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PREFACE TO THE TENTH EDITION..

L4

I~ this edition easy experimental work has been introduced in
the early chapters on the composition of airand water, diffusion,
some carbon compounds, sulphur and sulphuric acid, followed
by exercises on quantitative analysis, volumetric analysis,
methods of ascertaining molecular weight, &oc.
The « Experiments” on metals and non-metals comprised
“under ‘““Reactions of the Metals” &c., have been thoroughly
revised and extended, and the microscopic structure of some
common alloys illustrated by photographs.
Appendix I. (“Rare Metals ”) has been brought up to
®date. °
It is suggested to the feacher that students after perform-
ing or seeing some of the experiments in the early chapters
should be assisted with some typical examples in Chapter VI,
< Quantitative Exercises ), and these followed by fractional
distillation, determination of melting-point, molecular weight,
gnd examples from the volumetric analysis section.
Particular attention should be given by the student to the
experiments and reactions detailed under each metal of the
"analytical groups.
For advice and assistance in the earlier chapters and the
“ Rare Metals” I am indebted to Dr. F. Er Matthews and
Mr. J. S. S. Brame, F.C.S., respectively. The mlcrographs
of alloys are by Mr. A. H. Coote, B.Sc.

-~ °

W. R. HODGKINSON.

ORDNANCE COLLEGE,
‘WOOLWICH,
+ 1908
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[ ]
CROOKES' LEMNISCATE DIAGRAM OF SYNTHESIS OF
. ELEMENTS. ’

(See Croolr;es’ presidential address, Chemical Society, 1888.) -

REEX) o

TfPA0S) ﬁéﬁ%&

e,

. This and the previous diagram exhibit the genetic relations of the elements
- toeach other as derived from their atomic weights and general chemical
 » Characters. ‘ ‘ - -
" 7. Both attempt to show the periodic recurrence of similar functions or Pro-
.+ perties, and the probable existence of ¢ triads ” or groups of several elements
whose properties and general behaviour are very similar. .



A COURSE

OF

PRACTICAL CHEMISTRY.

-

INTRODUCTION.

Pracrican or experimental chemistry may be analytical—that is,
simplifying or taking apart—or synthetical.

Analysis may be by weight or volume, and is then ¢ quantitative,”

" or may be simply the performance of reactions or tests to ascertain
sthe quality.or nature of a substance, or “ qualitative.”

Synthesis is the making op building up of a compound-—of either
mineral or organic nature—by starting from some elements or
comparatively simple compounds, and, following some particular line
of procedure, uniting them so as to form a definite new substance.

Many synthetic methods have been indicated more or less distinctly
by the results of analytic ones, or are based on theories originating
from a consideration of analytical results.

All forms of matter possess certain definite properties, and it is
ugon some variation in one or more of these properties that we
have to depend for the identification of different fqrms of matter.
The properties of matter fall easily into two groups: (1) physical,
(2) chemical. .

The physical properties of matter deal with matter in a state of
apparent repose, and some of them, as colour, hardness, relative
weight, &c., are at once noticeable. R

The chemical properties of a substance are not evident on sight.
They are ascertained only by studying its behaviour with or towards
other substances when brought into intimate contact therewith under

* some particular physical conditions, such as the temperatre, degmee
of electrical excitation, &c. .

Physical forces may alter a substance for the time beigg, the
-gubstance reverting to its original form or state after the force
has ceased to act. With a chemical action the change is, as
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surface. If made hot enough the silver may melt, but be as gogd-
looking as ever. If they were weighed beforehand, the iron, with
the dirt produced on it, will be found to be heavier after the heating
than befoTe, and the silver will not have changed.

If this simple operation of heating be conducted 4n a vessel from
which-the air has been removed by a pump no change in appearance or
weight will in either case take place. This indicatesthe surrounding
air, or Some part of it, as being the probable cause of the change.

Experiment and observation have proved that it certainly is one
of the constituents of the air with which we have to deal in many
cases of change of this type, and in many experiments and operations
carried on under ordinary circumstances—that is, in contact with air.

The atmosphere consists of a mixture of several gaseous substances,
one of which in particular is active in attacking—which is the same
thing as combining with—many other substances. It is taking part
in many operations we perform in ordinary air, and is, in fact, one
of the first, if not the foremost, material from which the definite idea
of chemical action or combination has been obtained.

The air has been found to consist mainly of about 20 per cent. of
this active constituent, called oxygen ; about 78 per cent. of nitrogen,
a much less active substance; a small quantity of some other gases,
also of a supposed elementary or simple nature, named argon, helium,
neon, &e., amounting in the aggregate to about 1 per cent:, and about
which little of a chemical nature is yet known; and a few other
substances, of which carbon dioxide and water vapour are the most
important.

The relative amounts of these substances vary a little from place
to place and time to time. This is particularly the case with water
vapour. With the exception of the water vapour, the composition
of the atmosphere is, however, remarkably constant for a common
“ mixture,” which it undoubtedly is.

ELEMENTS AND COMPOUNDS.—The materials dealt with in
chemistry belong to one or the other of these classes. Some of the
constituents of the air, just mentioned, are considered to be of a
peculiar simple nature, which is expressed by the term ¢ element.”

Generally this term is applied to a substance—which may be a
gas, liquid or sqlid—that suffers no permanent change in weight or
other properties when submitted to the most severe physical treat-
ment.

A feeble idea of this may be obtained from some experiments
with sulphur (Fig. 1). Place a small quantity of sulphur in a flask®
ordry glass tube. THeat gently over a flame until it melts to a yellow
limpid, liquid. Stir with a thermometer until it begins to set (this
shauld be about 115° C.). Now melt up again, without the thermo-
mreter ; incline the tube or flask, and heat as strongly as possible until
the sulphur boils and dark vapours pass over into the other tube. (The
boifing temperature here is too high for an ovdinary thermometer.)

A yellow deposit or a liquid may condense in the tube, and some

of the vapour may cafch fire and burn at the mouth of the boiling
* [

3
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tube oy little flask. Collect some of the supstance that has distilled
over. Melt it gently, and stir with the thermometer as before. It
will be found to behave precisely the same as before distilling.
This test is by n® means a severe one. It is not difficult to send
powerful electyic sparks through this vapour of sulphur whilst it is
distilling, and the condensed sulphur will still be found to be un-
changed in its properties. Sulphur can also be dissolved in a’liquid,
asoil of turpentine (*‘ turps”), and obtained therefrom again, of the
same melting-point, by letting the “ turps” evaporate away.

The melting temperature, or “ melting-point,” is one of th& most
characteristic physical properties of a
substance, and is frequently employed
for identification or for proof of purity
(see later).

