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INTRODUCTION

EXPLANATORY

Or taE IMPORTANT Docrrive oF EqQuivALENT PROPORTIONS;
OF CaExicar. Notation Axp THE CoxstruUcTION AND Usk oF FoRMULE; AxD

{()F THE GENERAL PRINCIPLES OF UHEMICAL NOMEMCLATURE.

Ix the course of this Work (page 139) will be found a Table containing the
names of all those substances which are at present regarded by Chemists as
Elementary. There are fifty-nine of these hodies, all of which have
resisted every effort to resolve them into simpler forms of matter. Among
them are found bodies of the most diverse characters, both physical and
chemical ; and out of them, as far as we yet know, everything solid, liguid,
and gaseous, in and about the globe which we inhabit, is composed.

The names of these fifty-nine substances have not been assigned to them
in accordance with any preseribed rule, the discoverer of each particular
body following his own fancy in this respect, and being generally guided in
his selection either by some marked peculiarity in the new substance, or by
some circumstance connected with its discovery. Thus, Mosander having
found in oxide of cerium.a large proportion of the oxide of a hitherto un-
noticed metal, he named the newly discovered body Lantanium or Lantha-
num, from the Greek word Azsbcsw, I lurk, it having lain concealed in the
ores of cerium ; and the name osmium was given to a peculiar metal found
in the ores of platinum, from édeun, smell, having reference to the disagree-
able and pungent character of its vapour.

The names selected by their discoverers for some substances are indeed
sufficiently eccentric; thus Berzelius derived the title of Selenium, which he
conferred on a certain brittle opaque solid discovered by him in the sulphur
of Fahlun, from Zigem, the Moon, in consequence of his having at first mis-
taken it for Tellurinwm, which derived its name from tellus, the Earth. But,
whatever may be thought of the propriety of such names, they can lead
neither to mistakes nor to confusion, and are in this respect far better than
words more significantly chosen, and bearing reference to certain character-
istic properties possessed, or supposed to be possessed by the substance.
This method has rarely been successful : thus the name oaygen, proposed by
Laveisier for the Dephlogisticated air of Priestley, though at the time well
chosen, has not stood the test of time. In Laveisier's day this substance
was supposed to be the sole cause of acidity, hence its name, from évs, acid,
and yeorwrir, to generate ; we now know, however, that this property of gene-
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respects, is not that substanee, but some other. Now, if we pour not less than 49

s of the strongest oil of vitriol over 58.47 parts of common salt, and heat the
mixture till all action has ceased, we shall obtain, as the result of the decompo-
sition, 70.97 parts of sulpbate of soda or Glauber =alts, and 36.5 parts of
hydrochlorie acid; and, if we analyze this sulphate of soda and this hydrochloric
acid, we shall find that the former is composed of 30.97 parts of soda and 40
parts of sulphuric acid, and the latter of 85.5 parts of chlorine and 1 of
hydrogen ; lastly, if we compare the composition of the sulphate of soda as
thus obtained with that formed by pouring sulphuric acid on carbonate of
soda, we shall find that they have both precisely the same composition ; and,
if we explode in a strong glass vessel a mixture of hydrogen and chlorine, we
shall obtain a highly acid gas, the composition of which is 35.5 parts of
chlorine and 1 of hydrogen, the same with that of the acid obtained by the
decomposition of common salt by oil of vitriol.

If we look a little more closely at the facts of this decomposition, we shall
get a clear idea of what is meant by the term * equivalent.” We have seen
that 58.47 parts of common salt, when treated with 49 parts of oil of vitriol,
yield 70.97 parts of sulphate of soda, a perfectly neutral substance, containing
40 parts of sulphuric acid, but not a trace of chlorine; it is easy, therefore, to
understand that in this reaction 40 parts of sulphurie acid must have re-
moved 85.5 parts of chlorine, and the term equivalents, as applied to these
two numbers, eannot be misunderstood : 40 parts of sulphuric acid are equi-
valent to 35.5 parts of chlorine, and whenever chlorine replaces sulphurie
acid, or sulphuric acid chlorine, in a compound, it is always in proportions
indicated by these numbers.

Again, the oil of vitriol which we have employed in effecting the above
decomposition of common salt contained a certain quantity of water; none of
this compound is, however, found in dry sulphate of soda. What, then, has
become of it? The sulphate of soda, though it contains no water, contains
an element which is net found in common salt, viz., oxygen ; and the acid
gas which is evelved during the decomposition contains also an element
which is not found in common salt, viz., hydrogen; but these two substances,
when chemically combined, constitute water, and the analysis of this fluid
shows its composition to be B parts by weight of oxygen to 1 part by weight
of hydrogen; but these are the very proportions in which the former is found
in the sulphate of soda combined with the 22.97 parts of sodium, and the
latter in the hydrochloric acid gas combined with the 85.5 of chlorine. What
do we deduce from these facts? Obviously this:—that, as 8 parts of oxygen
are equally required by 22.97 parts of sodium, and by 1 part of hydrogen,
22.97 parts of sodium must be equivalent to 1 part of hydrogen; and, when-
ever sodium replaces hydrogen, or hydrogen sodium, the change must be
effected in accordance with these proportions. Similarly as 22.97 parts of
sodinm and 1 part of hydrogen are equally saturated by 35.5 parts of
chlorine, so 35.5 must be the proportion in which chlorine replaces 22.97 of
sodium and 1 of hydrogen; in other words, 35.5 must be the * equivalent ”
of chlorine, and, on the same principles, 8 must be the * combining equiva-
lent” of oxygen, that being the proportion in which it equally satisfies 22.97
of sodium and 1 of hydrogen; and whenever, in any compound, oxygen
replaces hydrogen, it must do so in the proportion of 8 to 1: when chlorine,
i;ﬂtl;m proportion of 8 to 35.5; and when sodium, in the proportion of 8 to

A7,

This reaction between common salt and oil of vitriol may perhaps be more
clearly shown by means of the following diagram : —
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we -obtain the numbers 31.66, 28, 32,52, and 58,52, which represent the
equivalents of copper, iron, zine, and tin, on that scale which assumes hydro-
gen as unity. There can be no doubt as to which series of numbers deserves
the preference on the grounds of convenience, particularly since the progress
of discovery is continually adding to the list of those elements, the equivalents
_of which, being exact multiples of that of hydrogen, may be expressed by whole
numbers, and thus far more readily retained in the memory than numbers
with the appendages of fractions, or than those longer ones found in the list
on the oxygen scale.

Every elementary substance is thus provided with its chemical equivalent ;
—with a number indicating the proportion in which it enters into combina-
tion with the equivalent of any other substance with which it i1s capable of
combining, and in which it replaces the equivalent of every other substance
in cases of decomposition. Do we wish to know, for example, how much iron
is required to decompose thoroughly a certain quantity of cinnabar or sulphuret
of mercury £ We simply refer to the Table of Equivalents, where we find
opposite the metals mercuwry and iron the numbers 100.07 and 28. Now
einnabar is known to be a compound of 100.07 of mercury and 16 of sulphur;
it is known also that iron is capable of forming a definite compound with
sulphur, and the law of eguivalents teaches us, that as 28 and 100.07 are
respectively the equivalents of iron and mercury, so the same quantity of
sulphur that will satisfy 28 parts of the first will likewise satisfy 100.07 parts
of the last, and that therefore, to remove the whole of the sulphur from 116.07
(100.07 + 16) parts of cinnabar, we require at least 28 parts of iromn, the
reaction by which the decomposition is brought about being simply a substi-
tution of 25 of iron for 100.07 of mercury : thus—

Mercury
100.07
- J " =
Mercury ]
100.07
Sulphuret of . s
Mercury < : - o8
116.07
Sulphur Iron
16 285
- . = ‘-u-'
Sulphuret of Iron
44

and this is not only true with regard to the compounds of these two metals
with sulphur, for it has been fully proved that the same quantity of any sub-
stance whatever, which combines with 100.07 of mercury, will also combine
with exactly 28 of iron, provided this latter metal be capable of entering into
chemical combination with that substance.

To give another example. If a rod of zinc be suspended in a clear solu-
tion of acetate of lead, the latter metal will be deposited on the zine in a
beautiful arborescent form. Now if this lead deposit be collected and weighed,
and if also the loss sustained by the rod of zinc be carefully determined, it
will be found that, for every 108,56 grains of metallic lead precipitated, there
are 82.52 grains of zinc dissolved; these 32.52 grains of zinc may be ob-
tained from the solution in the state of oxide, combined with 8 grains of
oxygen; but it is known also that 103.56 grains of lead combine with 8 of
oxygen to form litharge : hence it is clear, that as 32.52 grains of zine and
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far back as 1777, is easily explained. The salts resulting from the deeom-
position are each composed of a single equivalent of acid and of base, like
the salts from which they are formed. Thus

Nitrate of Soda

B4.97
e -‘*‘ N
[ Witrie acid - Soda
hd 30,97
Nitrate of ¥ Sulphate of
Baryta - Soda
130.64 ; - Y077
Baryta Sulphuric aeid s
ld TH.64 40
e - 4 7
Sulphate of Baryta
116.64.

