is heated to the boiling point, and if even
then no complete solution takes place, the fluid is decanted, and
the residue boiled with concentrated hydrochloric acid.

The phenomena which may manifest themselves in this
operation, and which ought to be carefully observed, are, a,
Effervescence, which indicates the presence of carbonic acid,
or sulphuretted hydrogen, vide § 108, 2. 5. Evolution of
chlorine, which indicates the presence of hyperoxides, chro-
mates, &e. y. Emission of the odour of hydrocyanic acid,
which indicates the presence of insoluble eyanides. Since it
is advisable to decompose the latter in a different manner, a
special paragraph will be devoted to them. (Vide § 128.)

. THE RESIDUE I8 COMPLETELY DISSOLVED BY THE HY-
DROCHLORIC AcCID ; the solution is treated according to cir-
cumstances, either as divected § 110, or as stated § 114,
The substance belongs to the second class,

The separation of undissolved sulphur, which is easily
detected by its colour and specific gravity, belong also to
this category.

b, A RESIDUE REMAINS. In tlus case the test-tube con-
taining the specimen boiled with hydrochlorie acid, is put
aside pro tempore, and another specimen of the substance
under examination 1s boiled with mitrie acid, with the subse-
quent addition of water.

a. The specimen is completely dissolved, or undissolved
sulplur alone remains ; the body in these cases also
belongs to the second class ; the solution is further tested
for bases, according to circumstances, either as directed
§ 110, or as stated § 114, iii.

3. A residue remains.

ac. WE HAVE REASON TO SUPPOSE THAT THE SUL-
STANCE UNDER EXAMINATION CONTAINS BUT ONE BASE
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AND ONE Acip. The substance is drenched with aqua
regia, and then heated.

aa. The substance dissolves. The solution is treated
according to § 110.

BB. The substance does not dissolve. In that case we
proceed according to § 118.
bb. WE HAVE REASON TO SUPPOSE THAT THE SUBSTANCE

UNDER EXAMINATION IS A COMBINATION OR MIXTURE OF
SEVERAL COMPOUNDS. In this case the reserved hydro-
chlorio solution (§ 106 A. 2, &.) is used to test for the
bases. 1t is for this purpose heated to boiling with the
insoluble residue—(whiech latter must then be treated as
stated, § 106, 8)—and filtered hot into & tube containing
some water, the rvesidue 1s then boiled with some water, fil-
tered hot, and the filtrate added to the hydrochlorie solution.
aa, The filtrate becomes turbid and milky ; this indi-
cates ANTIMONY or BISMUTH; or it deposits fine crys-
tals; this indicates the presence of LEap. The filtrate
is heated again (if needed, with the addition of some
hydrochlorie acid) till it appears clear, and then treated,
according to § 114, IT.

BB. The filtrate remains clear. A few drops of it are
evaporated to satisfy ourselves whether the hydrochloric
acid has dissolved anything. If any residue remains,
the filtrate is treated according to § 114, II.

3. If boiling concentrated hydrochloric acid has left a residue, it
is washed with water, and treated as directed, § 127,

B. THE SUBSTANCE UNDER EXAMINATION I8 A METAL OR AN
ALLOY.

The metals are best divided according to their behaviour with
nitric acid.

I. METALS WHICH ARE NOT AFFECTED BY NITRIC ACID: gold,
platinum.
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II. METALS WHICH ARE OXIDIZED BY NITRIC ACID, BUT THE
OXIDES OF WHICH DO NOT DISSOLVE IN AN EXCESS OF THE ACID:
antimony, tin.

I11. METALS WHICH ARE OXIDIZED BY NITRIC ACID, AND THE
OXIDES OF WHICH DISSOLVE IN AN EXCESS OF THE ACID, FORM-
ING NITRATES : all other metals.

A specimen of the substance is drenched with nitric acid of 1'25
sp. gr., and heated.

1. COMPLETE SOLUTION TAKES PLACE, OR IR EFFECTED BY
THE ADDITION OF WATER ; this indicates the absence of platimum,
gold, antimony, and tin : a small specimen of the solution is di-
luted with much water.

a. The solution remains elear ; some hydrochlorie acid
is added; if this produces a white precipitate, which does
not dissolve, on heating the fluid, but is dissolved by am-
monia, after having been rinsed previously, SILVER is present.
The original solution is treated, as directed § 115.

b. The solution becomes turbid and milky ; this indicates
the presence of BISMUTH. The solution is filtered, and the
filtrate tested for silver, as stated, § 106, B, 1, «. The ori-
ginal solution is treated according to § 115.

2. A RESIDUE REMAINS.

a. A metallic residue vemains. The solution is fil-
tered, and the filtrate treated as directed § 106, B, 1, after
having examined whether anything has been dissolved. The
residue is by rinsing freed from all dissolved metallic
particles, dissolved in aqua regia, and divided into two
portions ; chloride of potassinm is added to one portion:
if a yellow precipitate is formed, it indicates the pre-
sence of pLaTINUM. Protosulphate of iron is added to the
other portion : if a black precipitate is formed, it indicates
the presence of GoLD.

b. A white pulverulent residue vemains; this indicates
the presence of axTiMONY or TIN. The solution is filtered,
and the filtrate treated as directed § 106, B, 1, after having
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examined whether anything has been dissolved. The re-
sidue is carefully rinsed, and heated with a hot saturated
solution of Dbitartrate of potash, or a solution of tartaric
acid.

a. Complete solution takes place; this indicates the
presence of oxide of axtimMoxy alone; the solution is
tested with solution of sulphuretted hydrogen.

5. A white precipitate remains, even after bui]jng with
a fresh portion of solution of bitartrate of potash or of tar-
taric acid ; this indicates the probable presence of tin. The
golution is filtered and mixed with solution of sulphuretted
hydrogen If an orange-red precipitate 1s formed, oxide
of antimony is present. The presence of oxide of tin is
ascertained by mixing the residue with cyanide of potas-
sium and carbonate of soda, and reducing it before the
blow-pipe. (Compare § 94, ¢, 7.)

I11. REAL EXAMINATION.

Compounds supposed to consist simply of one base and one acid ;

ar one metal and one metalloid.
A. SUBST&NCES SOLUBLE IN WATER.
Detection of the base®

§ 107.

1. Some hydrochloric acid is added to a portion of the aqueous
solution.

«. NO PRECIPITATE 18 FORMED ; this indicates the absence

of silver and protoxide of mercury with certainty, and is also
a probable indication of the absence of lead. For further ex-
amination, vide § 107, 2,

b. A PRECIPITATE 18 FORMED. Divide the fluid, in which

* We include here arsenions and arsenic acid.
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the precipitate is suspended, into two portions, and add am-
monia in exeess to the one.

a. The precipitate vanishes, and the fluid becomes
elear ; the precipitate in this case consists of chloride of
silver, and is therefore indicative of the presence of siLVER.
To obtain a conviction on this point, the original solution
must be tested with chromate of potash, and with sulphu-
retted hydrogen. (Vide § 90, a, 2, and 96, &, 5.)

B. The precipitate becomes black; 1t consists in this
case of protochloride of mercury, which has been converted
by the ammonia into protoxide of mercury, and is conse-
quently indicative of the presence of PROTOXIDE OF MER-
cury. To set all doubt at rest as to this point, test the
original solution with protochloride of tin and with metallic
copper. (Vide § 90, 2.)

v. The precipitate vemains wnaltered ; it consists in
this ease of chloride of lead, which is neither decomposed
nor dissolved by ammonia ; this reaction is therefore in-
dicative of the presence of LEAD. We assure ourselves of
the presence of this substance ; 1st, by f]ilut.ing the second
portion of the fluid in which the precipitate produced by
hydrochlorie acid is suspended, with much water and ap-
plying heat. The precipitate must dissolve if it really is
chloride of lead ; 2nd, by adding dilute sulphurie acid to
the original solution, (§ 90, .)

2. Solution of sulphuretted hydrogen is added to the fluid aci-
dified with hydrochloric acid, till it has imparted its characteristic
odour to this fluid, which the latter must still retain even after
stirring and shaking ; the liquid is then heated.

a. THE FLUID REMAINS CLEAR. Pass over to 8, for lead,
bismuth, copper, eadmium, peroxide of mercury, gold, plati-
num, tin, antimony, arseniec, and peroxide of iron, are not
present.

b. A PRECIPITATE IS FORMED.

a. THIS PRECIPITATE IS WHITE; it is in this case
produced by the separation of sulphur, and is indicative of
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the presence of PEROXIDE OF IRoN. (§ 88, £1) The ori-
ginal solution is then further tested with ammonia and with
ferrocyanide of potassium, in order to ascertain whether
the substance present is really peroxide of iron.

f. THE PRECIPITATE IS YELLOW; in this case it may
consist either of sulphuret of cadmium, or a sulphuret of
arsenic, or bisulphuret of tin, and indicates therefore the
presence either of cadmium, or of arsenie, or of peroxide of
tin. To distinguish them, ammonia in excess is added to
the fluid, wherein the precipitate is suspended.

aa. The precipitate does not disappear ; CADMIUM 18
present, sulphuret of cadminm being soluble in ammonia.

The blow-pipe is resorted to for further proof. (§ 91, d.)

bb. The precipitate disappears. 1t consists either of

peroxide of tin or of arsemic. Ammonia is added to a

portion of the original solution.

aa, A white precipitate is formed. PEROXIDE oF
TIN 18 the substance present. As a conclusive proof,
the precipitate is then mixed with eyanide of potas-
sium and carbonate of soda, and reduced before the
blow-pipe. (§ 94, 4.)

BB. No precipitate is formed. This indicates the
presence of ArsExtc.  The real presence of the arsenic
may then be ascertained by the production of a me-
tallic crust, either from the original substance, or
from the precipitated sulphuret of arsenie, mixed with
cyanide of potassium and carbonate of soda, or in
some other way, and also by mixing the original sub-
stance with carbonate of soda, and exposing it to the
reducing flame of the blow-pipe. (§ 94, d.)

v. THE PRECIPITATE IS ORANGE-COLOURED; in this
case it consists of sulphuret of antimony, and indicates the
presence of oxipe or antiMony. The blow-pipe is re-
sorted to for further proof. (§ 94, a.)

é. THE PRECIPITATE 18 BROWN. It consists of sul-
phuret of tin, and indicates the presence of PROTOXIDE OF
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Tix.  For conclusive proof, one portion of the original
solution is tested with solution of perchloride of mercury,
and another with solution of gold. (§ 94, &.)

e. THE PRECIPITATE 18 BLACK. It may in this case
consist of sulphuret of lead, or sulphuret of copper, or sul-
phuret of bismuth, or sulphuret of gold, or sulphuret of
platinum, or bisulphuret of mercury. To distinguish these
from each other, the following experiments are made with
the original solution.

aa. Dilute sulphurie acid is added to a portion of it ;
a white precipitate is formed ; this indicates the presence
of LEAD. Chromate of potash is employed as a conclu-
sive test. (§ 90, ¢.)

bh. Ammonia 1n excess is added to a portion of it. A
blue precipitate is formed which redissolves in the excess
of the preeipitant, imparting an azure colour to the so-
lution ; this indicates coppEr. Ferrocyanide of potas-
sium is resorted to as a conclusive test. (§ 01, 2.)

ce. Potash is added to a portion of it; a yellow pre-
eipitate 1s formed ; thisindicates the presence of PEROXIDE
oF MERCURY. Protochloride of tin and metallic copper are
employed as conclusive tests. (§ 91, «.) The presence
of peroxide of mercury may generally also be detected
by the precipitate whieh it yields with sulphuretted
hydrogen, not appearing black from the beginning, but
on the addition of an excess of the precipitant, passing
throngh white, yellow, and orange, and then at last
changing its colour into black. (§ 91, a, 2.)

dd. A portion of the original solution is evaporated
nearly to dryness, in a porcelain erucible, and the re-
sidue put into a test tube, half filled with water. If the
solution becomes milky, n basic salt of bismuth is pre-
sent; this reaction therefore indicates prsmuri. The
blow-pipe is resorted to, as a conclusive test. (§ 91, ¢.)

ee. Solution of sulphate of iron is added to a portion
of the original solution. A fine black precipitate is in-

(i
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dicative of the presence of Gorp. The blow-pipe is re-

sorted to as a conclusive test,; or the original solution is

tested with protochloride of tin. (§ 93, a.)

. Chloride of potassium is added to a portion of the
original solution ; the formation of a yellow chrystalline
precipitate is indicative of the presence of PLATINUM.
For further proof this precipitate is heated to redness
(§ 93, 2.)

3. To the fluid in which sulphuretted hydrogen has not pro-
duced any preeipitate, or—should this have become too dilute—
to a portion of the original solution, ammonia is added, till the
solution hasan alkaline reaction ; hydrosulphuret of ammonia is then
added. (If the solution was not acid, and thus no ammoniacal
salt has been formed on the addition of ammonia, the addition of
the hydrosulphuret of ammonia is preceded by that of sal ammoniac. )

a. No PRECIPITATE IS FORMED ; pass over to § 107, 4 ; for
iron, cobalt, nickel, manganese, zine, chromium, and alumina
are not present.

b. A PRECIPITATE IS FORMED.

a. The precipitate is black ; protoxide of iron, nickel,
or cobalt. A portion of the original selution is treated
with eanstic potash.

ae. A dirty greenish white precipitate is obtained,
which soon changes into a reddish-brown, when exposed
to the air: PROTOXIDE OF IRON. Ferricyanide of potas-
sium is resorted to as a conclusive test. (§ 88, e.)

bb. A precipitate of a light greenish tint is produced,
which does not change its colour: NIckeL. Ammonia
and addition of potash are resorted to as conclusive
tests. (8 88, ¢.)

ce A sky-blue precipitate is formed, which changes
its tint into red, on boiling : cosarr. The blow-pipe is
resorted to as a conclusive test. (§ 88, d.)

B. The precipitate is not black.

aa. 1f the precipitate is of a clear flesh colour, it con-
sists of sulphuret of manganese, and is therefore indica-
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tive of the presence of PROTOXIDE OF MANGANEsE. The
addition of potash to the original solution, or the blow-
pipe, are resorted to as conclusive tests. (§ 88, 4.)

bb. If the precipitate is bluish-green, it consists of
hydrated oxipe oF caroMivs.  The addition of potash
to the original solution, and the blow-pipe, are resorted
to as conclusive tests. (§ 87, 4.)

ee. If the precipitate is white, it may consist either of
hydrate of alumina, or of sulphuret of zine, and thus
be indicative of the presence either of alumina or of
oxide of zine. To distinguish these, solution of
potash is gradually dropped into a portion of the
original sniu_l;i}ﬁ, till the precipitate is redissolved, and
then . ;

aa, Solution of sulphuretted hydrogen is added to
a portion of it; the formation of a white precipitate
is indicative of the presence of zine. For further
proof, the reaction with solution of cobalt before the
blow-pipe is selected. (§ 88, a.)

BB, Muriate of ammonia is added to another
portion of the alkaline solution. The formation of a
white precipitate is indicative of the presence of
atuMiNa,  The test with solution of cobalt before the
blow-pipe is selected as a conclusive proof. (§ 87, «.)

Note to§ 107. 3. p.

As very slight contaminations may impair the distinctness of
the tints which the precipitates considered under § 107. 3. .
3. present, it is advisable where such are suspected to adopt
the following method for the detection of manganese, chromium,

zine, and alumina.
Potash in excess is added to a portion of the original solution.

aa. A whitish precipitate is formed, which is not re-
dissolved in an excess of the precipitant, and soon ehanges
its colonr to a blackish brown when exposed to the air:
0
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MANGANESE. The blow-pipe is resorted to as a conclusive

test. (§ 88, 4.)

bb. A precipitate 1s formed which redissolves in an excess
of the precipitant : oxide of chromium, alumina, zine.

aa. Sulphuretted hydrogen is added to a portion of
the solution with potass. The formation of a white
precipitate indicates the presence of zINc.

$36. If the original or solution with potass appear
green, and the precipitate, first produced by potash and
then redissolved in the excess of the precipitant, was
bluish, oxipE oF cHRroMIUM is present. For further
proof the solution with potass may be boiled, or the

blow-pipe resorted to. (§ 87, 4.)

vy. Muriate of ‘ammonia is added to the solution
with potass. The formation of a white precipitate in-
dicates the presence of aLumiNa. The test with solu-

tion of cobalt before the blow-pipe is selected as a

further proof, (§ 87, a.)

4. Muriate of ammonia and carbonate of ammonia, mixed
with a small quantity of caustic ammonia, are added to a portion
of the original solution, which is then BOILED.

a. No PRECIPITATE 18 FORMED: absence of barytes,
strontian, and lime. Pass over to § 107, 5.

b. A PRECIPITATE 1s FORMED. Presence of barytes,
strontian, or lime. Solution of gypsum is added to a portion
of the original solution, and heat applied.

a. The solution does not become turbid, cven after the
lapse of five to ten minutes: LIME. The test with oxalic
acid is selected for further proof. (3§ 86, ¢.)

B. The solution does not become turbid at first, but
after the lapse of some time: STRONTIAN. The aleohol
flame is resorted to as a conclusive test. (§ 86, §.)

y. d precipitate is ommediately formed : BARYTES.
For further proof test with hydrofluosilicic acid. (§ 86, «.)

5. Phosphate of soda is added to the solution of (4) in which
carbonate of ammonia, after the addition of muriate of ammonia
has produced no precipitate.
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@. NO PRECIPITATE IS FORMED, not even after agitating
the solution : absence of magnesia. Pass over to § 107, 6.

b. A FINE CRYSTALLINE PRECIPITATE IS FORMED: MAG-
NESIA,

ti. A drop of the original solution is evaporated on a platinum
plate and the residue heated to redness.

a. No vixup resipue memains. The original solution
is tested for ammonis, by adding potash to it, and ex-
amining the odour, the vapours formed with acetic acid, and
the reaction of the escaping gas. (§ 83, ¢.)

b. A FIXED RESIDUE REMAINS. Potash or soda. Tar-
taric acid is added to a portion of the original solution, and
the latter well shaken.

a. No precipitate is formed, not even after the lapse of
ten to fifteen minutes : sopa. The blow-pipe flame and
alcohol flame, and especially the reaction with antimoniate
of potash, are selected as conclusive tests. (§ 85, 4.)

B. A erystalline granular precipitate is formed : POTASH,
Chloride of platinum, the blow-pipe flame, and alecohol
flame, are selected as conclusive tests. (§ 85, a.)

(Compounds which are supposed to contain bt one acid
and one base, de.

A. SUBSTANCES SOLUBLE IN WATER. DETECTION OF THE ACID.
1. Detection of inorganic acids.

§ 108

We must in the first place consider what acids form combina-
tions soluble in water, with the base detected, and bear it in mind

in the subsequent examination.

1. We have already spoken of the detection of the srsENIOUS
and ARSENIC ACTD in treating of the detection of the bases. They
are distingnished from each other by their behaviour with nitrate
of silver, or with potash and sulphate of copper. (§ 94, € and ¢.)

2. The detection of CARBONIC ACID, HYDROSULPHURIC ACID

[
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with solution of silver, and before the blow-pipe, are

selected as conclusive tests. (§ 98, a.)

B. The precipitate remains undissolved, but dissolves
readily in hydrochlorie acid: oxauic acip. The reaction
with concentrated sulphuric acid is selected as a conclusive
test. (§ 98, ¢.)

d. A fresh portion of the original solution is acidified with
nitric acid, and solution of nitrate of silver is then added.

a. THE FLUID REMAINS CLEAR. This is a certain indi-
cation of the absence of chlorine and iodine. The absence
of eyanogen is also probable. For eyanide of mercury is not
precipitated by nitrate of silver ; and from the detected base
we may conelude whether we have to look for the presence of
this substance or not; for the manner in which the presence
of the eyanogen in it is proved, we refer to § 100, . Pass
over to § 108, 6.

f. A PRECIPITATE 1S FORMED. Ammonia is added in
BNUES

a. The precipitate does not dissolve ; 10DINE. As a
conclusive test we select the reaction with starch. (§
100, ¢.)

B. The precipitate is rvedissolved.  If it redissolves
readily, we have reason to suppose that CHLORINE is pre-
sent ; if it dissolves with difficulty and only on the addi-
tion of much ammonia, we may suppose thal CYANOGEN is
present.  We assure ourselves of the presence of chlorine,
by testing the original solution with protonitrate of mercury,
and by the behaviour of the silver precipitate formed when
exposed to a high temperature. (§ 100, @.) The presence
of cyanogen may be further proved by adding potash,
solution of magnetic oxide of iron and hydrochlorie acid
to the original solution. (§ 100, d.)