Many substances of the class “ com-
pound” will also withstand the tem-
perature necessary to melt, boil, (r
vaporise them, and some are known
which resist the electric arc temperature
or electric sparks passing through them.
So that this alone is not a suflicient
criterion of an element. Several con-
ditions haye to be satisfied before a sub-
stance can be with any certainty classed Frc. 1.
as “elementary,” but the #dea is that
nothing differing from itself, as it stands, can be extracted from it—
or, in other words, it cannot be decomposed.

“ Compounds ” consist of two or more *elements”—not simply
mixed anyhow, but wnifed in such a peculiar manner that really a
new material is formed.

As a practical example, make an intimate mixture of iron filings
and powdered sulphur. Evidently the two may be mixed in any
Slative amounts. The colour of the mixture may be anything from
yellowish to nearly black. If the mixture be “jdggled” in a glass
the iron filings will partly separate to the bottom. If pu#into water
the filings will completely settle, and most of the sulphur will refuse
to be wetted and will swim. A magnet stirred into the powder will
attract and separate the iron. It is also possible to dissolve the sulphur
and not the iron, or the iron ard not the sulphu=. But now place
some of this mixture in a hard glass tube or a crucible, and heat
strongly pver a flame, watching the operation. The sulphur first will
give off a little fume or smoke, and some will deposit op the top of
the tube; it will melt, and then boil ; and finally the ir on will reach
» certain temperature and begin to combine with the sulphur. It
may even glow and become much hotter inside the tube orscrucible
shan the flame can possibly make it from the outside. This is heag
f chemical combination. The product may melt at the moment of
‘ormation owing to the development of this heat.

Some other metals, as copper, silver, tin, meicury, lead, show
shese effects quite as easily as iron with sulp}mr
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Now when this “ghemical action” really takes place,it will
be noticed that either some sulphur is driven off from the mixtire
and setbles on the upper cool part of the tube, or that some iron
filings are left. Generally the former will be the mse.

On cooling, a product will be obtained which diffgrs utterly in its
appearance and properties from the metal or sulphur. The means
of sephration before mentioned, when it was a mixture, no longer
apply., It can be dissolved, but now only as a whole, not as a metal
and sulphur.

A% will be seen, there is something of the nature of the ¢ abso-
lutely definite ” in the character both of an element and a compound.
The elements are possibly able to exist as such through any range
of temperature. Many of the compounds we know and deal with
practically exist only as such within a definite, and in some cases not
very great, range of temperature. Within this range, however, a
compound is an individual with as sharply marked and unchangeable
properties as an element.

CHEMICAL ACTION.—Probably ke primary condition for a
chemical action to take place is real contact between the particles of
the substances concerned. This contact is most easily and rapidly
brought about between gases and least so with solids. Of the
mechanism of a chemical action really very little is known. Elements
join together, and apparently elements can attack compounds;* and”
one compound may attack another,t gnvolving a redistribution of
the elements of which each is composed.

The most important fact about a compound is that it may be
formed by the combination of two or more elements in some way or
other, but however any particular compound may be formed there is
always the same amount by weight of each particular element con-
tained therein, and no modification of the process of formation will
alter the relative proportions of these constituents.

Chemical actions follow definite lines, and there is generally &
selective action, as, for instance, when @ can unite with & or ¢, but
not with equal energy. Then a compound ab may be formed, and
¢ come into play only when the quantity of & falls short of that
requisite to make a compound.

In most cases of chemical union some energy, generally in the
form of heat, is dgveloped. It is a constant quantity. Where the
tendency to unite is great the heat produced is generally more than
where the tendency to union is less.

There are cases where no heat or energy of any kind i§ evolved
at the timeof formation of the compound.

* Place a very small quantity of corrosive sublimate (mercuric chloride) on
a piece of clean copper, and moisten with a drop of water. On stirring with a
match of quill it will be seen that the copper has become silvered on the
surface and at the same time a greenish coloured substance formed.

t Place a very small piece of corrosive sublimate and a similar sized piece
of pofassium iodide in contact, or make a solution of each separately in a
small volume of water and mix the solutions. The original compounds are
white crystals; after redistribution the mass is coloured pink, because the’
mercury has changed over from the chlorine to the iodine. .
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In many of these cases the act of chemical union has to be
assisted by the expenditure of energy in some form—heat or electric
current—or by the use of indirect or roundabout processes, in each of
which there is sote consumption of energy. -

These two plasses of compounds ave usually distinguished as
exothermic (those in the formation of which energy as heat is
produced) and endothermic (those compounds requiring an expen-
diture of energy in the shape of help from outside—e.g., heating to
some temperature the whole time the combination is taking place).
They are purely relative terms, and mean that the members of one
class have more potential energy at disposal than the others.
The difference is most usually shown by the ease with which
endothermic compounds can, as a rule, be made to perform some
chemical action, or in many cases even decompose, when subjected
to mechanical treatment like friction or percussion. Most, if not
all, explosives belong to the endothermic class. Compounds of
the exothermic class require the expenditure of energy to decompose
them.

Chemical actions sometimes commence but slowly, or the mate-
rials may need to be heated to some essential starting temperature,
and it may take some time before an action is completed.  But in
any case there is no such thing as “newrly”; an action either does or
goes not take place. It often happens, however, that after one action
has commenced and reached a certain stage a second one starts, and
the two appear to be going on together. This in some cases
assumes a seesaw form, the primary product existing only for a short
time, or a small amount only being formed asa “stage” of the reaction.

INTRODUCTION TO PRACTICAL CHEMISTRY.

Amparatus required.

The first essential is a reliable and reasonably sénsitive balance,
with a set of weights. A very simple balance will serve at fipst.
The weights used are almost always metrical.*

Weights are usually supplied in boxes, and are arranged from 50
grms., thus: 50, 20, 10, 10, 5, 2, 1, 1, 1, and -3, -2, *1, *1, 05, 02,
‘01, *01, with some smaller which are seldom used.~ If the balance
be wide enough the weights are most conveniently arranged on a
piece of tile or white paper inside the case. They are then more
easily accessible. - -

There should be also a rider, a small bent wire of weight *01 grm.,
to be used on the beam itself. The beam is often graduated in

-~

* In the metrical system the metre is the practical unit of length. Tt is
divided into tenths, hundredths, and thousandths. A cube of water the tenth
»f a metre long on each side and at a temperature of 4° C. constitutes the
weight called a kilogram and the volume called a litre. The %% of aJilo-
yram is the gram, and the g%y of a litre is the cubic centimetre. This
weight and this volume are so much used that they are commonly designated
»y the abbreviations grm. and c.c.

3
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tenths and hundredths ¢f its length, starting from the centre, to each
end. The rider, when on the centre point of the heam, has no effect
on either pan. When on the end mark it has the effect of 01 grm.
placed incthe pan. At any intermediate position 4t will have some
effect equivalent to the third or fourth decimal place.