Here it will be seen that the change which takes place is the substitution
of equivalent quantities of the different bodies for each other ; the two bases
exchange acids, and the meutrality of the liquid is preserved, because each
base meets with its precise equivalent of the new acid with which it enters into
combination. It also follows, as a consequence of the same law, that the
neutrality of the liquid will still be preserved, whatever may be the propor-
tions in which the salts may be mixed; the decomposition will go on to the
extent of the equivalents present and no further, the excess of either salt
remaining unaffected.

SYMBOLS AND FORMULE.

Having thus briefly explained the meaning and use of the figures in the
third and fourth columns of the Table (page 189), we may return to the con-
sideration of the use of the letters in the second column, which constitute the
symbols of the elements. These symbols afford a means of exhibiting in a
concise and comprehensible form the composition of a compound; the mode
in which its elements may be supposed to be arranged; and the changes
which oeceur in its constitution by the substitution of one element for another,
We will take the reaction between nitrate of baryta and sulphate of soda,
which we have just been considering, by way of illustrating the application
of these symbols, and the great advantages attending their use. This re-
action would be written thus, in the form of an equation :—

BaO,NO, 4+ NaO,S50,=Ba0,50,; 4+ NaO, NO,.

Here we have a most comprehensive view, not only of the whole reaction,
but likewise of the composition of the different compounds therein concerned.
The eollocation of letters, Ba O, N O, shows at onee that nitrate of baryta is
composed of nitric acid and baryta; it shows further that baryta is a com-
pound of barium and oxygen, and nitric acid a compound of nitrogen and
oxygen, that in baryta one equivalent of barium is combined with one equi-
valent of oxygen, and that in nitric acid one equivalent of nitrogen is com-
bined with five equivalents of oxygen : but the formula has a still more signi-
ficant meaning. BaO, N O, expresses, not an indefinite quantity of nitrate of
baryta, but 130.64 parts by weight of that salt. The equivalent number of
a compound is, as we have stated above, the sum of the equivalent numbers
of its constituents. On referring to the Table, the equivalent number of
harium will be found to be 68,64 ; that of oxygen, 8; and that of nitrogen,
14, BaO stands, then, for 76.64 parts by weight of baryta (68.64 + 8,) and
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are in like manner oceasionally expressed by placing commas over the element

with which the sulphur is associated ; thus As, As, As are sometimes written
for the three sulphurets of arsenie, and Sn, Sn, and Sn, for the three sul-

phurets of Tin. The formule of certain organie acids are, likewise, often

abbreviated ; thus A, T, O, are written for acetic, tartaric, and citric acids,
mstead of the formule representing their composition as C, FH,0,; C,H,O,;
G:u H. O,

The great advantages of this system of notation are particularly appreci-
ated in the organic department of Chemistry ; besides the immense assistance
it offers to the memory, it enables Chemists to represent their theorctical
views respecting the arrangement of the elements of certain compounds
which would be wholly impossible from a mere statement of their per-centage
composition as determined by analysis. We not unfrequently meet with
two or more compounds which, though wholly unlike i their %ﬂu_\'ﬁiml
and chemical properties, yield nevertheless upon analysis the same elements
in the same proportion; without the use of formulw it would be quite
impossible to give an intelligible representation of the constitution of such
compounds, but with the aid of the symbolic language we can do so with the
utmost perspicuity. The following may serve as an illustration.

By distilling benzoic acid with sulphuric acid and pyroxylie spirit, an oily,
fragrant liquid is obfained, which yields on analysis a per-centage composi-
tion answering to the formula C,H,0,. An oil of the same composition,
but possessing totally different properties, is obtained by acting on oil of
anise with dilute nitric acid. Lastly, by the action of dilute nitric acid on
eymol (a hydrocarbon obtained from oil of ewmmin) a crystalline substance
having acid properties is obtained, the composition of which is likewise
C,H,0,. In the language of chemistry these bodies are said to be isomerie;
but it is evident that even the empirical formula, C, H,0,, does not point out
the true constitution of each substance. The symbolie language, nevertheless,
enables the chemist to exhibit, at a glance, {iis theoretical ideas respecting
them. Thus the first of these oily compounds is considered to be a salt of

the oxide of the hypothetical radical methyle (C, H,) viz., the benzoate, and
its composition is written thus:—

(C.H,) 0 + C,,H,0,=C, H,0,.

The second is regarded as the hydride of another hypothetical radical
anisyle (C,, H,0,), and is thus expressed :—

(C,H,0,) H=C,H,0.

The third, from the circumstances of its derivation, and from its great
analogy to benzoie acid, may be considered as the hydrated oxide of another
hypothetical radical (C,,H;0.), corresponding to benzoyl, and be written

thus ;—
(CsH,0,) 0 4- HO=C,,H,0,.

HOMENCLATURE.

We have already mentioned that the 59 elementary substances may be
very conveniently arranged into two grand classes, viz., the metalloids and
the metals. It bas also been stated that, in giving names to these different
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and, as it contains fwice as much oxygen as the protoxide, it is called the
deutoxide : this oxide is indifferent, that is, it does not form salts with oxygen
acids, it is generally called peroxide of manganese, because it contains the
largest proportion of oxygen with which the metal can combine to constitute
an oxide; there are other compounds of mangaunese and oxygen, but these
are distinet acids.

Salts are named according to a very simple rule, the names of acid and
base being so combined that the name of the acid shall determine the genus,
that of the base the species. When the name of the acid terminates in ie,
the generic name of the salt terminates in ate, thus salts of sulphuric acid
are called sulphates: when the name of the acid terminates in ous, the
generic name of the salt terminates in ite, thus salts of sulphurous acids are
called sulphites : in the same manner we have hyposulphates and hyposulphites.
The same acid sometimes combines with the same base in more than one
proportion : thus we have two compounds of chromic acid and potassa, the
symbols for which are KO,CrO, and KO, 2Cr0O,, and they are ecalled
respectively the chromate and the bichromate of potassa. Salts also exist in
which the quantity of acid is less than that which exists in the neutral salt,
these compounds are designated sub-salts; and, lastly, we are furnished in
common alum with an instance of what is ealled a double salt, where a new
and characteristic compound is formed by the union of two distinct salts.
The formula for dry alum 1s KO, 50, 4+ Al,0,,3 S0,, which shows it to be
composed of sulphate of potash and sulphate of alumina.

The names given to the compounds formed by chlorine, iodine, and the
other metalloids, either with the metals or with each other, are in strict
accordance with the rule adopted for the oxygen compounds: thus we have
chlorides, bichlorides, sesquichlorides, and perchlorides; iodides, bromides,
fluorides, sulphides (sometimes called sulphurets), carbides (or carburets),
phosphides (or phosphurets), hydrides ﬁhydrm‘ets}, de.  Water is remarkable
as acting sometimes the part of an acid and sometimes that of a base : when
in the former capacity, the compound is called a hydrate, as the hydrate of
potassa; when in the latter, the compound ought in strictness to be named by
adding the word water to that of the acid, though this rule is often infringed ;
thus the strongest sulphuric acid of commerce 18 known to have the composi-
tion SO, + HO, it ought therefore to be called sulphate of water, though it is
generally termed hydrated sulphuric acid, or hydrate of sulphuric acid.

Certain- of the metalloids form amongst each other energetic acids, as
chlorine and hydrogen, todine and hydrogen, fluorine and hydrogen, &e.;
these are called hydrogen acids, and are named respectively hydrochloric,
hydriodie, and hydrofluoric acids : it is here that the present momenclature
seems most defective, though it has not yet been thought advisable to make
any important change, for the reasons already alluded to.

We have lastly to remark that, from the great analogy subsisting between
certain compounds of sulphur with the metalloids and metals, and the
corresponding compounds with oxygen, the terms sulphur acids and sulphur
bases have been introduced to designate two classes of compounds, which act
towards each other precisely as oxygen acids and oxygen bases, giving rise to
a series of true salts called sulphur salts. Sulphur and carbon, for example,
combine together and form a compound which corresponds in its properties
so eompletely with carbonic acid that it is called sulphocarbonic acid: it enters
into combination with monosulphuret of potassium, forming a compound

annlogous to carbonate of potassa, and which has received the name of
sulphocarbonate of monosulphuret of potassium.







ON THE

PREPARATION AND MANAGEMENT OF GASES.

APPARATUS AND MANIPULATION.

