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PREFACE TO THE THIRD EDITION.

St M T Ny

In this edition I have given a condensed account of
the chemica] and physical properties of the Metalloids and
of their more important compounds, and an outline of the
general properties of the Metals; this part of the work
will, therefore, be found useful as a note-book for the
lecture student. I have also given an increased number
of Exercises, and made some other alterations which
have been suggested to me by my further experience as
a teacher; but the general plan of the work remains
unchanged.

I trust these alterations and additions will give in-
ereased value to the book as an educational work.

R. GALLOWAY.
~ DusniN, dugust, 1860.






PREFACE

TO THE SECOND EDITION.

=l

Four years ago I published, under the title of a “ First
Step in Chemistry,” a plan for teaching the language of the
science. It was the first, and continues to be the only
work publithed in this or any other country, so far as I
am aware, with this object in view. All that has been
attempted in other works, in the way of teaching the
subject, has been confined to a few general rules on the
nomenclature and notation of the science; the construe-
tion of chemical formulse, the mode of expressing chemical
changes, &c., being passed over with little or no notice.

Few persons could learn arithmetic by simply attending
lectures, or by reading; these important means of deriving
instruction require to be followed up by the practice of
exercises on the part of the student. Fewer still could
become proficient in this branch of useful knowledge, if
not only should the use of exercises be denied, but the
various operations of addition, subtraction, multiplication,
and division be presented indiscriminately to the mind;
and not, as is the invariable practice, treated separately.
Strange, however, as it may appear, the method of teach-
ing the language of Chemistry, which is certainly not less
difficult to acquire, has been hitherto characterised by the
defects just enumerated. Yet, without a knowledge of
this important part of Chemistry, no real progress can be
made in the science, for chemical symbols are to the
chemist what figures are to the arithmetician; “a student
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pound, just as words like fo, be, &e., are converted into
new words by having one of the letters doubled, as too,
bee, &e. 3rd. That two compound substances can com-
bine together, a more complex compound being formed.
4th. That the constituents of any compound are separated,
if a substance, having a greater affinity for one of them, be
brought in contact with the compound, by reason of the
added substance combining with that one, and forming
a new compound, whilst the other constituent of the
original compound is set free—in such cases combination
accompanies decomposition. Afterwards heat, cohesion,
elasticity, light, and electricity, as promoters of decom-
position, are separately considered and illustrated ; and
as all the experiments on combination were effected at
the ordinary temperature, or by means of heat, the
influence of cohesion, elasticity, light, and electricity in
producing or opposing combination, is likewise considered.

In order to render the book as suitable as possible for
the general teacher, a few pages have been devoted to
the fitting up of apparatus, and a list of the apparatus
and chemicals required is likewise given. It may be as
well to observe, that the lessons do not follow in con-
secutive order ; but this will occasion no perplexity either
to the teacher or learner, as ample directions on this
point are given in foot-notes at the proper places. A
gseries of four large tables have been published as a com-
panion to the book when used in schools.

R. GALLOWAY.
Davrston, Now. 1855.
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FIRST STEP IN CHEMISTRY.

CHAPTER 1.

ELEMENTS AND COMPOUNDS.

Imponderable bodies. Ponderable bodies. The different
states in which matter can exist. Exercises on the weight
of gases. Some substances can exist in each of these states.
Lxercises. All substances either simple or compound.
Distinction between simple and compound substances. One
of the objects of chemustry. Into how many classes the
elements are divided. Tables of the elements. Other fucts
respecting them. The elements capable of uniting together.
Lrperimental exercises on the combination of two elementary
substances. Direclions to teachers and the self-instructed.

1. Hear, LicuT, and ELEcTrICITY cannot be exhibited
in a mass like wood, metal, water, air, &c., they can be
collected only through the intervention of other sub-
stances. They are likewise destitute of weight, hence they
are called immaterial or imponderable bn:rfies. They are
considered to be produced by the vibrations of unknown
and highly elastic fluids called ethers, which are supposed
to fill the whole universe, and penetrate the pores of all
solid and fluid bodies.

2. All other known bodies or substances have weight,
and they occupy a certain space; and the space which
any one of them occupies cannot be occupied by another
body at the same time, hence two bodies cannot occupy
the same space at the same time; this property has
received the name of impenetrability. All known bodies
then, with the exception of heat, light, and electricity,
possess weight and impenetrabilily, hence they are called,
m contra-distinetion to the three immaterial bodies, ma-
terial or ponderable bodies or substances, or simply matfer.

8. All ponderable substances exist in one or other of

B



2 ELEMENTS AND COMPOUNDS.

three states; the three states are, the solid, the liquid,
and the gaseous or aériform. Every one is aware that
solid and liquid bodies possess weight, but the fact that
gaseous bodies possess weight is not so generally known ;
the following experiments are therefore given to teach
the learner this fact, and also that all gases have not the
same weight, but that some are heavier, some are lighter,
than others; in other words, gases differ in weight like
solids and liquids.

EXPERIMENTAL EXERCISES ON THE WEIGHT OF GASES.

1. Fill a small balloon of goldbeater’s skin with hydro-
gen gas (as directed in Expt. 52, p. 27), the balloon, after
1t 18 filled with the gas, will rise, if allowed, to the
ceiling of the class-room, because hydrogen gas is much
lighter (fourteen and a half times) than atmospherie air;
in fact, hydrogen is the lightest body in nature.

2. Prepare some carbonic acid gas as directed in
Expt. 78 ; let the exit tube of the apparatus in the present
experiment dip into a dry glass vessel (the tube ought to
reach to the bottom of the wvessel); the precipitating
vessels (Ifig. 32), deseribed in the chapter on the con-
struetion of apparatus, &e., are very suitable for the
experiment. As soon as the vessel is filled with the gas,
which is ascertained by a candle being extinguished
when introduced just below the edge of the vessel, pour
the gas as you would a liquid into another vessel of
similar size and shape. Prove that the gas has been
really transferred from the one wvessel to the other by
introdueing a lighted candle (Fig. 8) first into the vessel
originally containing it (in which the candle ought now to
burn), and then into the one which ought now, if the
experiment has been properly performed, to contain it,
and in which the cand}:e ought not now to burn. If great
care be observed in the experiment, it may be transferred
from one vessel to the other three or four times. This
experiment shows the great density of the gas; it also
shows the incapability of the gas to support combus-
tion of a candle.

3. Fill a wide and deep glass jar* half full of carbonie

® The jar ought to be about twelve or fourteen inches wide, and about
two feet in depth.
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ncid gas, the upper half being filled with atmospherie air ;
~ fill a collodion balloon with hydrogen and air in such pro-
portions that the balloon will just sink in air; when so
prepared, let the balloon sink into the jar; as soon as it
reaches the uppermost layer of carbonic acid 1t will
rebound as if 1t had touched a solid body ; it will finally
float quietly upon the carbonic acid, and it is curious to
gee the balloon suspended midway in the jar, a]I)parently
resting upon nothing. This experiment, which I devised
a short time ago, is an exceedingly interesting and instruc-
tive one if well performed.

4. Some_substances can exist in each of the three
states; in ice, water, and steam we have a familiar
example of the same substance in all the three forms.
A substance which ecan assume more than one state, can
be made to pass from one state to another any number of
times. The following experiments are given to impress
on the learner the fact that substances can be made to
change their state.

EXPERIMENTS.

4. Place a few fragments of sulphur in a Florence flask,
and then heat the flask by means of a gas or spirit lamp ;
the sulphur will become liquid, and if the heat be long
continued, it will finally become converted into vapour;
if the vapour be received into another flask which is kept
cool, the vapour will be reconverted into the solid state.

5. Place a few fragments of iodine in a large glass flask,
and then heat the flask by means of a lamp; the iodine
will be converted into vapour, which will fill the flask ; the
vapour is of a beautiful violet colour.

6. Fill very nearly a small glass retort with water,
then introduce into the retort a little ether; the latter
liquid will swim above the water in the upper part of the
retort ; invert the beak of the retort in a vessel of water.
Then apply a gentle heat to that part of the retort con-
taining the ether ; the heat will convert the liquid ether
into vapour which will, from its occupying more space
than the ether did when in the liquid state, expel the
water from the retort. On removing the heat and suffer-
ing the glass to cool, the ether will return to the liquid
state, and the water will then flow back into the retort.

7. Half fill a retort with water, place the retort upon a
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retort stand, and insert the beak of the retort in a flask ;
keep the flask cool by means of a wet cloth or ice, heat
that part of the retort containing the water by means of
a lamp. The water will be converted by the heat into
vapour, which will pass into the flask, and be then con-
densed (converted back into the liquid state).

5. The student will have seen by the experiments that
the addition or abstraction of beat is the cause of sub-
stances changing their state.

6. The external world, as every one is aware, 13 not
composed entirely of any one uniform substance—such as
iron or sulphur—but is made up of a variety of materials,
and the science of chemistry owes its origin to the fact
that all these different substances—whether animal,
vegetable, or mineral—are either simple or compound.

7. Simple and compound substances may be compared
to letters and words. Letters do not admit of being sepa-
rated into more primary signs, as they are the simplest
employed in language ; but words, being a combination of
two or more letters, can be resolved into their elements
(letters). In the same way, all substances which do not
admit of being separated into simpler forms of matter,
because they consist of one material only, are called simple
substances or elements ; whilst such as admit of being so
separated are called compound substances. Sulphur, for
example, can be resolved into no other substance: it con-
sists of only one material, and is consequently an element
or chemical letter; whilst common kitchen salt, which
can be separated into two others, chlorine and sodium, 18
a compound substance.

8. As one of the principal objects of chemistry is to
discover the elementary bodies from which all the various
compounds are formed, the student’s first lesson must be,
to learn how many elements have, as yet, been discovered,
their names, into how many classes they are divided, and
other facts respecting them.

9. They are divided into two classes — metals, and
metalloids. The metals are good eonductors of heat ancd
electricity, and reflect light powerfully, which gives them
that peculiar appearance termed “ mefallic lustre.” These
three properties are never found associated in the non-
metallic bodies, which are not distinguished, as a class,
from the metals, by any positive properties, with, perhaps,

:
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this one exception, that their oxygen compounds never
possess basic properties. This division is, however, more
convenient than strictly correct, as the members of the
one class gradually merge into those of the other.

10. About sixty-two elementary substances have been
discovered ; the majority of them are never met with in
their uncombined state, and many of them have hitherto
been found in such minute quantities that they have no
practical value.

11. The names of the elements are seldom written at
full length, but are generally indicated by the first letter
of their Latin names, a second being employed when more
than one element begins with the same letter. When a
single letter is employed as the symbol of an element, it
18 always printed as a capital ; but when two are employed,
the initial letter only is a capital. These symbols or
abbreviations are taken from the TLatin names of the
elements, that they may be universally understood. The
student must commit to memory the names and symbols
of the elements in the following table of the more com-
moaly occurring elements. The figure, under the head
“atomic weights,” in the complete list of elements, will
be explained in another chapter.

TABLE OF THE MORE COMMONLY OCCURRING ELEMENTS,
WITH THEIR SYMBOLS.