When commencing to weigh, place first the substance on one
pan; then commence by putting on the opposite "pan the largest

-
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weight of the set. Slowly turn the handle, which generally relieves
the balagee-beam from its supports, and watch the direction of«
motion of the indicating needle on the scale in front. When it
points in the direction of the pan on which are the weights, it indi-
cates that more are required, Then add the next greater weight,
bringing the balance to rest between each addition by turning up
the beam supports. This must never be omitted. Never jump
or guess at the weight, but always proceed in order from the
greatest. As the correct weight is approached the balance will
Jbogin to swing slower, Do not wait until the beam comes to rest,
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but proceed by the addition or taking away of weights until the
needle swings nearly an even distance on <ach side of the centre
mark of the scabe. Let it swing three or four times. It will
probably on first furning the beam loose swing to 6 on one side, and
return past the centre to 8 or 10. If the beam is provided with a
rider, now is tife time to use it. Say the needle swings to 6 left,
and recovers to 8 or 10 right, then more weight
is wanted on the right side of beam. Place the
rider on, this time beginning at the middle of
beam, or the mark 5, and, again swinging, move
the rider to less or more than 5, as the needle
indicates. When it swings nearly evenly, turn
up the beam to rest, and then carefully again
liberate. It should be set swinging five or six
degrees, and allowed to swing several times
before arresting. If equilibrium has been ob-
tained the swing will diminish regularly on each
side of the centre. Bring to rest, and read off
the values of the weights from the empty spaces,
either in the weight-box or on the paper referred
to as holding them in the balance-case. Pick the
weights from the pan, and replace them in order,
seeing at the same time that they tally with the
*weight recorded. It is advisable sometimes to
reverse the positions of weights and substance.
If the balance is in fair order the result should
be practically the same. Fre. 3. Fie. 4.

One side or pan of the balance must be kept Pipette. Burette.

for the substance and the weights respectively.
Nothing whatever must be placed on the naked pan, but always on
a glass or porcelain or other vessel. This containing vessel must
be, of course, itself weighed, either before or after, and its weight
@educted from that of the substance.

Balances must be kept in one place and level o a steady bench.
Nothing whatever should be put inside the balance case but the
thing to be weighed and the weights. 'When weighing anythivg a
book should be taken to the balance and the weighings entered at
once.

A few measuring vessels, flasks, or cylinders and a burette are
most useful. The graduated flasks should be 1 litre, } litre,
250 c.c., and 100 c.c. The measuring cylinder should be 500 c.c.,
graduated into 1 c.c.

Burettes are generally made to hold a little more than 50 .c.,
and there are 50 c.c. graduations, and each c.c. again into fifths or
tenths. It is more convenient to have 55 or 60 c.c. divigions and
each into fifths.

The burette and the gram weights should work together. .The
50 c.c. of distilled water at 15° C. measured from the burette should
be very close indeed to 50 grms. weight. Usually burettés are
graduated with water at 15°-16° C,




8 A COURSE QF PRACTICAL CHEMIS’}‘RY.

Weighing should be practised first of all on the weights, the
50 grm. piece being tested against the collective small weights, then
the 20 grm. against smaller pieces, and so on. ¢ _

A small flask should then be weighed either by weights or
counterpotsed by shot, &e., 50 c.c. of distilled water introduced, and
then weighed. This should also be done with 20%.c. and 10 c.c.
The result will not be exactly 50, 20, and 10 grms., but shouldl not
differ very widely therefrom, The weight of 1 c.c. water at 15° C.

Frq. §.—Measuring Flask, ¥1® 6.—Measuring Cylinder.

is not the same as that of 1 c.c. at 4° C., water expanding when
warmed above the temperature of 4° C. :

METALS AND NON-METALS.—In everyday life some substances
of the “ element ” class are called “metals,” whilst this term is with-
held from others. -

Quite a number of elements have some characters in common. For
instance, copper, silver, gold, iron, nickel, aluminium, are solids which
can obe moulded or shaped by pressure, polished or burnished by
friction, They are more or less ductile—that is, can be drawn out or
extended into wire; and they will withstand a considerable strain
before breaking. They allow heat and electricity to flow along them
with more or les{ ease. Some are very elastic and sonorous when
struck. They do not dissolve as such, or unchanged, in any liquid.

A number of other substances, also elements, show few %if any of
thege properties, or only to a very slight extent. They ave termed
“ non-metals.” Some are gases, one is liquid at ordinary tempera-
tures; and of the solids several are soluble—as sulphur and phos-
phorus, “fodine, &e.—in liquids, and may be crystallised without
ehemical action or change from these solutions.

The line of demarcation is, however, not a sharp one. Some
eleménts show the metallic property in an eminent degree, as gold,
others nothing of it, as some gaseous elements, and others, again, arve
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somewhat intermediate in character. In addition there are some
decidedly chemical differences, as will appear later. The terms mnetal
and metallic and fon-metal are useful if understood in a broad sense.

The practical,employment to which a metal is applied depends
partly on its pl?fsica.l and partly on its chemical properties.

Tron (and steel) heads the list in the matter of temsile strength
and hardnegs, but it is somewhat easily acted upon by a nuniber of
other substances, which restricts its use or necessitates the employ-
ment of some protective.

Lead is one of the softest of the metals, and its tensile strength is
very slight. Itcan, however, be easily rolled or pressed into sheets or
tubes, and is not very rapidly acted upon chemically by things in
ordinary use. Most of the common metals fall between iron and
lead in the matter of hardness and softness, tensile strength, &ec.,
although not in the matter of chemical resistance. Some are more
resistant than lead, and others less so than iron.

Speaking broadly, metals show a greater tendency to unite with
non-metals than with metals. Still, metals do unite, and these
combinations are generally called “alloys.” Sometimes the tendency
to combine is slight, and then something like mixtures or solid
solutions are obtainable. Some alloys seem to be of relatively simple
composition, as brass, which may be considered as ZnCu, about
67 per cent. Cu and 83 Zn (this is not the universal opinion); or
*very complex, as steels undoubtedly are, consisting of a compound,
as FeC, combined with a considerable number of atoms of iron,
perhaps after the manner in which water of crystallisation is held by
some salts (see later, water of crystallisation in salts, * Iron,” &e.).



CHAPTER 1.

ON THE NATURE AND COMPOSITION OF
ATMOSPHERIC AIR.

As stated (aste, Introduction), the air consists of a mixture of gaseous
elements and compounds. The mixture has an exceedingly constant
composition, owing mainly to the action of diffusion of gases. A litre
(1000 c.c.) of dry air at 0° (. weighs 1-293 grm.
Air may be dried by standing over or bubbling
through concentrated sulphuric acid, or by con-
tact with solid caleium chloride, these substances
removing water only.