The Hydro-Pneumatic Trough,—For the collection and retention of gases
which are not soluble, or only sparingly so, in water, and which are not
alterable by comtact with that fluid, the hydro-preumatic trough, invented
by Dr. Priestley, the father of pneumatic chemistry, is employed. Various
forms have been given to this useful apparatus. When considerable quan-
tities of gases are being experimented upon, the table trough shown in
Fig. 1 will be found among the most useful. It is made of japanned

Fig. 1.

copper fixed in a framework of wood, standing about 32 inches from the
round. The size of the trough may be as follows :—Length, 30 inches ;
readth, 21 inches; depth of well, 12 inches; length, 14 inches; Lreadth,
10 inches.® For the convenience of collecting gases, two slits or small
wells are cut in the shelf, the length of which may be 7 inches, and the
breadth and depth 2 inches. The use of these minor wells will be readily
understood by reference to the figure, where a gas is represented as being
collected over one of them. The well is provided with a stop-cock for

the purpose of drawing off the water when it becomes foul, and a movable
B
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dispense with the mercurial-pneumatic trough, and collect and examine such
gases by the method of displacement presently to be described, it may be
useful to give a brief description of a portable form of this apparatus, and to
offer a few observations on the precautions to be observed in manipulating
with it. As mercury is both expensive and heavy, the trough is constructed
in such a manner as to economize the metal as much as possible. The di-
mensions of the apparatus shown in Fig. 3, which is made of cast iron well

Fig. 8.

painted and varnished, are as follows : —Height, 7} inches ; length, 134 inches;
width, 54 inches; depth of well, 54 inches; length of channel for mercury,
10 inches; width, 1 inch; depth, 2 inches. It requires about 22 lbs. of
mercury to work it; including the filling of two jars 6 inches long, and
# inch in diameter, and one graduated stoppered jar the same height, and
14 inch in diameter. The jars used at the mercurial trough should not be
less than { inch thick; they are supported while filling with gas by a
sort of iron frame, as seen in the figure. The trough should always stand
in a tray, in order to avoid any loss of mercury by spilling, and when not in
use it should be covered, to exclude dirt and dust. Tn working with mercury,
the great weight of that fluid as compared with water must be borne in mind,
and in mﬂ"’i“li," a wholly or partly filled jar, care must be taken to aveid bring-
ing it suddenly in contact with the sides of the vessel or against another jar.
In filling the jars with gas, it must be remembered, that as mercury
is nearly fourteen times heavier than water, so the gas in its escape from the
delivering tube has fourteen times the resistance to overcome in the former
than in the latter; the practical application of which fact is, not to allow
the extremity of the delivering tube to dip further than is absolutely neces-
sary beneath the surface of the metal, and not to cover the shelf to a greater
depth than is required to secure the mouths of the jars placed upon it; the
slanting position in which the jars are represented in the fizure is the most
favourable one for securing the least amount of pressure. The transference
of gas from one jar to another is an operation less easily performed over
mercury than over water, on account of the density and opacity of the former
fluid ; but as the operator is never dealing with large quantities of gases, and
as these are in general contained in tubes which may be closed with the

v, careful manipulation is alone required to conduct the operation sue-
cessfully, Faraday, in his minute instructions in pneumato-chemical opera-
tions, puts the student on his guard against an “insidious emission " of gas,
which sometimes takes place imperceptibly, and without any observable dis-
turbance of the mercury, and which is occasioned by the circumstance that,
B R
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by an operation the reverse of the preceding one. The beak of the pipette
is introduced into the tube (filled with mercury), and the pipette and tube
being simultaneously raised to a certain height above the mercury in the
trough, the gas is driven from B into the tube by the pressure of the mer-
curial column m m’, its velocity being regulated by management, and the
pipette withdrawn the moment the reagent reaches the summit of the
capillary tube.

During a long course of experimenis with the mercurial trough the
surface of the metal will often require cleaning and drying; indeed,
after any acid gas has been prepared over it, it should be washed with water,
and after having dried it as much as possible with blotting paper, the last
traces of moisture may be removed by holding a red-hot poker in it for
a short time.

It is possible to collect and examine qualitatively small quantities of

- gases over mercury, without the use of the mercurial trough, by employ-

ing the little apparatus shown in Fig. 3, which was first suggested by

Fig. 5.

Mr. Cooper. Itis made of a tube from 1 to 4 inch in diameter, and from
5 to 10 inches high, closed at the top,  but open at the lower end, and
bent as shown in the sketch ; it may be either graduated or not. When
about to be used, it is filled with mercury by holding it in an inclined position
and pouring the metal in at the mouth; it is then secured by a tube-holder
over a basin in the position represented in the figure, and the beak of the
retort or delivery tube introduced at the mouth, so as to cause the gas to
ascend and displace the mercury: thé operation must be stopped when the
tube is filled with gas nearly to the bend. Various experiments relating to
inflammability, smell, absorbability by water, demsity, &c., may be made on
the gas thus collected, by removing the tube from its support, closing
the aperture with the ﬁngar, and allowing a bubble or two of the gas for each
experiment to pass round the bend towards the finger, which is easily done,
and all communication between the bubbles so detached and the residual
portion cut off, by first inclining the tube and then restoring it to its up-
right position.

Collection of Gases by Displacement.—This method is often resorted to with
great convenience for the extemporaneous preparation of gases for imme-
diate use, when no very great degree of purity is necessary. The accom-
panying sketches (Figs. 6 and 7) will convey all the information required
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The (Gas-holder.—When a series of experiments with the same gas is about
to be performed, large vessels called gas-holders are employed for its collee-
tion and retention. Fig. 8 exhibits the method of filling one of these
receivers with oxygen gas. The gas-holder is composed of a cylindrical

Fig. 8

vessel, A, of japanned copper or iron, capable of containing from one to three
cubic feet of gas. It is surmounted by a trough, o, which is supported on
three or four pillars; two of which, @ and b; are hollow and furnished with
stop-cocks. The tube a opens immediately below the upper part of the
lower eylinder; the tube b, on the other hand, descends neatly to the bottom,
as shown l:?' the dotted lines; there is also a lateral tube and stop-cock d,

to which a length of valeanized India-rubber tubing may be attached, for the

purposeé of econveying the gas in any requited direction; and, lastly, a large
curved tube ¢, provided with a good sound cork, is inserted at the bottom of
A. The apparatus is first filled with water thus: the stop cock d is opened,
and the lower tube e is closed with its cork, the stop-cocks a and b are
opented, and the trough o is filled with water, which runs into the lower vessel
through the long tube b, the air escaping through the tubes @ and d; the
supply of water in ¢ is kept up till the gas-holder is completely filled, which
is ascertained by the glass gauge-tube L.

To fill the apparatus wit% gas, all the stop-cocks are shut, and the cork is
removed from the lower aperture; under these circumstances the water is
prevented from eseaping by the pressure of the atmosphere. The beak of
the retort, or the end of the delivering tube, is then introduced, through e,
into the interior of the eylinder; the gas, as it enters, rises to the upper

of the vessel, displacing the water, which flows out through the same
aperture into a tub or trough placed underneath for the purpose; the pro-
grress of the filling is ascertained by observing the level of the water in the
g:ufe-tube Ih, which, of course, corresponds exactly with that in the gas-
lder. When the cylinder is nearly, but not quite, fiill of gas, the deliver-
ing tube is removed from e, and the aperture again closed with its cork;
the gas may thus be preserved for any length of time. To fill a jar with
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cloth are excellent substitutes for bladders, and constitute gas-holders for
many purposes much more convenient than the copper gas-holders above
deseribed. When a portion of the contained gas is required, the operator
has only to screw a pipe upon the bag, and transfer it into a jar inverted in
water.

In filling jars with water in the well of the pneumatic trough, they should
be gradually and slowly immersed, so that the air may escape smoothly without
causing much disturbance, and care must be taken that none of the escaping
air find its way into other jars standing full of gas on the shelf; to avoid
this, the latter are placed so far upon the shelf, that their mouths are com-
pletely closed. Another thing to be observed, is not to allow the water to
accumulate to too great a height above the level of the shelf, or jars of gas
may fall over, owing to their buoyancy. As a general rule, jars should not be
quite filled with gas; but the water within and without preserved at about
the same level.

We now proceed to describe the methods of preparing some of the most

important gases, and to detail a series of experiments by which the student
may make himself familiar with their properties.

OxyGEN.
Equivalent; 8 or 100; Symbol, O; Density, 11056 (4dir = 1000).

Preparationl. By heating Red Precipitate or Peroxide of Mercury, Hy 0, —
This method which, though not a practically useful one, is interesting as being
that by which oxygen gas was first procured by Priestley in 1774, may be
conducted thus:—108 grains of the substance are introduced into a test-
tube of hard German glass, to which is adapted a cork and bent tube passing
underneath the funnel of the shelf of the pneumatic trough ; heat is applied
to the tube, the first effect of which is to expand the air, and to drive a
portion of it out in the form of bubbles; this first portion is not to be col-
lected, being merely common air, The oxide gradually reaches the tempe-
rature at which it suffers decomposition; it is then resolved into two elements—
mercury, which condenses in the upper part of the tube; and oxygen, which
escapes abundantly in a gaseous form, and which may now be collected for
examination. The decomposition proceeds till nothing is left in the tube
but metallic mercury, and the gas collected (provided all atmospheric air has
been previously expelled from the tube) is very pure. The reaction is
simply this:—

HgO,=Hg + 0,;

and, taking 100 as the equivalent number for mercury, and 8 as that for
oxygen, it follows that every 108 grains of oxide of mercury should yield
8 grains of oxygen. Now, as 100 cubic inches of oxygen gas weigh 34-19
grains, the result of the decomposition of 108 grains of oxide of mercury
should be the production of about 24 cubic inches of oxygen gas and 100
grains of mercury; and if a small globular flask be interposed between the
tube and the receiver to catch the mercury as it distils over, and if the
receiver be graduated, it will be found that a tolerably correct analysis of the
red precipitate has been made *.

2. By heating to vedness Perozide of Manganese, Mn 0, —This oxide

* Red precipitate is usually made by heating nitrate of mercury il all the nitric acid is
expelled, and then ecalcining the mass almost at a red heat. It occasionally happens that
this calcination has not been carried to a sufficient extent, in which case the first application
of heat to the tube will occasion the formation of nitrous fumes, and a yellow sublimate of
submitrate will appear.
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lower temperature. No chemical action is exercised by these oxides; they
appear to act mechanically by separating the patticles of chlorate of potash
from each other, and thus exposing them more readily to the influence of
heat. Test tubes, containing a small quantity of * oxygen mixture,” may be

usefully kept on hand as convenient extemporaneous means of procuring
small supplies of pure oxygen.