6. A portion of the solid substance—(or if we have a fluid to
operate upon, the residue obtained by evaporation)—is drenched
with some sulphuric acid, aleohol added and then kindled.
Boracic acip is present if the flame appears green on stirring.
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7. The preliminary examination generally enables us to detect
nitric acid. (§ 105, A, 1. 2, ¢.) The reactions with sulphate of
iron and sulphurie acid, or solution of indigo, are seleeted as con-
clusive proofs. (§ 101, a.)

8. We refer to § 123 for the detection of chlorie acid, hydro-
fluorie acid, silicie acid, and bromine.

Compounds which we suppose to contain only one acid and one
betse, dee.

A. SUBSTANCES SOLUBLE IN WATER. DETECTION OF
THE ACID.

11. DETECTION OF ORGANIC ACIDS.

§ 109.

1. To a portion of the agueous solution, ammonia is added till
a feeble alkaline reaction becomes manifest, and then chloride of
calcium. If we have to operate upon a neutral solution, some
muriate of ammonia is added to it, previous to the addition of the
chloride of caleinm.

@. NO PRECIPITATE IS FORMED, NOT EVEN AFTER AGI-
TATING THE SOLUTION, NOR AFTER THE LAPSE OF A FEW
MINUTES : absence of oxalic acid and tartaric acid. IPass
over to § 109, 2.

4. A PRECIPITATE 18 FORMED. Lime-water is added in
excess to a portion of the original solution, and the preei-
pitate formed treated with solution of sal ammoniac.

a. The precipitate vanishes : TARTARIC Acip. The re- *
action with acetate of potash may be resorted to for further
proof; but the safest test is the behaviour of the preci
pitate produced by chloride of caleium, with caustic potash.
(§ 102, &.)

B. The precipitate does not vanish: OXALIC ACID.

2. The fluid of 1, @, is heated to boiling, kept at the boiling
point for some time, and some ammonia added (whilst boiling).
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a. IT REMAINS TRANSPARENT: no citric acid. DPass over
to § 109, 3.

5. IT BECOMES TURBID, AND DEPOSITS A FRECIPITATE :
CITRIC ACID.

3. The fluid of 2, a, is mixed with alecohol.

a. IT REMAINS TRANSPARENT : no malie acid. Pass over
to § 109, 4.

5. A PRECIPITATE 18 FORMED: MALIC aciD. The re-
action with acetate of lead is selected as a conclusive test.
(§ 102, ¢.)

4. A portion of the original solution, is rendered perfectly
neutral—(if it is not already so)—by ammonia or hydrochlorie
acid, and solution of perchloride of iron added.

@. A CINNAMON-COLOURED OR DIRTY YELLOW BULKY
PRECIFITATE Is FORMED. This precipitate is treated with
dilute hydrochloric acid.

a. [t dissolves transparent: SUCCINIC ACID,

B. 1t dissolves, with the separation of a while preci-
pitate : BENZoIC acid.  We assure ourselves of the real
presence of this substance, by heating the precipitate. It
must manifest the properties of free benzoic acid. (Vide
§ 103, &)

b, THE LIQUID ASSUMES AN INTENSE RED TINT, AND
UPON BOILING FOR SOME TIME, A LIGHT REDDISH-BROWN
PRECIPITATE SEPARATES: acetic acid or formic aecid. A
portion of the solid salt under examination, or the residue
obtained by evaporating the liquid—(if the liguid is acid, it
must be neutralized with potash, previous to the evaporation)
—is heated with sulphuric acid and alcohol, (§ 104, «.)
The characteristic odour of acetic ether, indicates the pre-
sence of ACETIC ACID,

If we do not detect acetic acid m the flmd, we must con-
clude that the substance under examination contains FORMIC
Acip: the certain presence of this latter substance may be
proved by its behaviour with nitrate of silver and protoxide
of mercury. (§ 104, 5.)
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Gﬂm‘Paﬂmfﬁ' which are supposed to consist of buet one acid
and one base, de.

B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER,
BUT SOLUBLE IN HYDROCHLORIC ACID, NITRIC ACID, GR
AQUA REGIA.

Detection of the base®
§ 110,

A portion of the solution in hydrochloric acid, nitric acid, or
aqua regia, is dilnted with water,t and the further operations con-
ducted exactly as directed § 107, beginning at 1, when the sub-
stance is dissolved in nitrie acid, and at 2, when it contains
already hydrochlorie acid. The following circumstances must be
well attended to: We have seen that if in cases where we have
A SUBSTANCE SOLUBLE IN WATER before us, we obtain, in the course
of the examination, a white precipitate on testing with hydrosul-
phuret of ammonia— (after having nentralized with ammonia the
free acid either originally contained in or previously added to the
solution under examination)—this precipitate can consist only
either of sulphuret of zine, or of alumina. But the case is differ-
ent, when the substance is INSOLUBLE I¥ WATER, but dissolved
by hydrochloric acid; for in that case the white precipitate pro-
duced by hydrosulphuret of ammonia, with the presence of =al
ammoniae, may also consist of a phosphate of the alkaline earths
as well as of oxalate of ime, (barytes and strontian.) 1ftherefore
we obtain a white precipitate when testing an acid solution, under
the circumstances stated, and as directed § 107, at 3 S. ce, the
following method must be employed. Caustic potash in exeess is
added to a small portion of the original hydroehlorie solution,

* Regard has here been had also to sevaral salts, since this course of ex-
amination directly leads to their detection.

t If on the addition of the water, the liquid becomes turbid or is preci-
pitated, it indicates the presence of antimony, bismuth, or tin. (Compare
§ 105, B 4.)
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1. THE PRECIPITATE AT FIRST FORMED, REDISSOLVES IN FEX-
CESS OF THE PRECIPITANT ; absence of the salts of the alkaline
earths ; presence of zine or of alumina: to distinguish these from
erch other, the solution with potass is tested with sulphuretted
hydrogen and muriate of ammonia. (Vide supra § 107, 3 4. 5. ¢c.)
Alumina may have been present and precipitated as phosphate of
alumina, This 1s ascertained by dissolving the precipitate in
hydrochlorie acid, adding tartaric acid, supersaturating with ammo-
nia and mixing with sulphate of magnesia. If phosphoric acid is
present, a precipitate of basie phosphate of ammonia and mag-
nesia is formed.

2. THE PRECIPITATE FORMED DOES NOT REDISSOLVE IN AN
EXCESS OF THE PRECIPITANT. [Iresence of a phosphate or oxa-
late with an alkaline earth for its base. In this case a portion of
the original substance is heated to redness, in order to ascertain
whether we have an oxalate or a phosphate before us.  If the sub-
stance is converted by this process into a carbonate—(slightly
blackening or not at all)—which is casily detected by
the heated mass effervescing when treated with acids, whilst
previous to the heating it did not present this property, we
may conclude that the salt is an OXALATE ; if, on the contrary, no
alteration takes place, on the application of a red heat, we have a
rHosPHATE before us.

. THIS PRELIMINARY EXAMINATION DENOTED THE PRE-
SENCE OF A PHOSPHATE.

A certain, not to oinconsiderable quantity, of perchloride of
iron is added to a portion of the hydrochlorie solution, which
is then brought to alkaline reaction by the addition of am-
monia, and the liquid filtered off from the bulky precipitate
formed, which should present a reddish-brown tint. In this
operation the phosphoric acid is separated from its base and,
combined with peroxide of iron, precipitated together with
free hydrate peroxide of iron, whilst the alkaline earth base
is contained in the filtered liquid as a chloride. The further
process of the detection of this base is conducted as directed
§ 107, 4.
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Componnds which are supposed to consist of bul one acid and
one base, de.

B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER,

RUT SOLUBLE IN HYDROCHLORIC ACID, NITRIC ACID, OR AQUA
REGIA.

DETECTION OF THE ACID.

1. Detection of tnorganic acids.

§ 111,

l. CHLORIC ACID eannot be present, for all chlorates are solu-
ble in water; the nitrates also, with the exception of a few, being
soluble in water, we may generally disregard the presence of
yiTric acip,  The basic nitrate of bismuth forms the most fre-
quently occurring exception to the gemeral rule of solubility of
the nitrates in water. The presence of nitric acid in such inso-
luble eompounds may be immediately detected by deflagration
taking place when the substance under examination is thrown
upon red-hot charcoal. The deflagration which ensues on fusing
a nitrate together with cyanide of potassium, is a safer test of
the presence of nitric acid. (Vide § 101, @.) For the cYANIDES
insoluble in water, we refer to § 128.

2. The detection of ARSENIOUS and ARSENIC ACID, CARBONIC
ACID, HYDROSULPHURIC ACID, and CHROMIC ACID, has alveady been
pointed out, when treating of the detection of bases; as the best
tests and indications of the presence of chromie acid, we have
pointed out the yellow or red colour of the compound, the evolu-
tion of chlorine, upon a chromate being boiled with hydrochlorie
acid, and the subsequent detection of chromic oxide in the solu-
tion. DBut the safest method, and that which is applicable in all
cages, 18 to fuse the substance supposed to contain chromic acid,
together with some carbonate of soda and nitre. (§ 96, 4.)
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3. A portion of the substance nnder examination is boiled with
nitric acid.

a. If nitric oxide gasis evolved, which is easily detected by
the red fumes of nitrous acid, formed on coming in contact
with the air, it indicates the presence of a svLpPHURET; if
carbonic acid is evolved, that of a carpoxate. Of the pre-
sence of a sulphuret we may easily assure ourselves, by
testing the nitric zolution with chloride of barium ; it should
yield with this reagent a precipitate of sulphate of barytes,
which must remain undissolved even in a large quantity of
water. Sulphurets may as safely be detected by their beha-
viour before the blow-pipe. (Vide § 100, ¢.)

b. If violet vapours escape, the compound may be sup-
posed to be an 1opipE. A slip of paper, covered with
starch, forms the best conclusive test of the presence of
iodine. (§ 100, ¢.)

4. Nitrate of silver is added to a portion of the nitrie solu-
tion, (this solution must previously be filtered, if upon treating
the substance with nitric acid any insoluble residue has remained.)
If a white precipitate is formed, soluble in ammenia, and fusing
without decomposition when heated, it indicates the presence of
CHLORINE,

5. A portion of the substance is boiled with hydrochlorie acid,
filtered, if needed, and nitrate of barytes added. The formation
of a white precipitate, which does not disappear, even on the
addition of a large proportion of water, indicates the presence of
sulphurie acid.

6. For BORACIC ACID, test as stated supra, § 108,

7. If none of all these acids is present, we have reason to sup-
pose the presence of either PHOSPHORIC ACID or OXALIC ACID, OF
the absence of all acids. If the phosphoric acid had been com-
bined with an alkaline earth, and the oxalic acid with lime,
(barytes, or strontian,) either of them would have already been
detected when testing for these bases. (§ 110.) We may there-
fore disregard the presence of these two acids, except when other
bases than those enumerated are prescnt., In the latter case
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the fluid is preparved for further examination by precipitating and
separating the heavy metals from it— (this is effected in acid
solutions by means of sulphuretted hydrogen, and in alkaline
solutions by hydrosulphuret of ammonia)—and is then tested for
phosphorie acid or oxalic acid, as directed § 108, 4,

8. For the detection of sinicic Acip, BROMINE, and FLUORINE,
vide § 123, at the end.

Compounds which ave supposed to consist of but one base and one
acid, de.

B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER,
BUT SOLUBLE IN HYDROCHLORIC ACID, NITRIC ACID, OR AQUA
REGIA,

DETECTION OF THE ACID.

I1. Detection of organie acids.
§ 112.

1. A portion of the substance under examination is dissolved
in the smallest possible quantity of hydrochloric acid. TIf a re-
sidue remains, this must be tested for BeExzoic acip by heating.
Carbonate of potash in excess is then added to the hydrochlorie
solution, and the latter boiled for some time and filtered. The
alkaline filtrate contains the organic acid, under all circumstances.
This filtered solution is therefore exactly saturated with hydro-
chloric acid, and the fluid tested, as directed § 109. No regard
need be had to formic acid, all the formiates being soluble in
water.

2. AceTic acip is most readily detected in such compounds by
means of sulphuric acid and aleohol. (§ 104, a.)
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Compounds which are supposed to consist of but one acid and
one base, de.

C. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER,
AYDROCHLORIC ACID, NITRIC ACID, AND AQUA REGIA.

DETECTION OF THE BASE AND THE ACID.

§ 118.

Under this head we propose to consider SULPHATE OF BARYTES,
BULFHATE OF STRONTIAN, SULPHATE OF LIME, SILICA, SULPHATE
OF LEAD, CHLORIDE OF LEAD, and CHLORIDE OF SILVER, as the
most frequently occurring compounds belonging to this class.
For the less frequently occurring compounds of this kind, we
refer to § 127.

Sulphate of lime and chloride of lead are not altogether inso-
luble in water, and sulphate of lead may be dissolved in hydro-
chloric acid. As these compounds are, however, so sparingly
soluble that we seldom can effect their complete solution, we
mention them here once more, in order that they may be detected
by the method laid down in this section, should they have es-
caped detection in the examination of their agueous or acid
solutions.

1. A very minute quantity of the substance under examination
is treated with hydrosulphuret of ammonia.

a. It BECOMES BLACK ; this indicates the presence of a
SALT OF LEAD O CHLORIDE OF SILVER. A somewhat larger
portion of the substance is then digested for some time with
hydrosulphuret of ammonia. In this process the metallic
salt becomes decomposed, and a sulphuret is formed, which
remains undissolved, whilst we have in solution the acid of
the metallic salt combined with the ammonia of the hydro-
sulphuret of ammonia. The solution is then filtered, the
undissolved sulphuret washed and dissolved in nitric acid,
and this nitric solution tested, with sulphuric acid, for lead ;
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and with hydrochloric acid, and subsequent addition of
ammonia, for siLvEr.  One portion of the filtered liguid is
tested for surpnuric actp, with chloride of barium, after
having previously decomposed the excess of the hydrosul-
phuret of ammonia, by the addition of hydrochloric acid and
boiling up; another portion is tested for HYDROCHLORIC
Acip, with solution of silver, after having previously acidi-
fied the liguid with nitrie acid, and then boiled it.

6. It BrcoMeEs wHITE, Absence of a heavy metallic
oxide. A small portion of the substance under examination
is reduced to a very fine powder, and then mixed with four
times its quantity of carbonate of soda and potash, put into
a small platinum crucible, and fused over a Berzelius spirit-
lamp. The fused mass is boiled with water.

a. Complete solution takes place: siLIcA. We assure
ourselves of the presence of this substance by supersaturat-
ing the solution with hydrechlorie acid, and evaporating to
dryness. In this operation, silicic acid iz converted from its
soluble into its insoluble modification. Tt remains, there-
fore, undissolved on treating the residue with water.
When mixed with carbonate of soda, and exposed to a
strong blow-pipe flame, a transparent glass is produced.
(§ 99, 4.)

B. A white residuwe remains ; this indicates one of the
SULPHATES OF THE ALEALINE EaRTHS. The solution is
filtered, and the filtered liquid acidified with hydrochloric
acid, and then tested for suvrpnvric acip, with chloride of
barium. The white residue (which contains the alkaline
earth as a carbonate) is carefully washed, dissolved in a
small quantity of dilute sulphuric acid, and the solution
tested for BARYTES, STRONTIAN, or LIME, as directed
§ 107, 4.
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mony, bismuth, or tin are present, the dilution with water may
render the liquid turbid, which phenomenon is usually dis-
tinetly perceived, notwithstanding the precipitate which the
flnid already contained previous to the addition of the water.
In order to judge with certainty, whether the precipitate pro-
duced by hydrochlorie acid redissolves in the water on boil-
ing or not, and therefore, whether the further operation is to
be conducted according to a, or 3, hydrochlorie acid is added
to the dilate solution—(previous to heating)—till the milki-
ness has completely vanished.

a. The precipitate vanishes ; this indicates the absence
of silver and protoxide of mercury. The original solution,
together with the precipitate produced in it by hydrochlorie
acid is heated to boiling and filtered hot. Should the pre-
cipitate not completely redissolve, the residue is once more
boiled with water, and the solution filtered hot into the first
filtrate. The filtered solution is treated as directed § 115,
Should it have deposited a precipitate, or small crystals
(chloride of lead) have formed on cooling, it must be previ-
ously heated, till it appears transparent again.

3. The precipitate does not vanish, at least not com-
pletely ; this indicates the presence of SILVER or PROTOXIDE
OF MERCURY.

The original solution (with the hydrochloric acid) is treated as
directed § 114, I. 1, b, a. The residuary insoluble precipitate is
washed and tested as follows : it 1s, if possible, removed from the
filter and treated with ammonia, in a small tube. If it dissolves
in this substance, it consists exclusively of siwver; if it becomes
black, PROTOXIDE OF MERCURY is present.  In this case, or when-
ever a residue insoluble in mmmonia remains, this must be filtered
off, and nitrie acid in excess added to the filtered liquid ; the for-
mation of a white, curdy precipitate indicates SILVER.

9. THE AQUEOUS SOLUTION HAD AN ALEALINE REACTION,

@. NO EVOLUTION OF GAS TAKES PLACE AND XO PRECI-
PITATE 1S FORMED, ON THE ADDITION OF HYDROCHLORIC
ACID, OR, A PRECIPITATE IS AT FIRST FORMED, BUT REDIS-

]'I
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suppose that a metallic sulphur salt is present, i.e. a
combination of an alkaline sulphur hase with an electro-
negative sulphuret. The solution is heated to boiling
and filtered ; the filtrate is further tested as stated under
aa. The precipitate is treated as § 116 directs ; it may
consist of SULPHURET OF GOLD, SULPHURET OF PLATI-

NUM, SULPHURET OF TIN, SULPHURET OF ARSENIC, OR

SULPHURET OF ANTIMONY.
¢. NO LASTING PRECIPITATE IS FORMED, ON THE ADDITION

OF HYDROCHLORIC A€ID, BUT EVOLUTION OF GAS TAKES
PLACE. %

a. The escaping gas has the odowr of sulpluvretted
hydrogen ; this indicates a simple alkaline sulphur com-
pound. The further operations are conducted as di-
rected aa.

B. The eseaping gas emits no odour; in this case it is
carbonic acid which was combined with an alkali. Pass
over to § 115, bearing in mind, that mercury, bismuth,
insoluble salts of magnesia, and (if the reaction is strongly
alkaline) Dbarytes, strontian, and lime cannot be pre-
sent, or at least only under very peculiar circumstances,
(e. g. mercury as a cyanide.)

II. THE SOLUTION IS HYDROCHLORIC.

It is treated as § 115 directs.

I1I. THE SOLUTION IS NITRIC.

A small portion of it is diluted with much water.
1. It REMAINS TRANSPARENT ; add hydrochlorie acid.

a. No precipitate is formed. Absence of silver. The ori-
ginal solution is treated according to § 115.

b. A precipitate is formed. 1If it does not redissolve on
heating the fluid, but is dissolved by ammonia, after washing,
SILVER is present. The original solution is treated as stated
§ 115,

2. THE SOLUTION BECOMES TURBID AND MILKY : BISMUTH or
L
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aNTIMONY., The fluid is filtered, and the filtrate tested for silver
according to § 114, III. 1; the original solution is tested as
§ 115 directs.

§ 115.

Solution of sulphuretted hydrogen is added to a SMALL PORTION
of the transparent acid solution, fill the flnid, after agitation,
and application of heat, emits a clearly perceptible odour of sul-
phuretted hydrogen.

a. No PRECIPITATE IS FORMED, not even after the lapse of
some time. Pass over to § 118, for neither lead, bismuth,
eadmium, copper, mercury, gold, platinum, antimony, tin,
nor arsenic,* are present; the absence of peroxide of iron
and of chromic acid is also indicated by this negative re-
action.

b. A PRECIPITATE IS FORMED,

aa. It is of a pure white colowr, thin, in the form of a
fine powder, and does not vanish on the addition of hydro-
chlorie acid. 1t comsists of sulphur, and indicates rer-
oXIDE oF IRoN.f  None of the other metals, enumerated
at § 115, @, can be present. The original solution is
treated as § 118 directs.

bh. The precipitate is coloured,

Solution of sulphuretted hydrogen is added to the larger
portion of the acid or acidified solution, till the latter has
acquired the distinet odour of sulphuretted hydrogen, and
the precipitate no longer increases on the continued
addition of the reagent; the solution is then heated to
boiling, and strongly agitated for some time.