Names of the Elements. :;}3:;]'; Names of the Elements. ﬁgﬂ'
METALLOIDS. METALS—(continued.)
Hydrogen... H. I e RIS SRR Cd.
ﬁ;?gen Gaszeous at | 0. CIRIOANN & L Ca.
Nitrogen ... : the common | N. Chrominm ..........ccooucveemssas | OFs
Fluorme ... | temperature, [ F. COBRLE . :avats s ko ennsnnss sor m Fus ELES
Chlorine ... | Cl. Copper (Cuprum) ............... Cu.
Bromine fluid..................... | Br. || Gnhi.{&urum]l..............,...,.. Au.
éuﬂ.’;;:: i ) I. ! Iron (Ferrum) ........ccovennen gﬁ
arbon ...... . C. Lead (Plumbum) ............... .
Boron ..... r— Solid at the B. || Mapnesiom .,........cce-acnoamsacs Mg.
Silicon .... eommon tem- | o; Man Mn

| S avature. = P L e e R .
Phosphorus | P 1 Mercury (Hydrargyrum)...... Hg.
Sulphur .., s, L By e D R Ni.,

15 et e et ) B T

i METALS. Potassium (Kalium) ............ K.
BIIDINNM \...0veeneererorenranees | Al Silver (Argentum) ............ | Ag.
Antimony (Stibium)............ | 8b. || Sodium (Natrium) ............ Na.
R | A, Btroobinm |2 T B
RN e | B Tin (Stannum) .......ceeceeenens Sn,
i T TR TR I S T
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12. A few of the elements have a popular as well as a
scientific name. Brimstone, for example, is the common
or ?npula,r name for sulphur; quicksilver for mercury ;
whilst for carbon there are several,—these varying accord-
ing to the state and preparation of this element : 1t is met
with in nature both erystallized and unerystallized. In its
crystallized state it constitutes the diamond; unerystal-
lized, the black lead used in the manufacture of pencils.
It is obtained artificially from several of its compounds,
and according to its source and mode of preparation,
passes under the name of lampblack, bone or ivory black,
soot, charcoal, &ec.

TABLE OF THE ELEMENTS, WITH THEIR SYMBOLS, AND
ATOMIC WEIGHTS OR EQUIVALENTS.

g | oS % o#
Names of the Ele- 2 |'ES |l Names of the Ele- 8 1Bl
ments. g | &85 ments. E S8
w | 9B L
Alominum ............... | Al 13- || Nickel ............cc0000aes | ML 296
Antimony .....c.....oeo. | Sb. | 120°8 || Niobiam ........ccecciiee. Nb.
BEOEDIo......ccccnvccnensen | AR | 75 || Nitvogen ... o st RSl 14
LTS IR B ; I 685 || Norium .......coveeceseee | NOG
Biamuath ................. Bi. 213" || Osmium ........cccconeeea | OB 996
L b S R B. 108 || Oygdan. 4 EmilniRg 0. 8-
Bromine .........c.coer... | Br. | 80 Pulladium. ...aemviens Pd. 533
Cadmium.................. | Cd. | 56" || Pelopinm.....cccussessass | E84
Caleium ..........c....... | Cs. | 20" || Pheaphorua.. i s N EE a1
11T TR e e (R & G Platinum ......sssusssinsss s it I
Cerinm......ccccovvnnenanns | C8. | 47 || Potassium ....eceeesensss K. 39
BT R Ll & | 856 || Rhodium ......-iiecnnaease | | s 522
Chromium ...............| Cr. | 26'7 || Ruthenium ............... | R, 62:2
D] L T RN (B [\ 29°5 || SBelenium .....c.cnsnssenens EF. 30-5
Bopper......c...coinesnrae | O | 817 H Bilicom ... ..cceersrriuesrrsnd B 21-3
Didymiom ......cooecmnee | D | 88* ] Silver.......cccoiiviummnne | Bg [ A0S
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13. The names of the metals discovered within the
present cenfury terminate in um, as platinum, potassium,
&e. The Latin names of all the metals terminate thus,—as
euprum, stannum, &e. The names of none of the metal-
loids have this termination, with the exception of selenium.
Five of the elements are gaseous in their free or uncom-
bined state, viz., hydrogen, oxygen, nitrogen, fluorine, and
chlorine. Two are fluid substances, bromine and mercury,
the rest are solid bodies. All the metals are solid bodies
at ordinary temperatures, except mercury.

14. Compound substances are made up of two or more
elements ; the elements must therefore be capable of
nnmbiniu%{ or uniting together. That two elements are
capable of uniting together and forming a compound sub-
stance the following experiments are given as proofs :—

EXPERIMENTAL EXERCISES ON THE COMBINATION OF TWO
ELEMENTS.

8. Place a bit of phosphorus, about half the size of a
pea, in the deflagrating spoon (having previously dried
1t by pressing it Eent]y between folds of blotting paper),*
(Fig. 30) ; hold the spoon in the flame of a lamp until the
phosphorus takes fire, and then introduce it into a jar
filled with oxygen gas. The light produced by the com-
bination of these two elements is so intense that the eye
can scarcely bear it. The acid compound produced,
appears at first under the form of wlite smoke, which
gradually collects into flakes, falls to the bottom of the
vessel, and is dissolved in the water. This compound is
called phosphoric acid.

9. Dry a piece similar in size and in the same way as
directed in Expt. 8. Cut it into small fragments, and
mtroduce them unignited, by means of the spoon, into a
bottle filled with chlorine. The phosphorus will instantly
take fire, burning with a yellowish green flame. A com-
pound called chloride of phosphorus is produced.

10. Place a few fragments of phosphorus (dried) upon a
plate, and throw upon them a small quantity of iodine ; the
two elements will instantly combine, and form a red solid

* The experimenter must dry the phosphorus as expeditiously as possible,
ahd avoid friction, as the phosphorus takes fire readily and causes very
severe burns ; he must also obey the instructions as to the gize of the pieces
of phosphorus to be used in the experiments,
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called iodide of phosphorus. The combination is attended
with evolution of heat and light. _

11. Place a piece of roll sulphur about the size of a pea
in the cup of the spoon, hold the cup in the flame of a
lamp or candle until the sulphur takes fire, and then
introduce it into a wide-mouthed bottle or jar (Fig. 31),
filled with oxygen gas. The sulphur will instantly burst
into a brilliant purple flame and rapidly disappear. The
two elements form by their union a gaseous acid compound
called sulphurous acid, which is very soluble in water, and
has an intensely suffocating odour.

12, Introduce, by means of the spoon, a piece of red
Lot charcoal into a jar filled with oxygen gas ; the charcoal
enters into a vivid state of combustion. The eompound
produced by the union of these two metalloids is a gaseous
acid called carbonic acid.

13. Coil a thin iron wire round a stick so as to bring it
into a cork-screw shape, and then draw it off. Tip one
end of the wire with sulphur, by immersing it in melted
brimstone, the other end being fixed into a cork which fits
the mouth of the gas jar. The sulphur having been
ignited, the spiral wire must be immediately inserted into
a jar filled with oxygen gas, and the cork 18 in this case
closely pressed into the mouth of the jar. The sulphur
will burst into full flame ; the iron, thus becoming heated
strongly, is capable of entering into combination with the
oxygen ; a brilliant light accompanies the union, and the
compound produced, an oxide of iron, falls down in bril-
liant sparks.

14. Put a little powered antimony into a small mushn
bag, and shake the ’Eag over a bottle filled with chlorine, in
such a manner that the small particles of metal coming
through the muslin may fall into the bottle ; they will take
fire and burn brilliantly, a chloride of antimony being
produced. The experiment may be varied by substituting
powdered metallic arsenic for the antimony. In both cases
the experimenter must be very careful not to inhale any
of the vapour, and the apparatus, as soon as the exlferi-
ment is completed, ought to be removed from the class-
room. If copper or gold leaf be introduced into chlorine,
the metalloid and metal combine, and the combination is
attended, as in the two preceding cases, with evolution
of heat and light.

i
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15. Directions to teackers and the self-instructed.—The
methods for preparing the elementary gases required in
the above experiments are described under the head of the
special properties of the elements in chapter xxii. If is
not intended that the teacher should explain how the
different elements employed in the preceding lesson are
obtained from their compounds; to do so would be to
derange entirely the plan of the work. The object of the
lesson is not to teach the learner how the different elements
are obtained from their compounds (this forms one of the
subjects in the more advanced lessons), but what is much
simpler,» viz., that two elements can combine together.
The self-instructed student is requested to prepare the
different gases without attempting to understand the mode
by Wélich they are obtained from their different com-

ounds.
i 16. The collection and transference of the gases, as well
as the vessels in which the gases are collected, are de-
scribed in chapter xxi.,, which ought to be read by the
experimenter who is unaccustomed to chemical mani-
pulation,
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CHAPTER II.

THE CONDITIONS NECESSARY FOR COMBINATION. EXER-
CISE8 ON THE COMBINATION OF A COMPOUND WITH
AN ADDITIONAL AMOUNT OF ONE OF ITS ELEMENTS.
EXERCISES ON THE COMBINATION OF TWO COMPOUND
SUBSTANCES. IN WHAT WAY COMBINATION REACHES ITS
LIMIT.

All ehemical experiments either synthetical or analytical,
or a@ combination of the two. The force which causes sub-
stances ‘o unile contrasted with the other natural forces.
Difference between a mere mizture of substances and a
chemical compound. Chemical combination allended with
an evolution of heat, and frequently of light, attended,
sometimes, with changes in colowr and form. All the
elements do not unite with equal facility. The temperature
at which combination takes place varies with the different
substances.  Beauliful application, by Sir H. Davy, of
the fuct, that substances require a certain temperature for
their combination. Lvolution of heat and light regarded
as a sign of destruclion by the generality of persons; the
reason of this errvoneous idea. All solid substances emit light
when heated beyond a certain degree. Principle upon
which all practical methods of illumination are founded.
Combustible and incombustible inappropriate terms.

17. All chemical experiments are either experiments of
combination or experiments of decomposition, or they are
a combination of the two; the student ought therefore
to remember that however complex any chemical ex-
periment he witnesses may a]:ﬁ}ear, it must either be an
experiment of combination, which is termed a synthetical
experiment, or an experiment of decomposition, which 18
termed an analytical experiment, or it must be both a
synthetical and analytical experiment. No chemical com-
pound is composed of all or a majority of the elements;
a large proportion are only made up of some two, three,
or four. The elementary substances composing a compound
are called its constiluents or components.

18. The last course of experiments was given to teach
the learner the important fact that two elements can

|
|
i
|
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combine together, and that a compound substance is
produced by their union. One of the experiments must
be repeated before we attempt to extract any further
information from them; suppose we repeat the eighth,
which was the most brilliant.

15. Burn a piece of phosphorus in a jar of oxygen,
in the way described in Expt. 8.

19. The first question any student would ask, after
witnessing an experiment of this kind, and after he knows
that it is two elements combining together, would be
this,—What is it which causes these two and any two
or more elements to unite? A force called CHEMICAL
ATTRACTION or AFFINITY i3 considered to be the cause
of substances enfering into combination. We must first
explain what 1s meant by force. Force is that which puts
matter in motion, or which stops or changes a motion once
commenced, or which exercises pressure. 'We will now name
some of the other natural forces and contrast their eflects.

20. The force called the ATTRACTION OF GRAVITATION
affects every variety of matter in each of the three states
in which matter can exist, and each particle of the entire
mass. It is the force by which matter attracts matter ;
“it is exerted at all, even the greatest conceivable, dis-
tances; and is the invisible yet insuperable tie which,
connecting together the satellites and planets of our
gystem with the central sun, assigns to each of the
tenants of our boundless skies its place and motions.”
All bodies within the earth’s sphere fall to the earth
(if not prevented) by reason of this force, because the
earth within its sphere is the largest mass of matter,
and has therefore the greatest number of particles, and
consequently possesses the greatest attractive force. The
downward pressure occasioned by this attractive force,
which matter of every kind exerts on whatever supports
or prevents it from falling to the earth, is termeg THE
WEIGHT of the body.