Dry air is appreciably heavier than damp or"
moist air, because water vapour is, bulk for bulk,
much lighter than air, and, when present in air,
is not dissolved, but exists side by side with the
other gases, exerting part of the pressure of the
whole. That is, supposing some ordinary air is
exerting a pressure of 30 inches of mercury, and
the water vapour can by some means be extracted
from it, the pressure wonld be reduced.

The volume of this water vapour in air et
any place can be ascertained by means of the
apparatus shown in Fig, 7,

The flask, which may be of about 1000 c.c.
capacity, has a gauge arranged to the side tube,
and through the cork a burette and another tube,
with tap.

The bent tube or gauge should contain as
‘ indicating liquid some weak sulphurie acid. The

F16. 7.—TFlask with burette is charged with concentrated sulphuric
gluge and™urette. acid, and the small side tap is for adjusting the

alr pressure at starting.

Tosuse.—The flask must be quite dry, and may be filled with the
» 8ir of the place by simply leaving open for a short time. The cork, with
it§ burette and air tap, is then introduced, the gauge made level by just
opeping the tap and closing again. Now a few drops of sulphuric
acid are allowed to fall in. The liquid in the outer gauge tube will
at first rise slightly, and then within a few minutes fall, thus indicatin g
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that the pressure inside is less than the external. Water vapour is
being absorbed by the strong acid. More acid is now let in to bring
the gauge again level. After one or two additions the gauge will
remain constant.” All the water vapour has been absorbed, and in
its place a certain number of cubic centimetres of acid have been
run in. The total capacity of the flask must, of course, be
known. * i

The number of cubic centimetres of acid run in to mske the
pressure the same as at commencement is evidently the volume of
water vapour existing in the air and exerting pavt of the total air
pressure. Supposing the flask have 1000 c.c. capacity, and 14 c.c. of
acid are run in before the gauge is level, it indicates that 14 c.c. of
water vapour were present in the original air.

The flask should stand in a place of a steady temperature, and,
beyond opening the taps, must not be touched by the hand during
fhe ogera,tion, as all gases expand very much even when slightly
heated.

EXPANSION OF A GAS.—If a gas be heated from the tempera-
ture of 1nelting ice to 273° €. the volume will be doubled provided
the pressure on it be kept constant.

If a certain volume of a gas, enclosed in a vessel provided with

o & pPressure;gauge, be similarly heated from the melting-point tempe-
rature of ice to 273° C. the pressure of the enclosed gas in the vessel
will be 30 inches (or 760 mm.) above the outside pressure.

Supposing in this experiment the gas, instead of being heated,
werecooled from the ice temperature (0° C.) still further, the pressure-
gauge will show a regularly diminishing pressure as the temperature
falls, until at a temperature of 273° C. below the temperature of
melting ice the gauge would show a total absence of pressure. This
effect would result with a penfect gas—that is, a substance that could
exist only in the gaseous state. This low temperature has not been
Sbtained. Most, if not all, the known gases become liquefied, or even
solidified, before this low temperature is reached. The known gases
are therefore in this sense not quite perfect. .

The temperature of 273° C. below the melting-point of iceis known
as “absolute ” zero.

The “ particles,” or molecules, or atoms of a “perfect ” gas would,
at this temperature, be at rest. The weight would be the same, but
there would be no pressure on the sides of the containing vessel.
It couldescarcely be a vacuum vessel, for a perfect gas could not
liquefy nor solidify. 1Its particles would be in the yessel, but
standing still. The particles or molecules of all known gases are
undoubtedly in a state of motion, moving very rapidly in all directions.
It is the impact of these many patticles or molecules on thé sides of
the vessel that constitutes the pressure of the gas. When hegted
the motion is accelerated, and the number of impacts per second
increased; when cooled, the rate is lowered, and the numker of
blows per second falls. The pressure exerted by a gas in a closed
vessel increases regularly with rise and diminishes with fall in
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temperature. At some temperature, which is a constant for each
gageous substance, liquefaction takes place, and atea lower tempera-
ture solidification, and at some point a little helow this there is
generally a most excellent vacuum in the Yessel, providing,
of course, that it was filled with the particular gas only
at the commencement of the experiment. The idea of
“absolute” zero (—273° C.), 0° C. abs, is founded on
what would probably be the behaviour of a perfect gas.

Based on the foregoing is the statement that gases
expand 51y of their volume at 0° C. for every degree
they are heated above and contract 53+ for every degree
they are cooled below this temperature.

DIFFUSION.—The property of diffusion is not confined
to gaseous substances, but exhibited by them in an
eminent degree. Some of the effects may be seen by the
use of quite simple apparatus.

Two glass cylinders, or ordinary bottles with narrow
necks, are each filled with a gas—say hydrogen or coal
gas in one and carbon dioxide or sulphur dioxide in the other. Join
them together by the cork and tube, so that the hydrogen (or coal
gas) is above and the much heavier gas below. After standing for
thirty or forty minutes they may be taken apart, and the, lower one
tried with a flame and the upper one inverted in a basin of weak
sodium hydroxide solut®n or weak ammonia. The
alkaline liquid will dissolve the carbon or sulphur
dioxide, and the liquid will rise in the bottle, show-
ing, roughly, how much of the heavier gas has
diffused upwards into the lighter in the time. If
the contents of the bottom cylinder inflame when a
lighted taper is applied to the mouth of the cylinder,
it proves a considerable diffusion of the lighter gas
downwards. Another arrangement which shows)
qualitatively, the rate of diffusion of hydrogen com-
pared with air is to affix by a cork a small porous,
or unglazed, earthenware cylinder (battery cylinder)
at the end of a glass tube. The tube may be a
metre or more long, and somewhat less than a
cefftimetre in diameter. The open end of the tube
should be dipped under water, and a beaker inverted
over the cylinder (see Fig. 9). Hydrogen orecoal gas
» is blown into the beaker, and collects therein, being
lighfer than air. It begins at once to diffuse through the porous
cylinder, driving air before it, as will be seen by the bubbles escaping
from the immersed end of tube. Some air diffuses back into the
lighter gas, but the advantage in rate is with the latter, and ‘it acts
against gravity. On removing the beaker of light gas after a few
minutes water will be seen to rise in the tube somewhat rapidly and
to a considerable height. After the light gas has entered the porous
jar, and the beaker sbillr contains the same gas, things assume a
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steady condition—as much passes one way as the other through the
walls of the porougjar. But when the outer beaker is removed light
gas from the inside diffuses through into air quicker than air can
diffuse back. Therve is therefore less pressure inside the glass tube
and porous jar than outside, and the water rises to a certain height
to equalise this difference.

The law as to diffusion is stated thus: Gases diffuse at rates
inversely as the square roots of their relative densities. That is,
for instance, hydrogen has only % of the weight of oxygen for the
same volume, and their relative rates of diffusion are as 1 to 4.
This appears to hold good in all cases.