When a gas-holder has to be uppiied with a charge of pure oxygen, the
“ pxygen mixture ” may be decomposed im an iron mercury bottle, as shown
in Fig. 8; the bent gun-barrel g is screwed into the month of the bottle, and
made air-tight by a little lute. With regard to the theory of this process,
the composition of chlorate of potash is—

AR : Chlorine . : : 98-88
Chloric acid : : B1-51 { Oxygen : : : 39-63
: ; > Oxygen s 5 . 6-53
Oxide of potassiumt . 3849 { P ﬂiﬂgsium : : ; 91-06
100-00 100-00

The salt remaining in the retort is chloride of potassiim, the composition
of which is—

Chlorine . . 1 - : 2888
Potassium . : . é . 31-06
B0-84

Thus the salt loses the whole of its oxygen; every 100 grains yielding
80:16 grains, or 114'6 cubic inches. Expressed in formulm, the decom-
position is—

KO, C10,=EKCl + 0,.

4. By heating Dichromate of Potash with strong Sulphuric Acid.—Thres

parts of the bichromate in Fuwder are heated in a retort, with four parts of

strong oil of vitriol ; one-half of the oxygen contained in the chromic acid is
given off, and there remains in the retort a mixture of sulphate of potash
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Experiment 2.— Attach a piece of the bark of charcoal to a stout iron wire
by means of brass binding wire, hold it in the flame of a spirit lamp till it
begins to burn, then immerse it in a two-pint jar of oxygen gas; the charcoal
will burn rapidly and with brilliant scintillations. The result of the com-
bustion is earbonic acid gas.

Ezperiment 3.—Into a little capsule of copper or porcelain fastened to
the extremity of an iron wire passing through a cork, or better through a
hole in a circular brass plate (Fig. 10), place a fragment of sulphur, set fire
to it, and plunge it into a jar of oxygen gas; the sul-
phur will burn with a beautiful pale purple flame,
the result of the combustion being sulphurous acid
gas, which is absorbed by the water in the dish.

Ezperiment 4 —Substitute for the sulphur a frag-
ment of dry phosphorus the size of a small pea, ignite
it by touching it with a red-hot wire, and plunge it
into a jar of oxygen; it will burn with a brilliancy
scarcely endurable by the eye, evolving intense heat,
and the jar will become filled with white fumes, chiefly
consisting of phosphoric aecid, which will gradually
disappear, becoming dissolved by the water in the
dish. The phosphorus should be dried between two
pieces of blotting paper previous to igniting it, as,
should it be wet, it is apt to spirt and cause the
destruction of the jar by the projection of ignited par-
ticles against its sides.

Eaperiment 5.—Coil a piece of clean annealed
watch spring into a helix, as shown in Fig. 11, attach its upper extremity to

Fio 11 the brass plate, and affix to the lower end the sulphur

T tip of a match, ignite the sulphur and plunge the

whole into a two-pint jar of oxygen ; the heat of the burn-

ing sulphur speedily causes the end of the spring to

become red hot, when it immediately enters into vivid

combustion, throwing off brilliant sparks. The fused

globules of oxide of iron frequently remain for some

time red hot on, and fused into, the plate, even though
covered with water.

Fxperiment 6.—Make some turnings of zine into
a ball, in the centre of which insert a minute piece of
phosphorus, fix the ball to a copper wire, and, having
set fire to the phosphorus, introduce it into a jar of
oxygen, the zine will take fire and burn with a beauti
ful green flame surrounded by a white one.

These experiments may be multiplied and varied to
a great extent by those desirous of witnessing the beautiful phenomena
attending the combustion of different substances in oxygen gas, thus:—a
mixture of nitrate of strontia and charcoal powder burns with a rese-coloured
flame; a mixture of boracic acid (one part) and charcoal powder (three

rts) with a green flame; of nitrate of baryta (one part) and charcoal pow-
gir (four parts) with a yellow flame; of nitrate of lime and charcoal powder
(equal parts) with an orange-red flame, &. The great heat attending the
combustion of imflammable substances in tixlure oxj'ﬂfn may be well illustrated
by passing a stream from the gas-holder through the flame of a spirit lamp;
not only may iron and steel be fused in the blowpipe jet thus produced, but

Fig. 10.
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aradually disappearing. When all action is over, pass the thumb underneath
the mouth of the tube, and invert it so as to bring the gas into contact with
the thumb; have ready a lighted taper, and apply it to the mouth of the
tube, the gas will be found to be inflammable, burning with a pale yellow
flame. The water may next be tested ; it will be found to have all the pro-
perties of an alkali, restoring the blue colour of reddened litmus paper, and
changing yellow turmeric paper reddish brown; further, on supersaturating
the alkaline liquor with hydrochloric acid, and adding a few drops of bi-
chloride of platinum (see p. 82), a bright yellow crystalline precipitate of
double chloride of platinum and potassium will be formed.

2. By the Decomposition of Water at a high temperature by Iran.—A tube
of porcelain or iron filled with iron turnings is arranged along a combustion
furnace, as shown in Fig. 13, a small retort containing water is adapted to one

Fiy. 13.

end of the tube, and from the other proceeds a bent glass tube, which passes
air-tight through a cork into one of the apertures of a two-necked flask, whence
from the other neck the gas is conveyed to a large receiver standing on the
hydro-pneumatie trough, or to a gas-holder. The water in the retort is made
to boil, and the steam passing over the red-hot iron is decomposed, its oxygen
entering into combination with the metal, and its hydrogen passing off in the
form of gas. The use of the small two-necked flask between the red-hot
tube and the receiver, is o retain any water that may rush backwards from
the trough in the event of the sudden condensation of the steam in the
retort.

8. By the Decompasition of Water at common temperatures by Iron or Zine
and an acid.—It is by this process that hydrogen gas is invariably prepared
in the laboratory, zine being generally preferred to iron. The ordinary zine
of commeree is fused in a stone-ware crucible, and the melted metal poured
from a height into a pan of cold water. It thus becomes resolved into small
irregular grains presenting a large surface, and consequently more rapidly
acted upon by the acid. Zine cuttings may also be used.

A sufficient quantity of the metal being introduced into the evolu-
tion flask, and the funnel and delivering tubes being properly arranged;
as shown in Fig. 1, water is poured in through the funnel till the gas-
bottle is about half full, coneentrated sulphurie acid is next added in small
quantities at a time. The moment the acid comes into contact with the zinc
the action commences, and as the temperature rises hydrogen gas is given
off in great abundance, and may be received either into a gas-holder or into
jars. When the action slackens it may be renewed by the addition of a
fresh quantity of acid, till the requisite quantity of gas is obtained.

In this operation the decomposition of the water by the zinc in the cold
is brought about by the strong affinity which exists between oxide of zinec
and sulphuric acid, as in the preceding section we saw that a similar affinity
between protoxide of manganese and sulphuric acid caused the binoxide of
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the usual way, may be assumed (making every allowance for imperfect pre-
paration) to be about six times lighter than atmospherie air; consequently,
Sths of its whole buoyant force will act in impelling it upwards; that is to
say, the force with which a sphere of such gas one foot in diameter will tend
to rise in the atmosphere will be 2 x ;% = . of a pound avoirdupois. The
ascensional forces of different spheres will be proportional to their magnitudes,
that is to the cubes of their diameters; therefore a sphere 12 feet in dia-
meter would rise with a force of 57 1bs,, and one of 24 feet in diameter with
a force of 8 x b7 = 456 1bs. DBut these determinations must be diminished
by the weight of the envelope. The best material for the purpose at present
known is thin silk varnished with elastic gum or India-rubber. The quan-
tity of this material required to cover a globe one foot in diameter, weighs
about l5th of a pound. Now for a globe of greater size, the quantity re-
quired will increase with the square of the diameter: hence the covering of
a balloon 12 feet in diameter must weigh about 71bs., and one of 24 feet in
diameter about 281bs. It follows, therefore, that a balloon 12 feet in dia-
meter, will only raise from the ground a weight of 501bs., and one of 24
feet, 4281bs. Computing in the same manner, it is found that a balloon
60 feet in diameter would raise a weight equal to about 6950 1bs, and that
one 11 feet would barely float, the weight of the bag being just equal to that
of the imprisoned gas."*

Hydrogen gas is eminently combustible, burning, when pure, with a flame
so feebly luminous, that by daylight it 1s scarcely visible, but producing a
heat 50 intense that a thin platinum wire may be actually fused init. If a
cold body be held against the flame, moisture is deposited on it—water being
the sole result of the combustion. When mixed with air it burns rapidly,
and with explosion, the most explosive mixture being that of two volumes
of hydrogen with five of common air. This property of hydrogen gas must
be remembered while experimenting on its inflammability, and a sufficient
time allowed for the escape of all the atmospheric air from the gas-bottle
before applying a light to the exit tube, otherwise an explosion attended
with very disagreeable consequences might ensue. With pure oxygen,
hydrogen gas forms a far more explosive compound than with atmospheric
air, the most formidable mixture being one velume of the former to two
volumes of the latter gas. The two gases may, however, be made to burn
together silently ; the luminosity of the flame thus produced is very feeble,
but the heat is the most intense that can be produced by combustion—
determining the fusion of certain substances which undergo no alteration by
the strongest heat that can be produced in furnaces of the best construction.
When the hydro-oxygen flame is directed against a eylinder of pure lime,
& light of exceeding brillianey is produced ; it is well known under the name
of the Drummond light, and is the illuminating agent in the gas-microseope.
Hydrogen gas, though itself inflammable, cannot maintain the combustion of

- another burning body. A lighted taperis immediately ﬁxt-in%uiahed on being
‘introduced into a jar full of the gas. Neither is it fitted for respiration,
speedily causing the death of an animal confined in it, by suffocation, though
when mixed with a large quantity of common air it may be received into I:%B
lungs without inconvenience.
he following experiments may serve to impress on the student’s mind the
;pmﬁaﬂias of hydrogen gas.