21. The force called the ArTracTION OF CoHESION binds
%)ar@iclea of the same nature together: a lump of sugar,

or instance, is made up of a number of smaller particles
of sugar; the particles are united together by means of
the colesive force. Sometimes the particles of matter
are, as it were, indiscriminately collected ; in other cases
they are beautifully arranged in a regular crystalline
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form. The cohesive force acts only at insensible distances,
particles of the same nature must therefore be brought
1mmeasurably near together for this force to aet upon
them. Heat, we have already seen, tends to separate
particles of matter from one another; it is therefore the
antagonist of cohesion, and upon the relative intensity
of the two depends the solid, fluid, or gaseous condition
of matter. When the cohesive force prevails, a solid 1s the
consequence ; when the repulsive power is in the ascen-
dant, matter,aswe have seen,assumes the gaseous form; and
when the two forces are balanced, the liquid state results.

22, Scientific men are still undecided whether to regard
the adhesion of dissimilar substances as the effect of a
force distinet from that of eohesion, called the Attraction
of Adhesion, or to consider it as due to the cohesive
force. The sticking of dust to the walls of buildings
and articles of dress, the writing with chalk, charcoal,
plumbago, &ec., are examples of the adhesion of dissimilar
substances.

23. The attraction of gravitation operates at the greatest
distances ; chemical attraction, and the attractions of co-
hesion and adhesion, operate only at insensible distances.

24. Curmican Arrracrion differs from the attractions
of cohesion and adhesion in a great many important parti-
culars. 'When substances combine by means of chemical
attraction, they lose their individual properties as long as
they remain wunifed,—the compound produced by the
union possessing properties altogether different from those
of its constituents. If we contrast the properties of the
compounds we have just formed by the combination of
phosphorus and oxygen, with the properties of its consti-
tuents, we shall see that this is the case. First of all, the
compound, we have just formed, is a solid body, and
therefore oxygen, which, in its uncombined state, is a
gas, has become transformed into a solid, by its union
with phosphorus. Then, again, the compound is very
soluble in water, and therefore differs from phosphorus,
which is entirely insoluble in that liquid, and from its
other constituent, oxygen, which is only very slightl
soluble. The compound possesses acid* properties, whie
neither of its constituents possesses.

* Acids turn vegetable blue colours red.
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25. Although, in all the experimental exercises, the
student’s attention will be drawn to the fact that sub-
stances lose their individual properties when they combine
together,and that the compound formed assumes properties
peculiar to itself, yet it may be as well, whilst we are
alluding solely to this particular effect of chemical com-
bination, to adduce a few more examples. Let us talke,
as our first example, the compound body water. ¢ One
would not suppose, from its appearance, that it is a
compound body; much less that it is composed of two
gases, oxygen and hydrogen, neither of which, when
uncombined, has ever been compressed into a liquid.
Hydregen is one of the most inflammable substances in
nature, and yef water cannot be set on fire ; oxygen, on
the other hand, enables bodies to burn with great bril-
lianey, whilst water extinguishes combustion.”—(Zurner's
Chemistry.) The pungent substance, ammonia, is com-

osed of the two gases, hydrogen and nitrogen, both

estitute of odour. The constituents of sugar are carbon,
hydrogen, and oxygen. The first of these bodies is a
solid, which has never in its elementary state been dis-
solved in any liquid; the other two components of sugar
are colourless gases, which have never yet been liquefied,
—yet the compound produced by their union is a white,
solid substance, which is very soluble in water, and has a
sweet taste. The compound resulting!from the union of
the two solid substances, ecarbon and sulphur, is a volatile,
colourless liquid, so volalile, that it even evaporates in
stoppered bottles, unless covered with a layer of water.®
Hydrochlorie acid (spirit of salts) reddens vegetable blue
eolours, whilst ammonia restores the red thus produced
to 1ts original colour. On bringing together these two
substances, so opposite in properties, they unite and form
a neutral salt ealI]]ed chloride of ammonium (sal ammoniac),
in which neither the distinguishing properties of the acid
nor the base are retained, as the salt has no action upon
vegetable colours. As the properties of the acid and the
base have been both deatroyeg (so long as the two sub-
stances remained united) by the union, they are said to
' have neutralized each other. The leading circumstance

* Bisulphide of carbon heing heavier, and not miscible with water, this
latter liquid floats upon its surface.
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which characterizes chemical combination is, as these
examples sufficiently illustrate, the loss of properties

experienced by the combining substances, the compounds

produced being endowed with entirely new ones.

26. But chemical affinity differs from the attractions of
cohesion and adhesion in another respect; affinity causes
substances to unite in certain definite proportions by
weight, whereas substances cohere or adbere in any pro-
portions ; the full consideration of this peculiarity of
chemical affinity forms the subject of a future lesson.

27. From what has already been stated, the learner will
be able to understand the difference between a mere
mixture of substances and a chemical compound ; in a mere
mixture of substances the different ingredients composing
the mixture do not lose their individual properties, but
retain them unaltered and unimpaired, and they can be
mixed together in any proportions by weight. Sugar, for
example, when mixed with sand, retains its sweetness and
all its other properties, and the sand likewise retains its
properties unaltered.

28. We have inquired as to the cause of substances
chemically uniting ; we have now to inquire whether any
outward manifestations or phenomena aftend chemical
combination. This has already been partly answered in
the affirmative, when we stated, and proved by example,
that substances, when they chemically combine, lose their
individual properties, the compound produced being en-
dowed with entirely new ones. And did we not observe
that the combination of phosphorus and oxygen was
attended with very marked phenomena? We all saw that
it was attended with an intense development of light, and
we also discovered that it was attended with a great
development of heat. Chemical combination is general
attended with the liberation of Zeaf, and frequently wi
the evolution of light. Chemical combination is also
frequently attended with change of colour.

29. A change of colour frequently attends chemical
combination. Thus, when mercury and sulphur combine,
the beautiful scarlet-coloured substance called vermilion
is produced. Silver and sulphur form by their union a
black-coloured substance. The beantiful blue-coloured

igment called ultramarine is composed of three colourless
ll;ndjea,—silica. (sand), alumina, and soda,—besides which
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it contains small traces of iron and sulphur, neither of
which is blue. This is one of the many natural com-
pounds which the chemist has prepared artificially, and 1t
furnishes a striking proof of the advantages which have
resulted to commerce and the arts from the study of
chemistry ; “for the artificial ultramarine i1s even more
beautiful than the natural, whilst for the price of a single
ounce of the latter we may obtain many pounds of the
former.”—(Liebig.) In addition to these examples that
chemical combination is frequently attended with change
of colour; we will add the following experimental illus-
trations.

EXERCISES.

16. Dissolve some nitrate of lead in water, and also
some iodide of potassium in water; add some of the
iodide of potassium solution to the lead solution ; when the
two solutions are mixed together, the iodine and lead will
unite, and form a solid compound (iodide of lead), which
is insoluble in water, and of a brilliant yellow colour.

17. Dissolve some corrosive sublimate (chloride of
mercury) in water ; add to this solution the remainder of
the iodine solution; when the two solutions are mixed
tﬂfether, the iodine and mercury will unite and form a
solid compound (iodide of mercury), which is insoluble in
water, and of a most brilliant scarlet colour.

18. Dissolve some sulphate of iron in water, and add to
the solution some sulphide of ammonium ; the sulphur
and iron will unite .f.l,nt{J form a solid compound (sulphide
of iron), which is insoluble in water, and of a black
colour,

19. Dissolve some sulphate of zine in water, and add to
the solution some su]pgide of ammonium ; the sulphur
and zinc will unite and form a solid compound (sulphide of
zine), which 1s insoluble in water, and of a white colour.

30. The preceding experiments are likewise examples
of preciﬁitﬂ.tiﬂn, which is a change of form ; the com-
pounds that were formed, as the learner saw, were insoluble
mn the liquid in which their constituents were dissolved ;
they therefore fell or were precipitated to the bottom of the
vessel. Chemical combination is, therefore, sometimes
attended with a change of form ; the last experiments were
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examples of this in one direction; the following experi-
ments are examples of it in other forms.

EXERCISES,

20. Place some fragments of marble or chalk in a de
glass vessel, add some water, and finally some hydrochloric
acid ; effervescence will be produced on the addition of
the acid ; effervescence is caused by a gas in its passage |
through a liquid; the gas (carbonie acid) in this in-
stance is liberated from the marble by the hydrochlorie
acid.

When the evolution of gas is instantaneous and for a
moment, we call it not effervescence but an explosion ;
as, for instance, when we apply a light to gunpowder, and
convert it into gaseous substances. A

21. Take two precipitating vessels of equal size, moisten
the sides of one with a few drops of ammonia, the sides of
the other with a few drops of hydrochloric acid ; ammonia
and hydrochlorie acid are gaseous bodies, and they escape
from their aqueous solutions when exposed to the air; the
atmosphere of the jars becomes therefore filled with these
gaseous bodies. The mouths or openings of the two
vessels are then to be brought together, and the two
gaseous bodies will combine, and the compound produced
by their union will be a white solid body, which will
appear like smoke, owing to its finely divided state. By
this experiment we learn that gases may produce by their
union solids.

31. It has already been stated, and it will be proved
experimentally hereafter, that the elements of water are
two gases, consequently gases sometimes produce by their
union liguids.

32. Therefore the changes of form or state that attend
chemical combination are exceedingly various; the com-
bination of gases may give rise to liquids or solids ; solids
sometimes become liquids, and liquids solids. And we
have seen by the experiments, that several familiar chemical
phenomena, such as detonation, effervescence, and pre-
cipitation, are owing to these changes.

33. The next question, I think, any learner would
ask about chemical combination would be this, — Can
every element unite with every other element? Kvery
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element has been made to unite with the greater number
of the elements, but never with all ; but the student is not
to conclude from this that every element cannot unite with
every other element. All we are entitled to say is, that it
has not as yet been accomplished. Oxygen, for example,
has been united with every element but fluorine, and
we conclude from analogy that it would unite with this
element if they were brought together under the proper
eonditions,

34. But although every element may be capable of
uniting with every other element, they do not all unite
with equal facility, nor do they all unite by direct
methods, as the student will learn from the two following
experiments,

EXERCISES,

22. Introduce into a jar filled with nitrogen gas * a small
piece of ignited phosphorus, by means of the deflagrating
spoon ; the phosphorus will cease to burn in the nitrogen ;
it will on its introduction into the gas be immediately
extinguished, because a union of the two elements cannot
be effected under these conditions.

23. Introduce into a jar filled with nitrogen a fragment
of ignited sulphur, by means of the deflagrating spoon ;
the sulphur, Iiie the phosphorus, will cease to burn 1 the
nitrogen, because the union of the two elements, sulphur
and nitrogen, cannot be effected under these conditions.

35. The student must not conclude from these experi-
ments that the elements which were brought together will
| not unite ; they were only given to teach him that all the
elements do not unite with the same facility, and that
they cannot all be made to unite directly. Nitrogen,
for instance, cannot be made to unite directly with any of
the other elements, it can only be made to combine with
them by indirect means. As combination by indirect
means involves decomposition as well as combination, this
mode of uniting substances cannot he explained until we
study decompositions.