In many cases, and especially when there is any reason

* To assure ourselves of the certain absence of arsenic acid, we must allow
the test solution to stand for some time, or add sulphurous acid, previous to
the addition of the sulphuretted hydrogen. (Compare § 93, e.)

+ Sulphur is also precipitated in presence of sulphurous acid, iodic acid,
bromic acid,—which substances we do not treat of in the present work,—and
also when chromie acid, chloric acid, or free chlorine are present.
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to suppose arsenic to be present, it is better to transmit

sulphuretted hydrogen gas through the solution.

1. THE PRECIPITATE IS OF A PURE YELLOW COLOUR. In this
case it can consist only of ARSENIOUS or ARSENIC AcID, of PER-
OXIDE OF TIN, or of oxipe oF capmiuM. The fluid—(which is
then forther to be tested according to § 118)—is separated from
the precipitate,* and the latter washed and drenched with am-
monia.

a. The precipitate s completely vedissolved : absence of
cadmium, Acetic acid is added slightly in excess, to the
solution, and the precipitate formed is tested for TN and
ARSENIC, as § 116, 1, directs.

b. A yellow residue remains, even after a further addition
of ammaonia and the application of a wmoderate heat : CAD-
smiusm.  The solution is filtered, and acetic acid, slightly in
excess, added to the filtrate. If no precipitate is formed, the
first precipitate consisted exclusively of sulphuret of ead-
minm ; but if a precipitate is formed, it denotes the presence
of PEROXIDE OF TIN, or ARSENIC; this precipitate is tested as
directed § 116, 1.

2. THE PRECIPITATE IS ORANGE-RED, OR YELLOW, WITH A
SHADE OF ORANGE-COLOUR. It indicates anTiMONY, but may,
moreover, contain TIN—(should it have been present as a per-
oxide)—ARSENIC or cADMIUM ; the precipitate is separated from
the flnid—(which is tested as § 118 directs)—washed, and a small
portion of it digested with hydrosulphuret of ammonia, which con-
tains sulphur in excess.

a. 1t redissolves completely : absence of cadmium. The
rest of the precipitate is treated as directed § 116, 2.

b. A yellow vesidue remains, even after a more protracted
digestion, with a larger quantity of hydrosulphuret of am-
mopia : capMivM.  The entire precipitate iz then treated in
the same manner as the specimen, the fluid filtered off from

* The best method of separating a precipitate from a fluid, is to allow the

precipitate to settle—(this is, facilitated by heating and agitating)—the fluid
may then be decanted and the precipitate washed,
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the sulphuret of eadmium, and acetic acid in a slight excess
added to the filtrate; the precipitate formed is treated as
§ 116, 2, directs.

3. THE PRECIPITATE IS OF A DARK BROWN OR BLACK COLOUR.
The precipitate is separated from the fluid—(which is then tested
as § 118 directs)—washed with water, drenched and digested for
some time, with hydrosulphuret of ammonia, containing sulphur
in excess.*

a. The precipitate is completely redissolved in hydrosul-
phuret of ammonia, or in sulphuret of potassium ; absence
of cadmium, lead, bismuth, copper, and mercury : § 117 may
therefore be passed over unnoticed. The solution is diluted,
and acetic acid added, till an acid reaction becomes manifest ;
it is then heated to boiling, and the precipitate formed, treated
as § 116 directs.

6. It does not dissolve, or at least not completely. The
fluid is filtered off from the precipitate, and the latter is
washed, (in case § 115, 8, & «,) or (in case 5) once more
digested with hydrosulphuret of ammonia, filtered into the
first solution, and then washed. The residue is reserved for
further examination, as directed § 117. A small portion of
the filtrate containing hydrosulphuret of ammonia is diluted
with from three to four parts of water, acetic acid added, till
an acid reaction becomes manifest, and the liquid heated to
boiling.

a. The fluid simply becomes milky, owing to the sepa-
ration of sulphur. Absence of gold, platinum, tin, anti-
mony, and arsenic. Pass over to § 117,

B. A ecoloured precipitate is formed. The colour of
the precipitate is minutely inspeeted ; the entire solution
containing the hydrosulphuret of ammonia is then slightly

* If the solution contains copper, which may generally be detected by -its
colour, but with certainty by testing with a clean iron rod, (vide § 91, &, 6,)
solution of sulphuret of potassium must be substituted for hydrosulphuret
of ammonia, and the sulphur precipitate be boiled in it, (i. e. in the sulphuret
of potassium,) vide § 91, b, 2.
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diluted, acetic necid added, till an acid reaction becomes
manifest, and the fluid heated to boiling.

§ 116.

The precipitate which acetic acid has produced in the solution
containing hydrosulphuret of ammonia or sulphuret of potas-
sium, is

1. OF A PURE YELLOW COLOUR, WITHOUT THE SLIGHTEST
SHADE OF ORANGE: ARSENIC or TIN. The solution is filtered
off from the precipitate, the latter well washed, and together with
the filter placed between some sheets of blotting-paper; when
the paper has imbibed the greater part of the water, the still
moist precipitate is removed from the filter, and mixed in a small
porcelain crucible with about half its amount of pure anhy-
drous carbonate of soda, and one and a-half its amount of pure
nitre ; the mass is then gently heated, and stirred, till it has be-
come completely dry, when a stronger Leat is applied—(beginning
at the edge of the erucible)—till the entire mass fuses, and every
particle of the sulphuret is decomposed. (If after drying the mass
a very high degree of heat is suddenly applied and allowed
to act upon the whole crucible at once, slight explosions take
place, whereby more or less of the mass is thrown out of the
erucible.)

a. The melting mass is transparent. Absence of tin, The
mass, after cooling, is boiled with water, the solution divided
into two portions, and very dilute nitric acid very cantiously
added to the one, till a feebly acid reaction becomes manifest ;
heat 1s then applied.  (If there is really no tin present, no
white pulverulent residue must remain, on boiling the defla-
grated mass with water, neither must any precipitate be
formed, on acidulating the sclution with nitrie acid, not even
after standing at rest for some time.) Nitrate of silver is
added to the acidified solution, after cooling, and the fluid fil-
tered ; if any traces of chloride of silver should still separate,
which is frequently the case if the reagents are not absolutely
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pure, or the precipitate not completely washed. The filtrate
is then slowly and cautiously covered in a test-tube with very
dilute ammonia—(one part of ammonia to twenty parts of
water)—and allowed to stand for some time, without agitat-
ing. The formation of a reddish brown precipitate, which
appears like a cloud between the two layers (of the test spe-
cimen and the dilute ammonia) indicates arsENIC; (this pre-
cipitate is more clearly seen, on the light falling upon than
through it.) As a further proof, the second portion of the
solution of the deflagrated mass is precipitated by solution of
neutral acetate of lead, the precipitate filtered off, dried be-
tween some sheets of blotting-paper, and then, on charcoul,
exposed to the redncing flame of the blow-pipe. If arsenic
is really present, a grain of metallic lead containing arsenic
will be obtained, which emits the garlic odour of arsenic very
long and continuously, as often as it is exposed to the re-
ducing blow-pipe flame. For farther confirmation, the arsenie
must be obtained in its metallic state. (Compare § 94, d
and e.) Whether the arsenic was present in the compound
under examination as arsenic acid, or as arsenious acid, may
be ascertained according to the method described at the end
of § 94.

b, The melting mass s milky and turbid. This is a pro-
bable indication of the presence of tin. The mass is digested
with cold water, and rubbed with it in a mortar ; the solution
is then filtered, and the precipitate which remains, if tin is
really present, very carefully washed, and then tested for tin,
by reducing it before the blow-pipe mixed with cyvanide of
potassinm and carbonate of soda, and strongly rubbing the
specimen in a mortar, with the addition of water; vide
§ 94, 4. The liquid filtered off from this precipitate is
divided into two portions and tested forarsenic as§ 116, 1, a,
directs. A slight precipitate generally separates, on aecidify-
ing the solution with nitric acid. This may be filtered off
and tested for tin in the same manner as the undissolved re-
sidue, (vide supra.) DBut if the tin has already been de-
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tected, this precipitate may be left in the solution, nitrate of
silver added, filtered, and the fluid tested for arsenic acid, as
directed above.  Whether the tin was present as protoxide, is
ascertained, by mixing a portion of the original solution in
water or hydrochlorie acid, with a drop of nitric acid and
some chloride of gold. (§ 94, &, 5.)

2. (ORANGE-RED, OR YELLOW, WITH A SHADE OF ORANGE ;
ANTIMONY : and besides TIN and ArsENic may be present. The
precipitate is washed and fused with nitre and earbonate of soda,
in short, tested for arsenie and protoxide of tin, exactly as § 116,
1, &, directs. The residue remaining on treating the deflagrated
mass with cold water, as well as the precipitate which may per-
chance be formed on acidifying the solution with nitric acid, may
be tested in three different ways.

@. The residue (or precipitate) is most carefully washed,
mixed with eyanide of potassium and carbonate of soda, and
exposed, on charcoul, to the reducing flame of the Dblow-
pipe.

a. Metallic globules appear, which at last completely
volatilize, with the emission of white fumes and the for-
mation of a white crust.  This is confirmatory of the pre-
sence of ANTIMONY, and of the absence of tin.

3. Whate metallic globules remain, after long blowing :
TIN. Their presence and nature may best be ascertained
by rubbing the particles of the charcoal surrounding the
test-specimen, together with the latter, in a mortar with
some water. (§ 94, 2.)

b. The residue (or preecipitate) is very carefully washed
with water, dried, and fused for some time in a small porce-
lain crucible, together with from four to five times its amount
of cyanide of potassium. The mass, after cooling, is drenched
with water heated to boiling, and thus the dross is separated
from the metallic globules. These are treated with nitrie
acid, and the operation for the detection of tin and antimony
conducted exactly as § 106 B, 2, &, directs.

¢. The residue (or precipitate) is well washed, dissolved



218 DETECTION OF THE BASES.

in hydrochlorie acid, the solution diluted, and a small zine
rod placed into it. When the action of the latter has ceased,
and the reduction is complete, the reduced metals (which
can be easily separated from the compact piece of zine,) are
boiled with nitric acid, and the operation is carried on, ex-
actly as § 106 B, 2, 5, directs.

The two latter methods of distinguishing tin and antimony
from each other, when together in the same substance,
are, for beginners at least, far safer than the first.

3. BROWNISH-BLACK ; GOLD or PLATINUM; besides, perhaps,
also ANTIMONY, ARSENIC, TIN, Add to the original solution of
the substance

@. Protochloride of tin; the formation of a reddish-brown
or purple-red precipitate denotes GoLp. We assure ourselves
of the presence of this metal by testing the original solution
with protosulphate of iron, whereby metallic gold is precipi-
tated as a black powder,

. Muriate of ammonia; the formation of a yellow pre-
cipitate is indicative of the presence of rratinum. The
solution, if highly dilate, should be concentrated by evapo-
ration, previous to adding this reagent.

A portion of the precipitate is tested for amsenic, as di-
rected § 116, 1. The rest is boiled with hydrochloric acid
and filtered off ; the filtrate is tested for axrtmony by drop-
ping one drop of it into water; (after having previously re-
moved, as much as possible, the excess of acid by evapora-
ration ;) if the water becomes turbid and milky, antimony is
present. Or a small portion of the filtrate is mixed with
solution of sulphuretted hydrogen ; the formation of an
orange-coloured precipitate indicates antimony. The rest of
the hydrochloric solution is evaporated to dryness, mixed
with carbonate of soda and cyanide of potassium, and tested
for peroxide of tin, as § 116, 2, directs. Antimony and tin
may, however, more safely be detected by precipitating them
from the hydrochloric filtrate, by means of zine; in fact, by
treating exactly as § 116, 2, e, directs,
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§ 117.

The preeipitate which has not been dissolved by hydrosulphuret
of ammonia, 18 washed, and then boiled with mtrie acid. This
may best be done in a small poreelain basin, constantly stirring
with a glass rod.

1. THE PRECIPITATE DISSOLVES, AND NOTHING REMAINS FLOAT-
ING IN THE FLUID EXCEFT THE SEPARATED, LIGHT, FLOCCULENT,
YELLOW SULPHUR; this indicates the absence of mercury. Cabp-
MIUM, COPPER, LEAD, and BISMUTH, may be present. 1f the pre-
cipitate was of a pure yellow colour, it consisted of capmiuMm
alone ; if it was brown or black, it must be filtered off from the
separated sulphur, and the filtrate tested as follows.

a. Ammonia in excess is added to one portion of the
filtrate.

a. No precipitate is formed, or the precipitate formed
at first, redissolves completely in an exeess of the pre-
cipitant. Absence of lead and bismuth. The solution
is treated as § 117, 1, &, direets, bearing in mind § 117,
Yany,

B. A lasting precipitate is formed : LEAD or BISMUTH.
The liguid is filtered off, and the filtrate treated according
to § 117, 1, b, bearing in mind § 117, 1, «, 7.

v. The fluid is blue-colowred, no matter whether a preci-
pitate is formed or not; COPPER.

4. Hydrochlorie acid is added to the ammoniacal solution
till a slightly acid reaction becomes manifest; carbonate of
ammonia 18 then added in excess,

a. Lhe fluid vemains clear : absence of cadmium,

B. A white precipitate is formed immediately, or after
applying heat to the solution: capmivm. We assure
ourselves of the presence of this substance by filtering the
fluid off from the precipitate, washing the latter, dissolving
it in hydrochlorie acid, and adding solution of sulphu-

]
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retted hydrogen. A yellow precipitate must appear, if cad-

mium g prezent.

Should copper not yet have been indicated by a blue
colouring of the ammoniacal solution, the fluid in which
carbonate of ammonia has produced no precipitate, (§ 117,
1, &, a,) or the filtrate of § 117, 1, &, B, must be further and
more minutely examined, by slightly acidifying the one or
the other with acetic acid, and adding ferrocyanide of potas-
sium. If copper is present, a brownish-red precipitate or
tint will be produced.

¢. In the ease of § 117, 1, a, 3, a not too inconsiderable
quantity of sulphuric acid is added to a second portion of
the solution of the sulphurets in nitric acid; the formation
of a precipitate is indicative of the presence of LEaD. This
reaction may be rendered more obvious and distinet by ex-
pelling the greater part of the free nitric acid by evapo-
ration.

d. The rest of the solution (in the case of § 117, 1, a, 8,)
is evaporated to dryness, a few drops of water added, and, in
proportion to the quantity, one or two drops of hydrochloric
acid, and the fluid heated. The solution is then poured into
a test-tube containing water ; if the water becomes turbid and
milky, BISMUTH is present.®

¥. THE PRECIPITATE OF THE SULPHURETS DOES NOT COM-
PLETELY REDISSOLVE IN THE BOILING NITRIC ACID, AND A PRE-
CIPITATE REMAINS, BESIDES THE LIGHT FLOCCULENT SULPHUR.
This indicates PEROXIDE OF MERCURY, with a certain degree of
probability, (and almost with certainty, if the precipitate is heavy
and black). The precipitate is allowed to settle, and the fluid
filtered off from it; this filtrate must be tested for capmium,
COPPER, LEAD, and BISMUTH, by mixing a small portion of it
with a large volume of solution of sulphuretted hydrogen, and
if a precipitate is formed, treating the rest of the filtrate as

* We refer to chapter Il. (additions and remarks to § 117) for another
method of distinguishing cadmiwm, copper, lead, and bismuth, from each
other.
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§ 117, 1, directs. The residuary preeipitate is washed, dissolved
by the addition of a few drops of aqua regin, ammonia added, till
the solution retains only a feeble acid reaction, and a drop of it
placed upon a clean copper plate. If MERrcURY is really present,
a white stain will appear after some time upon the copper sur-
face, which presents a metallic lustre when rubbed, and disappears
on heating. Or the solution in aqua regia is, with addition of
hydrochloric acid, evaporated till nearly dry, diluted with some
water, and protochloride of tin added. The formation of a preci-
pitate, white at first, but changing into grey on the proto-
chloride of tin being added in excess, is a safe indication of
the presence of mercury.

§ 118,

A portion of the fluid in which solution of sulphuretted hydro-
aen has produced no precipitate, (3 115, a,) or of the fluid which
has been filtered off from the precipitate formed, is mixed with
ammonia, till an alkaline reaction becomes manifest, and hydro-
sulphuret of ammonia is then added.

In cases where but a minute quantity of hydrochloric acid is
present, and where, therefore, but little muriate of ammonia has
been formed, a not too inconsiderable measure of a solution of
this latter salt must be added, previous to the addition of the
hydrosulphuret of ammonia.

¢¢. NO PRECIPITATE IS FORMED. Iass over to § 119, for
neither iron, manganese, cobalt, zine, nickel, oxide of
chromium, nor alumina, are present; neither ave the phos-
phates of the alkaline earths, nor oxalate of lime (barytes,
strontian).

b. A PRECIPITATE Is FORMED. The whole fluid is treated
in the same manner as the first portion,

1. The precipitate is white. Absence of iron, cobalt, nickel,
We must look for the presence of all the other metals and com-
pounds enumerated at § 118, «, since the faint tints of sulphuret
of manganese and oxide of chromium vanish altogether if the
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quantity of white precipitate is considerable. The preeipitate is
filtered off—(the filtrate is treated according to § 119)—washed,
dissolved in hydrochloric acid,* boiled up, the solution filtered,
and potash in excess added.
@. THE PRECIPITATE FORMED AT FIRST ON THE ADDITION
OF POTASH, REDISSOLVES COMPLETELY IN THE EXCESS OF
THE PRECIPITANT. Absence of the phosphates and oxalates
of the alkaline earths, and manganese. The solution with
potash is divided into two portions; one portion is slightly
acidified with hydrochloriec acid, ammonia in excess added,
and the fluid boiled for a short time.

a. No lasting precipitate is jormed. Absence of alu-
mina and of oxide of ehromium. Solution of sulphuretted
hydrogen is added to the other portion of the solation
with potash. The formation of a white precipitate indi-
cates ZINC.

B. A lasting precipitate is formed. 1t is filtered off,
and, (should a green tint of the solution with potash, or a
green, yellow, or a red tint of the original solution make us
conclude that OXIDE OF CHROMIUM is present,) a small
portion of it tested for this substance, with phosphate of
soda and ammonia, (§ 87, &, 5,)+ solution of sulphuretted
hydrogen is added to the filtrate. The formation of a
white precipitate indicates ziNvc. For alumina we test as
follows.

aa. No oxide of chromium has been detected. This

* If the precipitate is inconsiderable, this may best be done by forcing it
to the lower part of the filter, by means of a syringe bottle, allowing the water
to run off, and adding hydrochloric acid drop by drop. If sulphuret of zine
is present, the solution effected by hydrochlorie acid is but incomplete ;
gome nitric acid is added in that case, and heat applied.

+ For even if chromic acid is present, a precipitate of oxide of chromium is
produced by hydrosulphuret of ammonia, the chromic acid being reduced by
sulphuretted hydrogen. In such cases, the yellow or red colour of the solu-
tion changes into a green tint, on the addition of the sulphuretted hydrogen,
and sulphur separates at the same time,



DETECTION OF THE BASES. ong

is sufficient to prove the presence of arvmina. To
assure ourselves of it, we test the precipitate produced
by ammonia, before the blow-pipe. (Vide § 87, a, 4.)
b, Oxide of chrominm has been detected. In this
case, the second portion of the solution with potash is
boiled, until the oxide of chromium has completely pre-
cipitated ; the fluid is then slightly diluted, filtered off
from the oxide of chromium, slightly acidified with
hydrochlorie acid, and ammonia in excess added. The
formation of a precipitate indicates arvmisa. The
blow-pipe, as in @a, is resorted to as a conclusive test.
Should the separation of the oxide of chromium from
the solution with potash not succeed by boiling, as may
be the case under certain circumstances, the precipitate
produced by ammonia must be fused with nitre and car-
bonate of soda, to remove the chromium. (Vide § 87,
b, 4.) “ Alumina may have been present as a PHOSPHATE,
and may have precipitated as such. For the way in
which this may be ascertained, we refer to § 110, 1."

d. A PRECIPITATE INSOLUBLE IN POTASH HAS REMAINED,
The solution is filtered off and the filtrate treated as § 118,
1, a, directs. The residuary precipitate may consist of
MANGANESE, * of the phosphates and oxalates of the alkaline
earths.” The presence of MANGANESE is indicated by the pre-
cipitate assuming a brown colour when exposed to the air.
The test with carbonate of soda before the blow-pipe is re-
sorted to as a conclusive proof, (§ 88, 4, 5.) If manganese
1s present, the precipitate is dissolved in hydrochlorie aeid,
some tartaric acid mixed with it, and then ammonia in
excess added. If no precipitate is formed, neither phosphates
nor oxalates of the alkaline earths are present; the forma-
tion of a precipitate indicates the presence of these compounds.
This precipitate, (or, if no manganese was present, the resi-
duary preeipitate undissolved by potash,) is washed and sub-
jeeted to the following preliminary examination, in order to
ascertain, whether it consists of phosphates of the alkaline
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carths alone or of oxalates of the alkaline earths alone, or
whether it is a mixture of both. A small portion of the pre-
cipitate is gently heated upon a platinum plate, and the
residue treated with hydrochlorie acid.

a. 1t dissolves without effervescence : absence of oxalates.
The rest of the precipitate is then dissolved in hydrochlorie
acid, perchloride of iron added in excess, and then ammo-
nia, and the further operations, for the detection of the
bases and of the phosphoric acid, conducted as directed
§ 110, 2, a.