.mgxrtmms 1.—Having filled two or three jars with the gas, close the
~mouth of one with a glass plate, and remove it, mouth upwards, from the

* Brande’s Dictionary of Seience, Literature, and Art; Article, Balloon.
0







HYDHROGEN. R = - i

Fig. 18.

chloride of caleium having, in this arrangement, completely deprived~the
hydrogen of moisture, no other conclusion can be arrived at than that water
is the result of its combustion in atmospheric air.

Experiment 6.—Introduce into a stout four-ounce glass bottle different
mixtures of hydrogen gas and atmospheric air, and notice the proportions
which oceasion the loudest explosion on being inflamed. They will be found
to be two measures of hydrogen and five of atmospheric air. Next burn a
mixture of two measures of hydrogen and one of oxygen; the explosion will
be far louder. These are the exact proportions in which the two gases
eombine to form water, as will be demonstrated by Experiment 8. In making
these experiments, a handkerchief should be wrapped round the bottle to
protect the person from injury if it should bappen to burst; or they may be
made with perfect safety, thongh with a little more trouble, by making the mix-
tures in a capped bell receiver, and transferring them to a bladder, to which
a brass tobacco-pipe-shaped tube is afterwards screwed. Scap-bubbles may
then be made and exploded, taking care to remove the bladder from the dish
before applying the light. The great lightness of hydrogen gas may be shown
by filling the soap-bubbles with pure hydrogen gns from the bladder, and
noticing the rapidity with which they rise in the air.

Fxperiment T.—The intense heat produced by the combustion of mixtures
of oxygen and hydrogen gases may, obviously, be best illustrated by burning
them together as nearly as possible in the proportions in which they unite
to form water. These proportions are two volumes or measures of the latter
to one of the former gas, Now, if the pases be mixed in these proportions,
the mixture transferred to a bladder, and an attempt made to produce a jet
of flame by igniting the mixture as it is forced by pressure through an ordi-
‘nary tube with a narrow aperture, a violent explosion would immediately

_ensue, the gas in the b]ndger becoming ignited the moment the flame is
iEplieﬂ to the orifice of the tube. The experiment may, however, be made
with perfect safety by employing the safety-tube invented by Mr. Hemming.
This consists of a brass cylinder, about 6 inches long and 3ths of an inch
wide, filled with pieces of fine brass wire of the same length, packed lightly
together by forcing a pointed rod of metal into the centre of the bundle.
- To this eylinder a jet is adapted, and it is screwed on the bladder or Macin-
 tosh bag containing the gaseous mixture. The bladder or bag may now be
Ny P "
~placed under the arm, and the gases inflamed as they rush out of the jet
- under the pressure thus applied; a narrow colourless pencil of flame is pro-
: o2
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ANALYSIS OF ATMOSPHERIC AIR. x1iit

larity and of great purity, provided it be passed through a flask containing
a little dilute sulphuric acid, in order to remove any ammounia that may be
disengaged at the same time. _

PI'HIJM‘I.!-ES of Nitragen Gas.—It 18 EUlﬂ}lI’lDSE_ and without taste or E;:"I't'u‘s:“,
and has never been liquefied. It is a little lighter than atmospheric air,
100 cubic inches, at 60° I, weighing 2995 grains, the same bulk of common
air weighing 80-820 grains. It is not combustible, neither does it support
the eombustion of a burning body, as the simple experiment of plunging a
piece of burning phosphorus or a lighLe-L! taper {Flg._lﬂ) mto o jar ﬂf_' 1t,

Fig. 19, will Eh'“'“". It is #ﬂtﬂl to aunm}lh llfa :
not that it exercises any specifio mn-
jurious effect on the organs, seeing
that it forms no less than #ths of the
bulk of atmospherie air, but because
it does not contain that gas which is
essential to respiration, namely, oxy-
gen. Its use in the atmosphere is
supposed to be principally to check
the activity of oxygen. It is absorbed
by water at ordinary temperatures, in
the proportion of about 20 parts to

; : 1000,

Analysis of Atmospheric Air. By absorption of the Ozxygen.—To the ab-
sorbents of this principle mentioned (page xxxiv), may be added an alkaline
solution of pyrogallic acid#, which appears to have a capacity for absorbing
oxygen not inferior to that of potash for carbonic acid. The air to be
analyzed is measured in a graduated tube over mercury, a solution of caustic
potash, made by dissolving 1 part of dry hydrate of potash in 2 parts of
water, is introduced, in the proportion of from J5;th to J%;th of the volume
of the air, by means of a common pipette with a curved point;jthe tube is
moved quickly up and down in the mercury, so that the alkaline solution
may be spread uniformly over the inner surface, and when no further de-
crease of space is perceptible, the diminution of volume is read off ; this gives
the amount of carbonic acid.

A strong solution of pyrogallic acid, amounting in volume to about one-half
that of the solution of potash, is next introduced into the tube, which is well
shaken as before; and when no further absorption is perceptible, the amount
of nitrogen remaining is measured off. The rapidity with which pyrogallic
acid absorbs oxygen is very remarkable ; by means of it half a dozen analyses of
air, of sufficient accuracy for most ecases, may be made in the course of an
hour. Ordinary gallic acid may be employed instead of pyrogallic, but the
absorption is much slower, requiring from 14 to 2 hours instead of as
many minutes.

By detonation with Hydrogen.—The principle of this method will readily
be understood from the details given in the last section respecting the
management of the syphon eudiometer. A certain volume of air is intro-
duced and accurately measured{; a volume of hydrogen a little less than

* Prepared by distilling fragments of Chinese galls in small retorts, The aqueons distillate
is evaporated on the water-bath and sublimed, E}r which from 10 to 15 per cent, of brown
erystalline pyrogallic acid is obtained.

+ In all quantitative experiments with gases, the proper corrections must be made for
temperature, pressure, and agueous vapoyr, for which the reader is referred to pp. 128-181
~256 ; and l'ml.y here make the remark, that the correct analysis of a gaseous mixture is enly
~ 1o be made with the aid of the most accurate instruments, and by adopting a great many







PROTOXIDE OF NITROGEN, xlv

up and transferred to a well-stoppered bottle. About 6 oz. of the nitrate
thus prepared are placed in a tolerably capacious retort and heated ; the salt
first fuses, and when the temperature rises to 840° I',; it boils and evolves a
large quantity of gas; the heat may be now somewhat slackened; the de-
composition goes on till the salt entirely disappears, being resolved into pro-
toxide of nitrogen and water, according to the subjoined reaction ; and the
gas may be received over the pneumatic trough in jars, or in the gas-holder,
but the water should be warm, as cold water absorbs considerable quantities
of protoxide of nitrogen.
The composition of nitrate of ammonia is—

1 Equivalent. Nitricacid . . 54 . . 6750 . {S;T;Lgﬁu ;l};?}?}
1 ' Ammonia .- .. I¥ . . 21925 . %%ﬁ:ﬁ%;ﬂu ;i 1:’;2{5}
1 i Water e T | 1 T {ﬂiﬁ;eu lgjgg

@ 100-00) 100-00

—

The composition of protoxide of nitrogen is—

1 Eiguivalent; Nitrogen, . . . .1d. . . . 6364
1 e Oxygen i il e HE e e R
28 100-00

P

That of water—

1 Equivalent, Oxygen A s - i . . ‘BB'8O
1 P Eipdrogen ius e ol Seaiies T
9 100:00

ey

from which it appears that the 35 parts of nitrogen, contained in 100 parts
of nitrate of ammonia, combine with 20 of the oxygen to produce H5 parts
of protoxide of nitrogen, whilst the remaining 40 parts of oxygen combine
with the b of hydrogen to form 45 parts of water; consequently, 100 grains
of nitrate of ammonia yield 55 grains of protoxide of nitrogen, and from
6 oz. (troy) 1584 grains, or 3356 cubie inches, or nearly 2 cubic feet, should
be obtained. Fxpressed in an equation the reaction is:—

NH, HO NO, = 2 NO + 4 HO.