306. The combination of phosphorus with oxygen, and

¥ The method for preparing nitrogen is deseribed under the head of that
substance in the chapter on the special properties of the elements.

C
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phosphorus with chlorine, will now be contrasted, and |
the student must observe the different circumstances |
which mark the combination of phosphorus with these

two elements. st

EXERCISES.

24. Introduce a piece of ignited phosphorus into a jar
of oxygen, in the way directed in Expt. 8.

25. Introduce a piece of wnignited phosphorus into a |
jar of chlorine, in the way directed in Expt. 9.

37. These two experiments have been contrasted for
the sake of teaching the student the important fact that
the temperature at which combination takes place varies
with the different substances® In order to effect the |
combination of the oxygen with the phosphorus, the

hosphorus had to be introduced into the oxygen in an
1gnited state ; whereas the chlorine and phosphorus com-
bined at the ordinary temperature of the air. The
student may ask, Would not the phosphorus combine
with oxygen, without the aid of heat? Not to form the
compound produced when the phosphorus burns in oxygen
gas, unless it be kept in contact with the air for some
time. The reason of this is fully explained in para-
graph 68; but in order to give the learner a con-
vincing proof that a certain temperature is requisite for
the combination of substances, and that the temperature
varies with the different substances, the following experi-
ment must be made.

EXERCISE.

26. Place, in a beaker, or other convenient glass vessel,
a piece of phosphorus, and half fill the vessel with water.
Fill a hlﬂ.cﬁier, which is fitted with a stop-cock and bent
tube (Fig. 29), with oxygen, and direct a stream of gas
upon the phosphorus. When the two elements come in
contact, the phosphorus will not burst into flame ; increase
the temperature of the water ten degrees, and then direct
the stream of oxygen upon the phosphorus. Continue to

* The temperatures at which bodies enter into rapid combustion are ve‘;:E
various ; thus, phosphorus inflames at a temperature of 120° Fah., and s
phur at 300° Fah. Phosphuretted hydrogen gas inflames at all ordinary tem-
Eeratures, whilst hydrogen requires a dull red, and earburetted hydrogen a
right red heat, before they take fire.—Kane's Elements of Chemistry.
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inerease the temperature of the water ten degrees, after
each occasion that the oxygen has been directed upon the
phosphorus, until the phosphorus bursts into flame when
the two elements are brought into contact. When this
takes place, the temperature of the water will be about
145° Fah.
~ 38. A certain temperature, then, is requisite for the
combination of substances; and after combination has
commenced, the heat necessary for its continvance is pro-
duced by the combination ; for we have already seen that
heat is evolved when two substances combine together.
39. As a certain temperature is necessary for the com-
bination of substances, it follows that if the heat evolved
by substances in the act of combining, be conducted away, the
combination must cease, for want of the necessary amount
of heat. The following experiments are given to teach
the student this fact. He must remember what was
stated in the first chapter,—that metals are good con-
ductors of heat.

EXERCISE,

27. Form a small metallic spiral (Fig. 1), by
twisting a piece of copper wire around a peneil ; if
' it be placed cold over the flame of a wax candle,
' the flame is extinguished, because the heat evolved
by the combining substances is conducted away by
the metal, and therefore the combination ceases for
want of the necessary amount of heat. The experi-
ment must be repeated, first heating the spiral to
redness in the flame of a spirit lamp, and then
placing it over the flame. When the wire is heated
Fig. 1. the flame is not extinguished by it.

40. Inflammable vapour cannot, for the same reason,
pass through wire gauze in an ignited state, because
the metal conducts away a large portion of heat, and
thus reduces the temperature below the point at which
‘combination can take place between the elements of the
vapour and the oxygen of the air; the flame is therefore
arrested at the under surface of the wire gauze, whilst the
vapour passes through the orifices, and can be lighted at
the upper surface.

28. Lay a piece of camphor on some iron wire gauze, and
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kindle it. The camphor will burn on the surface with a
smoky flame, whilst a portion of the melted mass will
pass through the gauze. The melted camphor, in its |
passage from the upper to the under surface of the gauze,
will be deprived by the metal of so much heat, that when it
comes in contact with the air at the under surface, they |
will be unable, from the low temperature of the vapour, to
enter into a state of combination. :

29. Place a piece of wire gaunze over a jet from which
coal gas is issuing; apply a light to the upper surface of
the wire, when the gas will instantly take fire. The
metallic gauze may be raised an inch or two above the jet
from which the gas is issuing; the gas above the gauze
will continue to burn, whilst that below will remain
unignited.

41. Sir H. Davy beautifully applied this impenetra-

bility of metallic ganze to ignited vapour, in the construe-
tion of a lumf for coal mines, which invention may be
truly regarded as “one of the happiest efforts of his
genus,” A gas composed of carbon and hydrogen, called
by chemists light carburetted hydrogen, and by miners
fire-damp, often issues in counsiderable quantities from the
fissures in the coal beds, and gradually mingles with the
atmosphere of the mine. This gas is not only combustible
in air, but they likewise form, when mingled
together in certain proportions, a most ex-
plosive mixture, which, on ignition, deto-
nates with terrific violence. Davy attempted
the task of finding some plan whereby the
miner could carry a light into the explosive
atmosphere, without causing it to ignite,
and thus prevent those terrible explosions
which were the dread and destruction of
the miner. Dav{r accomplished this ap-
arently impossible task by simply serew-
ing on to the top of a common oil lamp
il a cylinder of wire gauze (Fig. 2), of about
% 1,500 orifices in the square inci. The lamp,

&7 with this addition, can be carried safely
into the most explosive atmospheres ; fnr
although the cylinder becomes filled with
flame, from the ignition of the explosive
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atmosphere within the cage, yet the explosive atmosphere
without cannot become ignited, by reason of the heat-
conducting power of the metallic gauze. The fire-damp
may even burn within the cage with such energy as to
heat the wire to dull redness, yet, even then, the flame is
not communicated to the external atmosphere, as ecar-
buretted hydrogen requires a high temperature before its
elements can separate and enter into combination with
the oxygen of the air; ‘‘and hence, most fortunately
for humanity, it is one to which the cooling orifices may
be most successfully applied.”— Kane.

42. Before we make any further observation upon the
combination of substances, we must give the student a
few questions to answer upon the subjects of the previous
lessons.

EXERCISES.

30. What elements do the following symbols stand
for :—Fe, Au, Br, Mn, Cd?

31. Give the symbols for the following elements:—
Magnesium, Chlorine, Lead, Copper, Platinum, Potassium,
Sodium,

I .%E.p How are the metals distinguished from the metal-
oids

33. Name the elements which are gaseous, and the
elements which are fluid, at the common temperature.

34. Of what elements are the following compounds
composed :—H O, Pb S, NaCl, CaF, FeO, K Br, Ca O,
Znl, CoO?

35. What is weight?

36. In what respect does the attraction of gravitation
differ from the attraction of cohesion and chemical
attraction ?

37. What is the difference between a mere mixture of
substances and a chemical compound ?

38. What is the burning of phosphorus, of carbon, of
sulphur, of hydrogen in the air due to? Air is a mixture
of oxygen and nitrogen.*

43. We will resume the experiments and remarks on
the combination of substances by burning some iron wire

* It contains small quantities of other gaseous substances, which need
not be regarded in the question.
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in oxygen gas; the wire must be tipped with sulphur.
Before the experiment is made, we must inform the
student why the iron has to be tipped with sulphur, as
several facts will claim his attention after the experiment.
We proved in our last lesson, as the student will remember,
that substances require a certain temperature for their
combination, and that the degree of heat varies with the
substances. That iron must require a high temperature,

for its combination with oxygen, the student must be
aware, from his own experience : he will have seen carbon
burn in the atmosphere, he will have seen sulphur burn
in the atmosphere, and he will have seen p ﬁsphﬂrus,i
burn in the atmosphere, when lighted; but he will not b
have seen iron burn in the atmosphere, with the exception |
of the sparks at a smuth’s forge. 1t is evident, then, that
iron must require to be heated intensely, in order to make
it unite with oxygen ; the heat required is so great, that
although a gas or spirit lamp might give the necessary
degree of heat, yet by the time the iron had been removed
from the flame and placed in the oxygen gas it would
have become too cold ; we therefore tip it with a substance

which combines with oxygen at a much lower temperature.
The substance we have selected for this purpose as the |
most convenient in every respect is sulphur. We ignite
the sulphur, and then plunge it into the oxygen gas; the
sulphur and the oxygen combine, and the heat liberated
by their combination is sufficient to cause the iron and
oxygen to combine. A similar plan is adopted for kindling
coal fires ; for coals, like all other substances, require to
be heated to a certain degree before they will burn. This
is accomplished, as all know, by the use of the more readily

combustible paper and wood. |

EXERCISES.

39. Coil a thin iron wire round a stick so as to bring it |
into a cork-screw shape, and then draw it off. Tip one
end of the wire with sulphur, by immersing it in melted
brimstone, the other end being fixed into a cork which
fits the mouth of the gas jar. The sulphur having been
ignited, the spiral wire must be immediately inserted into |
a jar filled with oxygen gas, and the cork is, in this case, |
closely pressed into the mouth of the jar. The sulphur
will burst into full flame ; the iron thus becoming heated

|

|

]
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strongly is capable of entering into combination with the
oxygen ; a brilliant light accompanies the union, and the
compound produced, an oxide of iron, falls down in
brilhant sparks. This experiment is an illustration of
the statement made in a preceding page, that the com-
bination of iron with oxygen is sometimes attended with
an evolution of both light and heat.

40. We will now make the same experiment, with the
exception that instead of plunging the wire into oxygen
oas, after the sulphur 1s ignited, we will allow it to remain
in the air, to see if the iron wire will burn in the air: you
see that after all the sulphur has entered into combination
with the oxygen of the air the combustion eeases, no union
taking place between the iron and the oxygen of the air.

44. Atmospheric air is merely a mixture of the gas
oxygen, in which the iron burned in Expt. 39, and nitro-
gen ; then why will not the iron burn as well in air as 1n
oxygen gas? Because the nitrogen, which does not enter
into combination with the iron (35), or contribute in any
way to the combination, absorbs some of the heat evolved
by the combination of the sulphur and oxygen, and thus
reduces the temperature below the point at which combi-
nation will take place between the iron and oxygen.
This gaseous body nitrogen acts with respect to the
burning of iron in the air in the same way that the
metallic spiral acted in Expt. 27, and the wire gauze in
Expts. 28 and 29. An example of the same kind the
student will frequently have seen; he will have seen, for
instance, that when glowing coals were placed on con-
siderable masses of metal the combustion was extinguished,
simply because the metal conducted away the necessary
degree of heat which was required for their combustion.