B. It dissolves with effervescence: presence of an ox-
alate. In this case a preliminary examination for phos-
phates becomes necessary. For this purpose the hydro-
chlorie solution is boiled, to expel the carbonic acid, and
ammonia added.

aa. No precipitate is jformed. Absence of phos-
phates : oxalates alone can be present. For the detee-
tion of the bases, and the confirmatory examination for

oxalic acid, vide § 110, 2, 2.

bb. A precipitate ¥s formed : presence of a phosphate
and an oxalate. The rest of the precipitate is then
heated to redness and dissolved in very slightly diluted
hydrochloric acid ; the solution is boiled to expel the
carbonic acid ; ammonia in excess 1s added, and the
solution filtered. The earths which were combined with

the oxalic acid, are detected in the filtrate, as § 119

directs. The precipitate is treated as stated § 118,

1, &

2, THE PRECIPITATE PRODUCED BY HYDROSULPHURET OF
AMMONIA IS NOT WHITE j this indicates chromium, manganese,
iron, cobalt, or nickel. If the precipitate is black or has a shade
of black, one of the three latter metals is certainly present. DBuf,
under all circumstances, we must look for a/i the metals and
compounds, enumerated § 118, «. The precipitate is filtered off
from the solution—(the filtrate is treated as § 119 directs)—care-
fully washed and treated with dilute hydrochlorie acid,
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a. No SOLUTION TAKES PLACE, OR THE SOLUTILON IS
INCOMPLETE INASMUCH AS THE DBLACE COLOUR OF THE
PRECIPITATE DOES NOT DISAPPEAR ; COBALT, NICKEL.
Some mitrie acid is then added to the hydrochlorie acid, and
the solution boiled and treated as follows. The fAuid is
filtered off from the separated sulphur, and a small portion
of it mixed with selution of sal ammoniae, ammonia in excess
added, and heat applied.

a. NO LASTING PRECIPITATE IS FORMED BY AMMONIA :
absence of peroxide of iron, oxide of chromium, alumina,
phosphates and oxalates of the alkaline earths, The rest
of the acid solution of the sulphurets is mixed with eaustic
potash in excess, heated, and the fluid filtered off from the
precipitate formed. The filtrate is tested for zine with
solution of sulphuretted hydrogen. (Compare § 118, 1, @, a.)
The precipitate is washed and drenched, heated and agi-
tated for some time with a somewhat considerable quantity of
solution of carbonate of ammonia, mixed with half its
measure of caustic ammonia. A
aa, The precipitate is completely redissolved.  Ab-

sence of manganese, The ammoniacal solution ig eva-
porated to dryness, the residue dissolved in a few drops
of hydrochloric acid, once more slightly evaporated, and
a portion of a residue—(which should still be moist)—
tested for cosavrt, with borax, (% 88;d, 7.) The rest
of the moist residue is then dissolyed in some water, and
solution of eyanide of potassium’ added, till the preci-
pitate formed at first, is redissolyed in an exeess of
cyanide of potassium ; dilute sulphuric acid is then
added and heat applied; the solution is allowed to
stand for some time. The formation of a greenish
white precipitate, immediately or after the lapse of some
time, indicates NICKEL. (§ 88, ¢, 6, and Recapitulation
and Remarks § 88.) :

b, An insaluble residue vemains, on treating the

precipitate produced by caustic potash, with carbonate
Q
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of ammonia and caustic ammonia. This is tested for
MANGANESE, with carbonate of soda. (§ 88, 4. 6.) If
the precipitate really consists of protoxide of manganese,
it may almost always safely be detected by its assuming
a brown tint, when exposed to the air. The ammoni-
acal solution is tested for cobalt and nickel, as directed
§ 118, 2, a, a, aa.

3. AMMONIA PRODUCES A LASTING PRECIPITATE. The

entire solution of the sulphurets in aqua regia is then
treated in the same manner as the first portion, the pre-
cipitate produced by ammonia, in presence of sal ammoniac,
is filtered off from the solution and washed; the further
operations for testing both the filirate and precipitate are
eonducted as follow.

1. Hydrosulphuret of ammonia is added to the FILTRATE, till
it causes no longer any precipitation ; the precipitate obtained is
filtered off from the solution, carefully washed, dissolved in aqua
regia, mixed with caustic potash in excess and tested for cobalt,
nickel, manganese, and zine, exactly as § 118, 2, 4, a, directs.

2. The preEcIPITATE is digested with dilute solution of potash.
(If we have obtained only a very minute precipitate, this should
be dissolved, on the filter, by means of hydrochlorie acid, and
caustic potash in excess added to the solution.)

aa. The precipitate redissolves completely in the
caustic potash : absence of peroxide of iron, and of the
phosphates, and oxalates of the alkaline earths. The
solution with potash is tested for alumina and oxide of
chromium, exactly as § 118, 1, a, directs.

bb. The precipitate does not redissolve, or at least not
completely. The solution is filtered and the filtrate
tested for oxide of chromium and alumina, as stated
at @a. The residue is dissolved in dilute hydro-
chlorie acid, and a small portion of the solution mixed
with ferroeyanide of potassium. The immediate forma-
tion of a blue precipitate or even a blue tint in the
solution indicates 1roN. If iron is present, the rest of
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the hydrochloric solution is mixed with some tartarie
acid, and ammonia in excess added. Should no iron
be present, the solution is simply supersaturvated with
ammonia. If no precipitate is formed, neither phos-
phates nor oxalates of the alkaline earths are present;
if a precipitate is formed, this is treated as § 118, 1, 4,
direets. To ascertain whether the iron was present
as peroxide or protoxide, the original solution in water
or in hydrochlorie ncid (but not in nitrie acid) is tested
with ferrocyanide of potassium and with ferricyanide of
potassinm, The formation of a dark blue precipitate
with the former reagent, indicates PEROXIDE, with the
latter, PROTOXIDE.

b, THE PRECIPITATE PRODUCED BY HYDROSULPHURET OF
AMMONIA REDISSOLVES READILY AND COMPLETELY UPON
BEING TREATED WITH HYDROCHLORIC ACID, OR, AT LEAST,
ITS BLACK COLOUR DISAPPEARS IMMEDIATELY : absence of
cobalt and nickel. The solution is boiled with some nitric
acid, filiered off from the sulphur which precipitates in this
operation, and a small portion of the filtrate mixed with sal
ammoniac; ammnonia in excess 15 then added and heat
applied.

a. Nao lasting precipitate is formed wpon the addition
of ammania : absence of iron, oxide of chromium, alumina,
phosphates, and oxalates of the alkaline earths. The rest
of the hydrochlorie solution is mixed with potash in ex-
cess, and the precipitate formed tested for MANGANESE,
with carbonate of soda; the alkaline filtrate is tested for
zixe, with sulphuretted hydrogen.

B. A lasting precipitate is formed upon the addition of
ammonia, The entire solution of the sulphurets is treated
in the same manner as the first portion. The precipitate is
tested exactly as § 118, 2, @, B, 2 directs. The solution
which has been filtered off from the precipitate, is mixed
with hydrosulphuret of ammonia in excess.

Q 2
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aa. No precipitate is_ formed : absence of manganese
and zine.

bb. A precipitate is formed. This is well washed
and dissolved in aqua regia, and potash in excess added
to the solution.

aa. No lasting precipitate is formed : absence of
manganese and consequently presence of zinc. For
further proof sulphuretted hydrogen is added to the
solution with potash.

BB. A precipitate is formed: Mmancangsg. The blow-
pipe is resorted to as a conclusive test. The fluid
which has been filtered off from this precipitate
is treated with sulphuretted hydrogen. The forma-
tion of a white precipitate indicates zINc.

§ 119.

A portion of the fluid in which hydrosulphuret of ammonia has
produced no precipitate, or which has been filtered off from the
precipitate formed, is mixed with phosphate of soda and with
ammonia—(if it does not already contain free ammonia)—and
strongly agitated.

¢¢. NO PRECIPITATE IS FORMED ; this indicates the ab-
sence of all the alkaline earths. A fresh portion of the fluid
is evaporated to dryness and the residue heated to redness.
If no residue remains, (on heating to redness,) neither
potash nor soda are present : pass over to§ 122. If a residue
remains, the entire fluid is treated in the same manner as the
first portion, and the forther operations are conducted as §
121 directs.

b. A prEcCIPITATE 18 FORMED. The remainder of the
fluid, if containing sulphuretted hydrogen or hydrosulphuret
of ammonia—(in which latter case i1t mnust first be acidified
with hydrochlorie acid)—is heated, till it has lost all odour
of sulphuretted hydrogen, and then filtered off from the
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sulphur, if any has been precipitated. To this filtrate a mix-
ture of carbonate of nmmonia and some caustic ammonia is
added in excess,—after having previously added muriate of
ammonia, should this substance not already have been formed
in the fluid in sufficient quantity during the course of exami-
nation. The solution is boiled for some time,

I. No PRECIPITATE IS FORMED. Pass over to § 120, neither
lime, nor barytes, nor strontian being present.

2. A PRECIPITATE 18 FORMED: presence of LIME, BARYTES, or
STRONTIAN, The precipitate is filtered off—(the filtrate is tested
as § 120 directs) —and dissolved in the least possible quantity of
very dilute hydrochlorie acid.

a. Solution of gypsum is added to a portion of the solu-
tion.

a. No precipitate is jformed, NOT EVEN AFTER THE
LAPSE OF SOME TIME. Pass over to § 119, 2, &, for
barytes and strontian are not present.

B. A precipitate is formed.

aa. It is formed immediately upon the addition
of the solution of gypsum: this indicates BARYTES.

Strontian may be present besides.

A portion of the hydrochlorie solution (vide § 119,

2) is evaporated to dryness, and the residue digested

with absolute alcohol—(at least, with very strong alco-

Lol)—and the solution filtered. A few drops of the

filtrate are evaporated upon a platinum plate.

aa. No residue remains. Pass over to 120; for
neither strontian nor lime are present.

B3. A residue remains. The aleoholic solution is
divided into two portions: one portion is heated in a
small erucible and ignited; a carmine red tint of the
flame indicates stTrRoNTIAN. If the flame does not
appear red, or if any doubt exists as Lo its exact tint,
the second portion of the alecoholic solution is evapo-
rated to dryness, the residue dissolved in a small
proportion of water, and the solution tested with
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solution of gypsum. The formation of a precipitate,
after the lapse of some time, indicates STRONTIAN,

We can best assure oursclves of the presence of
barytes by adding hydrofluosilicic acid to the solution
in hydrochloric acid, and applying heat. The for-
mation of a precipitate after the lapse of some time,
denotes the presence of BARYTES.
bb. The precipitate is formed, only after the lapse

aof some time: absence of barytes; presence of sSTRON-
TIAN.

. Oxalic acid is added to a fresh portion of the hydro-
chloric solution, (vide § 119, 2,) after having previously
made it alkaline by the addition of ammonia. Should (after
§ 119, 2, @. B3,) barytes or strontian have been detected,
these must be first precipitated with sulphate of potash, the
solution filtered off, and the oxalic acid added to the filtrate,
after the previous addition of ammonia. If a precipitate is
formed, lime is present.

§ 120.

Two small portions are taken of the fluid, in which earbonate
of ammonia has produced no precipitate, (§ 119, 1,) or of that,
which has been filtered off from the precipitate formed, and sul-
phate of potash is added to the one, oxalate of ammonia to the
other.

1. BoTH THESE REAGENTS PRODUCE NO LONGER ANY PRECI-
prTaTE. This is a certain proof that all barytes, strontian, and
lime, have been completely precipitated by carbonate of ammonia.
Phosphate of soda is added to a third portion of the fluid with
carbonate of ammonia, and the mixture stirred with a glass rod.
The formation of a chrystalline precipitate, (vide § 86, d, 5,) in-
dicates MAGNESIA.  The rest of the fluid, a portion of which has
been tested for magnesia, is evaporated to dryness, and heated till
all the ammoniacal salts have been expelled. If no residue re-
mains, pass over to § 122, if a residue remains, pass over § 121,
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2. BOTH THE REAGENTS, OR AT LEAST ONE OF THEM, PRODUCE
STILL A PRECIPITATE. In that case barytes, strontian, and lime,
have not yet been completely precipitated by carbonate of ammo-
nia. This reagent, mixed with caustic ammonia, is therefore
once more added to the rest of the fluid, and the mixture again
boiled for some time. The precipitate formed is filtered off from
the fluid, and again treated as § 120 directs.

§ 121.

We have now still to treat of the examination for fixed alkalies
and for ammonia.

The combinations of the former are, with very few exceptions,
soluble in water. It is thervefore not necessary to look for them
when testing compounds nsoluble 1n water.

When we have to operate upon a gubstance insoluble in water,
but soluble in hydrochlorie acid, or in nitric acid, a portion of the
fluid, in the specimen of which phosphate of soda did produce no
precipitate, (§ 119, @,)—or of that in which carbonate of am-
monia has oceasioned none, (§ 119, 1,) or of that which has been
filtered off from the precipitate formed, (§ 119, 2,) —is preserved
and tested for phosphoric acid and oxalic acid, as § 125, 8,
directs.

1. MaGNEsIA Is NOT PRESENT. The roasted residue of § 119,
a. is dissolved in a small proportion of water, and alcohol added
to the solution ; this is then heated to the boiling point and
igmited,

a@. THE FLAME HAS A VIOLET TINT. Absence of soda;
probable presence of PoTASH.

b, THE FLAME IS YELLOW : presence of sopa. The solu-
tion is evaporated to dryness, and the test with antimoniate
of potash, and the blow-pipe flame, are resorted to as con-
clusive proofs of the presence of soda. (Vide § 85, &, 3.)
We assure ourselves of the presence of potash, by dis-
solving this residue in water, or, better still, in alechol,
if possible, and heating one half of the solution with tartaric
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acid, and the other half with chloride of platinum. If potash
be present, the tartaric acid will produce a colourless, gra-
nular, crystalline precipitate, after the lapse of some time,
whilst the chloride of platinum will produce a yellow pre-
cipitate.

2. MaGNESIA 18 PRESENT. The vesidue is dissolved in water,
and water of barytes, or solution of sulphuret of barium (contain-
ing caustic barytes) added, as long as any precipitate is formed ;
the solution is then boiled, filtered, and dilute sulphurie acid
dropped into the filtrate till the reaction has become acid. The
Huid is then filtered off' from the precipitated sulphate of barytes,
the filtrate evaporated to dryness, and the residue which per-
chance may remain, tested for potash and soda, as directed
§ 121, 1. Or the residue contaming magnesia (and perhaps
alkalies besides) is treated with sulphurie acid, the solution eva-
rated to dryness, and the residue heated to redness as long as any
vapour escapes; the residuary mass is then dissolved in water,
and the solution precipitated by acetate of barytes in excess,
filtered off from the precipitate, and the filtrate again evaporated
to dryness ; the residue is exposed to a strong red heat, and then
treated with a small proportion of water; the solution 1s filtered
and further tested for potash and soda, as § 121, 1, directs.
Should the filtrate manifest an alkaline reaction, it must first be
neutralized with hydrochlorie neid,

§ 122.

We have now still to consider the examination for ammonia.
A portion of the substance under examination is treated with con-
centrated solntion of potash, and heat applied.  Ammoxia is pre-
sent, if the escaping gas emits its charaeteristic odour, if it restores
the blue colonr of moist reddened litmus-paper, and if white
fumes arise upon a small glass rod, moistened with hydrochloric
acid, bemg dipped into the tube.
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Componnds in which all the more frequently occurving acids and
bases, metals and metalloids, are supposed to be present.

A, 1. SUBSTANCES SOLUBLE IN WATER. DETECTION OF ACIDS
AND METALLOIDS.

I. Absence of Organic Acids,
§ 123.

l. Concerning the detection of ArRsENIOUS and ARSENIC ACID,
CARBONIC ACID, HYDROSULPHURIC ACID, and CHROMIC ACID, com-
pare § 108, 1 and 2.

2. Nitrate of barytes is added to a portion of the solution; if
the solution 1= acid, it must first be neutralized with ammonia.

@. NO PRECIPITATE 18 FORMED. Absence of sulphuric
acid, phosphoric acid, boracic acid, chromie acid, silicic acid,
oxalic acid, arsenious and arsenic acid.* (Pass over to 3.)

b, A rreECIPITATE 18 ForRMED. The fluid is diluted, and
hydrochlorie acid added; if the precipitate does not redis-
solve, or at least not completely, SULPHURIC ACID is pre-
sent.

3. Nitrate of silver is added to a portion of the solution ; this
is previously ExacTLY neutralized, if' acid, by means of ammonia,
if alkaline, by means of nitric acid.

a. INO PRECIPITATE 18 FORMED. Pass over to 4 ; neither
chlorine, nor iodine, eyanogen, phosphoric acid, silicie acid,
oxalic acid, nor chromic acid are present, nor boracie acid, if
the solution was not too dilute.

b. A PRECIPITATE IS FORMED. The colour of the preci-
pitate is inspected, and the nitric acid then added.

* If muriate of ammonia is present in the fluid under examination, the
non-formation of a precipitate is not a conclusive proof of the absence of
oxalic acid, arsenious and arsenic acid, and especially not of that of boracic
acid, the barytes salts of these acids not being insoluble in water, in presence
of ammoniacal salts.
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a. The precipitate redissolves completely. Pass over

to § 123, 4; for neither chlorine, iodine, nor cyanogen
are present.

B. A residue remains : CHLORINE, TODINE, oF CYANO-

GEN., The residue is washed and digested with am-
monia.

aa. A yellowish residue remains. This is caused by
the presence of ropine. We assure ourselves of the
presence of this substance as § 100, ¢, directs. The
solution is filtered off from the residue, and nitric acid
i excess added to the filtrate ; if a precipitate is formed,
it indicates chlorine or eyanogen. For the further ope-
ration, vide &d.

bb. No residue remains, CHLORINE 0O CYANOGEN ;
absence of iodine. For further examination, the solu-
tion is again precipitated with nitric acid. Previous to
beginning the operation of distinguishing chloride of
silver from eyanide of silver, the fluid is tested for
cyanogen, in order to see whether this operation is at
all necessary. For this purpose solution of magnetic
oxide of iron is added to a portion of the original
solution, followed by the addition of hydrochlorie acid.
The formation of a blue precipitate indicates cyaxo-

- GEN.*  If no precipitate is formed, and the fluid as-

sumes no blue tint, the precipitate redissolved by am-
monia consists of chloride of silver alone. If eyanogen
has been detected, the precipitate to be examined is
washed, taken from the filter when still moist, dried in
o poreelain crucible, and heated to redness, Chloride
of silver merely fuses, whilst cyanide of silver becomes

* Should the cyanogen be present as free hydrocyanic acid, which may
easily be detected by its characteristic odour, this ought to be saturated with
potash, previous to the addition of the solution of iron. We have already
stated at § 100, o, that the cyanogen is not detected by nitrate of silver, in
certain combinations, e. g. cyanide of mercury.
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reduced.  The metallic silver may be separated from the
chloride of silver by means of nitric acid.

4. The aqueous solution is tested for nitric acid, by mixing
solution of indigo with it, till it has acquired a light blue tint,
and then adding some sulphuric acid, and applying heat; and,
moreover, by throwing a crystal of protosulphate of iron into the
solution, previously mixed with the third part of its amount of
concentrated sulphurie acid. If nitric acid is present, the blue
solution loses its colour, and a brown-coloured halo forms round
the erystal.