With the apparatus shown in Fig. 10 the rate of interdiffusion of
two gases may be observed. Placea little liquid in the gauges; then
blow, say, oxygen into one flask and hydrogen into the other. The
liquid in the gauges will blow up to the bulb, and, after thoroughly

|

Fre. 10.

filling the flasks and closing the taps, the liquid will again fall into the
tube and seal the gas. A momentary opening of the taps will level the
gauges, and then the tap on the joining tube can be opened, thus allow-
ing the gases to come in contact through the porous clay tube. It
wil be observed that the gauge on the hydrogen flask will slowly fall,
whilst that on the oxygen will rise, indicating that more hydrogen
is going through the porous tube into the oxygen than in the reverse
direction. After some time both gauges will come to a common level.
There will then be equal amounts of each gas in each flask, and as
much is passing one way as the other.

Diffusion is, then, only to be explained by assaming that the
minute particles or molecules of gases are in rapid motion, their
velocity depending on their mass or weight and the agitating cause

. obeing heat-energy. Clooling a gas reduces the velocity of motion of
the molecules, which accounts for diminution in pressure. )

By means of diffusion it is possible to separate one gas from
another, provided there is a little difference in density.® For
instance, if a mixture of hydrogen, oxygen, and nitrogen be con-
ducted from one vessel to another by means of a length of, say, 20
centimetres of tobacco pipe (unglazed earthenware) much hydrcgen
will be lost on the first passage, and on repeating this treatment it
can be entirely removed.

a
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Glass and a numbeg of substances known as colloids are quite non-
porous.  Although the ultimate particles of gases are extremely
small, they are unable to penetrate glass even under great pressure.
Uncrhzed earthenware, thin plates of some methls, and other sub-
stances are porous——tbat is, full of minute tubes orpassages through
which gases can easily pass or wander. If a mixture of two gases
comés in contact with a wall of such porous materiakthe particles will,
if of the same weight or specific gravity, be moving at the same ratp
and will hit and penetrate these passages or tubes at the same rate,
The part passing through the porous barrier will have the same
relative composition as at the beginning. But if one gas be lighter
than the other its particles or molecules will be moving much quicker.
It has therefore several chances to one over the heav1er, depending
on their relative densities, of getting through one of the fine tubes
or pores,

The mechanism of dlffusuon goes some way to explain the nature
of the gaseous state.



CHAPTER TL.
RUSTING OR OXIDATION OF METALS.

Most metals tarnish or rust slowly in air at ordinary temperature.
This rusting usually takes place more rapidly when the metal is
heated somewhat strongly or melted.

Rusting is generally due to some chemical action at the surface.
Most often it is a case of absorption of oxygen. There is always a
decided gain in weight when this is taking place. The process can
proceed only to such an extent that a definite oxygen compound will
have been formed.

Weigh a small porcelain dish. Place in it some copper turnings

*and weigh* again—the amount of turnings may be between 1 and 2
grms. Heat the dish over a Bunsen flame, so that air has free access
to the turnings. The copper will become black on the surface, and if
the heating be patiently continued the whole of the metal will be
converted into a reddish black powder. On weighing the dish again
after cooling the copper will be found to have increased by almost
a fourth of its original weight.

This experiment may be repeated with the metals tin, lead,
and zinc. As all these melt under the conditions of heating, they
bgcome coated with a layer of dirty coloured material which protects
the metal beneath. They should be stirred with g small glass rod,
which is weighed along with the dish in the first instance, and, of
course, left in the dish and weighed with it finally. A decided gain
in weight in each case will be noticed. The products obtained should
be saved for further experiments. They are oxides.

The two metals magnesium and aluminium gnay be similarly
experimented with, but require more care.

‘Weigh a small porcelain crucible and lid. Take about 2:5 grms.
magnesiuln filings, or 2'5 aluminium powder. Both these metals may
be set on fire by a match flame. They will then glow very briglstly,
and the magnesium may give off a little fume or smoke. The mag-
nesium will increase to about 4 grms. and the aluminium to ghout 5

‘With the metals mentioned the actions, when completed, can be
expressed in chemical formule which represent definite amounts by*

ig ing together.
weight acting togethe .

COMPOSITION OF AIR.—A rough idea of this may be obtained
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copper turnings or finewire contained in a tube (see Fig. 11). The
flasks should be as nearly as possible the same sizs, or their capacity
ascertained pretty accurately. One flask is full of air, the other of
water. As the water flows slowly down the first syphon, air is
driven over the metal contained in the heated tube, and displaces
the water in the end flask. The second flask will not contain quite
the same volume of gas as the first contained water.

Before measuring the water remaining in the second flask accu-
rately, the cork with tubes should be rapidly replaced by another
unbored cork, and at least two experiments made with the gas. Firsta
lighted taper immersed for a moment ; it will be extinguished. Then a
burning piece of magnesium ribbon may be introduced ; it will be seen
to glow for a little time, but not actually burn with a flame. This gas

Fre. 11,

is mainly nitrogen. Ordinary combustible substances, as a taper,
will not burn in it; but a few metals, magnesium and some others,
will do so if strongly heated to begin with.

Now the water in the flask may be measured in a graduated
vessel and an idea of the volume of oxygen absorbed by the red-hot
copper obtained” If the capacity up to the mark was 1000 c.c.,
about 200 c.c. of water should be left if the volume of air driven
over was also 1000 c.c. It may be less, because the gassis heated
and expanded in passing over the red-hot copper.

Nitrogen obtained from air by any method of absorbing the
oxygen is never pure, but contains argon and other gases.

Pure nitrogen may be obtained from several compounds. The

~most common natural compounds commercially obtainable are potas-
sium and sodium nitrates. One or other of these nitrates is the
imnrediate source of many nitrogen compounds.*

* Many plant and animal pfoducts, also coal and jet, contain small
quantities of nitrogen in combination,

ol ~
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Nitrates contain a metal, oxygen, aad nitrogen. They are
somewhat complex substances, Potassium nitrate contains nearly,
and sodium nitrdte more than, 50 per cent. by weight of oxygen.
When strongly heated both substances first melt and then begin to
decompose, giving off gases, most of which is at first oxygen, and
later a mixture of oxygen and nitrogen. If melted up with some
metals the oxygen is retained as a solid compound and the nitrogen
set free as gas. .

Iron, in filings, is very suitable for this purpose. A thorough
mixture should be made of dry prwdered potassium nitrate (nitre)
and iron filings, in the proportion of one part by weight of the
nitrate to at least three of the filings.