45. By the non-combustion of iron in atmospherie air,
and its combustion in pure oxygen, we learn why sub-
stances that will burn in air as well as oxygen, burn more
vividly in oxygen than in air. The indentation made
in the plate by the oxide of iron, produced in Expt. 39,
shows that great heat is generated by the combination of
iron and oxygen. '

~ 46. By the generality of persons, an evolution of heat
and light is regarded as a sign of destruction; they
suppose, that as matter disappears by burning, it is there-
 fore destroyed. This prevailing opinion is owing to the
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substances, which are produced by the combustions ordi-
narily witnessed, being gaseous and invisible. Had char-
coal, ke zine, phosphorus, and iron, produced a solid

substance in burning, this erroneous idea could never
have arisen. Instead of these agents, heat and light,
being indicative of destruction, they are, as we saw by
the experiments, signs that two or more substances are in
the act of combining. But the learner may say, Are not
coal, tallow, and similar combustible substances destroyed
by burning? The reply to this question will be conveyed
most intelligibly by first selecting some one substance.
For example, the elements of tallow—ecarbon and hydrogen
—separate from each other at high temperatures when in
contact with air; they each unite with the oxygen of the
atmosphere, the carbon forming with that element car-

e
e A

bonie acid, and the hydrogen forming with it water. The

articular combination, therefore, of the ecarbon and
1ydrogen which formed the tallow, is destroyed by the
burning, but not the elements themselves, for matter is
indestructible. Coal, peat, tallow, wax, gas, and all kinds
of combustibles (coke and charcoal excepted), whether for
heat or illumination, consist essentially of carbon and
hydrogen; the two latter kinds of fuel consisting of
carbon only. Atmospheric air is a mere mixture of
oxXygen anc{ nitrogen. When, therefore, a compound of
carbon and hydrogen is burnt in the atmosphere, the
burning is due to the decomposition of the compound
into its elements, and the combination of each of the
elements with oxygen. The decomposition is caused by
the oxygen having a greater affinity for the hydrogen than
this latter element has for earbon at a high temperature ;
the two former, consequently, unite and form water,
whilst another portion of oxygen unites with the libe-
rated carbon and forms with it carbonic acid. The
nitrogen, having no affinity under the circumstances for
either the carbon or the hvdrogen, plays no part in the
chemical action, its only office being to dilute the oxygen
and thus to moderate the combustion, rendering it slower
and less brilliant than it would be if the air were com-
posed of oxygen only; for the phenomena and the re-
sults are the same whether a substance be burnt in air
or pure oxygen, the only difference being in the inten-
sity of the combustion.
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47. We employ in ordinary language several terms to
express the combination of substances. If it be attended
with evolution of heat and light, we call it burning or
combustion ; for example, when a piece of sulphur, or of
carbon, is set on fire, we say it burns, because heat and
light are evolved; we likewise say it consumes, because
it gradually decreases in bulk, and at last disappears
entirely. When it is a combination of a metal wﬂ:ﬁ the
oxygen of the air, and the combination is not attended
with evolution of light, we say the metal rusfs, or we say
it corrodes.

48. A few experiments must now be made, and the
student must regard these experiments as illustrations of
the facts and principles which have been explained.

EXERCISES,.

41. Introduce a piece of ignited phosphorus into a jar
| of oxygen in the way described in Expt. 8.

42. Introduce a piece of unignited phosphorus intoa
| jar of chlorine in the way described in ]Expt. 9.

. 43. Add some phosphorus and iodine together in the
' way described in Expt. 10.

44. Introduce a piece of ignited phosphorus into a jar
of nitrogen in the way described in %‘J?{pt—. 22.

45. Introduce some burning sulphur into a jar of
oxygen in the way deseribed in Expt. 11.

46. Take a fragment of sulphur and melt it in the
cui of the spoon; as soon as 1t is liquid, and before it
takes fire, mtroduce it into a bottle filled with chlorine
gas. It will immediately take fire, and burn rapidly, a
compound called chloride of sulphur heing formed.

47. Introduce some burning sulphur into a jar of
nitrogen in the way described in Expt. 23.

48. Burn some iron wire in a jar of oxygen in the way
deseribed in Expt. 39.
~ 49. Make a small ball of turnings of zine, and enclose
m 1t a small fragment of phosphorus. Place the ball in the
cup of the spoon, and set fire to the phosphorus by means
of a lamp, and then introduce the spoon as quickly as
possible into a jar of oxygen. The zinc will enter into
combustion and burn with a beautiful white light.

90. Place a few small fragments of antimeny in the
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cup of the spoon, and then heat them in the flame of a
lamp until they take fire; introduce the burning metal
mmmediately into a jar of oxygen, the two elements will
immediately combine, a compound called antimonious
acid being formed. |

51. Introduce some powdered antimony into a jar of |
chlorine in the way described in Expt. 14.

52. Introduce some ignited charcoal into a jar of |
oxygen in the way described in Expt. 12.

49. A question which any one would naturally ask
after witnessing these or any similar experiments would
be this: How are heat and light produced in chemical
combination? As to the cause of the evolution of heat,

we are as yet entirely ignorant; we shall allude to the &
evolution of light in the next paragraph. “The element |

which most frequently develops heat and light, in com-
bining with others, is oxygen; and the act of its com- 3

bination with other bodies is pre-eminently denominated

combustion. The body which, next to oxygen, most com-
?_m::m]]y produces licht and heat in combining with others,
18 chlorine ; next follow bromine and iodine, then sulphur
and phosphorus.” The student could not fail to notice, *
during the course of the experiments, the great disparity &
between the oxygen and chlorine combinations in the
development of light and heat. 3
50. It is a well-known fact, that solid substances emit
light when heated beyond a certain degree, the intemiti |
of the light depending upon the degree of heat to whic
the substances are exposed. A lump of iron or lime, for
mstance, becomes red-hot when heated to a certain tem-
perature, and the higher the temperature the whiter or |
more Intense the light becomes. Substances are said to
be incandescent, or ignited,* when they are heated to such
a degree that they emit light.
51. All substances which do not undergo any chemical
change when ignited—lime and porcelain are examples of

such substances—do not themselves supply the heat

necessary for their incandescence, but require to be sup-
plied with it ; the incandescence of such substances con-

* The fire which accompanies the process of combustion appears either as =
glow or incandescence (white heat), when the burning body Suea not, before
combustion, pass into the gaseous state—or as flame, when the burning body
is previously converted into gas or vapour.— Gmelin's Chemistry.
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sequently ceases when they are removed from the source
of heat. But there are other substances—carbon, for
example—which, after they have been once ignited, con-
tinue incandescent after they are removed from the source
of heat which first caused their ignition; because the
ignition enabled them to enter into chemical combination
with some other substance—oxygen of the air, for instance
—and the union furnished suflicient heat to render the
solid, whether it be the compound formed as in the case
of phosphorus and oxygen, or the uncombined portion, as
in the case of carbon, incandescent.

52. Gases develop little light, even on intense ignition.
It 1s a well-known faet, that common air may be heated
to such an extent, that it will inflame pieces of wood, and
yet itself remain invisible. A good illustration of this is
afforded by the air which issues from the chimney-glass
of an Argand burner, which is sufficiently hot to ignite
pieces of paper, and even to make a thin piece of wire
red-hot. Upon the fact, that all bodies evolve light when
heated to a high degree, depends the possibility of ob-
taining artificial illumination. And as gaseous bodies
evolve in burning so small an amount of light as scarcely
to be wvisible, it is evident that a solid body must be
present in all materials used for illumination ; therefore,
when the substances which combine, and the substance
which is formed, are gases, little or no light is evolved ;
for light to be produced, either one of the combining sub-
stances, or the compound formed, must be solid at the
temperature at whqu the combination takes place.

53. The light and heat emitted by burning bodies bear
no proportion to each other; for the heat is due solely to
the energy of the chemical action, without respect to the
state of the combining matter.

EXERCISES,

53. Generate some hydrogen gas in a common round
bottle, by the method given under the special properties
of this gas. Fit a narrow glass tube into a perforated
cork, the latter fitting air-tight into the meck of the
bottle ; the tube should be made of hard infusible glass,
and the end, which is not fixed into the cork, should be
drawn out into a fine open point (Fig. 19). A light must



28 CONDITIONS NECESSARY FOR COMBINATION.

be applied to the orifice as soon as the operator considers
that all the common air has been expelled from the bottle,
but not before, on account of the violent explosion which
ensues, when hydrogen, mixed with oxygen or common
air, is inflamed ; the utmost care and precaution are always
necessary in inflaming this gas. To prevent any accident
arising from the bursting of the vessel, it is advisable to
wrap the vessel in a towel before applying the light.,
When a light is applied to the orifice, tRlE% drogen takes
fire, and burns with a pale bluish-coloured flame, which
18 scarcely visible in the daytime, but is intensely hot.
The burning of the hydrogen is caused by its combining
with the oxygen of the atmosphere, forming with it water :
this is readily proved, for if a dry glass vessel be held
over the burning gas, it becomes covered with drops of
water. If a glass tube, about three feet long, an inch
and a half wide, and open at both ends, be held over the
flame, strange musical sounds will be produced, the
sharpness varying with the depression or elevation of the
tube. This phenomenon is produced by a series of small
explosions, which succeed each other so rapidly that they
produce a continuous sound. The explosive nature of a
mixture of hydrogen and oxygen is better exhibited by
filling a soda water bottle two-thirds full of hydrogen and
one-third full of oxygen, and then inflaming the gases by
applying a light to the mouth of the bottle ; the explosion
1s less violent if atmospheric air be used instead of pure
oxygen.® If air be employed, five-sixths of it are required
for one-sixth of hydrogen; but whether atmospherie air
or oxygen be used, it is requisite, before exploding the
mixture, to wrap the bottle in a towel. 4
Hydrogen is the lightest body in nature, being fourteen
and a half times lighter than air, and sixteen times lighter |
than oxygen. This property is leasingly demonstrated
by filling a small balloon of gold-beaters’ skin with the
gas, and allowing it to ascend in the lecture-room. The
hydrogen ought not to pass direct from the generating
vessel into the balloon; before entering the balloon it

™

* The student will see that the difference between combustion and b
explosion consists simply in the difference in the rapidity of the ccmbina-
tion ; in combustion the two substances combine together by degrees, but |
in explosions they are both intimately intermingled, and therefore can be =
made to combine instantaneously. 3
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ought to be made to traverse a tube filled loosely with
fragments of quicklime, which will absorb any sulphurie
acid that may have been carried up by the gas, as well as
arrest the moisture which accompanies the gas.

54. Fill a soda water bottle with equal volumes of
chlorine and hydrogen, and inflame the mixture by apply-
ing a light to the mouth of the bottle,—the explosion is
more feeble than with oxygen and hydrogen, and the
light is faint. The compound produced is hydrochlerie
acid ; the acid nature of the compound may be demon-
itra,ted by applying a piece of blue litmus paper to the

ottle.

54. The hydrogen flame, the student will observe,
develops little light, although there is a great evolution
of heat; indeed, the flame of a mixfure of oxygen and
hydrogen produces the most intense heat that can be
obtained by artificial means.

85. That a solid is necessary for the evolution of light,
18 beautifully exemplified in the following way :—The
combustion of a mixture of oxygen and hydrogen pro-
duces the most intense heat that can be obtained by
artificial means, yet the light produced by the combina-
tion of the two gases is so small, as scarcely to be visible.
If we place in this almost invisible flame a substance like
lime, which will not melt, or undergo any chemical change,
a light so brightly luminous will be produced, as to rival
in intensity the noon-day sun. This hight is caused by the
solid becoming luminous from being intensely heateg

EXERCISE,

55. Exhibit the oxyhydrogen lime light,* so as to prove
to the student that a solid is necessary for the evolution
of light.