We have now still to speak of the examinations for phosphorie
acid, boracic acid, silicie acid, oxalic acid, and chromic acid. Tt
is necessary to make these examinations only in such cases where
chloride of barium, as well as nitrate of silver, have caused the
formation of precipitates in neutral solutions. Compare note to
§ 123, 2, .

5. If the precipitate produced by nitrate of silver was of a
vellowish colour, we must especially look for phosphorie acid.
For this purpose, ammonia in excess is added to a portion of the
fluid ; if' o precipitate is formed, the fluid is filtered, and muriate
of ammonia added to the filtrate, and then sulphate of magnesia.
The formation of a erystalline precipitate denotes PHOSPHORIC
ACID.

6. A small portion of the substance under examination is
drenched with aleohol, sulphuric acid added, and the mixture
heated to boiling in a small erucible, and then ignited. If the
flame has a green tint, BORACIC ACID is present. 1f copper is
present, this must first be removed, either by means of sulphu-
retted hydrogen, or by boiling the fluid with potash in excess.

7. If the fluid was red, or yellow changing to red, on the addi-
tion of hydrochloric acid, and if the precipitate produced by
nitrate of silver in the neutral solution had a purple red colour,
the presence of cHROMIC ACID is confirmed.

8. For silicic acid, test as § 99, b, 2, directs.

9, For the detection of oxarie acip, solution of gypsum is
added to a portion of the fluid nnder examination, which must
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first be nentralized with ammonia, if it manifests an acid reaction.
The formation of a white precipitate, which does not vanish upon
the addition of acetic acid, indicates the presence of oxalic acid.

CHLORATES, BROMIDES, and FLUORIDES, are of less frequent oc-
currence. Chlorates may be detected by their violent deflagration
with charcoal, when in a state of fusion. (Vide § 103, A. I. 2, ¢.)
Chloric acid is best detected, by heating a portion of the solid
salt in a glass tube, closed at the lower end, and placing a wood-
splinter, which has been kindled and the flame extinguished, near
the open end. If cHLORIC AcID be present, the flame of the wood-
splinter will be rekindled. The residue dissolved in water yields
in that case with nitrate of silver a copious precipitate of chloride
of silver. Other tests are, to throw a few grains of the salt into
fuming sulphuric acid, (§ 101, 4. 6,) or fusing a portion of the
salt with cyanide of potassium. (§ 101, &, 8.) The detection of
BROMIDES 18 simple, if iodides are not present, at the same time.
Vide § 100, for the safe detection of bromine in both cases. For
the detection of the rFLuoRrIDES, the methods described § 98, d, 4
and 5, are the safest under all circumstances.

Compounds in which all the more frequently occurring acids and
bases, metals and metalloids, are supposed to be present.

A. 1. SUBSTANCES SOLUBLE IN WATER. DETECTION OF ACIDS
AND METALLOIDS.

I1. Presence of Organic Acids.
§ 124.

1. CHROMIC ACID, ARSENIOUS, and ARSENIC AcID, have already
been detected when testing for the bases; concerning the distine-
tion of arsenious from arsenic acid, compare § 93, additions and
remarks.

2. Hydrochloric acid is added to a portion of the solution.
The formation of a precipitate, which upon being heated on a
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platinnm plate volatilizes partly or totally, emitting the charac-
teristic odour of BEXzo1c Actp, indicates the presence of this acid.
Effervescence, upon the addition of the hydrochloric acid, may be
caused by the presence of caRBONIC AcID, or by that of suLpHu-
RETTED HYDROGEN. (Vide § 108, 2.)

3. Ammonia is added to a portion of the solution, till the latter
manifests a feebly alkaline reaction ; the solution is then filtered,
if necessary, und chloride of barium added.

Should hydrochlorie acid have produced a precipitate in
the original solution, the filtrate of this ought to be used for
this experiment.

@. NO PRECIPITATE IS FORMED. Absence of sulphuric acid,
phosphoric acid, chromic acid, boracic acid, arsenic acid, arseni-
ous aeid, silicic acid, oxalic acid, tartarie acid, citric acid : these
may therefore be disregarded in the further course of exami-

nation. What we have stated at § 123, 2, «, (note,) ap-
plies algo to the last six of these acids.

&, A PRECIPITATE I8 FORMED. Hydrochlorie acid is
added.

a. The precipitate vedissolves: Absence of sulphuric
acid.

3. A residue remains : SULPHURIC ACID,

4. Nitrate of silver is added to a portion of the solution, which
must first be EXacTLY neutralized with nitrie acid, if alkaline, and
with ammonia, if acid.

a. No precipitate is jformed : absence of phosphorie aeid,
boracie acid, chromic acid, silicie acid, oxalic acid, tartarie
acid, ecitric acid; these may therefore be disregarded in the
further course of examination.

b. A PRECIPITATE IS FORMED.

a. It is whitish or yellow. A portion of the fluid, toge-
ther with the precipitate suspended therein, is boiled.
Complete and rapid reduction indicates ForMic Acip.
Protonitrate of mercury is used as a conclusive test, § 104, 4,
bearing in mind the remarks which will be found at the
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end of this number, (4.) The rest of the precipitate is
treated with nitrie acid.  If it 1s redissolved, neither cHLO-
RINE, nor IODINE, nor CYANOGEN, are present; but if the
precipitate does not completely redissolve in nitric acid,
the residue is tested for these salt radicals, as § 123, 8, &, 3,
directs.

B. The precipitate produced by nitrate of silver is
purple: curoMic acip. Should arsenic acid be present,
acetate of lead is added, or (as a conclusive test, to a fresh
portion of the solution) the formation of a yellow pre-
cipitate proves the presence of cHrRoMIC AcID. CHLORINE,
IODINE, and CYANOGEN, may also be present in the silver
precipitate : test for these salt radicalsas § 123, 3, 5, directs.

In the presence of chromic acid, formic acid cannot be
detected with certainty, by the reduction of silver and
mercury. In this case there remains no other means of
its certain detection, except distilling the compound under
examination, with the addition of some sulphuric aecid.
The distillate is saturated with soda, and then tested with
perchloride of irom, (which chromic acid tinges blood-
red,) and with nitrate of silver. (Compare § 104, 5.)

5. If chloride of barium and nitrate of silver have given rise to
the formation of precipitates, test for PHOSPHORIC ACID, as directed
§ 123, 5, and for siricic AcIp as directed § 99, &, 2.

6. A portion of the solid substance under examination (or, if
in solution—(should the latter be acid, 1t must first be saturated
with potash)—the residue obtained by evaporating the solution to
dryness) is drenched with aleohol in a small tube, concentrated
sulphuric acid to the extent of about one-third of the volume
of the aleohol, and the mixture heated to the boiling point. If
any odour of acetic ether is emitted—which, in many instanees,
may be clearly detected upon agitating the mixture, whilst cooling
or when cold—AcETIC AcID is present. The contents of the tube
are poured into a small crucible, heated, and ignited. If the
flame is green, BORACIC ACID is present,

7. A portion of the fluid is vendered feebly alkaline by the ad-

5
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dition of ammonia, filtered, if necessary, and chloride of ealcium
added. If the solution was neutral, some sal ammoniac must be
added before the addition of chloride of calcium.

@. NO PRECIPITATE IS FORMED, NOT EVEN AFTER THE
LAPSE OF SOME TIME. Absence of oxalic acid and tartarie
acid ; pass over to 8.

5. A PRECIPITATE IS FORMED IMMEDIATELY, OR AFTER
THE LAPSE OF A FEW MINUTES. The solution is filtered off
from this precipitate, and the filtrate further tested as 8
directs.

The precipitate is washed, digested, and agitated with
somewhat dilute solution of potash in excess, without the aid
of heat, filtered, and the filtrate boiled for some time. If a
precipitate is formed which disappears again, on cooling, tar-
taric acid is present.

Solution of gypsum is added to a portion of the original
solution, which, if acid, must first be made neutral by the
addition of ammonia. The formation of a precipitate,
which does not disappear upon the addition of acetic aeid,
but is dissolved by hydrochlorie acid, indicates 0XALIC ACID,

8. The fluid in which chloride of calcium has produced no pre-
cipitate, or that which has been filtered off from the precipitate
formed—(in which latter case some more chloride of caleinm is
added)—is mixed with alcohol.

¢. NO PRECIPITATE 18 FORMED. Absence of citric acid
and of malic acid. Pass over to 9.

6. A PRECIPITATE 18 ForMED. The solution is filtered off
and the filtrate treated as 9 directs. The precipitate is
washed with aleohol, and (being left on the filter) dissolved
in the least possible quantity of dilute hydrochloric acid.
Ammonia is then added to this latter filtrate, till it manifests a
feebly alkaline reaction, and heat applied to the boiling point,
at which it must be kept for some time.

a@. THE FILTRATE REMAINS CLEAR. Absence of citric
acid. Presence of MALIC AcID ; aleohol is again added to
the fluid, and the lime precipitate which is formed, heated
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to redness, as a conelusive test for malie acid ; the reaction
with acetate of lead is moreover resorted to as a confirma-
tory proof, § 102, ¢, 5. :

B. A HEAVY, WHITE PRECIPITATE 1S FORMED. Presence
of crrric acip. The solution is filtered whilst boiling,
and the filtrate tested for malic acid, as deseribed at a.

9. Perchloride of iron is added to the filtrate of 8, &, or to the
fluid, in which no precipitate has been formed, on mixing with
alcohol, (§ 128, 8, «,) after having previously expelled the alecohol
by heat, and after having exactly neutralized with hydrochloric
acid. If no light brown floceulent precipitate is formed, neither
suceinic acid nor benzoic acid are present; if a precipitate of this
kind is formed, and no benzoic acid has been detected during the
previous examination, (§ 124, 2,) this consists of svcciNic AcID.
But if benzoic acid was present, the solution is filtered off, and the
precipitate washed and then digested with ammonia in excess, fil-
tered, the filtrate evaporated to dryness, sand the benzoate of am-
monia dissolved out of it by aleohol; the succinate of ammo-
nia remains undissolved. This succinate is dissolved in water,
and both solutions are tested with perchloride of iron.

10, Test for NITRIC ACID as directed § 123,

Compounds in which all the more frequently oceurring bases,
acids, metals, and melalloids, are aw_mmmfri fo he present.

A. 2. SUBSTANCES INSOLUBLE IN WATER, BUT SOLUBLE IN
HYDROCHLORIC ACID AND IN NITRIC AciD. DETECTION OF THE

ACIDS AND METALLOIDS,
1. dbsence of Organic Acids.

§ 125.

In examining these compounds we must look for all the acids
oceurring at § 123, with the exception of chloric acid. Cyanogen
compounds are not examined after this method : compare § 128,
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I. What we have stated at § 111, 2, with regard to ArsENIOUS
and ARSENIC ACID, HYDROSULPHURIC ACID and CHROMIC ACID, ap-
plies also to this paragraph.

2. A portion of the substance is boiled with nitric acid, and the
solution filtered, should any residue remain.

a. Effervescence takes place; this may be caused by the
presence of CARBONIC ACID, or by that of NITRIC OXIDE GAS ;
the former may be detected as § 99, «, directs, the latter usu-
ally indicates the presence of a sulphur compound.

b. Violet vapours escape, which impart a blue tint to
starch : 10DINE.

3. Nitrate of silver is added to a portion of the nitric solution.

@. No PRECIPITATE IS FORMED: pass over to 4, for no
chlorine is present.

b. A PRECIPITATE 1S FORMED. The solution is filtered off,
and the precipitate washed, and digested with ammonia ; if it
redissolves completely or partly, CHLORINE is present.

4. A portion of the substance under examination is boiled with
hydrochlorie acid, and the solution filtered, if necessary. A por-
tion of the solution or filtrate 18 mixed with chloride of barium.
The formation of a precipitate indicates SULPHURIC ACID.

5. Another portion of the hydrechloric solution is tested for
NITRIC AcID, with indigo and protosulphate of iron. (Vide §
123, 4.) In many cases it will already have been detected by the
deflagration on charcoal before the blow-pipe.

6. If the experiment, § 125, 2, 4, has not yet indicated the pre-
sence of iodine, a portion of the substance under examination 1s
heated with concentrated sulphuric acid. If any ropiveE compound
be present, violet vapours will be evolved, which impart a blue
tint to starch. (Compare § 100, ¢, 6.)

7. Test for Boractc acip by treating a portion of the substance
to be examined with sulphuric acid and aleohol. (Vide § 98,
b, b5.)

8. The fluid of § 119, a, (in which phosphate of soda produces
no precipitate,) or that of § 119, 1, (in which carbonate of am-
monia produces no precipitate,) or—(should carbonate of ammonia
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have produced a precipitate in it)—the filtrate of the same (§ 119,
2,) (vide § 121,) are tested for PHOSPHORIC ACID and OXALIC ACID,
as divected § 123, 5, and 9. (Oxalic acid, when combined with
barytes, strontian, or lime, will have been detected already, in
testing for the bases ; the same applies to phosphoric acid when
combined with magnesia. )

9. Test for siLicic acip as § 99, 4, 3, directs. With regard to
the more rarely ocemrring BROMINE and FLUORINE compounds, we
refer to the remarks made at the end of § 123.

Compounds in which all the more frequently oceurring bases,
acids, metals, and metalloids, ave supposed to be present.

A. 2. SUBSTANCES INSOLUBLE IN WATER, BUT SOLUBLE IN
HYDROCHLORIC ACID, AND IN NITRIC ACID. DETECTION OF
THE ACIDS AND METALLOIDS.

I1. Presence of Organie deids.
§ 126.

1. Test for CARBONIC ACID, ARSENIC ACID, ARSENIOUS ACID,
SULPHURIC ACID, NITRIC ACID, BORACIC ACID, CHROMIC ACID,
SILICIC ACID, CHLORINE, IODINE, and sULPHUR, as direcied at
§ 125 ; for ACETIC ACID as stated at § 124, 6. CYANOGEN com-
pounds are not examined after this method : compare § 128,

2. A portion of the compound under examination is dissolved
in hydrochloric acid, and the solution filtered, should any residue
remain, (which latter is tested for BENzOIC AcID, as directed at
§ 124, 2.) The filtrate is mixed with solution of carbonate of
potash, and the mixture boiled for some time. The finid is fil-
tered off from the precipitate formed, and the filtrate saturated
with dilute hydrochlorie acid, and tested for PHOSPHORIC ACID and
OXALIC ACID, as directed at § 123, 5, and 9; and for TARTARIC
ACID, CITRIC ACID, MALIC ACID, SUCCINIC ACID, and BENZOIC ACID,
exactly as directed at § 124, 7, 8, and 9.
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Compounds in which all the more frequently occurving bases,
acids, metals, and metalloids, arve supposed to be present.

B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE BOTH IN
WATER AND IN HYDROCHLORIC AcCID. IDETECTION OF THE
BASES, ACIDS, AND METALLOIDS.

§ 127

The following substances and combinations belong to this
class

SULPHATE OF BARYTES, SULPHATE OF STRONTIAN, SULPHATE
OF LIME, CHLORIDE OF SILVER, CHLORIDE OF LEAD, SULPHATE
OF LEAD, SULPHURET OF MERCURY, BISULPHURET OF MERCURY,
PROTOCHLORIDE OF MERCURY, SOME OF THE FERROCYANIDES,
SEVERAL SULPHURETS, SILICIC ACID, SULPHUR, and CARBON.

Besides these, a few acid arseniates belong to this class; they
are, however, as rarely ocenrring in the analyses of those mixtures
and compounds important in pharmacy, manufacture, arts, and
trades, as the insoluble modification of oxide of chromium, or as
roasted peroxide of tin, or as fluoride of caleium. Of these latter
less frequently occurring substances, we purpose to treat sepa-
rately.

For the insoluble eyanides, vide § 128.

A. THE RESIDUE IS WHITE. It may in that ecase contain
SULPHATE OF BARYTES, SULPHATE OF STRONTIAN, SULPHATE OF
LIME, SULPHATE OF LEAD, CHLORIDE OF LEAD, CHLORIDE OF
SILVER, PROTOCHLORIDE OF MERCURY, SILICIC ACID, SULPHUR.

No attention need be paid to the presence of sulplate of lime,
if this substance has already been detected in the agueous solu-
tion. The same remark applies to the lead compounds: we may
disregard these, if the previous examination has not already proved
their presence.

1. A small portion of the substance under examination is heated
upon a platinum plate, and flame allowed to play on it. If

R 2



244 PRESENCE OF ORGANIC ACIDS.

any odour of sulphurous acid is emitted, suLpHUR is present. If
no residue remains, sulphur alone is present. If the heat applied
was very intense, protochloride of mercury may have volatilized.
The sensible properties of the residue will show whether this is to
be apprehended.

2. Hydrosulphuret of ammonia is added to a very small portion
of the substance under examination.

a. It vemains white. Pass over to § 127, 3, for no me-
tallic compounds are present.

b, It becomes black. This proves with certainty the pre-
sence of a metallic salt, either protochloride of mercury,
chloride of silver, chloride of lead, or sulphate of lead.
Moreover, all the other compounds enumerated under A, may
be present. The method of the further operation varies ac-
cording to whether lead is present or not.

The following preliminary experiment is made in order to
ascertain which method ought to be adopted.

A small portion of the substance is mixed with carbonate
of soda, and exposed to the reducing flame of the blow-pipe.
The production of a metallic grain, (which oxidizes in the
oxidizing flame,) attended with a yellow incrustation of the
charcoal, indicates lead.

a, THIS PRELIMINARY EXAMINATION INDICATES THE

PRESENCE OF LEAD IN THE WHITE PRECIPITATE.

aa. The largest half of the residue (which, if moist,
must first be dried) is fused with three parts of dry
carbonate of soda and three parts of cyanide of potas-
sium, in a small crucible, over a spirit-lamp. The mass
fuses easily ; it is maintained in a state of fusion for
some time. After cooling, it is boiled with water, fil-
tered, and the residue very carefully washed. The
greater portion of the filtrate is supersaturated with
hydrochlorie acid, and a portion of this solution tested
with chloride of barium. The formation of a precipitate
indicates the presence of a suLPHATE. (Should a pre-
cipitate (silicic acid) be formed, upon supersaturating
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the filtrate with hydrochloric acid, the fluid must be di-
luted and filtered, and then tested for sulphuric acid.)
The rest of the solution (supersaturated with hydro-
chloric acid) is evaporated to dryness, and the residue
treated with water. If a residue remains, this consists
of sivicic acip. The formation of a clear glass, when
fused with carbonate of soda in the blow-pipe flame, is a
conclusive proof of the presence of silicic acid. The
rest of the filtrate, which has not been mixed with hydro-
chlorie acid, is acidified with nitric acid, boiled until it
emits no longer any odour of hydrochlorie acid, and
nifrate of silver added ; the formation of a precipitate of
chloride of silver denotes that the residue, insoluble in
water and hydrochlorie acid, eontains a CHLORIDE, (pro-
vided always, the reagents be free from chlorine, and the
residue completely washed.) The residue obtained upon
treating the fused mass with water, and which has been
very carefully washed, (vide supra,) is treated with acetic
acid ; 1f it partly dissolves in this acid with effervescence,
the presence of sulphates of the alkaline earths is cer-
tain. If no effervescence takes place, it proves the ab-
sence of the sulphates of the alkaline earths ; the residue
18 therefore treated with nitrie acid, and the solution
treated as follows. If effervescence has taken place, a
portion of the acetic solution is tested with sulphuretted
hydrogen. TIf a black precipitate is formed, (sulphuret
of lead,) the lead is removed in the same manner from
the entire acetic solution, and the filtrate (which, if ne-
cessary, is concentrated by evaporation) treated as
§ 119 directs, beginning at 2, a. " 1f the test portion of
the acetic solution remains unaltered upon being treated
with sulphuretted hydrogen, the rest of the solution is
directly tested as directed, § 119, 2, a. The residue,
which has remained on treating with the acetic acid, 1s
treated with nitric acid, and a small portion of the solu-
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tion is then tested with sulphuric acid for lead, (after
having removed the excess of acid by evaporation;) the
rest strongly diluted with water, and then tested for
sILVER, with hydrochlorie acid. If nitric acid leaves a
residue, this consists of undissolved silicic acid, or incom-
pletely decomposed sulphate of the alkaline earths.

6. Half of the remainder of the residue i1s boiled
with carbonate of potash. If its white colour change
into grey or black, PROTOCHLORIDE OF MERCURY is pre-
sent. As a confirmatory test, the other half is heated in
a small glass tube, together with dry carbonate of soda.
(Vide § 90, 2, 7.)