The mixture should be placed in a tube of hard glass, arranged
as in Fig. 12, and heated at first at the top part. The mixture will
begin to glow and gas escape from the tube, and the glow will

Fia. 12,

slowly extend down the tube. Several tubes must be ready to be
filled. The water should contain a little sodium hydroxide, because
iron filings may contain some carbon, which gives rise to carbon
dioxide. The first tube full of gas is usually rejected, as it will
cogtain some air.

The speed of the reaction can be modified by the’amount of iron
filings employed. The more filings the slower the action, and wice
wersa.  With too small an amount of ivon filings the reaction becomes
an unmanageable fireworks. 10 grms. of saltpetre and 30 of iron
filings will give quite sutficient gas to experiment with.

Other metals besides iron may be employed, bu% in some cases
the action is somewhat ungovernable, and some oxides of nitrogen
may be mixed with the product. .

Larger 'quantities of nitrogen may be prepared by theereactien
between some compounds of ammonia and nitrites.

Sodium njtrite and ammonium chloride give a good example of
two compounds interacting.

Equal weights of these substances, say 10 grms. of each, are mixed
with about 50 c.c. of water in a flask, with either side tube or cork
and delivery tube. On gently warming, the reaction commences, #nd
the nitrogen gas may be collected in any convenient manner, as in
several tubes over water,
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If a gas-holder is avgilable a larger quanti.ty of the gas should
be collected. A gas-holder may be extemponsed. from a washing
flask, as shown in Fig. 13.

The flasks and tubes ave filled with water. The gas generator is
attached by a flexible tube to the upright flask. As_ the gas enters

18
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this the water flows from the inverted flask. The flexible tube on the
upright flask must have a clip or stopper. If now water be driven
into the inverted flask, the gas can be expelled at any desired rate
from the upright flask and collected in test-tubes for experiment.

.,

[ tube 55

»

Fice 14, .

Experiments with the Tubes of Nitrogen Gas.
I7 Test one tube with strips of blue and red litmus paper or
with a water solution of litmus. They should not change. .
IT. A lighted taper is-extinguished.
¢ III. A glass rod dipped in lime or baryta water and held in the
gas should not become white or milky.
IV. Makea fair amount of nitrogen gas and collect in some form

~



RUS;TING OR OXIDATION OF METALS. - 19

of gas-holder. A sufficient quantity may be obtained by mixing about
14 grms, of ammonium chloride (sal ammoniac) with the same
weight of sodiumenitrite, and warming with a little water in a fask
with cork and delivery tube. Arrange a tube containing a few
grams of magnesium filings as in Fig. 14. Drive the nitrogen slowly
through a sulphuric acid drying tube, and then the magnesinm
tube to expel all air. Then close the tap and heat the magresium.
The nitrogen will be gradually absorbed by the metal apd the
mercury rise from the cup up the tube. The nitrogen may be again
turned on and the operation repeated several times. A nitride of
magnesium is formed. It is a red-coloured substance when hot and
yellow on cooling. It should be saved for further experiments. On
contact with water, magnesium nitride produces ammonia and mag-
nesium oxide. A very small quantity of this nitride is produced

Fia. 15,

when magnesium ribbon is burnt in air. The main product then,
however, is magnesium oxide.

If the nitrogen from air be treated with magnesium somewhat
on"this line, but a little more elaborately, the inert gases, argon,
dre., may be obtained as a residue not absorbed by the metal. .
OXYGEN.—TIt is possible to separate oxygen from air, but not very -
easily, as most substances combine with the oxygen.

Most metallic oxides, when heated to a certain temperature,
absorb a further quantity of oxygen, to a definite extent, producing
another oxide. At higher temperatures this new oxide will again
decomposesinto oxygen and the original oxide. By variations of tem-
'perature, therefore, it is possible to have a seesaw action—absorptidn
at one stage and resolution at another,*

Red oxide of mercury may be heated in a tube something like
Fig.15. Mercury will be observed to condense on parts of the tube,
and a gas will collect over the water. :

* This has been utilised for technical purposes—the production of oxygen
on a large scale—barium oxide being the substance generally employed. It
is somewhat difficult on a small scale, and other methods should be first tried,

- -
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The tube should be of hard glass, as the temperature required
will melt an ordinary test-tube. 1 grm. of the red oxide is suf-
ficient for one experiment. ) c .

Test-tubes will generally do for collecting gases in these experi-
ments. The tube should be about two-thirds filled with the gas,
and then turned up, with the finger closing the tube, or a cork,
previously prepared to fit, put in before taking from the water vessel.
Care must be taken that on ceasing to heat, or on cooling, the water
does not enter the hot tube.

The easiest and most commonly employed method of obtaining
oxygen on a small scale is to heat a mixture of the substances
potassium chlorate and manganese dioxide. It scarcely matters in
what proportion the two are mixed. Each should be in powder.
10 grms. of the chlorate and 5 grms. of the manganese oxide is
sufficient at one time. The manganese dioxide will be found
practically unchanged after the operation, and may be obtained again
by washing the residue. Other proportions of the ingredients may
be tried. The chlorate, when heated alone, melts and gives off oxygen,
but requires a higher temperature than the mixture, and the gas is
liable to come off very rapidly; and, worse still, the leading tubes
are liable to choke with particles of the chlorate, which may cause a
dangerous explosion.

Manganese dioxide, alone, when heated to full redness, gives off .

oxygen. ‘
Lead dioxide—the active substanae of storage cells—gives off
oxygen when quite gently heated. The tube arrangement in Fig. 15
can be used for this. Two or three grams of lead dioxide is a con-
venient amount.

Solid potassium permanganate may also be used in the same
apparatus, but is very liable to stop up the leading tube by spirting.

All the methods above mentioned of obtaining oxygen are dry
reactions. A considerable number of methods are known in which
solutions of substances in water are employed. A very interesting
one depends on & seesaw action between oxide of cobalt and bleaching
powder.

To a mixture of bleaching powder and water a very small quan-
tity of any cobalt compound—the nitrate or chloride—is added, and
a black oxide of cobalt is produced, which undergoes decomposition
and is again formed, and so on, with the result that a steady output
of oxygen gas is obtained. The mixture froths up somewhat, so
the operation should be performed in a moderate sized flask. The
addition of a little thick paraffin oil diminishes the frotifing, but is
required only when the operation is on a somewhat larger scale.”
A small flask may be substituted for the test-tube in Fig. 15 for the
cobaltroxide experiment.

. .

Experiments.

L. Introduce into one tube of the gas a small piece of charcoal held
in a wire. The charcoal should be just started glowing at a point,
It will commence to burn very brightly. Or a splinter of wood on

-
-
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which is a glowing spark—not a flame—mnaay be used instead of the
¢harcoal.

II. Coil up a very thin iron wire, such as flower wire, into a spiral
two or three inches long. Dip one end in a little wax or parafiin,
Start this burning, and introduce intoa tube of oxygen. The iron will
commence to burn brightly, and drops of oxide of iron may ferm.