~ 66. This method of introducing the solid matter which
18 to evolve the light, into the burning matter from which

* The burning of a mixture of oxygen and hydrogen requires great care.
The gases onght to he contained in separate holders, and mixed only at the
Jet ;- or if they are contained in the same vessel, the tube which conveys
them to the jet must be filled with small iron rods, so that in case the flame
were to recede, it would be cooled by the rods below the point at which
combination takes place between the two gases, so that by no possibility
could the flame reach the gaseous mixture in the gas holder; for a mixture
of the two gases, when ignited, explodes with terrific violence,
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the heat proceeds, is one which is never employed for
ordinary illumination. The prineciple upon which all
practical methods of illumination are founded is, that the
heat-producing material and the incandescent solid, both
exist in the substances employed for illumination, and that
the burning of the former sets free the latter, yielding it
at the same time by combustion, the necessary degree of
heat to render it luminous.

57. All substances employed as illuminating materials
are compounds of carbon and hydrogen, and the flame
produced by their combustion contains solid particles of
carbon, which can be proved by a very simple experiment.

EXERCISE.

56. Introduce a cold body, such as a plate of metal, or
a piece of glass, or even a piece of card, into a luminous
flame ; it speedily becomes blackened from the deposition
of carbon. Intercept the flame, by means of the card, far
down near the wick ; then higher up, about the middle of
the flame, and then at the top. The deposit of carbon near
the wick will be very slight ; the deposit will be consider-
able in the middle of the flame, and only very slight at
the top.

58. We learn, by this simple experiment, not only that
carbon is present in the flame, but that it is not present
in equal amount in different parts of the flame; the
quantity i1z small in the area of the faintly illuminated
halo just around the wick; it 1s also small towards the
summit of the flame ; it is present in the largest quantity
about the middle of the flame, in that portion from which
the maximum of light is given forth. We have now to
explain how the free carbon comes to be present in the
flame. Tallow, oil, gas, and all other substances employed
as illuminating materials, consist essentially of carbon and
hydrogen, as previously stated. During the burning,
both the elementary bodies combine with the oxygen of
the air, but not at the same time ; the hydrogen, having a
greater affinity for the oxygen than it has for the carbon,
instantly combines with the former element. The carbon
is consequently liberated in the form of minute solid

articles (soot), which become incandescent, from the
ntense heat evolved by the combustion of the hydrogen :
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the incandescent carbon, when it reaches the edge of the
flame, likewise combines with oxygen, its place being
immediately occupied by another particle of liberated
carbon.

59. The flame of a candle is a good illustration of the
principles just stated. The heat generated by the flame
melts the tallow, which is conveyed by the capillarity of
the wick to the sphere of combustion. The flame itself
consists of three parts; the first, or outer part of the
flame, is of a pale blue colour, so faint as scarcely to
be wvisible, because no separation of carbon occurs, the
hydrogen and carbon buwrning simultaneously, as the air
18 In excess; 1t 1s the hottest though the least luminous
part of the flame. The air has not free access to the next
or luminous part of the flame; the consequence is, that
the oxygen is almost entirely consumed in combining with
the hydrogen, whilst almost the whole of the carbon is
liberated in minute solid particles, which become intensely
heated, and give out a Pbright light. The interior part
surrounding the wick consists of black, inflammable
vapour, which, from having no access to the external air,
18 incapable of entering into ecombination. The presence
of this inflammable vapour may be easily shown by holding
obliquely in the flame a glass tube, open at both ends, the
lower end of the tube being placed in the centre of the
flame, and the upper end reaching beyond its edge. A
large quantity of t]l)w inflammable vapour will pass up the
tube, and may be ignited at the upper end.

60. In describing the different parts of the flame of a
candle, we have drawn attention to the fact, that if the
illuminating material be burned in such a manner that its
carbon and hydrogen are consumed at the same moment,
the largest possible amount of heat is procured, but the
amount of light evolved is not greater than that obtained
drom the burning of pure hydrogen ; this is due to the
mmmediate combustion of the carbon, and therefore the
absence of any solid matter in the flame, which is necessary,
as we have previously stated, for the evolution of light.
That illuminating materials derive their light from the
separation of their carbon, and thai if they be so burnt
that this separation does not take place, owing to the
carbon being burnt simultaneously with the hydrogen
with which it was united, little or no light will be pro-
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duced, is very simply and very con.
clusively demonstrated in the follow-
ing way :—Place over a gas jet a
chimney, or hollow eylinder, covered
over at the top with wire gauze, as
ghown in Fig. 3; when the gas, i.e.,
coal gas, is turned on, it ascends
within the chimney, and mixes
with atmospheric air before passing
through the gaunze. On lighting 1t
above the wire gauze, if the air and
gas have been so proportioned that
its carbonand hydrogen are consumed
at the same time, it will burn with a pale blue flame of no
more illuminating power than that ufP pure hydrogen.

61. When the burning body does not exist as a gas
naturally, or does not pass into the state of gas at the |
temperature at which it combines with the ﬂﬁwr body,
oxygen in the air, for instance, the fire which accompanies
the combustion appears as glow, for it is necessary for the
production of flame that the burning body should exist |
naturally in the state of gas, or be converted into gas at or
below the temperature at which combination takes place,
otherwise no flame results. Well-burned cha.rmﬂ]I: and
also iron, burns with a steady glow, unattended with flame ; |
as these two elements do not volatilize at the temperature
at which their combination takes place. Sulphur, phos- |
phorus, and zine, &e., burn with flame, because they either |
exist naturally in the form of gas, or they pass into the
gaseous state at the temperature at which they enter into
combination. Flame is in fact produced whenever, by a |
sufficiently elevated temperature, a continuous supply of
vapour or gas is made to combine with oxygen or some
other gaseous substance with which it comes in contact.
Flame, then, is produced when two vapourous or gaseous |
substances enter into combination, and the eombinationis |
attended with evolution of light and heat; and as com-
bination can only take place at the point of contact, it 18 |
the boundary line of the two gases. ;

|
EXERCISE. |

57. Place a piece of sulphur in a long test tube or flask :
of hard glass ; heat the vessel by means of a lamp until |

5
N |
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the sulphur melts, and the vessel has become filled with
its vapour. Introduce a narrow strip of tinfoil into the
sulphur atmosphere, the metal will instantly inflame, a
compound called sulphide of tin being formed. The
experiment may be varied by employing, instead of the
tinfoil, a narrow strip of sheet lead, the combination being
attended with evolution of heat and light. If very thin
iron and copper wires be twisted into a coil and introduced
into an atmosphere of sulphur, they will likewise combine
with that metalloid, the combination being attended with
evolution of heat and light.

62. The burning of sulphur in oxygen gas, or of tinfoil in
sulphur vapour,proves the incorrectness of calling some sub-
stances combustible, and others supporters of combustion ;
forin the first of these experiments we should have to call
the sulphur the combustible substance, whilst in the latter
it would be the supporter of combustion. The fact is, that
in all cases of combustion (all combinations attended with
evolution of heat and light), each of the combining sub-
stances is combustible, and each is also a supporter of
combustion, and the heat and light are derived from the
combination. Oxygen is as capable, for instance, of being
burnt in an atmosphere of hydrogen as the latter is in one
of, or containing, oxygen. But the learner will find it
stated in many chemical works that this or that substance
18 not a supporter of combustion. He will find it stated
in such works that hydrogen is a combustible substance,
but not a supporter of combustion; and, in proof of the
last assertion, the fact that a lighted taper is extinguished
when immersed in an atmosphere of hydrogen is adduced.
Now, it would be quite as correct to say that oxygen is
not a supporter of combustion, because carbonic acid
cannot be made to burn in an atmosphere of that gas. If
one element, B, has already combined with another element,
A, in the largest possible proportion, the resulting com-
pound cannot unite with a still further quantity of the
element A. Hence tallow cannot burn in hydrogen, or
carbonic acid in oxygen ; the first (tallow), being a com-
pound of carbon and hydrogen, cannot unite with a furtier

quantity of the latter element; in the same way, carbonic

aeid, being a compound of carbon and oxygen, cannot
unite with a further quantity of the latter metalloid. To
D
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say that an element is not a supporter of combustion, is
to say that it cannot enter into echemical combination with
any other substance, which is incorrect, as every element
can combine, either di]:'e«zrtljr or indirectly, with some of
the other elements, if not with all.

63. The following exercises upon the subjects of the
previous lessons must be answered by the student, either
vivd voce Or 1In writing.

EXERCISES.

58. What elements do the following symbols stand
for :—Zn, Ni, Na, Ca, Ba, Sb, Hg, Sn?

59. Give the symbols for the following elements:—
Cadmium, Chlorine, Caleium, Carbon, Chromium, Copper,
Cobalt.

60. Of what elements are the following compounds
composed :—Ag Cl, CaF, PbBr, Hg O, B%, CuCl?

61. Name some of the terms employed in ordinary
language to express the combination of substances.

62. What conditions are necessary for light to be pro-
duced in chemical combination ?

63. Name some of the conditions necessary for the
combination of phosphorus and oxygen, of phosphorus and
chlorine, and the phenomena which accompany the com-
binations, and the properties of the compounds produced.

64. State the effects which intense heat has upon solid
and gaseous bodies, and give examples.

65. Do the light and heat emitted by burning bodies
bear any proportion to each other? Confirm the opinion
expressed by examples.

66. Why do substances burn more vividly in pure
oxygen than they do in atmospheric air?

67. Upon what facts depends the possibility of artificial
illumination ?

68. What is necessary for the production of flame ?

€9. Name some of the conditions necessary for the
combination of antimony and chlorine, and of sulphur and
oxygen, and the phenomena which accompany the com-
binations, and the properties of the compounds produced.

70. Of what elements are all materials employed for
illumination composed, and what changes do they undergo
when burned in the air?

71. Explain the flame of a candle.

et il e
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EXERCISES ON THE COMBINATION OF A COMPOUND WITH
AN ADDITIONAL QUANTITY OF ONE OF ITS ELEMENTS.
These exercises show also the cause of the blue flame which appears on the

suiface of fires, and that the atmosphere is a mere mixture of gases, und not a

chemical compound.

64. This course of experimental exercises is designed to
show that even after combination has been effected
between two elements, the chemical force of one of the
elements may not be wholly quiescent in the compound
produced ; this element may still be capable, under certain
ciccumstances, of taking up another portion of the one
with which it is united, and forming, by this further com-
bination, a new and more complex compound. This can
be rendered intelligible to every one, if we make use of
our former comparison,—such words as To, Bg, &e., are
converted into new and perfectly different words, if one
of their letters be twice repeated, as Too, Beg, &c. In
the same way the compound carbonic oxide, which is
made up of the two elements carbon and oxygen, and
the symbol for which is CO, is capable of uniting with an
additional quantity of oxygen ; this addition converts it
into another compound, called carbonic acid, which we
will represent for the present by the symbol COO.

EXERCIRES,

72. Place at the bottom of a long test tube some crystals
of oxalic acid, add to them some strong oil of vitriol, and
then warm the tube in the flame of a lamp. As soon as
effervescence commences, apply a piece of lighted paper,
or a splinter of wood, to the moutﬁ of the tube, until the
evolved gas takes fire : it burns with a blue flame. The
gas is the compound carbonic oxide we have already
alluded to ; the heat and light are occasioned by its com-
bining with some of the oxygen of the air, and forming
with 1t carbonic acid.