Praperties.—It is colourless, and possesses a faint agreeable smell. Tt is
considerably heavier than atmospheric air, 100 cubic inches weighing 472
grains, At 32°% and under a pressure of 30 atmospheres, it becomes a liquid ;
and at 150° below zero solidifics. Water dissolves about Jths of its volume, and
acquires a sweetish taste. 1t maintains the combustion of burning bodies
with greater brilhancy than atmospheric air. 'When taken into the lungs, it
produces in some persons a sort of intoxication, accompanied by peculiarly
agreeable sensations, a property which has procured for it the name of “ The
Laughing Gas.” The following is Sir H. Davy's account of the experiment
in which this remarkable property was discovered. * On the 17th of April,
1709, having previously closed my nostrils and exhausted my lungs, I
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oxygen gas, making, in the whole, R0 divisions*; now pass the spark again,
and, after waiting a few minuates for the tube to cool, measure the residual
gas: the 20 divisions will be found to be reduced to 12:5; consequently 7-b
have disappeared. These 7-5 divisions represent the quantity of water
formed, and, therefore, consisted of 5 of hydrogen and 25 of oxygen. We
now have the data necessary for calculating the composition of protoxide of
nitrogen, it being evident that of the 15 divisions that were left after the
first explosion, 5 consisted of hydrogen and 10 of nitrogen. Now the
quantity of hydrogen added in the first place amounted to 15 divisions, of
which 5 were left unconsumed by the oxygen of the protoxide of nitrogen;
10 divisions of hydrogen were, therefore, consumed, and as these must have
combined with 5 of oxygen, the 10 parts of protoxide which were introduced
into the endiometer must have consisted of 10 parts of nitrogen and 5 parts
of oxygen, or 100 parts of nitrogen and 50 of oxygen, from which its
specific gravity 18 deduced, thus: —

1 volume of nitrogen . . : . : 0-972
4 do, of oxygen . . . . 0-552
1:5124

ahnumher which agrees very closely with that obtained by actually weighing
the gas.
E%;wrimmt 9, —A direct proof that this gas contains exactly its own
volume of nitrogen may be obtained by the following experiment :—
Measure a certain quantity of the gas in a graduated tube over MEreury,
and transfer it to a curved tube likewise filled with, and inverted over, mercury,
Next attach a piece of potassium to the end of an iron wire and introduce it
into the curve of the tube, as shown in Fig. 20; apply the flame of a spirit
lamp to the tube immediately underneath
the potassium, at the same time grasping
the tube firmly with the hand. 'The
metal will take fire and burn brilliantly,
decomposing the gas, absorbing its oxy-
gen, and setting free ifs nitrogen. When
the tube is cold, transfer the residual gas
to the tube in which it was originally
measured ; its volume will be found un-
altered, but it will be found to consist of
pure nitrogen.

Fig, 20.

Devroxipe or NitrocEs.
Fiquivalent, 30 or 375 ; Symbol, NO,; Density, 1038'8 (4ir = 1000).

Preparation 1. By the action of dilute Nitric Acid upon Mercury, Copper,
or Iron.—Clippings of copper are placed in a two-necked gas-hottle, similar
to that used in the preparation of hydrogen, and on them is poured through
the funnel a mixture of equal parts of common nitric acid and water,
Copious red fumes are evolved, and the gas may be collected in the usual
way over water, a3 soon as the gas occupying the upper part of the generating
flask is nearly colourless. The reaction is as follows:—A portion of the
nitric acid gives up three-fifths of its oxygen to the copper; which, thus
becoming oxide of copper, is dissolved by the remaining nitric acid, producing
a rich blue solution. The nitrogen of the decomposed nitric acid is set free

* It is better to measure the ina rate t duated isel
- scale as the eudiometer tube, and then to thnm“htu.h ﬁ]ﬂﬂl::r. T
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and 6 of hydrogen. Ammonia and hydrochloric acid gas combine together
volume for volume, both gases disappear, and the sides of the jar become
covered with a white powder (hydrochlorate of ammonia). Solution of
ammonia 18 likewise decomposed by chlorine. The experiment has already
been described as a method of procuring mitrogen gas. The reaction is as
follows :—

6 vols. chlorine \{3 vols. hydrochlorie Hydrochlo-

acid .. . rate of

-~ ammonia.

2 vols. nitrogen
6 vols. hydrogen
SSEDIN: Ao o6 fora fo o weiiabi b el 2 g

4 vols. ammonia {

When ammonia is conducted over peroxide of manganese, heated to redness
in a porcelain tube, it 1s decomposed into water and nitrous acid.

The following experiments may be made with this gas :—

Fxperiment 1.—Fill a small jar with the gas at the mercurial trough, pass
a small saucer underneath the mouth of the jar, and remove it to a trough of
water ; introduce it carefully so that no water shall get into the jar, and rest
the saucer on the bottom of the trough. Now suddenly raise the jar, the
mercury from its superior weight will fall to the bottom of the trough, and a
corresponding volume of water will take its place; the instant the water
comes into contact with the gas, it will absorb it with such rapidity that the
jar will become instantly filled ; indeed, if the gas is perfectly pure, the
water rushes in with so much violence as to endanger the safety of the jar;
but a single bubble of common air mixed with the gas greatly diminishes the
force of the absorption.

Lzperiment 2. —Fill a bladder with ammoniacal gas, and substitute it for
the retort in Fig. 13, the gun-barrel or porcelain tube having been previously
filled with iron or copper turnings. When the tube is red-hot, force the gas
from the bladder through it, receiving the gases from the other extremity
underneath a jar standing over the hydro-pneumatic trough. FExamine the
gases thus collected : they will be found to consist of nitrogen and hydrogen,
and their proportions may be ascertained by detonating a measured portion in
the syphon eudiometer with pure oxygen (vefer to Ex. 8, sect. Hydrogen),
When the tube is cool, remove and examine the metal turnings, they will be
found to have become brittle.

Lzperiment 3.—TIill a bladder with the gas and pass it through a tube
heated to redness and filled with peroxide of manganese; let the gases from
the opposite end of the tube be conducted into a large globular receiver,
which will soon become filled with ruddy fumes, showing the production of
nitrous acid.

Ezperiment 4.—Plunge a lighted taper into a jar of the gas; it will be
immediately extinguished.

_ Lxperiment b.—lindeavour to make a jet of the gas burn in atmospherie
air; it will be found impossible to keep up a continuous flame.

Forperiment ﬂ.—R?cat the same experiment in oxygen; if the gas be not
forced out in too rapid a stream, and if the aperture of the tube be fine, it
will burn with a yellow flame,

Eaperiment T.—Introduce a slip of red litmus paper into a jar of the gas ;
it will become blue, t.huahﬂhﬂwing the alkaline nature of the gas—N.B. If
lheEgau h_ﬂ perfectly dry, 1t has no action on vegetable colouring matters,

wperiment 8.—Provide two pint wide-mouth stoppered bottles, the edges
of which are ground so that they may be closed air-tight with glass plates;
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CHLORINE. liii

mon hydrochloric acid is heated in a flask (Fig. 18); the gas, which escapes
copiously on the application of a gentle heat, is conducted first through a
bottle containing a little water, to remove hydrochlorie acid, and then to the
hydro-pneumatic trough. It should be received over warm water, as cold
water absorbs double its volume of chlorine. The bottles should be removed
from the trough as fast as they are filled, and the stoppers greased a little
before they are inserted. It may also be collected by displacement. In this
reaction two equivalents of hydrochloric acid are required for one of peroxide
of manganese, and half the chlorine contained in the acid is obtained as gas,

thus—
Manganese. : :
Peroxide of manganese Oxygen
Oxygen Water Protochloride
Hydrogen SWatter >nf nmanganese.

Hydrogen
Chlorine . G
Chlorine !

Hydrochloric acid

‘_,..--....-H...-'-\-.. T —

Disengaged.
Expreaaad in symbols—

MnO,+2HCl = MnCl +2HO + CL

9. By the action of Sulphuric Acid on a mizture of Perozide of
Manganese and common Salt.—One part of peroxide of manganese in fine
powder is mixed with 4 parts of common salt (chloride of sodium), the
mixture is placed in a flask, and on it is poured 2 parts of strong oil of
vitriol diluted with an equal bulk of water. Chlorine is set free by the
following reactions :—

The chloride of sodium is first decomposed by the sulphuric acid into
hydrochloric acid, and sulphate of soda, thus—

Ohloride Df{ E?l‘fllil:'ﬁﬂ \. ; it Oxide of
w:nt;:lrmm'n { Igydmgen jHdechluncﬂ.md s >Eu1£i!mte
xygen . ‘ ‘ .
Sulphuric acid i, il o, il
Or in symbols,—
Na Cl + H O, 80, = NaO, S0, + H Cl.

The hydrochloric acid reacting with the peroxide of manganese, as in the
former process, gives rise to free chlorine and chloride of manganese. The
final reaction may therefore be represented thus:—

NaCl 4 Mn O, + 2 80, = Na O, SO, 4+ Mn 0, SO, + Ol

Properties.—It is a gas of a yellowish-green colour, whence its name, from
the Greek Xawgos. It is considerably heavier than atmospheric air, 100 cubie
inches weighing 76:59 grains. It is absolutely irrespirable, the smallest
quantity producing conghing and great irritation in the trachea. It is soluble
in water, which at 060° takes up double its volume, and acquires the colour,
smell, and properties of the gas. With water, chlorine forms a erystalline
hydrate, composed of 28 parts of chlorine to 72 of water; this hydrate is
decomposed at a temperature a few degrees above the freezing-point, and
from it chlorine may be obtained in a liquid state. Some of the erystals
dried between folds of filtering paper are placed in a stout glass tube, which
is then bent into the form of a syphon, and the extremity sealed. On heat-
ing the end of the tube containing the crystals in a water bath at ¥5°, the
erystals resolve themselves into two strata of liquid, the lower of a deep
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OARBONIC ACID. Iv

an explosion. Now take the two glasses apart under mercury, and notice
that the fluid metal does not rise in either the flask or the globe, showing
that the volame of the gases remains unaltered. Chlorine acts upon mer-
cury, but the absence of action in this case proves that no free chlorine is
present. To demonstrate that the hydrogen is not in excess, throw a little
water into the flask while standing over the mereury, and notice that the gas
is entirely absorbed, and that the water has become strongly acid. The
whole experiment proves that chlorine and hydrogen combine volume to
volume without condensation to form hydrochloric acid gas.