II1. Test one tube of gas with moist blue and red litmus paper
and also iodised starch-paper. None of them will be affecterd if the
gas be pure.

Quite a number of compounds absorb oxygen without the appear-
ance of burning. This absorption happens, of course, with air as well
as with pure oxygen. This may be shown by having a test-tube with
well-fitting cork and tube as in Fig. 16, Fill the tube with oxygen.
Introduce rapidly two or three cublc centimetres of a strong solution
of pyrogallol made alkaline with sodium or potassium hydromde

0
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Close quickly with the cork and tube; dip the open end of the
tube in water. On shaking the test- tube the oxygen will be ab-
sorbed, and the water will rise and overflow into the test-tube.

Othet liquids, as an aqueous solution of ferrous oxalate, and
especially a solution of cuprous chloride in ammonia, may be tried
in the same way.

A rough analysis of air can be made by means of a bent tube and
one of these oxygen-absorbing liquids (see Fig. 17). C8mmencing with
the tube dry and full of air, put in sufficient water to just enclose the
air in the limb ¢ and be the same height in both limbs.

If the tube is not graduated, mark the level of the water by
attaching a strip of label. Then pour into ¢ a strong solution of
pyrogallol and sodium hydroxide. Put a few drops of oil on the top
of liquid in @. Allow the tube to stand, with now and then agentle
shake, for some time, until the volume of air in ¢ no furthur dimd-
nishes. Then withdraw, by means of a tube, some of the liquid from
@ until the liquid is the same level in each limb. The gas will tlten

be under atmospheric pressure. Mark the level or “read off the
graduation. The volume absorbed should be, about a fifth of the
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original. The tube mayebe Jeft for a day or two, provided a layer of
oil is on the surface in @. Ordinary petroleum or,lamp oil will do
for this purpose. .
OZONE.—This substance is a modification of oxygen gaused by some
internal rearrangement in the substance. It is generally called an
allotropic form of oxygen, and may be produced in several ways from
oxygenf

The simplest method of production is by the passage of quiet
electric discharges through oxygen or air.

A simple apparatus consists of a glass tube, about 25 or 30 cen-
timetres longand 1 centimetre, or less, in diameter, through which a
platinum wire is passed, either straight or spirally, and a little copper
wire wound around the outside. The inner platinum and the outer
copper are respectively connected to the two terminals of a small
induction-coil. Omn sending a feeble current through the coil there
will be a silent discharge between the inner and the outer wire
through the glass and the air space.

If air or oxygen be blown through the tube some of the oxygen
becomes converted into ozone, which can be recognised by : (1) Its
odour; (2) if blown on some iodised starch-paper a blue colour will be
produced ; (3) if blown on to a little very clean mercury the metal
will tarnish and cease to run so easily; (4) blown on a piece of clean
silver foil it will produce a dark brown stain.

These actions are all cases of direcf oxidation, produced, as sup-
posed, by the ozone reverting into ordinary oxygen and at the same
time imparting oxygen to the substances mentioned. .

This modification is much more active as an oxidising agent
than ordinary oxygen, most metals and many other substances being
oxidised simply on contact with it at ordinary temperatures. Ozone
is doubtless produced in many other ways: by the electrolysis of
dilute sulphuric acid—when a small blowpipe flame is supplied with
excess of air—and wheun some substances are undergoing a slow®r
partial oxidation. For instance, phosphorus in moist air slowly
oxidises at the ordinary temperature ; an odour like ozone is imparted
to the surrounding air and iodised starch-paper and other reagents
are affected in the same way as by the ozone from the electrified tube.

T



CHAPTER III

THE COMPOSITION OF WATER AND PREPARATION
OF HYDROGEN.

A xUMBER of metals become rusted on contact with water—some at
the ordinary temperature, others in contact with steam or at higher
temperatures.

Several pieces of clean metals should be placed in a tube and sub-
jected to a current of steam for a few minutes, and the surfaces
of the metals examined. Scrape with a knife or clean with sand-
paper strips of aluminium, zinc, copper, iron, magnesium, lead, tin,
&e. ; place in a wide tube and drive steam over from a flask.

This may be done with the metals separately or
together. It is better, howewer, that they do not touch,
so that no electric couple is formed.

It will be found that of the metals mentioned the
magnesium will tarnish first and to the greatest extent,
followed by zine, lead, iron, aluminium, about in this
order, and that copper and tin will show no signs of
change.

The water should be boiled for at least ten minutes
agd the steam allowed to escape before the metals are Fig.18.
introduced into the tube, to avoid the effects of a#r and
carbon dioxide, which are always contained in solution in ordinary
watbers. *

This tarnishing in steam is due mainly to the same cause or
causes as tarnishing on heating in air—that is, oxidation.

Boil some water in a flask, and when steam i escaping freely
introduce a little bundle of burning magnesium ribbon. It will
continue to burn in the steam, and even on the surface of the boiling
water, an® a very pale flame will be seen at the moutih of Ehe

' flask (see Fig. 18).

A white powder will be formed in the water, and may be separated
therefrom by filtering. This powder is magnesium oxide,end, if
examined, will be found to behave exactly like the white powder _
obtained by burning this metal in air or oxygen. *

The following experiment will be instructive as to the action of
some common metals on steam at a moderately high temperature

(see Fig. 19). .

-
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A little of the metal, in filings or small pieces, is placed in the
tube C (a coil of galvanised or zinc-coated iron wire will be found
to work excellently). Water is boiled briskly in the flask A, and the
steam allowed to expel all the air from the tube before placing the
tube D over the end of U. The tube and metal must then be heated,
carefully at first and finally strongly. The steam will dondense in the
water ahd carry some uncondensable gas withit. This will collectin
the tubg D. Zinc and iron will be found to be most active, and
copper will not be acted upon in the least, even if red hot. The
tube U is liable to crack if drops of water condense in it. The steam
can be stopped almost at once by raising the safety tube B.