5. THE PRELIMINARY EXAMINATION PROVES THE AB-

SENCE OF LEAD, IN THE WHITE PRECIPITATE. The entire
residue is drenched and digested for some time, with hydro-
sulphuret of ammonia, the solution filtered, and the filtrate
-tested for chlorine, as a@a directs. The precipitate is
washed, and boiled with nitric acid.

ag. The precipitate dissolves, with the exception of
the separated sulphur. CHLORIDE OF SILVER alone is
present.  To assure ourselves, we test the nitric solutior
for silver, with hydrochloric acid.  To prove the pre
sence of chlorine, the filtrate of § 127, A, 8, B, is super
saturated with nitric acid, and boiled in order to expel
the sulphuretted hydrogen ; the fluid is then filtered from
the sulphur which has separated, and tested with nitrate
of silver.
bb. A residue remains, besides the separated sulphur,
aa, This residue is black: MErcury. The fluid
18 filtered from the residue, and the filtrate tested for
silver, with hydrochlorie acid ; the residue is heated
with aqua regia. If it is completely redissolved, with
the exception of the separated sulphur, the investi-
oation may be considered at an end, the absence of
the sulphates of the alkaline earths and that of silieic
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acid being proved ; if a white residue remains, this
is washed and treated as § 127, A, 3, direets, The
solution in aqua regia is tested with polished copper
or with protochloride of tin to assure ourselves of the
presence of mercury, (vide § 117, 2.) The chlorine,
which must be present, is detected in the filtrate of 3,
as aa directs.

/3. THE RESIDUE 18 NOT BLACK: absence of mer-
cury. For the further operation vide 3.

3. This residue, or, in the case of § 127, A, 2, «, the original
residue, is fused in a platinum erucible,® over a spirit lamp with a
double draught of air, together with four parts of carbonate of
potash and soda; the fused mass is soaked in water, boiled,
filtered, and the residue (if any remain) washed until ehloride of
barium no longer produces any precipitate in the water which
runs off. (This water must not be added to the filtrate.) The
residne is treated as 4 divects. The filtrate is supersaturated with
hydrochlorie acid, and a portion of it tested with chloride of
barinm ; the formation of a precipitate indicates the presence of
SULPHATES OF THE ALKALINE EARTHS. The rest of the filtrate
is evaporated to dryness and then treated with water; if any
residue remains, this consists of SILICIC ACID.

4. The residue remaining upon boiling the fused mass with
water, (vide 8,) indicates SULPHATES OF THE ALKALINE EARTHS.
It is carefully washed and then treated with hydrochloric acid.
1t is a certain proof of the presence of sulphates of the alkaline
earths, if it dissolves partly or totally, and with effervescence in
this menstruum. The hydrochloric solution is tested as § 119
directs, beginning at 2, @. If a residue remains upon treating
with hydrochlorie acid, this consists of silicie acid or of a sulphate
of the alkaline earths which is not yet completely decomposed.

B. Tuae mresipve 1s Nor wHITE. Even its colour will in

* A porcelain crucible may be substituted for a platinum crucible, in
which case, six parts of a mixture of equal parts of dry carbonate of soda and
eyanide of potassium must be employed, instead of the carbonate of potash
and soda; the method in the text is however the best.
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that case enable us to draw some conclusions (cinnabar, sul-
phuret of arsenic).

1. Test for suLPHUR as § 127, A, 1, directs.

2. The greater part of the residue is treated with aqua regia and
boiled ; the solution is filtered whilst still hot, and should any
residue remain, besides the separated sulphur, this is once more
hoiled with water, filtered, and this second filirate added to the
first. The filtrate is then evaporated nearly to dryness, redis-
solved in some water, and one portion of the solution tested for
LEAD, with sulphuric acid, another portion for MERCURY by means
of polished copper. (If a hydrochloric solution has been em-
ployed in testing for bases, (§ 106,) the solution in aqua regia
must be tested for metals, in the usual way, as various other sul-
phurets, insoluble or sparingly soluble in hydrochlorie acid, might
be present.)

3. If aqua regin has left any residue undissolved besides sul-
phur, which may have separated, this residue is carefully washed
1f a compound of lead has been present, this rinsing process is
conducted with hot water and continued until the filtrate is no
longer blackened by hydrosulphuret of ammonia.

@, THE RESIDUE IS WHITE: a portion of it is tested with
hydrosulphuret of ammonia.

a, It becomes black. The entire residue is digested
with hydrosulphuret of ammonin, and the further opera-
tion conducted exactly as § 127, A, 2,3, 5, directs.

B. It remains white. The residue is treated as divected
§ 127, A, 8.

4. THE RESIDUE INSOLUBLE IN AQUA REGIA, IS BLACK;
this indicates the presence of carbon in some form. If it is
totally consumed over a lamp, or in the blow-pipe flame
nothing besides carbon is present; but if a residue remains,
or if the combustion is not complete (carburet of irom,
graphyte,) we must look moreover for CHLORIDE OF SILVER,
SULPHATES OF THE ALKALINE EARTHS and SILICIC ACID;
the residue in that case, is treated as § 127, B, 3, a, «q
direets.  Of acids and electro-negative substances CHLORINE
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Since in treating these compounds according to the wusual
method, fallacious phenomena frequently oceur, and since more-
over their solution in acids frequently succeeds but imperfectly,
it is advisable to pursue the following method, in their analysis.
The residue which has been freed by water from all soluble sub-
stances, is boiled with solution of earbonate of potash.

a. COMPLETE DECOMPOSITION TAKES PLACE, which is
easily detected by the change of colour and the rapid depo-
sition of the separated pure or carbonated oxides; the solu-
tion is filtered and the residue washed. This residue may
contain all the bases, which were contained in the substance
under examination as compounds insoluble in water. For
the determmation of these hases, the residue is treated exactly
as § 106, A, 2, directs. A portion of the filtrate is tested for
CYANOGEN, by mixing it with hydrochloric acid, till the
reaction becomes strongly acid, and then adding solution of
the double proto- and per-chloride of iron; if cyanogen he
present, Prussian blue precipitates. For the detection of the
other acids, the rest of the filtrate is treated as § 124
directs. This filtrate may moreover possibly contain all the
cobalt, all the iron of the substance under exammation,
besides chromium and manganese, since the combinations of
their cyanides with other cyanogen compounds, on boiling
with alkalies, are decomposed in such a manner as to cause
the separation of insoluble oxides, whilst the cobalticyanide
of potassium, ferroeyanide of potassium, &ec., remain in solu-
tion. These metals must not be disregarded. To detect
them, a portion of the fluid is mixed with nitric acid greatly
in excess, the mixture evaporated to dryness and the residue
fused ; should the quantity of the*nitre formed not be suffi-
cient, some must be added whilst fusing the residue. The
metals, with the exception of chromium, remain as oxides,
and are separated and detected according to the methods
oiven above. The chromium is obtained as soluble chromate
of potash.

b, NO COMPLETE DECOMPOSITION TAKES PLACE: canstic

(i
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potash is added and the mixture boiled. Should any residue
remain, this is filtered, after the previous addition of some
water, and then dissolved and treated as § 106, A, 2, directs.
The alkaline filtrate is saturated with sulphuretted hydrogen.
[f any precipitate be formed, this is again filtered, dissolved
in nitric acid, and the solution treated as § 114, III. directs.
The filtrated liquid is slightly acidified with hydrochloric
acid and sulphuretted hydrogen added should it appear
nesessary. If a precipitate be formed, this is treated as §
116 directs. The filtrate is tested for cyanogen and the
other electro-negative bodies, and acids, and for cobalt,
iron, manganese, and chromium, as § 128, @, directs. (When
fusing the residue with nitre, according to the method laid
down in § 128, @, (vide this section from the words, “ These
metals must not be disregarded,” to the end,) besides the
oxides, alumina is obtained, if any be present ; this must be
borne in mind. )

§ 129.

GENERAL TRULEER TFOR THE DETECTION OF INORGANIC SUB-
STANCES ; IN CASES WHERE ORGANIC SUBSTANCES ARE PRESENT,
WHICIH DY THEIR COLOUR, CONSISTENCE, OR OTHER PROPER-
TIES, IMPEDE THE APPLICATION OF THE REAGENTS, OR RENDER
THE PHENOMENA OBSCURE.

We have already stated in our introductory remarks, that cases
of this kind are so manifold, that it is impossible to lay down a
determinate method for every especial case; we must therefore
content ourselves with giving only such methods as are applicable
m most cases, and leaving it to the judgment of the operator Lo
adopt those modifications which he may deem necessary.

1. THE SUBSTANCE DISSOLVES IN WATER, BUT 18 OF A DARK
COLOUR OR HAS A SLIMY CONSISTENCE.

@. One part of the solution is hoiled with hydrochlorie
acid, and chlorate of potash gradually added till the fluid
has become discolouved and limpid ; the solution iz then
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heated until all odour of chlorine has disappeared, diluted
with water, and filtered. The filtrate 1s treated after the
usual method, beginning at § 115°.

4. Another portion of the solution is boiled for some time
with nitric acid, filtered, and the filtrate tested for silver,
potash, and hydrochloric aeid. This kind of treatment is
frequently preferable to all others in such cases where the
destruction of the colouring, slimy matters, &ec., succeeds
well by means of nitric acid.

The body does not dissolve in boiling water, or dissolves only

wn part. The solution is filtered, and the filtrate treated cither as
§ 114 directs, or, if it be necessary to destroy the colouring
matters which it may contain in admixture, as directed § 129, 1.
If it is impossible to filter the solution, the further operation must
he conducted as stated § 129, 2, ¢. The nature of the residue
may be various.

a. It 13 GRrEAsY. The fatty matters are removed by
means of ether, and should any residue remain, this is treated
as § 106 directs.

b. It 15 rEsiNous. Aleohol is employed instead of ether,
or a mixture of both liquids is used.

¢. IT 1S OF ANOTHER NATURE, e.g. organic fibrine, &e.
The residue insoluble in water is dried, and the greater part
of it rubbed together with from three to four parts of pure
nitre ; the mixture is gradually deflagrated in a red hot
crucible, The residue is treated as § 106, A, directs.
Another part is boiled with aqua regia, the solution filtered
and the filtrate tested for mercury. The rest is tested for
ammonia, as § 122 directs.

=

§ 130.
IV. CONFIRMATORY EXPERIMENTS.

When the various bases, acids, and electro-negative bodies,
present in the substance under examination have been detected,
it 1s in many cases advisable, in others obsolutely wecessary, to
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verify our eonclusions. In many cases this is easily accomplished,
since certain substances have such characteristic reactions that
their presence or absence may at once be determined, although
many other substances are present at the same time. DBut many
substances have not such characteristie reactions, in which cases
we must satisfy ourselves by a strict and minute examination, and
by varying our processes, determine whether the phenomena
usually indicating the presence of a substance, do not proceed
from extraneous causes

Thus ammonia may be erroneously supposed to be present in
a substance, whilst it 1s in fact derived from the atmosphere of the
laboratory, &e.

In the course of this work we have pointed out those reactions
which may be sought as confirmatory proofs, and the precautions
necessary to secure the purity of our reagents.



CHAPTER II.

EXPLANATORY NOTES AND ADDITIONS TO THE PRACTICAL
COURSE.

I. REMARES ON THE PRELIMINARY EXAMINATION.

§ 105,

THE sensible qualities of bodies, as I before remarked, may
often enable us at once to deduce certain general conclusions, as
to their nature, at least negatively. Thus, a white powder cannot
be cinnabar, a light floceulent body eannot be a compound of lead,
&ec. But the stndent must beware of forming opinions prema-
turely, respecting the nature of a body from its sensible properties
only, lest it give rise to such preconceptions as may lead
him to draw fallacious conclusions from the reactions which
manifest themselves afterwards in the course of the real exami-
nation.

In the examination of bodies, at a high temperatare, small glass
tubes may be often advantageously substituted for a metallic spoon,
since they enable us to observe any substance which may volatilize
in the process; but as a new tube is needed in every experiment,
the metallic spoons may serve in ordinary practice.

With respect to the blow-pipe examination, the student must
avoid drawing positive conclusions until he has acquired a certain
degree of experience, from practice ; a slight incrustation may not
imply the presence of a metal, nor his inability to effect a redue-
tion or to produce a colour by solution of cobalt, the absence of a
substance sought. The blow-pipe phenomena are, indeed, in most
cases unerring, but they are easily modified by adventitious cir-
cumstances,
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The preliminary examination is in no case to be passed over by
the student.

1I. ADDITIONAL REMARKS UPON SOLUTION, &ec.

§ 106.

There is some difficulty in determining the limits of the two
classes of bodies, soluble and insoluble, since these terms are but
relative, and we use the phrases easily, and sparingly, ov difficultly
soluble ; and, indeed, these two classes merge into each other.
Sulphate of lime which is soluble in four hundred and sixty-one
parts of water might perhaps serve as a limit between these two
classes, since it may still be distinetly detected in aqueous solu-
tions by means of the very susceptible reagents which we possess
for lime and sulphurie acid.

When examining an aqueous fluid by evaporating a few drops of
it upon a platinum plate, there remains sometimes a very minute
residue, which leaves us in doubt as to the nature of the sub-
stance ; in this case the fluid must, lst, be tested with litmus
papers ; 2nd, one drop of solution of chloride of barium added to a
portion of it; and, lastly, some earbonate of potash added to ano-
ther portion. If these tests produce no alteration, it i3 unneces-
sary to examine it further for acids or bases. We may in such
cases feel certain, that the substance of which the residue remain-
ing upon evaporation consists, will be better detected amongst the
bodies insolable in water, since both the acids and bases, which
principally form sparingly soluble compounds, are sensibly indi-
cated by the above-mentioned tests.

If water has dissolved any portion of the substance under exa-
mination, the student will always do well to examine separately
this solution for acids and bases, as this will permit him to detect
the nature of the compound under examination with greater faci-
lity, and, moreover, will render his conclusions the safer, which
advantages will counterbalance the disadvantage of meeting some-
times with the same substance in the agueons and in the acid
solution.
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The following substances are insoluble in water, but soluble in
hydrochlorie acid or in nitric acid, (with some exceptions,) the
phosphates, arseniates, arsenites, borates, carbonates, and oxalates
of the earths and metals; and also several tartrates, ecitrates,
malates, benzoates, and succinates, the oxides and sulphurets of
the heavy metals, alumina, magnesin, many metallic iodides and
cyanides, &e. Nearly all of these compounds are decomposed, if
not by dilute, yet by boiling concentrated hydrochloric acid, (for
the exceptions vide § 127,) but this decomposition gives rise to
the formation of insoluble compounds when oxide of silver is pre-
sent, and of sparingly soluble compounds in the presence of prot-
oxide of mercury and lead. 'This is not the case with nitric acid,
and thus we often effect a complete solution by its means in cases
where hydrochloric acid has left a residue. But nitric acid, be-
sides the substances insoluble in simple acids, leaves also oxide of
antimony, peroxide of tin, peroxide of lead, &c. undissolved,
whilst it dissolves many other substances more or less completely-
When, therefore, the compound under examination is not com-
pletely dissolved by nitric acid, (with the exception of sulphur,
which may have separated,) we must in the course of analysis
again have recourse to the hydrochlorie solution, in order to assign
exact limits in some measure to the third class of substances
viz. those bodies which are insoluble in water and simple acids. .

With regard to the solution of pure metals or alloys, we must
remark, that white precipitates frequently are formed upon boiling
with nitric acid, though no tin or antimony be present. Inexpe-
rienced students often confound these precipitates with the oxides
of these two metals, although their external appearance is quite
different. These precipitates consist of nitrates sparingly soluble
in the nitric acid present, but of easy solution in water. Conse-
quently, before we can pronounce these precipitates to consist of
tin or antimony, we must previously ascertain whether they are

soluble in water.
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III. ApDITIONAL REMARKS UPON THE REAL EXAMINATION

From § 107 to § 129.

A. GENERAL SURVEY AND EXPLANATION OF THE ANALYTICAL
COURSE,

ff. DETECTION OF THE BASES.

We have divided the bases into six groups, (vide Chapter ITI.
Part 1.) and explained the method of detecting and isolating the
individual bases. These objects we have kept in view in the prac-
tical course, and as a correct apprehension of this is of primary
importance, we subjoin a brief explanation of the grounds of our
division,—a key, asit were, to the analytical course of study, so far
as those bases are concerned. The general reagents which we em-
ploy in the course of analysis to divide the bases into principal
groups, are—HYDROCHLORIC ACID, SULPHURETTED HYDROGEN,
HYDROSULPHURET OF AMMONIA, and CARBONATE OF AMMONIA ;
this is also the order of succession in which they are employed.
Hydrosulphuret of ammonia performs a double part.

Let us suppose we have in solution all the bases, arsenious acid,
and phosphate of lime, (which latter may serve as a type for the
salts of the alkaline earths, soluble in acids, and precipitated by
ammonia, unaltered,)

Chlorine forms insoluble compounds with silver and mercury
alone ; chloride of lead is sparingly soluble in water. The inso-
luble protochloride of mercury corresponds with the protoxide of
mercury. If, therefore, we add to our solution.

1. Hydrochlorie acid, we remove from the solution the metallic
oxides of the first section of the fifth group, viz. the OXIDE oF
SILVER and the PROTOXIDE OF MERCURY. A portion of the LEAD
also may perhaps precipitate as chloride of lead, should the solu-
tion be concentrated, this is, however, immaterial, as a sufficient

5
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quantity of the lead remains in solution as to admit of its
detection afterwards.

Sulphuretted hydrogen precipitates the oxides of the fifth and
sixth group completely from solutions containing a free mineral
acid, as both the affinity which the metallic radicals of these oxides
have for sulphur, and that which hydrogen possesses for oxygen,
are so powerful as to overcome the affinity between the metal and
oxygen, together with that between the oxide and a strong acid,
EVEN THOUGH THE ACID BE PRESENT IN EXCESS, Butnone of the
other bases are precipitated under those cirenmstances, the bases
of the first, second, and third group forming no sulphur com-
pounds insoluble in water ; those of the fourth group are not pre-
cipitated, because the affinity which their metallic radicals possess
for sulphur, together with that manifested by hydrogen for oxygen,
are not sufficiently powerful to overcome that of the metal for
oxygen and of the oxide for a strong acid, IF THE LATTER IS NOT
PRESENT IN EXCESS.

If, therefore, after the removal of oxide of silver and of prot-
oxide of mercury, by means of hydrochlorie acid, we add to our
solution, (which still contains free hydrochlorie acid.)

R. Sulphuretted hydrogen : we remove from it the rest of the
oxides of the fifth, together with those of the sixth group, viz.
OXIDE OF LEAD, PEROXIDE OF MERCURY, OXIDE OF COPPER, OXIDE
OF BISMUTH, OXIDE OF CADMIUM, PEROXIDE OF GOLD, PEROXIDE
OF PLATINUM, PROTOXIDE OF TIN, PEROXIDE OF TIN, OXIDE OF
ANTIMONY, ARSENIOUS AcID, and ARrsenic acip.  All the other
oxides remain in solution, either unaltered or reduced to a lower
degree of oxidation, e. g. peroxide of iron, chromic acid, &e.

The sulphurets corresponding with the oxides of the sixth
group have the property of combining with electro-positive metallic
sulphurets (the sulphurets of the alkali metals) forming sulphur
salts soluble in water, whilst the sulphurets corresponding with
the oxides of the fifth group do not possess this property. If,
therefore, we treat all the sulphurets precipitated by sulphuretted
hydrogen from acid solution, with
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3. Hydrosulphuret of ammonia, or sulphuret of potassium,
the bisulphurets of mercury, lead, copper, bismuth, and cad-
minm will remain undissolved, whilst the other bisulphurets
are dissolved as the double SULPHURETS OF GOLD, PLATINUM,
ANTIMONY, TIN, ARSENIC, and ammonium or potassium, and
from this solution they are precipitated upon the addition of an
acid, either unaltered, or having acquired a higher degree of sul-
phuration, by receiving sulphur from the hydrosulphuret of am-
monia, (sulphuret of tin.) In this process the acid decomposes
the sulphur salt formed. The sulphur base (hydrosulphuret of
ammonia or sulphuret of potassium) is decomposed, at the ex-
pense of the constituents of decomposed water, into an oxygen
base (ammonia or potash) and sulphuretted hydrogen ; the
former combines with the acid added, the latter escapes, and
the liberated electronegative sulphuret precipitates, (If the acid
is an hydracid, its radical combines with the ammonium and its
hydrogen with the sulphur.) Sualphur precipitates at the same
time, the hydrosulphuret of ammonia always containing sulphur in
excess. This sulphur renders the colour of the precipitated sul-
phurets lighter, which must be always borne in mind, when deter-
mining their nature.