Faperiment 8.—Prepare a strong aqueous solution of chlorine thus:—
Fill a stout bottle with the gas, and having closed it with.a good cork, re-
move it to a basin of cold water, mouth downwards, loosen the cork so as to
allow a little water to rush in, agitate the gas with this water; as absorption
takes place more water will enter, and at last, if the gas is pure, the bottle
will become full of water containing its own volume of chlorine. The bleach:
ing property of chlorine may be shown by pouring some of this chlorine
water into a solution of sulphate of indigo, the blue colour of which it will
discharge; and its deodorizing property may be illustrated by pouring some
of the solution into a jar of water impregnated with sulphuretted hydrogen,
the abominable smell of which it destroys.

CAgrBoNICc ACID.

Equivalent, 22 or 275 ; Symbol, C0,; Density 1629 (dir = 1000).

T

Preparation. By acting on Carbonate of Lame with a sirong .{{ri[{,—Fmg,
ments of marble are placed in a two-necked gas bottle, and on them is poured
sufficient water to fill the bottle one-third; it is then agitated, so as to expel
the bubbles of air which adhere to the marble. Hydrochloric acid is poured
into the bottle through the funnel, active effervescence immediately takes
place, and earbonic acid gas is disengaged in large quantities. The reaction

15 as under—
a: b Carbonie acid gas

Cailii i [ Carbonic acid . { disengaged.

of lime ( Calcinm . ; a¥ 0 :

Oxygen : : : T Chloride of
Hydrochlorie [ Hydrogen 5 PR > caleium.

acid . | Chlorine i : g : !

In symbols—

Ca0, CO, + HCl = Ca Cl 4+ HO 4 CO,.

After the action has continued for some minutes, the gas may be received

over water or mercury, or by displacement (Fig 6). It may be considered
- pure when it is completely absorbed by caustic potash.

Propeérties, — It is colourless and nearly odourless, but possessing a
glightly sour taste. It is considerably heavier than atmospheric air, 100
cubic inches weighing, at 60° Fahr., 47-339 grains. It is soluble in water,
which at common temperatures dissolves its own volume of the gas,
acquires an agreeable acidulous taste, and sparkles when agitated. The
quantity of carbonic acid gas which water is capable of dissolving increases
with the pressure to which it is subjected ; when the pressure is removed the
%,! escapes with effervescence; it is the basis of Bﬂ'arvescing drinks.

nder a pressure of 30 atmospheres, and at the temperature of 82° carbonie
acid gas becomes an extremely mobile colourless liquid, remarkable for its
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CARBONIC OXIDE. lvi

time, test the air in the jar for carbonie acid by a lighted taper, and notice
the progress of the accumulation. Fhis experiment proves that carbonic acid
1s a product of ordinary combustion. (Refer to KExperiment 2, section
“ Oxygen.")

Eaperiment 6.—Expel the air from the lungs through a glass tube into a
jar containing lime-water until the liquid becomes very turbid, a precipitate
will gradually form; after it has collected, draw off the supernatant clear
liquid with a pipette, and pour on a few drops of hydrochlorie acid, notice
that effervescence takes place, and that the ]iqui{l becomes clear. Here
carbonic acid from the lungs (a product of respiration) forms carbonate of
lime with the lime-water; the carbonate of lime is again decomposed by the
hydrochloric acid, and the gas expelled.

Ezxperiment 7.—Fill a clean and dry Florence flask with carbonic acid gas
by displacement, introduce a little ball of potassium, and heat it strongly by a
spirit Jamp, the metal will burn with a brilliant violet flame and become con-
verted into potash, while carbon in the form of a black film will be deposited
on the sides of the flask ; carbonie acid is thus shown to be composed of car-
bon and oxygen.

Careoxic OXIDE.
Fquivalent, 14 or 175 ; Symbol, CO ; Density, 9678 (A;}r = 1000).

Preparvation 1. By decomposing Carbonie Aeid by red-hot Charcoal.—An
intimate mixture of finely-powdered chalk and charcoal is strongly heated in
an iron retort in a reverberatory furnace. The carbonate of lime is decom-
posed, and carbonic acid is set free, which in its turn is decomposed by the
red-hot charcoal, which takes away half its oxygen, the carbonic acid is thus
converted into carbonic oxide.

2. By decomposing erystallized Oxalic Aeid by concentrated Sulphuric Aeid.
—To one part of crystallized oxalic acid in a stoppered retort or gas flask is
added five or six parts of concentrated oil of vitriol, and heat applied ; the
oxalic acid first dissolves in the sulphuric acid, and is then decomposed into
two gases, carbonic acid and carbonic oxide; the former gas is absorbed by
allowing the gaseous mixture to bubble through a two-necked Woulfe's bottle
containing a strong solution of caustic potash, the carbonic oxide is thus
obtained pure, and may be received in the usuval manner over water. The
reaction is as under: 1 equivalent of crystallized oxalic acid is composed of
2 equivalents of carbon and 3 of oxygen, plus 3 equivalents of water;
the peculiarity of this acid is, that it cannot exist save in combination with
water or some base, the sulphuric acid unites with the water of the crys-
tallized acid, and the anhydrous acid is set free and immediately resolved
into carbonic acid and carbonic oxide, thus—

Carbon . carbonic acid.

Carbon . e T S
Anhydrous oxalic acid  { Oxygen carbonie oxide.

Oxygen

Oxygen .

8. By decomposing Ferrocyanide of Potassium by Sulphuric Acid.—To one
rt of erystallized ferrocyanide of potassium (yellow prussiate of potash
1s added 4 or § parts of concentrated oil of vitriol, the mixture is heate
in a flask, and the gas, after Eusﬂmg through a wash bottle containing a little
water, is collected over the hydro-pneumatic trough. In this reaction the






PROTOCARBURETTED HYDROGEX, hLix

data it is learned that 100 measures of carbonic oxide combine with 50
measures of oxygen to form 100 measures of carbonic acid. Now carbonie

__acid gas contains its own volume of oxygen; it is evident, therefore, that car-
bonic oxide can only contain one-half its volume of that principle.

P ROTOCARBURETTED HYDROGEN.
Eyuivalent, 16 or 200 ; Symbol, C, H,; Density, 5596 (4ir = 1000}.

Preparation. By strongly heating a mizture of Acetate of Soda, Hydrate
of Potash, and Quick-lime.—Three parts of pulverized quick-lime are mois-
tened with a solution of 2 parts of caustic potash in a small quantity of
water, the paste thus formed 1s dried at a low red heat; a mixture of 10 parts
of this alkaline powder, and 4 of erystallized acetate of soda, is strongly
heated over a charcoal furnace in a Florence o1l flask, coated with a mortar
composed of plaster of Paris, and half its weight of sand and coal ashes.
The fask is provided with a good cork and delivering tube. The gas, which
15 disengaged in abundance, is collected over water in the usual manner. The
reaction is represented in the following equation—

NaO, 0, H, 0, + KO, HO = Na0, €0, + KO, C0; + C, H,,

by which it is seen that the elements of one equivalent of dry acetic acid,
and one equivalent of water, rearrange themselves into 2 equivalents of
carbonic acid, which remain in the flask in combination with the potash and
soda, and 1 equivalent of light carburetted hydrogen, which passes off as
gas.

This gas is identical with that terrible enemy of the coal miner, fire-damp;
it is also the most considerable constituent of coal gas; it is constantly pro-
‘duced during the putrefaction of vegetable substances under water; the
'bubbles of gas frequently seen rising from the bottoms of pools consist prin-
reipally of this variety of carburetted hydrogen, and by stirring the mud at
‘the bottom of such pools, the gas may be collected in bottles. It always
i eontains a large quantity of carbonic acid, and likewise some nitrogen. By
ithe subjoined equation it will be seen that a mixture of protocarburetted
Ig&mgen and carbonie acid may be supposed to be formed by the reaction
tof 4 equivalents of carbon with 4 equivalents of water, thus—

4C 44 HO —2 00, +C, H,

Properties.—It is colourless and without taste or smell; it is lighter than
ratmospherie air, 100 cubic inches weighing between 16 and 17 grains. It
thas never been liquefied, and is only very sparingly soluble in water. Al-
ithough instantly kindled by a light, and burning with a pale bluish flame,
it requires a high temperature to ignite it, on which peculiarity the safety
Hlamp is founded. When it burns in the air the results of the combustion
sare water and carbonic acid.