Examine the gas collected over the, now warm, water, by closing
the open end under water with the finger or a cork, as before men-

Fra, 19.

tioned, bringing upright quickly, and applying a lighted taper. The
gas should ignite with a slight puff and an almost invisible flame.
This gas is hydrogen. It can be obtained from water by several othgr
methods, but mest, if not all, ave indirect ones. Powerful electric
sparks, when passed through steam, decompose it into two gases,
hydrogen and oxygen, which may be collected together. This ex-
periment is not a simple one. It requires a large induction-coil to
produce a stream of sufficiently powerful sparks, and an arrange-
ment something.like Fig. 20, which consists of a steam:producing
flask, a flask with side tubes to allow the entrance of platinum wires
through corks, an outlet for the steam and gases, and a safety outlet
with tap. Steam is first driven through the flask until tke bubbles
aré completely condensed by the water in the dish. Then contact
is made with coil, and sparks pass across the cuirent of steam.
Some is decomposed and the products carried forward into the tube.
, This tube may afterwards be inverted and a flame applied to the
collected gas, which will now explode with a sharp report,
, The gas can, by diffusion experiments, be proved to be a mixture
of oxygen and hydrogen.
It 1s perhaps impossible to decompose pure water by an electiic

.
~
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“current, but when the water contains an geid or some of the com-
pounds called ““salts” in solution it may be decomposed and one or
both gases obtathed. This action is generally spoken of as the
electrolysis of water.* If the current from two or three cells—say
storage cells—is led by means of two platinum wires or strips into
water containing a little sulphuric acid the wires or strips will become
covered with small gas bubbles (see Fig. 21).  If tubes full of water be
inverted over the wires or *“terminals ” the gases will rise ard collect
in them. After sufficient has collected the gases may be examined
by applying a lighted taper to each in succession. The contents of
one tube will inflame, and the other will cause the taper to burn more
vigorously. The latter is oxygen, and on examination will be found

F16. 20,

to have collected at the terminal from the positive or red-marked
epd of the storage cell. It will be noticed that the volumes of the
gases are not the same. The volume of the hydrogén will be nearly
twice as great as that of the oxygen. .

To get this result it is necessary to use platinum or some metal
that does not easily oxidise or combine with oxygen. If, for in-
stance, the current is led into the acid water by two plates of lead
there will be very little gas escape from one plate, but the plate
will become brown coloured owing to the formation of a lead oxide.
The other plate will have hydrogen bubbles given off at its surface,
just like one of the platinum plates. Gold and silver hghave Jike
* platinum, and most of the common metals somewhat like lead.

An accurate knowledge of the composition of water is of the
greatest importance in chemistry. Water, in fact, may be corlsidered
in several respects as a standard substance. On its composition by~
weight and volume, and therefore to some extent its constitution,

* The nature of the substance dissolved in the water has a considerable

deciding effect, ammonia, for instance, not acting in the same manner as
sulphuric acid. .
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the formule or compositian, from a purely chemical point of view,
of all other compounds are based and expressed. Electrolysis yields;
as stated, almost exactly two volumes of hydrogen to one of oxygen.
PFrom reliakle experiments, oxygen is sixteen times heavier than
the same volume of hydrogen, when they are both under the same
physical, conditions. When the two gases, in the purest possible
condition, are mixed together and induced, by heat or an electric
spark, to combine, they do so exactly in the proportion of two
volumes of hydrogen to one of oxygen, and if the gases in the
mixture were not in this precise proportion the excess of one or the
other would be left untouched.

Supposing two volumes of hydrogen and one of oxygen to be
confined in a suitable vessel at a temperature at which water is
steam or gaseous—that is, some temperature above 100° C. (it is
quite indifferent how much above this point, within reasonuble
limits)—and the mixture exploded. The product will then be steam,
and its volume is exactly two-thirds of the original volume of the
gases—that is to say, two volumes of hydrogen combine with
one volume of oxygen to produce two volumes of steam at the same
temperature. A contraction is therefore noticed.

Thus the steam, obviously a compound, is the same in volume as
the original hydrogen.

There is a great change of volume from water into steam, one
volume of water giving 1680 volumes of steam (or one cubic inch
giving very nearly one cubic foot of ste«m at the same temperature).

Stated another way, 1 grm. of hydrogen and 16 grms. of oxy-
gen each occupy the same volume—viz.,, 11,200 c.c.—at 0° C.and
760 mm. bar. Therefore, if we could obtain steam at 0° C., in
18 grms. of it 16 would be oxygen and 2 hydrogen, originally
occupying 33,600 c.c., but now of the volume 22,400 c.c.

The figures 2 and 16 represent the ordinary combining pro-
portions of hydrogen and oxygen respectively.

The chemical formula H,O is intended to indicate that the suk-
stances hydrogen and oxygen are contained in proportion by volume
of two to one, and by weight of two to sixteen, and that this is
the smallest possible expression for the entity steam when some-
thing of the idea of atoms is taken into account.*

Other Sources of Hydrogen.—Besides water, quite a number of
substances contain hydrogen. Some of these give up the whole or
part of the hydrogen in contact with certain metals.

* The atom, from the chemical point of view, is an exceedipgly small
pieee of matter ; it is the smallest piece that can enter into any kind of
chemical engagement. It is not identical with the electrical notion of ions.

‘The chemical atoms of different materials are supposed to be of the same
size or volume, but differ in weight. As to shape nothing can be said.

Taking masses that are measurable of hydrogen and oxygen, their weights
“pereequal volumes are as 1 to 16. Presumably the atoms making up any mass
or volume, as 100 c.c., are also as 1 to 16. These values may be called their
relative atomic weights.

The idea of atom and atomic weight involves some unit. This matter is
not quite simple. Hydrogen is certainly the lightest substance known. Com-
pared with it, oxygen is quite sixteen and nitrogen fourteen times as heavy,

e
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Of these, generally speaking, “acids” are the most active.
Many acids arg formed by the union of some owides with water.
For instance, sulphurie, phosphorie, and nitric acids result from oxides
having combined with some water. Other acids, as hydrechlorie, &e.,
are simpler ip their nature, consisting of hydrogen and one other
element. These often dissolve in water, giving solutions which possess
many properties similar to those of the former class.

A considerable number of metallic oxides are able to*combine
with water to form “hydrates” or “hydroxides.” Some of these
hydroxides can be attacked by certain metals, in which case hydrogen
is always expelled.

Most metallic oxides have also the property of being able to combine
with acids to form a class of substances called salts. It is a very
numerous family or class. Acids, when dissolved in water, exhibit the

bulk for bulk. Presumably the atoms, or ultimate particles, as they also have
been called, retain this weight relationship.

The atomic weight can be directly determined in but a few cases, by
comparison with hydrogen.

1t is quite o fundamental matter in chemical actions and undoubtedly always
true that when substances join to form a compound or any chemical changes of any
kind take place the quantitics of matters involred in the changes are in the propor-
tions of these atomic weights or some simple multiple of thew. In the case of
water the conventional symbol expresses that two atoms of hydrogen are
linked in some way with one atom of oxygen. The one atom or piece of
oxygen by volume may therefore be considered as in some way equivalent to
two pieces of hydrogen. By weight, sixteen of oxygen are equivalent to two
of hydrogen ; consequently one atom of oxygen is “equivalent” to two of
hydrogen, and 16 : 2 are their respective combining or equivalent weights.

Comparatively few substances combine with hydrogen, but oxygen and
chlorine and one or two other of the elementary substances have a considerable
rapge of activity. They will join not only with hydrogen, but with nearly all
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