73. Put into the Woolfe’s bottle (Fig. 20) a few small
pieces of metallic copper (copper turnings), and add to the
metal, by means of the funnel tube, equal parts of nitrie
acid and water ; effervescence, without the application of
heat, will instantly ensue. On the first evolution of the

s the bottle will be filled with reddish fumes ; when they

ve nearly passed away, the gas may be collected by
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dipping the exit tube under the mouth of a gas jar or wide
mouthed bottle, which is filled with water. and standing
inverted on the shelf of the pneumatic trough. This gas
is g.dcompuund of nitrogen and oxygen, and 1s called nitrie
oxide.

74. Pass rapidly into a jar half full of this nitrie oxide
(the vessel containing it being inverted on the shelf of the
pneumatic trough) a quantity of oxygen; as soon as the
two gases are brought together, the jar will be instantly
filled with an orange-red gas, which is very soluble in
water ; this liquid will therefore rapidly ascend in the
vessel by dissolving the new formed gas. %‘he oxygen and
nitric oxide unite together, and the compound produced is
this orange-coloured substance named nitrous acid. This
experiment furnishes a striking example of the ditference
between a mere mixture of substances and a chemical
combination. If the oxygen and nitric oxide had merely
mixed, and not chemically united, these two colourless
gases, in whatever proportions they were mixed, would
never have become coloured; neither would the mere
mixture of two gases insoluble in water render both of
them soluble in that liquid. '

The experiment may be made in the following
manner :—F1ill a large jar with nitric oxide, remove it
from the pneumatie trough, and expose it with its mouth
upwards to the air; the nitrie oxide will instantly abstract
oxygen from the air, and become converted into nitrous
acid ; before the acid gets diffused place the jar, with its
mouth downwards, in water ; the water will ascend.

65. These experiments prove that some compounds have
the power of uniting with another portion of one of their
constituents ; thus, carbonie oxide, the elements of which
are carbon and oxygen, can combine with another portion
of oxygen, and by so doing become converted into a new
and different compound, called carbonic acid; in like
manner, carbonic acid can unite with another quantity of
carbon, and thereby become converted into carbonie oxide.
This interesting chemical action is daily witnessed. The
blue flame which frequently appears on the surface of our
fires, or which is seen issuing from limekilns or iron fur-
naces, is caused by the combustion of carbonic oxide.
This gas is produced in our fires in the following way :—
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The air, having free access at the bottom of the grate,
converts the carbon it comes in contact with into cmiﬂnic
acid ; this acid, as it traverses the red-hot fuel, parts with
one proportion of its oxygen to the carbon of the fuel, and
thus becomes reduced to the state of earbonie oxide, the
liberated oxygen and the carbon of the fuel likewise form-
ing carbonie oxide ; when the carbonic oxide comes in con-
tact with the air at the surface of the fire. 1t combines with
some of the oxygen, and becomes converted into carbonic
acid, and the blue flame is the effect of the combination.

66. Nitriec oxide cannot combine with oxygen if this
element be already in a state of chemical combination ; it
can only appropriate it when it is uncombined; in other
words, when it is in a pure state, or 1s one of a mere
mixture of gases. As it can abstract oxygen from the
atmosphere, we conclude from this and ofher facts, that
the atmosphere is not a chemical compound, but a mere
mixture I:JF oxygen and nitrogen.

67. But some compounds can either combine with
another proportion of one of their constituents, or with
some other element. Ex.—Carbonie oxide can take up
an additional quantity of oxygen, which converts it into
carbonie acid ; likewise, if earbonie oxide and chlorine he
mixed together, they combine, a compound called chloro-
carbonic acid being formed. Su]}:-hurnuﬂ acid (the com-
pound produced by burning sulphur in oxygen) ecan
combine, under certain circumstances, with another pro-
portion of oxygen, which converts it into another com-
pound, named sulphuric acid; sulphurous acid can also
take, in the place of this additional proportion of oxygen,
a quantity of chlorine, a new compound called chloro-
sulphurie acid being formed.

68. There are some elements which can eombine hoth
at ordinary and higher temperatures; different com-
pounds being produced at the different temperatures :
when this is the case, the lower combination is attended
with little or no evolution of light, and the amount
of heat developed is less than that produced by the
higher combination. Ex.—Potassium combines at com-
mon temperatures with oxygen, forming potash; but
when heated it burns with flame, and combines with
three times as much oxygen. When phosphorus is
exposed to the air, it always appears to emit a whitish
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smoke, which in the dark is luminous. This effect is
due to a slow combination of the phosphorus with the
oxygen of the air, forming with it phosphorus acid; if
Eh-:}s;plmma be heated, it bursts, as we have seen, into a
rilliant flame, phosphoric acid being produced, which
contains two-thirds more oxygen than phosphorus acid.

DIFFERENT KINDS OF COMPOUND SUBSTANCES. EXER- |
CISES. EXERCISES ON THE COMBINATION OF TWO
COMPOUND SUBSTANCES. HOW COMBINATION REACHES
ITS LIMIT. 4

69. In the first lesson we compared simple substances
to letters, and compound substances to words ; this com-
parison may be carried still further. Letters are divided
mmto vowels and consonants; elements are divided into
metals and metalloids. Two letters can be made to pro-
duce two or more words ; two elements may unite in two
or more proportions, giving rise to as many different
compound suﬂstam‘:eﬂ. There are also different kinds of

“’Ol‘([lﬂ, as noun, verb, &e. ; and there are likewise different

kinds of chemical words—or, as these words are usually

called, compound substances. )

70. There are four different kinds of compound sub-
stances, viz., acids, bases, salts, and indifferent bodies.

Whether a compound can or cannot unite with another

quantity of one of its elements, it will nevertheless belon

to one of these four classes; in fact, every compoun
substance must either be an acid, a base, a salt, or an
indifferent body. |

71. The term acip is applied to all substances which
possess a sour taste, and turn vegetable blue colours red.

A familiar illustration of this latter property is the change

effected on the colour of the common blue cabbage by |

vinegar (acetic acid). Basic Bopiks have an aerid taste :
they restore the blue colour to vegetable bodies which
have been reddened by an acid; they change the colour

of yellow turmeric to brown ; acids do not alter the colour 4
of yellow turmerie, but they restore the yellow colour
when it has been rendered brown by a basic body. The
term sart is applied to all substances which are com=
posed of an acid and a base. INDIFFERENT BODIES have

no action upon vegetable colours, and they do not form
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- galts either with acids or bases ; water 1s the best known
member of this class.

EXERCISE.

75. The teacher must fill three test glasses, or other
convenient vessels, with water, —to one he must add
a few drops of any acid, as hydrochloric; to the second
he must add a few drops of any base, as soda or
ammonia ; the water in the third represents indifferent
| bodies. He must then pass the liquids round to the

students, along with blue and red litmus papers and
. turmeric papers, and they must state which liquid 1s the
base, which the acid, and which the indifferent body, by
the action of the liquids on the test papers.

72. The object of the present lesson is to show that
compound substances, whether they can or cannot unite
with another quantity of one of their constituents, or with
some other element, can nevertheless combine with the

- members of an opposife class of compounds, and, in par-

ticular instances, with some members in their own eclass.

Ex.—Acids unite with bases to form salts. Some of the

| bases, likewise, combine with each other. Salts unite
with salts to form double salts. As indiflerent bodies
(water excepted) are comparatively unimportant, they
will be disregarded with this one exception. The student
will learn, by the following experiments, that light is
seldom developed when two compound substances com-
bine together.

EXERCISES.

76. Add a little water to some caustic (quick) lime, the
two substances will combine together, and form a solid
compound called hydrate (slacked) of lime. The heat
evolved by the combination causes some of the water
added in excess to pass off in the form of steam.

77. Procure two Florence tlasks, place in one of them
one ounce of a solution of ammonia, and in the other an
equal qua,ntit{; of hydrochlorie acid (spirit of salts) ; fit a
narrow straight tube to each of the flasks, by means of a
perforated cork ; place them upon retort stands, and adjust
two bottles or flasks in such a way that the tubes may
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ascend into them, then boil the liquid in both vessels for
a few minutes. Ammonia and muriatic acid are gaseous
bodies, and lighter than atmospherie air, consequently,
when the solutions are boiled they escape and collect in
the bottles ; if the mouths of the two vessels be brought
together after they are filled with the gaseous compounds, -
the gases will combine and form a solid substance, called
chloride of ammonium. i
78. Place in the apparatus (Fig. 21) some fragments of
marble, adjust the tubes, and then pour into the bottle, by
means of the funnel tube, equal parts of hydrochloric acid
and water; effervescence will instantly ensue, the car- =
bonic acid contained in the marble being expelled by the
hydrochloric acid. Prepare a solution nf%ime (lime water),
by adding water to slacked lime, and allowing them to
remain in contact for some time; pour off the solution
when clear, and conduect the carbonie acid into this clear
solution by dipping the exit tube into it. The acid and
basie body (lime) will combine together; the cﬂmilmund
produced by the union is a salt, called carbonate of lime,
which, being insoluble in water, will be precipitated.

73. Carbonate of lime, according to its density and
degree of hardness, is known under the name of chalk, |
limestone, marble, &ec. {

74. Salts are capable of uniting with each other, thus
forming more complex compounds. But as the constitu-
tion of a substance increases in complication, the com-
bining tendency of its elements becomes more satisfied,
“the less therefore will be the inclination of those elements
to enter into further combinations. In this manner
chemistry reaches its limit.”— G'melin.

75. The following exercises must now be answered by
the student :—

EXERCISES.

79. Can more compounds than one be formed out of |
the same elements ?

80. Give some proof that the air is a mixture, and nof
a chemical compound.

81. Describe the properties of an acid.

82. What produces the blue flame which is frequently
seen on the surface of coal fires?



PROPERTIES OF MATTER. 41

83. Describe the properties of a base,
84. Why will not earbonie acid burn in air ?
85. Why will not water burn in air?

CHAPTER III.
PROPERTIES OF MATTER.

Iorce and matter. Imponderable matter. Ponderable
matter. Physical properties of matter. Frtension, im-
penetrability, divisibilily, porosity, indestructibility, mo-
bility, cohesion, gravitation. Absolute, specific, and atomic
wetght. Ixercises.

76. As it is impossible to deseribe the chemical without
alluding to the physical properties of matter, we shall
very briefly describe the properties of matter in general.

77. The essential nature, both of matter and force, is
unknown. “We have an intuitive conviction of their
existence ; we know a great deal about them—every fresh
accession to our knowledge increases our power over
them ; the steam engine and the eleclric telegraph are
results which have sprung from our acquaintance with
their laws ; but the more profoundly we investigate their
relations, the more we become convineed of ourignorance,
and the wide field of discovery which still lies before us.
We see a loadstone attract a piece of iron, and we find it
attract one end of a magnetic needle and repel the other,
and we attribute this attraction and repulsion to the
existence of a force in the loadstcne, which we call the
magnetic force ; we see also a stone let fall from the hand
descend to the ground, and we ascribe its descent to the
attraction of the earth: we call the force which produces
this effect gravity. Now, we can investigate the laws of
the magnetic force as well as those of gravitation, and
estimate their effects on material bodies; yet, after all,
we shall be obliged, with Dr. Young, ‘to acknowledge
our total ignorance of the intimate nature of forces of
every description!’"”

_ 78. “ Whenever we see a body in motion, we attribute
1t8 motion to the existence of a force. A ship sails by the
force of the wind and tide, a boat is propelled by the
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muscular force of the rower, and a locomotive by the
expansion of the steam generated in the boiler; in addi-
tion to this, we find that two or more forces, which,
acting separately on a body, would cause the body to
move, may be so applied as to counteract each other’s
effects, and keep it at rest. We may, thercfore, define
Joree to be that which either produces, or tends to produce,.
motion.” |

79. “ Having thus arrived at a definition of force, we
may be able to obtain one for matter, as matier is that
which s either moved or can be moved by force.”