The properties and composition of this gas are evinced by the following
sexperiments :—

. Eaperiment 1.—Having filled a capped bell jar with the gas, screw a jet
the stopcock ; depress the jar steadily underneath the water of the trough
as to force a stream of gas through the jet, and endeavour to inflame the
‘by holding a red-hot iron wire or glass rod over it ; it will be found im-
ible to kindl it by such a heat; make a corresponding experiment with
drogen and carbonic oxide, and observe that bmf these gases will readily







BICARBURETTED HYLDROGEN, I:El_

seem to be very simple, consisting merely in the removal of the elements of
two equivalents of water, thus—

C,H,0,=0C,H+ 2 HO;

but the action is in reality by no means so simple, for if the vapour of abso-
lute aleohol be caused to traverse a mixture of 100 parts of concentrated
sulphuric acid and 30 of water kept at its boiling temperature (about 330°
Fahr.), abundance of olefiant gas 1s (lisc:'r‘lgﬂgl‘.d. while at the same time a
quantity of water distils over from the acid, exactly corresponding with that
which the aleohol should have lost in becoming converted into bicarburetted
hydrogen. The composition of the acid mixture remains unaltered, and it
is capable of transforming an almost unlimited quantity of aleohol into bicar-
buretted hydrogen; the formation of olefiant gas in this reaction cannot,
therefore, be owing to the mere affinity of sulphuric acid for water. In the
preparation of biearburetted hydrogen by heating together aleohol and sul-
phuric acid, the disengagement of gas is at first tolerably regular; after
awhile, however, it becomes tumultuous, and is given off in jerks, the mix-
tures become black and viscous, swelling up considerably, so that it is
necessary to employ a capacious flask ; at the end of the operation a black
Blﬂif}i mass remains in the flask, the composition of which is very compli-
cated.

Properties.—Olefiant gas is a colourless gas, burning with a brilliant white
flame, which deposits abundance of carbon on eold bodies with which it comes
into contact. It is somewhat lighter than atmospherie air, 100 cubic inches
weighing about 30 grains. By exposing it under pressure to a cold 166° below
0%, it was condensed by Faraday into a transparent colourless liquid. Water
absorbs about Ath of its volume of it, and it is likewise absorbed by, and forms
peculiar compounds with, fuming sulphuric acid and perchloride of antimony ;
the latter substance is employed to effect its separation in the analysis of gas-
eous mixtures. It is decomposed when passed through a porcelain tube at a
white heat, depositing its carbon, and giving off twice ifs volume of hydrogen
gas ; at a red heat it is decomposed into carbon and protocarburetted hydrogen.
1t is condensed also by chlorine, with which it forms an cily liquid, from which
it derives its names, “* Olefiant ™ (0il making) and Elayle ({2z.0r and ix), the
source of an oil. The oily compound of olefiant gas and chlorine results from
the union of equal volumes of each gas. It has long been known under the
name of Puteh liguid, having been discovered by some Dutch chemists. Iis
formula is C, H, Cl,. It is & colourless liquid, possessed of a very agreeable
smell. When burnt with chlorine, olefiant gas undergoes complete decom-
position, hydrochloric acid being formed and carbon deposited. Some of
these properties of the gas are exhibited in the following experiments.

iment 1.—Collect a quantity of the gas in a capped bell jar, endea-
vour, as in the corresponding experiment with protocarburetted hydrogen,
to inflame it with a red-hot poker, observe that it will readily take fire and
burn with a remarkably-brilliant white flame. Hold a white plate in the
flame, and notice that carbon is deposited on it.

Ezperiment 2.—Hold over the jet a sheet of iron wire trellis containing
about 500 apertures in the square inch, inflame the gas above the jet, then
raise the trellis, and observe that the flame will not pass through the gauze
though the gas continues to burn above it. Notice the difference in the
character of the flame ; instead of being white and brilliant, it will be pale
blue, giving very little light; hold a white plate in this altered flame, and
‘observe that no carbon is deposited upon it; hold a coil of platinum wire
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gxygen, and 10 measures of gaseous carbon; 10 measures of oxygen have
therefore been consumed by the hydrogen of the olefiant gas; these 10
measures must have taken 20 measures of hydrogen; hence the composition
of the 10 measures of olefiant gas is 20 measures of hydrogen, plus 10 of
vapour of carbon, or 100 volumes contain 200 volumes of hydrogen and 100
valumes of carbon vapour. Now

Grains.
100 cubie inches of carbon vapour weigh . : . : Rb4
200 e hydrogen gas weigh . i : 2 4-2
100 = olefiant gas should weigh . 3 : 20-6

which agrees very closely with the number obfained by actually weighing
the gas.

N.B.—The explosion of oxygen and olefiant gas being very violent, this
experiment should only be attempted in a very stout tube.

CYANOGEN.
Eguivalent, 20 or 325 ; Symbol, C,, N; Density, 18-19 (Air =1000).

Preparation. By heating Cyanide of Mercury.—A portion of the salt is
heated to dull redness in a small glass retort. It is decomposed into metallic
mercury, which condenses in the cold part of the retort, and eyanogen, which
is evolved as gas, and which may be collected in Cooper's mercurial tube re-
ceiver. A black mass remains in the retort, having the same composition as
the gas, and is in consequence termed paracyanogen.

Properties—It is a colourless gas, of a peculiar and penetrating smell,
resembling that of bitter almonds. It is considerably heavier than atmo-
spheric air, 100 cubie inches weighing 555 grains. Itis one of the most
easily liquefied of the gases, becoming a colourless very mobile liquid, under
a pressure of 4 or b atmospheres at ordinary temperatures. Its liquefaction
may be accomplished without the slightest danger by sealing some cyanide of
memurf hermetically in a long syphon-shaped tube, and heating it while the
empty limb is plunged into a mixture of ice and salt. Cyanogen burns with
a splendid purple flame, the result of its combustion being carbonic acid and
nitrogen. Itissoluble in water, which takes up four or five times its volume
of the gas in the cold, but abandons it again when heated. The aqueous solu-
tion undergoes spontaneous decomposition, and gradually deposits a brown
powder. Cyanogen forms numerous combinations with other bodies, the
most important being that with hydrogen, viz,, the well-known poison hydro-
cyanic, or prussie acid. The analysis of cyanogen cannot be accomplished by
detonating it in the eudiometer with oxygen alone, the combustion being
always incomplete; but by adding to the mixture an indefinite quantity of
pure oxygen and hydrogen gases in the exact proportions in which they
unite to form water fhe guseous mixture obtained by decomposing acidulated
water by the voltaic battery is best adapted to the purpose), its decomposition
mai‘ be affected thus :—

aperiment T.— Pass into the syphon eudiometer 35 measures of a mixture
of 10 measures of eyanogen and 25 of oxygen, and then an indefinite quantity
of the detonating oxyhydrogen mixture. Wait a few minutes to allow the
gases to become thoroughly mixed, and then pass the electric spark, the
result of the explosion is water, carbonic acid, and nitrogen, together with
‘excess of oxygen; its volume should be 35 measures, Agitate the mixture






CHEMICAL MANIPULATION

AN

ANAT Y SLS,
QUALITATIVE AND QUANTITATIVE.

—— e

PART I.—QUALITATIVE.

Iy commencing this Treatise on Chemical Analysis, it may be well to explain
briefly the circumstances which induced its appearance in its present detached
form. Some time since the publisher of the “Library of Useful Knowledge" put
into the writer's hands the Treatise on Chemistry, compiled some years ago for
that publication by the late Professor Daniell, with a request that he would
revise it, and prepare a Supplement bringing down the science to its present con-
dition, in accordance with the plan adopted with regard to other scientific
treatises comprised in the “ Library.”

The writer undertook the task ; but, on carefully reading through the work, he
found that the progress of Chemistry, during the last ten years, would require such
numerous and material alterations to be made in it, to suit it in any way to his own
views, that after much deliberation he was induced to suggest that a new work
should be written, which should inelude also the important subjects of “ Organic
Chemistry™ and “ Chemical Manipulation and Analysis ;* in short, that in the new
publication the whole suhject of Chemistry should be treated in a complete and
popular manner, according to the original views of the projectors of the * Library
of Useful Knowledge.” This proposition being assented to, the writer of this
small treatise has undertaken to draw up a general work on Chemistry, embodying
such of the results of recent investigation as shall be suitable to the occasion, and
not losing sight of the important fact, that the work is intended for the general
as well as for the scientifie reader. '

A considerable time being necessarily required o perform this task in an effi-
cient manner, it has been thought advisable to issue the present Treatise at once,
as an earnest of what is intended, and to enable those parties who are in possession
of the former work to give it something of a character of completeness,

This present work will, then, be devoted to a detail of the methods of conducting
the analyses of inorganic and organic substances, a description of the apparatus
required, and the methods of manipulation. It is hoped that the student, whose

. pursuits may place him out of the reach of oral instruction, will find it sufficiently
explicit to enable him to pursue successfully this fascinating recreation, whilst
others, more fortunately situated, may not find it useless as an auxiliary to their
laboratory labours,

CHAPTER I, of ':tl.hiai:II material constituents of the globe,

_ : : .. and the study of their different proper-

Sy, Mr‘{:" n'n C'a‘fmwaﬁ AL, g and relations; the student is, there-

CapsisTey is distinguished from most fore, constantly engaged in observing

other sciences by being essentially ex- the phenomena presented on submitting

perimental ; itsohject ia the investigation the giffereut substances that come under
B
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