Of the oxides still in solution, the alkalies, the alkaline earths,
alumina and oxide of chromium have remained so, because their
sulphur compounds are soluble in water, or because their salts are
not at all affected by sulphuretted hydrogen; the oxides of the
fourth group would have been precipitated by sulphuretted
hydrogen, had not the free acid present prevented their precipita-
tion, as their corresponding sulphur compounds are insoluble in
water. If therefore, this free acid be removed, 1. e. 1f the solution
be made alkaline and sulphuretted hydrogen added, or if, what
answers both purposes at once,

4. Hydrosulphuret of ammonia be added to the solution, the
sulphurets corresponding with the oxides of the fourth group are
precipitated, viz.: SULPHURET OF IRON, SULPHURET OF MAN-
GANESE, SULPHURET OF COBALT, SULPHURET OF NICKEL, and

s 2
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SULPHURET oF ZINC, and at the same time ALUMINA, OXIDE OF
CHROMIUM, and PHOSPHATE OF LIME, are precipitated, the affinity
which the ammonia possesses for the acid of the salt of
oxide of chromium or of alumina, or for the acid which keeps
the phosphate of lime in solution, causing decomposition of the
water and subsequently formation of oxide of ammoninm and of
sulphuretted hydrogen. The former combines with the acid, the
latter escapes, incapable of entering into combination with the
oxides deprived of their acids, or with the phosphate of lime,—the
oxides and the limesalt precipitate. We have now remaining in
solution only the alkaline earths and the alkalies. The neuntral
carbonates of the former are insoluble in water, whilst those of the
latter are soluble. If, therefore, we add

5. Carbonate of ammonia and apply heat, in order to decom-
pose acid carbonates which may peradventure have been formed,
all the alkaline earths ought to precipitate. This is, however, the
case only as regards BARYTES, STRONTIAN, and LIME ; of magnesia
we know that, owing to its disposition of forming double com-
pounds with ammoniacal salts, it precipitates only in part, or, not
at all, in presence of another ammoniacal salt. To avoid this
uncertainty, sal ammoniac is added previous to the addition of
carbonate of ammonia, in order completely to prevent the preci-
pitation of magnesia.

We have now still in solution, magnesia and the alkalies; of
the presence of magnesin we may assure ourselves by means of
phosphate of soda and ammonia; but for its separation we
pursue a different way, since the presence of phosphoric acid
would impede the further progress of the analysis, The process
which we employ is based either upon magnesia being insoluble
in its pure state or as a carbonate. The substance under exami-
nation is heated to redness in order to expel the ammoniacal salts,
and the magnesia is then either precipitated by means of baryte s
whilst the alkalies remain in solution; or the substance is heated
to redness, with the addition of sulphurie acid, and the sulphates
formed are by decomposition with acetate of barytes, converted
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into acetates, and these, by the application of a red heat, into car-
bonates ; upon treating these latter with water, carbonate of mag-
nesia remains, whilst the alkaline carbonates are dissolved. A
fresh specimen must, of course, be employed for the detection of
ammonia.

f. DETECTION OF THE ACIDS.

Previous to entering upon the examination for acids and elee-
tro-negative substances, we must first consider which of these
bodies may and which of them cannot be present according to the
detected bases, and accordingly to the solubility of the substances
under examination ; thus we shall avoid making unnecessary ex-
periments. A table useful for this purpose, will be found in the
appendix. The general reagents employed for the detection of
acids are, for the inorganic acids, CHLORIDE OF BARIUM and
NITRATE OF SILVER; for the organic acids, CHLORIDE OF CAL-
civM and PERCHLORIDE OF IRON, It is therefore indispensable,
first to assure ourselves whether we have to operate upon a sub-
stance containing inorganic acids alone, or organic acids alone, or
both together. When examining for bases, the general reagents
serve for the real separation of the various groups of bases from
each other; in the examination for acids, we only use them to
assure ourselves of the presence or absence of the acids belonging
to the different groups.

Let ussuppose we have in an aqueous solution all the acids we have
treated of in the present work, combined, for instance, with soda.

Barytes forms insoluble compounds with sulphuric acid, phos-
phoric acid, arsenious acid, arsenic acid, carbonic acid, silicie
acid, boracic acid, ehromic acid, oxalic acid, tartaric acid, and
citric acid; these compounds are soluble in hydrochloric acid,
with the exception of sulphate of barytes. If therefore to a
portion of our neutral or neutralized solution, we add

1. Chloride of barium, the presence of at least one of these
ucids will immediately become manifest. Upon treating the pre-
cipitate formed with hydrochloric acid, the presence of sulphuric
acid will be detected, as all the salts of barytes are soluble in this
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menstruum, with the exception of the sulphate. When sulphate of
barytes is present, the reaction with chloride of barium does not
enable us to detect all the other acids enumerated with safety.
For upon filtering the hydrochloric solution of the precipitates
and supersaturating with ammonia, the borate, tartrate, citrate,
&e. of barytes do not precipitate again, being kept in solution by
the sal ammoniac formed. Chloride of barium, therefore, cannot
be employed to separate the individual acids from each other, and
thus is of no use for their individual detection, except for that of
sulphuric acid. It is, however, of great importance as a reagent,
since the non-formation of a precipitate in neutral or alkaline solu-
tions, upon its application, proves at once the absence of a consi-
derable number of acids.

Silver forms compounds insoluble in water, with chlorine,
iodine, bromine, and cyanogen ; and oxide of silver, with phos-
phoric acid, arsenious acid, arsemic acid, boracic acid, chromic
acid, silicic acid, oxalic acid, tartaric acid, and citric acid. All
these compounds are soluble in ammonia, with the exception of
iodide of silver, and in nitric acid, with the exception of iodide,
chloride, bromide, and eyanide of silver. If, therefore, we add to
our solution (which must be completely neuntral)

2. Nitrate of silver, we deteet immediately the presence of one
or several of the acids enumerated ; chromiec acid, arsenie acid, and
several other acids, the silver salts of which are coloured, may
even be individually detected with a certain degree of safety, by
the colour of their precipitates. If we add nitric acid to the pre-
cipitate, we detect the presence of the haloid compounds, as these
remain undissolved, whilst the oxide salts are dissolved. The
complete separation and individual detection of those acids which
form insoluble compounds with oxides of silver, are prevented by
the same cause which renders the individnal detection of acids by
chloride of barium unsafe. For the ammoniacal salt formed pre-
vents the reprecipitation by ammonia, of several salts of silver,
from the acid solution, nitrate of silver serves us therefore, besides
detecting chlorine, iodine, bromine, and cyanagon, and indicating
chromic acid, &c., especially to prove at once the absence of many
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acids, if it produees no precipitate in neutral solutions. The
behaviour of solutions under examination with chloride of barium
and with nitrate of silver, therefore, points out at once what course
we have further to pursue in our investigation. Thus, for instance,
if chloride of barium has produced a precipitate, whilst we have
obtained none by nitrate of silver, it is not necessary to test for
phosphorie acid, chromic acid, boracic acid, silicic acid, arsenious
acid, arsenic acid, oxalic acid, tartaric ncid, and citric acid, pro-
vided always that the solution does not already contain ammo-
niacal salts. The same is the case if we obtain a precipitate by
nitrate of silver, but none by chloride of barium. Returning to
our first supposition, viz., that all acids are present in the com-
pound under examination, we have thus detected CHLORINE,
BROMINE, IODINE, and ¢YANOGEN, (for their separation and indi-
vidual detection, vide § 100,) as well as sULPHURIC AcID, and we
have reason further to test for all the other acids precipitated by
these two reagents. Their detection is based upon the results of
special experiments, which have already been explained in the
course of the present work: the same applies to the other inor-
ganic acids, and thus also to nitrie acid and chlorie acid.

Of the organic acids, oxalic acid, tartaric acid, and paratartaric
acid, are precipitated by chloride of calcium, from aqueous solu-
tions, at a low temperature, even in the presence of sal ammoniac ;
but the precipitation of citrate of lime is prevented by the presence
of ammoniacal salts, and takes place only upon boiling or upon
mixing the solution with aleohol; the latter means is also em-
ployed for the separation of oxalate of lime from agueous solu-
tions. If, therefore, we add to our solution,

8. Chloride of ecalcium and sal ammoniac, OXALIC ACID,
TARTARIC AcCID, and PARATARTARIC ACID are precipitated, but
the lime-salts of several inorganic acids, which have not yet been
separated, precipitate at the sume time (phosphate of lime, for
instance). We must therefore select, for the individual detection
of the precipitated organic acids, such reactions only as do not
admit the possibility of confounding the organic acids with the
inorganic acids precipitated at the same time.  For the detection
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of oxalic acid we thus select solution of gypsum, with the addition
of acetic acid (§ 98, ¢, 4), for the detection of tartaric and para-
tartaric acid; we treat the precipitate produced by chloride of
calcium, with solution of potash, sinee the lime-salts of these two
acids alone dissolve in this menstruum, at a low temperature, whilst
all the other insoluble lime-salts remain undissolved.

Of the organic acids we have now still in solution citric acid
and malic acid, succinic acid and benzoic acid, acetic acid and
formic acid. Crrric Acip and MALIC AcID precipitate upon aleohol
being added to the fluid filtered off from the oxalate, tartrate, &e.,
of lime, and which contains still chloride of caleium in excess.
Sulphate and borate of lime always precipitate together with the
malate and citrate of lime, if sulphuric acid and boracie acid are
present ; we must therefore carefully guard against confounding
the lime precipitates of these acids with those of citric acid and
malic acid. The alechol is then removed by evaporation, and

4. Perchloride of iron added ; this precipitates SUCCINIC ACID
and BENZOIC ACID in combination with peroxide of iron, whilst
FORMIC ACID and ACETIC ACID remain in solution. The methods
for the further separation of the groups and the reactions where-
upon the detection of the individual acids depends, have already
been deseribed.

B. BSPECIAL AND ADDITIONAL REMARKS UPON THE SYSTEMATIC
COURSE OF ANALYSIS,

§ 114.

We have at the beginning of § 114, given the instruetion to
mix neutral or acid aqueous solutions with hydrochlorie acid.
This acid must be added drop by drop. If no precipitate is
formed, a few drops are sufficient ; if a precipitate is formed, the
acid must be added until the precipitate ceases to increase and
the fluid has acquired a distinct acid reaction. The addition of
large proportion of hydrochloric acid is not only unnecessary, but
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injurious. The precipitate produced by hydrochloric acid in
neutral or acid solutions may consist of chloride of silver, proto-
chloride of mercury, ehloride of lead, and a basic salt of antimony.
The two latter substances redissolve upon diluting and heating the
acid fluid, and thus the non-solution of the precipitate, upon the
application of these processes, is an indication of the probable
presence of chloride of silver or protochloride of mereury. Should
compounds of antimony or bismuth be present, this dilution with
water will separate from them insoluble basic salts in a state of most
minute division ; these must be redissolved by the addition of hydro-
chlorie acid, before we can draw any correct conclusion from the re-
maining or disappearing of the precipitate produeed by hydrochlorie
acid. If we have to operate upon analkaline solution, the hydro-
chloric acid must be added, until the fluid manifests a strong acid
reaction. A great excess of the acid must, however, be avoided.
The substance which causes the alkaline reaction of the fluid, is
neutralized by the hydrochlorie acid, and the bodies combined
with it, or dissolved in it, separate. If the alkali present was in
a free state, oxide of zine, for instance, alumina, &ec., may be pre-
cipitated. DBut these redissolve in an excess of the hydrochloric
acid, whilst chloride of silver, if present, will not redissolve, and
chloride of lead only sparingly. If a metallic sulphur salt be the
cause of the alkaline reaction, the electro-negative sulphuret (e. g.
sulphuret of antimony) will precipitate, on the addition of the
hydrochlorie acid; whilst the electro-positive sulphuret (e. g. sul-
phuret of sodium) will form chloride of sodium and sulphuretted
hydrogen, with the constituents of hydrochloric acid. If an alka-
line carbonate, or an alkaline sulphuret, be the cause of the alka-
line reaction, carbonie acid or sulphuretted hydrogen will eseape.
All these phenomena ought to be carefully observed, for they not
merely point out the presence of the relative substance, but also
exclude entire series of substances from the further examination.

§ 115.

We have already had oceasion to remark, that upon adding a
reagent (e. g. sulphuretted hydrogen) to a fluid under examina-
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tion, a precipitate may or may not ensue. If a precipitate is
formed, this may be, a, white, &, yellow, ¢, orange, d, brown or
black. Every one of these various cases i1s a different answer
given to the question put by means of the reagent, ‘and every
answer has a different meaning. An aceurate distinction of the
individual case is, therefore, indispensable. Any error here must
prevent the student from obtaining correct results.

The colour of the precipitate is almost invariably pointed out
as a criterion in the systematic course of analysis. We may pre-
sume that a darker precipitate will sometimes conceal one of a
lighter colour, and thus, e. g. that yellow sulphuret of arsenic
may be present, invisible in a precipitate of black sulphuret of
mereury ; and so we may also conclude that no dark precipitate
can be contained in a light-coloured one, e. g. no black precipi-
tate in a white. These conclusions cannot, however, always be
drawn with the same degree of safety, all colours not contrasting
so pointedly with each other as black and white; but many of
them rather merging into each other, e. g. yellow and orange.
Whenever the colour of the precipitate admits of any doubt as
to its nature, it i3 always advisable fo pursue that course which
the darker of the colours in question indicates, since in this re-
gard has been had to all the metals which can possibly have pre-
cipitated, whilst in the other the metallic precipitates of darker
colour are disregarded. The safer way is always to be preferred,
although it may be the more protracted.

A judicious distribution and economy of time is especially to
be studied in the practice of analysis; many of the operations
may be carried on simultaneously, which the student will readily
perceive and arrange for himself.

In such cases, where we have before us only metallic oxides of
the sixth group, (e. g. oxide of antimony,) and oxides of the
fourth group, (e. g. the oxides of iron,) it is not necessary for
their separation to precipitate them from acidified solutions by
means of sulphuretted hydrogen, but we may at once add hydro-
sulphuret of ammonia in excess to the neutralized solution. The
sulphuret of iron, &e., will then be obtained in a precipitate,
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whilst the antimony, &ec., will remain in solution, from which,
upon the addition of an acid, it will immediately precipitate a
sulphuret of antimony. This method has the advantage of ren-
dering the fnid less dilute than when sulphuretted hydrogen is

employed, and moreover of facilitating and accelerating the
operation.

§ 116.

When digesting the precipitates produced by sulphuretted
hydrogen from acid solntions, with hydrosulpluret of ammonia,
it is indispensable to apply this Iatter reagent in a correct propor-
tion. A small quantity is generally sufficient, but if sulphuret of
tin be present, a somewhat larger amount must be employed. In-
experienced students, however, use so much of it, that, upon the
addition of an acid, sulphur precipitates to such an amount
that the colour of the metallic sulphuret, which precipi-
tates at the same time, is quite obscured and concealed by it.
The separation and individual detection of oxide of antimony,
peroxide of tin, and arsenic, is not very easy if all three oxides
have been precipitated as sulphurets. Imexperienced students
will find it difficult safely to detect and separate them before
the blow-pipe.  Of the many methods applicable for the dis-
tinetion of these three metals, that given at § 116 has been
proved the safest by experience. If sulphuret of arsemie, sul-
phuret of antimony, and sulphuret of tin, are deflagrated with
nitre in excess, and carbonate of soda, the metals and the sul-
phur oxidize at the expense of the oxygen of the nitric acid: we
have, therefore, in the fused mass alkaline arseniate, antimoniate,
sulphate, and stannate, besides excess of nitre and carbonate of
soda. On treating with water, the alkaline sulphate and arse-
niate are dissolved ; the alkaline antimoniate is decomposed; an
insoluble acid salt remains, whilst a small amount of antimonic
acid is dissolved in the form of a basic salt. A portion of the
peroxide of tin also dissolves in the carbonated alkali present.
If boiling water is employed, the amount of the dissolved ant-
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monic acid and peroxide of tin is not inconsiderable, whilst it is
but minute in cold water; the latter is therefore preferable to
boiling water in this operation. If the alkaline solution obtained
is then saturated with nitric acid, and heat applied, the dissolved
peroxide of tin and antimonic acid precipitate; but this precipi-
tate is never free from arsenic. This will show how carefully we
ought to avoid getting much peroxide of tin or antimonic acid in
solution. In the fluid saturated with nitric acid, or slightly
acidified, filtered off from the precipitate formed, we have now
still arseniated and sulphated alkali, One portion of this fluid is
tested, as stated § 116, with solution of silver and ammonia, an-
other portion with solution of lead, Since the fluid must be per-
fectly neutral to render the arseniate of silver visible, and since
it is not always easy to hit upon the exaet neutralization point,
the fluid, after the addition of the solution of silver, 18 covered
with a layer of dilute ammonia. This is the easiest method of
produeing a precipitate when but small quantities of arsenic are
present. On the precipitation with solution of acetate of lead, we
obtain a mixture of sulphate and arseniate of oxide of lead. The
presence of the sulphate of lead renders the quantity of the precipi-
tate greater, and thus its collection and testing before the blow-pipe
more easy ; it moreover increases the bulk of the button obtained.
Though by means of these reactions the presence of arsenic may
be proved beyond doubt, yet the production of metallic crusts is
the safest test.

If the residue remaining upon treating the deflagrated mass
with water, and which is to be examined for tin and antimony,
be not carefully washed, and thus freed from all the nitre still
adhering to it, previous to fusing with cyanide of potassium, ex-
plosions will take place, (§ 101, e, 3,) whereby not only the test-
gpecimens are thrown off, but the operator himself may meet with

some injury.

§ 117.

If the sulphurets of the second section of the fifth group are
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heated to the boiling point with nitric acid, lead, bismuth, copper,
and eadminm, oxidize at the expense of a portion of the nitric
acid, which decomposes into nitric oxide and oxygen, the sulphur
separates, and the oxides formed combine with another portion
of the nitric acid, forming soluble nitrates. Sulphuret of mer-
cury is not decomposed by nitric acid, provided no chloride be
present at the same time, owing to imperfect rinsing. Ammonia
decomposes all the metallic nitrate dissolved. But the oxides of
lead and bismuth are insoluble in an excess of ammonia, whilst
those of cadmium and copper are dissolved by this reagent.
Ammonia therefore affords us a means of testing the solution for
the presence of the oxides of lead and bismuth, as well as of pre-
cipitating and separating them from it. The presence of oxide
of copper is also detected by this reagent; the ammonio-nitrate
of copper, which is formed upon its addition to the fluid under
examination, imparting a blue colour to the floid. The causes
whereupon the further separation and detection of the four metals
in question depends, have already been sufficiently explained at
§ 91, (recapitulation and remarks.) With regard to the de-
tection of bismuth, it must be remarked, that it never succeeds if
the excess of acid present is not as slight as possible ; this is best
attained in the manner described § 117. DBut if the operator
evaporates only nearly to dryness, so much acid frequently re-
mains present, that the separation of a basic salt cannot be
accomplished.

Besides the method given at § 91, (recapitulation and remarks,)
and at § 117, for the distinetion of cadmiunm, copper, lead, and
bismuth, the following method also leads with great safety to the
desired end. Carbonate of potash is added to the nitric solution
as long as any precipitation takes place ; solution of cyanide of
potassium in excess is then added, and heat applied. Lead and
bismuth are hereby completely separated as carbonates, whilst
copper and cadmium are obtained in solution as the double
eyanides of copper and potassinm, and cadmium and potassium,
Lead and bismuth may then easily be separated by means of
sulphuric acid ; copper and eadmium, by adding to the solution
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of their cyanides in cyanide of potassium, sulphuretted hydrogen
in excess, and applying heat; some more cyanide of potassium
must then be added to redissolve the sulphuret of copper, which
peradventure may also have precipitated. A yellow precipitate
of sulphuret of cadmium, insoluble in eyanide of potassium, indi-
cates cadmium. The fluid is filtered off, and hydrochloric acid
added to the filtrate ; the formation of a black precipitate of sul-
phuret of copper indicates copper. The presence of mercury is
indeed already proved by a black residue remaining, upon heating
the sulphurets with nitric acid. A more minute examination of
any residue remaining upon boiling with nitric acid, is, however,
necessary, always provided this residue be not pure yellow sul-
phur, which in most cases floats on the surface of the fluid. The
reasons for this further examination are the following : separated
sulphur frequently envelopes small particles of the other black
sulphurets, and for thisreason appears black here and there.
Sulphuret of mercury, moreover, may, under certain cireum-
stances, lose its black colour, and the precipitate in that case be
confounded with sulphate of lead, (into which substance a portion
of the sulphuret of lead present is in most cases converted,) or
with peroxide of tin, (which may have been formed by the action
of nitrie acid upon sulphuret of tin present, and not completely
removed by hydrosulphuret of ammonia). The test with polished
copper is the most convenient, and yields the quickest result Tt
must, however, be remarked that errors oceur more frequently,
when employing this test, than when we select the reaction with
protochloride of tin. When employing the latter reagent, we
must especially assure ourselves of its being still undecomposed,
and of the solution of mercury containing no nitrie acid. If after
the method deseribed, the protoxide of mereury has first been se-
parated by hydrochlorie acid, and a precipitate of sulphuret of
mercury is formed, upon the addition of sulphuretted hydrogen,
this corresponds always with the peroxide and perchloride, &e. of
mercury. 1f we have to operate upon an aqueous solution, or a
solution in very dilute hydrochloric acid, it existed as such in the
original substance. But when we have a nitric solution before us,
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it may have originally existed as protoxide, and subsequently ac-
quired a higher degree of oxidation,

§ 118.

The precipitate produced by hydrosulphuret of ammonia, may
(as we have already stated, page 259) consist of sulphurets, of
oxides, and of the phosphates of the alkaline earths, phosphate of
alumina, oxalate of lime (barytes and strontian.) The borates of
the alkaline earths and the oxalate of magnesia would, moreover,
be precipitated, bunt they remain in solution owing to the sal am-
moniac formed in the fluid or added to it. Upon dissolving the
precipitate in hydrochlorie acid, or in aqua regia, the metallic sul-
phurets and the hydrated oxides are converted into soluble c¢hlo-
rides, whilst the phosphates and oxalates dissolve without decom-
position. If to this acid solution, ammonia is added, the phos-
phates and oxalates are ve-precipitated, and, together with them,
alumina, oxide of chromium, and peroxide of iron fall down, as
these do not (like the oxides of manganese, nickel, cobalt, and
zine) form soluble double compounds with ammoniacal salts.
This precipitation by ammonia, in presence of sal ammoniaec, is
the base whereon the further distinetion and individual detection
of the substances enumerated depends. At this result we may also
arrive by merely adding sal ammoniae and ammonia in excess to
the fluid filtered from the precipitate produced by sulphuretted
hydrogen, after havingexpelled the excess of sulphuretted hydrogen
by boiling, and converted the iron which peradventure may be pre-
sent, into peroxide of iron, by heating with nitrie acid. We ob-
tain thus, of course, the peroxide of iron, the alumina, oxide of
chromium, and the phosphates, &ec., of the alkaline earths alone in
the precipitate, whilst the manganese, cobalt, nickel, and zine, are
contained in the fluid which runs off, and may then be precipi-
tated by means of hydrosulphuret of ammonia. Under certain
circumstances this method is preferable to the first, and may then
be employed with advantage ; but in general it requires more time
than the other. With regard to the further detection of nickel,

f
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cobalt, manganese, and zine, we have nothing to add to § 118, 2,
except that ammoniacal salts must not be present, if the separa-
tion of these fonr metals from each other is to succeed after the
method deseribed at § 118, 2. But as the separation of manga-
nese, nickel, &e., from iron, &c., depends upon the presence of
ammoniacal salts, these must be removed, either by evaporating
the solution and heating the residue to redness, or by precipitating
these four metals again by hydrosulphuret of ammonia, (which
latter method generally is preferable to the former.) The preci-
pitate of the metallic sulphurets must, of course, be carefully
washed. The separation of the peroxide of iron, and of the phos-
phates and oxalates of the alkaline earths from alumina and oxide
of chromium rests upon the solubility of the latter and the insolu-
bility of the former compounds, in caustic potash; and that of
peroxide of iron from the salts of the alkaline earths, npon the
circumstance that the precipitation of the former is prevented by
adding tartaric acid to the acid solution, previous to the addition
of ammonia, which is not the case with the latter. (Vide recap.
and rem. to § 88.)

§ 127.

The third class of substances also has no strictly definable
limits, as the solubility or insolubility of several compounds be-
longing to it, depends very much upon the guantity and concen-
tration of the acid and the time of boiling. Besides the difficultly
soluble substances enumerated, we must especially look for many
metallic sulphurets and iodides, which also only dissolve after
some time in concentrated hydrochloric acid, at a high tempe-
rature. If a substance is dissolved in nitric acid after long boiling,
we must not conclude that protochloride of mercury is absent,
since this substance, as we have already stated, is converted in
this process into pernitrate of mercury and perchloride of mercury,
and is thus dissolved,

Chloride of silver, protochloride of mercury, and chloride of lead
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may have been present in the original compound as such, or may
have been formed upon treating with hydrochloric acid. The
presence of chloride of lead has in that case already been detected
in the aqueous solution ; of the original presence of the two other
substances we may assure ourselves in the following manner. The
substance insoluble in water is treated with dilnte nitrie acid.
All the salts of protoxide of mercury and oxide of silver present
are thereby dissolved, whilst the chlorides enumerated above re-
main undissolved together with iodide of silver; they are sepa-
rated by means of ammonia, which at the same time allows us to
detect the protochloride of mercury,

The decomposition of the sulphates of the alkaline earths may
be effected also in the humid way by boiling them for some time
with solution of carbonate of potash. But the fusion with the
carbonate of potash and soda, vields far safer results, and leads
quickly to the desired end, when operating upon small quantities.
This method has moreover the advantage of leading to the safe
detection of the presence of silicie acid.

The sulphates of the alkaline earths are decomposed by the
alkaline carbonates in such a manner as to give rise to the for-
mation of carbonates of the alkaline earths and of sulphates of the
alkalies. If the precipitate of the former be not carefully washed,
previously to its solution in hydrochlorie acid, sulphates of the
alkaline earths will again be formed by the action of the sulphated
alkali still adhering to the precipitate ; this would render the ex-
periment very unsafe at the least, sinee, for instance, all the bary-
tes dissolved might precipitate again.

Carbon has been connected with this third class, sinee it oceurs
sometimes in the course of examinations, and thus may become a
great obstacle to the progress of the inexperienced student, if not
prepared for its presence. Graphites is distinguished from the
other forms of carbon by its difficult combustion before the blow-
pipe, and its non-combustion in a platinum spoon ; besides the
iron, which it generally contains in admixture, indicates its
presence.
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§ 128

The analysis of cyanogen compounds is not very easy in certain
cases, and sometimes it is indeed extremely difficult to ascertain
whether we have a cyanide before us or not. If, however, the
phenomena which the substance under examination manifests,
when heated to redness, (§ 105, A, 1., 2, /3) be carefully observed,
and also whether upon boiling with hydrochloric acid any odour
of hydrocyanic acid manifests itself, (§ 106, A, 2,) the presence or
absence of a cyanide will generally not long be doubtful.

It must above all be borne in mind that the insoluble cya-
nogen compounds oceurring in pharmacy, &e., belong to two quite
different classes. They are either SIMPLE CYANIDES, or com-
pounds of metals with ferrocyanogen, or with some other similar
compound radical.

All the simple cyanides are decomposed by boiling with
concentrated hydrochloric acid, into metallic chlorides and
hydrocyanic acid. Their analysis, therefore, is never diffi-
cult. The ferrocyamides, &e., however, (to which the method
given § 128 indeed exclusively refers,) undergo by acids such
complicated decompositions that their analysis in this manner
does not easily succeed. Their decomposition by alkalies is far more
simple ; these precipitate the metal combined with the ferrocya-
nide, &e., as oxide, by yielding their oxygen to it, and combining
in their metallic state with the compound radicals, forming soluble
ferrocyanide of potassium, &c. The method given at § 128 en-
deavours first to effect a decomposition of this kind by means of
CARBONATE OF POTASH. If this succeeds, we have the advantage
of obtaining the oxides as a precipitate, which circumstance ren-
ders their further analysis simple; if it does not succeed, we must
have recourse to CAUSTIC POTASH. Butin an excess of caustic
potash, several oxides are soluble, such as oxide of lead, oxide of
zine, &e. If, therefore, e. g. the double ferrocyanide of zine and
potassium, be boiled with caustic potash, it will completely dis-
solve in that menstruum, Were we to add an acid to this solu-

5
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tion, we should re-obtain our original precipitate of the double
ferrocyanide of zine and potassium, and our experiment thus
would be of no avail. To prevent this, we transmit sulphuretted
hydrogen through the solution. All the heavy metals dissolved
as oxides in the potash solution are thereby converted into sul-
phurets. Those of them which are insoluble in potash, such as
sulphuret of lead, sulphuret of zine, &e., precipitate, whilst those
soluble in alkaline sulphurets, such as sulphuret of tin, sulphuret
of antimony, &c., remain in solution, and precipitate only upon
the addition of an acid.

The cyanogen is always contained in the liquid filtered from
the precipitated oxides or sulphurets, as ferrocyanide, &ec., of
potassium, (provided always the compound before us has a double
compound of eyanogen radicals). From most of them (ferro-
eyanide, ferricyanide, chromicyanide, and manganocyanide of
potassium) the cyanogen partly separates as hydrocyanic acid,
upon boiling this solution with sulphuric acid, and may thus be
easily detected. DBut the cobalticyanide of potassium is not de-
composed by sulphurie acid, and this renders it difficult pIRECTLY
to prove the presence of cyanogen in this double compound.
Upon fusion with nitre, all these double compounds are decom-
posed, cobalticyanide of potassium not excepted. They must pre-
vious to this operation be treated with an excess of nitric acid,
and then concentrated by evaporation, or else explosions will
ensue. Caution in this operation is highy advisable. If we
merely propose to detect the bases present in simple or double
cyanides, it is in most cases sufficient either to heat the substance
to redness for some time by itself, or better still, to fuse it
together with the carbonates of potash and soda. By this pro-
cess the metals are obtained either in their metallic state, or com-
bined with carbon. If the compound has been fused together
with the carbonated alkalies, we obtain in the dross, cyanide of
potassium, if this substance has not been converted into cyanate
of potash, owing to the adventitious presence of reducible oxides.
(Vide § 100, d, 1.)






APPENDIX TO PART SECOND.

GENERAL SCHEME FOR A JUDICIOUS ARRANGEMENT OF THE
SUCCESSION IN WHICH SUBSTANCES OUGHT TO BE ANALYSED.

IT is not a matter of indifference whether the student, in ana-
lysing for the sake of practice, follow no rule or order whatever
in the selection of substances to be examined, or whether, on the
contrary, his investigations and experiments follow a definite
system. Many ways may lead to the desired end, but one of
them invariably will prove the shortest. I will therefore here
point out a system which experience has shown will lead safely
and rapidly to the object in view.

Let the student take one hundred compounds, distributed
according to the following scheme, and the successful examination
of these will be amply sufficient to enable him to attain the desired
degree of skill in practical analysis. When analysing for the sake
of practice only, the student must above all things possess the
means of verifying the results obtained by his experiments. The
compounds to be examined ought, therefore, to be mixed by a
friend who knows their exact composition.

A, From 1 {o 20.

AQUEOUS SOLUTIONS OF SIMPLE SALTS : e. g. sulphate of soda,
sulphate of lime, chloride of copper, &c;—for the acquisition of
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the method to be pursued in the analysis of substances soluble in
water, and which contain but one base. In these investigations
it is only intended to ascertain which base is present in the fluid
under examination, withont regard to the detection of the acid;

it is not necessary to prove that no other base is present, besides
the one detected.

B. From 21 to H0.

SALTs, &c., (CONTAINING ONE BASE AND ONE ACID,) IN A SOLID
FORM, as powder: e. g. carbonate of barytes, borate of soda,
phosphate of lime, arsenious acid, chloride of sodium, tartar,
acetate of copper, sulphate of barytes, chloride of lead, &e. ;—
to learn how to convert a solid substance to a state which
admits of its examination, (solution, or fluxing,) how to detect
oNE metallic oxide, even though the substance under examination
be Not soluble in water, and how to prove the presence of oNE
acid. Base and acid must be detected; it is not necessary to
prove that no other constituents, &e., are present.

C. From b1 to .'T{i.

ﬁQUEﬂUS OR ACID SOLUTIONS OF SEVERAL BASES;—to EI.G(_{UiI'ﬂ
the method of separating and distinguishing several metallic
oxides. It is necessary to prove that no other bases are present
besides those detected. No regard is paid to the acids.

I. From No. 51 to 60. To acquire the method of separating
the metallic oxides into the principal groups. The solutions con-
tain, therefore, e. g. potash, lime, and lead ;—copper, iron, and
arsenic ;—barytes, antimony, bismuth, and potash, &e.

IT. From No. 61 to 70. To acquire the method of detect-
ing side by side the individual bases belonging to the same group.
The solutions contain, e. g. potash, soda, and ammonia ;—zine,
manganese, and nickel ;—copper, mercury, and lead ;—antimony,
tin, arsenic, &c.
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D. From 71 to 80.

AQUEOUS SOLUTIONS CONTAINING SEVERAL ACIDS, EITHER IN
THEIR FREE OR IN THEIR COMBINED STATE, e. g. sulphuric acid,
phosphorie acid, and boracic acid ;—ecarbonic acid, sulphuretted
hydrogen, and hydrocyanie acid ;—tartarie acid, ecitric acid, and
malic acid ;—chlorine, iodine, and bromine ;—nitrie acid, hydro-
chlorie acid, and oxalic acid ;—to acquire the method of detecting
several acids contained in the same compound. It is necessary
to prove that no other acids are present besides those detected.
The bases are disregarded.

E. From 81 to 100.

ALLOYS, MINERALS, AND MIXED SUBSTANCES OF EVERY DE-
scRIPTION ;—for further practice, and to prove that the student has
attained the objeot he had in view when entering upon these expe-
rimental examinations. All the constituents of a substance under
examination must be detected ; the nature of the substance must
he examined.
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IT.
TABLE
F THK
MORE FREQUENTLY OCCURRING FORMS AND
COMBINATIONS OF THE SUBSTANCES CONSIDERED IN

THE PRESENT WORK,

WITH ESPECIAL REGARD TO THE CLASSER, TO WHICH THEY RELONG

ACCORDING TO THEIR VARIOUS DEGREES OF SOLUBILITY

IN WATER, IN HYDROCHLORIC ACID, OR IN NITRIC ACID.

PRELIMINARY REMAREKS.

THE various classes to which compound substances belong
according to the division specified at § 106, are expressed by
figures. Thus 1 or I means a substance soluble in water; 2 or 11
a substance insoluble in water, but soluble in hydrochlorie acid, or
nitric acid ; 8 or III a substance insoluble both in water and
acids. The Roman figures denote officinal and more frequently
ocomrring compounds, whilst the Arabian figures indicate less
frequently oceurring compounds, For those substances standing
as it were, on the limits between the various classes, the figures of
the classes in question are jointly expressed : thus 1—2 signifies
a substance difficultly soluble in water, but soluble in hydrochlorie
acid or nitric acid; 1—3 a body difficultly soluble in water and
the solubility of which is not increased by the addition of acids;
and 2—38 a substance insoluble in water and diffienltly soluble in
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hiydrochloric acid and in nitrie acid; wherever the relation of a
substance to hydrochloric acid is different from that to nitric acid,
this is stated in the notes.

The haloid salts and sulphur compounds will be found in the
columns of the protoxide and peroxide. Most of the salts given
are neutral, the basic and acid and double salts are mentioned
in the notes; the small figures placed near the corresponding
neutral or simple salts, refer to these. Cyanogen, chloric
acid, eitric acid, malic acid, benzoic acid, succinic acid, and
formic acid, are of more frequent oceurrence only in combi-
nation with a few bases, and have therefore not been admitted into
the table. The most frequently occurring combinations of these
substances are: cyanide of potassium I, ferrocyanide of potassium
I, ferricyanide of potassium I, sesqui-ferrocyanide of potassium
(Prussian blue) 111, ferrocyanide of zine and potassinm IT—
11, chlorate of potass I, the alkaline citrates I, the alkaline malates
I, permalate of iron I, the alkaline benzoates I, the alkaline sucei-
nates I, and the alkaline formiates I
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A TABLE OF THE VARIOUS FORMS

KO |NaO| NHq 0 BaO|8r0 | CaO |MgO| Al203 |MnO| FeO| Fez 03 |CoO | NiO |Zn0
I 1 I Lld PEIIFIDV e BT I T GEE
8 | O ) | 11 |I-II|2 IT || 11 |15 |1s | IT
Cl 28 [ o I e {1 N 289 B I |1 1 I |I Iia (1 | I |1
J I|1 1 111 | S 1 |1 1 1
803 | I Ina | III |IND {I-III| I Inia| I | I 1 1. |1 15X
NOs il e 1 I|1I N [ | 1 I |1 1 Pl s
POg 1 |Iwo| 110 | 2|2 |1y 2 2 2 |2 9 il -l A
CO2 Ie| Inm| I H{IL | I |11 II |2 2 IT
CaO3 | Is| 1 I 212 II | 2 2 2 |1-2{1-2 |2 |2 |2
B(a Ig| Is 1 2|2 2 |2 2 L - -] I
A = | &S I gy Ll ] 1 1 s A o G i ¢
T Lio| Iy| 1s 2|2 II | 1-2] 1 1-241-21 Ie |1 2
AsOs | I |1 1 212 2 |2 2 2 |2 2 2 12 |3
AsOsil ik R ) BlL] s ; 2 2 |2
ccOs | T2 | 2 [ B2 118 |1 121
NOTES
1. SuLpHATE of potash and alumina T.
2. Bicarbonate of potash I.
3. Binoxalate of potash 1.
4. Tartarized borax I.
5. Bitartrate of potash I.
6. Tartrate of potash and ammonia 1.
7. Tartrate of potash and soda I.
8, Tartrate of potash and peroxide of iron I.
9. Tartrate of antimony and potash L.
10. Phosphate of soda and ammonia 1.
11. Bicarbonate of soda I.
12. Chloride of iron"and ammonium I.

13. Sulphate of ammonia and alumina 1.

14. Basic phosphate of lime I1.
15. Sulphuret of cobalt is easily decomposed by nitric acid, but



283

AND COMBINATIONS OF BODIES.

CdO| PbO |8n0|Bn02| BiO [Cu | HGs OJHgOf AgO | PtO2 [Aud: | 8b0s |[Crz Oa

2 210 |2 (2&3|2 |IIzz II |XI| 2 2 as [II&III
8 2 2 20 | 20 |2 |23 | III | III| a0 | 3 1135
Cl 1. |- I 1 | I | Isa{IT-III| Tog| III |I3zess| X3a | Isy I
J 1 : B 11 II| 3
503 I I 1 1 |1 |Iss| 1-8 | Iop|I-TII| 1 2 1
KOs 1 I In| I Ia; | 1 I 1 I
POs |2 | 2 i A S = [ 2
COz 2 II 2 |I1| 2 2 2
C2 03 | 2 1T | 2 2 |2 2 2 2 1-2 1
BO3 1-2| 2 2 2 |2 1 2 2
A 1 g | 1 1 |1 |Iss|1-2 |1 I 1 1
T 1-2| “II |1-2 ] i 1-2 | 2 2 Iss 1
AsOs 2 o T [T i B
AsOg 2 II|] 2 2 2 2
Cr03 II-11I} 2 2 |2 2 |1-2] 2 2 2
very difficultly by hydrochloric acid. This substance is not
officinal.

16. The same applies to sulphuret of nickel.

17. The same applies to sulphuret of zine.

18. Minium is converted by hydrochloric acid into chloride of
lead, by nitric acid into an oxide soluble in an excess of the
acid, and into brown peroxide of lead, inscluble in nitric
acid.

19. Basic acetate of lead I.

20. Sulphuret and bisulphuret of tin are decomposed and dissolved
by hydrochloric acid, whilst they are converted into inso-
luble oxides by nitric acid in excess. Sublimed bisulphuret
of tin dissolves only in aqua regia.

21. Basic nitrate of bismuth IL.

22, Ammoniacal oxide of copper L.

23. Sulphuret of copper is difficultly decomposed by hydrochlorie

acid, but with facility by nitric acid.
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