80. “ Force and matter may thus be considered cor-
relative terms, and we should be unable to arrive at a
knowledge of the existence of the one, without the aid of
the other. Every particle of matter in the universe is
endowed with distinet properties of force, which fit it in
many marvellous ways to act on other particles of matter.
How many of these are still hidden from the researches
of the human mind, we know not; but this we do know,
that all the phenomena of the external world which we
can explain, can be traced to these properties of force, to
which we can ascribe no other origin, when we contem-
plate the wisdom of their application, than the will of
an almighty and all-wise Creator, unless we would be
guilty of the folly of believing that the print which now
meets the eye of the reader, owed its existence to no other
cause than the attraction of the ink for the paper, occur-
ring by chance, without the intervention of an intelligeut
agent.”

81. “ Matter which can be acted on by the force of
gravitation is called ponderable, while that which is un-
affected by it is termed imponderable. The particles of
light, caloric or the principle of heat, the electric fluids,
and ether, are the only known imponderable hodies. The
prevailing opinion at present is, that heat, light, and elee-
tricity are not themselves composed of material particles,
but are produced by vibrations of unknown and highly
elastic fluids called ethers, which are supposed to fill the
whole universe, and penetrate the pores of all solid and
fluid bodies. Whether the ether, which is aupEuaed to
produce light by its vibrations, be the same as the ether,
to which the eﬂ{cts of heat and electricity are attributed,
can only at present be matter of conjecture, though the
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advance of natural science every day leads us to new
facts, which seem to refer heat, light, and eleetricity to
the modifications of some common cause.”

82. ““ All ponderable matter is found in one or other of
three states—the solid, liquid, or aériform (gaseous). A
solid body is composed of particles of matter united
together by forces which cause the body to retain its
shape unaltered, except the particles are forced asunder
or displaced by some degree of violence; a solid body is
considered hard or soft, according as it requires a greater
or less degree of force to alter its form or displace its
particles. The particles which form a liquid body are
united together in such a manner as to allow them to
move about one another with great freedom and with but
little friction; a liquid consequently yields so readily to
external force or pressure, that it retains no form of its
own, but readily assumes that of any vessel in which it
may be placed, without altering its volume. A gas or
aériform fluid is one whose particles mutually repel each
other in such a manner that a gas has neither definite
form nor volume ; its form and volume being only limited
by the vessel in which it is inclosed, or by the pressure
exerted on it. A quantity of gas, however small, may be
made to fill a vessel of any size or shape.

83. “ Heat and pressure seem to %e chief causes of
bodies existing in each of these three states, and it is
probable that there is a particular temperature and pres-
sure for every solid body at which it would assume any
one of these three states. There is no solid substance
known which may not be rendered liquid, and finally
converted into vapour, by the application of a heat sufli-
ciently intense; and we may reasonably conclude that all
| bodies which are liquid would become solid, or freeze, if
we could sufficiently reduce their temperature, although
some liquids have ﬁithert-:} resisted the greatest amount
of cold we have been able to procure by artificial means.
Some vapours or aériform fluids are readily condensed by
eold into the liquid state ; others require great intensity
of cold, or great pressure, or both combined, to render
them liquid; and we may infer, from the gases already
condensed by cold and pressure, that all might be, could
we only procure the necessary degree of cold and pressure.
Water is known in three states—the solid, the liquid, and
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the aériform; and the amount of heat by which it is
influenced at the moment determines its existence in one
or other of these three conditions.” * '

84. Matter, in whichever of these three states it exists,
18 always either elementary or compound.

85. The properties of matter are of two kinds, physical
and ekemical ; the former class is a part of natural philo-
sophy, or physics, as it is sometimes called; the latter of
chemistry.

86. *The physical properties of an object are those
which refer to its condition, whether solid, liquid, or
gaseous. Crystalline form, specific gravity, hardness,
colour, transparency, or opacity, and the relations of the
object to heat and electricity, are physical properties.
Physical properties are independent of the action which
the body exerts upon other bodies, whilst the chemical
properties of the body relate essentially to its action upon
other bodies, and to the permanent changes which it either
experiences in itself or which it effects upon them. For
example, in indicating the physical properties of such
a substance as sulphur, we should refer to its brittleness,
its faint peculiar smell, yellow colour, erystalline structure,
its semi-transparency, the facility with which, if rubbed, 1t
exhibits electrical attraction, and so on: but if we would
take note of the chemical properties, it would be necessary
to refer to those operations by which the body usually
becomes changed, and loses its distinetive physical cha-
racters, such as the ease with which it takes fire; the
rapidity with which it unites with silver or copper, especi-
ally if heated ; its insolubility in water and spirit, and its
solubility in turpentine or in alkaline liquids.

87. “ It is not, however, always possible to draw the
line between physics and chemistry; this is of the less
importance, since the chemical nature of any substance
could be but imperfectly studied without a tolerably com-
plete knowledge of its l};ﬂding physical characters, which
are those by which it is most readily defined.”—Miller.

88. The physical properties of matter may be divided
into essential or principal, and non-essential or secondary.
The former are common to all substances; the latter
belong only to certain substances. Among the general

* Mitchell’s  Natural Philosophy ;" in Orr's ¢ Circle of the Sciences.”
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roperties of matter may be enumerated extension,
mmpenetrability, divisibility, porosity, indestructibility,
mobility, and gravitation.

89. Extension is that property in consequence of which
every substance occupies a certain limited space; a sub-
stance is said to be extended when it possesses length,
breadth, and thickness. Impenetrability is that property
of matter which prevents two substances from occupying
the same space at the same time ; we cannot, for instance,
cause one portion of matter to occupy the place of another
portion without moving or disglm-iﬂg it, and the opposition
met with in moving 1t 1s called its resistance.

90. The divisibility of matter can be carried to an
extreme degree of minuteness, and in some cases to an
almost incredible extent. * In gilding silver wire, a grain
of gold is spread over a surface of 1,400 square inches ;
and as, when examined in a microscope, the gold upon a
millionth of a square inch is distinetly visible: it is
proved that gold may be divided into particles of at least
rmamaot of a square inch in size, and yet possess the
colour and all the other characters of the largest mass.”
“Dr. Thomson has shown that a portion of lead may
be rendered wisible, the bulk of which cannot exceed
the 888,492,000,000,000th of a cubic inch. He dis-
solved one grain of nitrate of lead in 500,000 grains of
water, and after having agitated the solution, passed
through it a current of hydrosulphuric acid gas. The
whole liquid became sensibly diSED{{}lll‘Cd, Now we may
consider a drop of water to weigh about a grain, and a
drolp may be easilg spread out so as to cover a square
mch of surface. Under an ordinary microscope the mil-
lionth part of a square inch may be distinguished by
the eye. . The water, therefore, could be divided into
500,000,000,000 parts, every one of which would contain
some lead united to sulphur. But the lead in a grain of
nifrate of lead weighs only 062 of a grain. It is obvious,
therefore, that an atom of lead cannot weigh more than
smamsonanstlt Of a grain, while the atom of sulphur (for the
lqa,li{) iﬁ';ia n combina,ﬁi{m with sulphur, which rendered it
visible) cannot weigh more than ;1. —th of a grain.
According to Biot% the thread bﬁﬁfﬁiﬁ“a 8 }idei? lets
itself down is composed of more than 6,000 sin q}f, threads.

91. All substances admit of expansion and compression ;
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there must therefore be spaces or pores between the mole-
cules (minute particles) of matter ; this property is termed
orosity. These spaces (or pores) are in some cases so
arge as to be seen by the naked eye; in others by the
aid of the magnifying glass; and even when they cannot
be rendered visible, it is nevertheless certain that they do
exist !

92. It has already been stated that not a particle of
matter can be destroyed, and that its apparent destruction
18 owing to a mere change of form or composition; this
property is called indestructibility.

93. Matter cannot, when at rest, be set in metion, or
when in motion be brought to rest, without the application
of a force. Bodies in motion gradually decrease their
speed, and at last stop, unless the force which set them in
motion be continued ; they stop, not because matter has
a greater tendency to the state of rest than it has to that
of motion, but because they are under the influence of
what are termed the passive forces, such as friction, the
resistance of the air, &ec., which are continually acting
against the movement, and are therefore constantly
diminishing the motive forece.

94. The term gravitation will be explained presently.

95. The secondary properties of matfer are opacity,
transparency, snft-uess,ﬁ&rdness, elasticity, colour, density,
solidity, and fluidity.

96. Particles of matter are subject to the action of two
opposing forces—cohesion and repulsion: upon the rela-
tive intensity of these two opposing forces depend several
of the secondary pmpert-ics, ESpe&'ia]]_Y the two last men-
tioned. The attraction of eohesion binds particles of the
same nature together. Sometimes the molecules are, as
it were, indiscriminately collected, at other times they
are arranged in a regular crystalline form ; this force
operates only at insensible distances. The repulsive
force, which 1s considered to be due to the agency of heat,
separates the molecules from one another. Upon the
relative intensity of these two forces depends the solid,
fluid, or gaseous condition of matter; when the cohesive
force Prevails, a solid is the consequence; when the
repulsive power is in the ascendant, matter assumes the
gaseous form, and when the two forces are balanced, the
liquid state is the result.
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97. Sometimes particles of a dissimilar nature adhere
together. The sticking of dust to the walls of buildings
and articles of dress, the writing with chalk, charcoal,

lumbago, &e., are examples of the mutual adhesion of
gjﬁﬂimila,r substances. Scientific men are still undecided,
whether to regard the mutual adhesion of dissimilar sub-
stances as the effect of a force distinet from that of cohe-
gion, called the attraction of adlesion. or to consider them
a8 due to the cohesive force. If this latter opinion be
adopted, the union of all substances, whether similar or
dissimilar, if they possess the same properties after the
union as before, and unite in no definite proportion by
weight, must be regarded as due to the attraction of
cohesion.

98. Matter is subject to the action of another force,
called the attraction of grawvitation. This force operates
at the greatest conceivable distances, and is common to all
forms of matter ; and as each particle is affected by it, the
mass containing the greatest number of particles must
consequently exert the greatest force: hence it is that all
bodies, when unsupported, and at a distance from the
earth’s surface, descend in straight lines towards its
centre.* The simplest effect of gravity, and that which
is immediately evident to the senses, is the downward
pressure which bodies exert on whatever supports or pre-
vents them from falling to the earth; this pressure is
termed their weight.

99. There are three kinds or relations of weight, viz.,
ABSOLUTE WEIGHT, SPECIFIC WEIGHT, and ATOMIC WEIGHT.
By absolute weight is meant, the measure of the weight of a
body, estimated by that of some other, which serves as a
unit: thus, to ascertain the absolute weight of any sub-
stance, we place it upon one of the pans of the scale, and
upon the other as many grains, ounces, or pounds as will
restore the equilibrium of the balance. Absolute weight
signifies, then, the whole quantity of ponderable matter in
any substance, irrespective of its solume or bulk.

* *“An earth greater or smaller, denser or rarer than the one on which
we live, would require a change in the structure and strength of the foot-
stalks of all the little flowers that hang their heads under our hedges. There
13 something curious in this, considering the whole mass of the earth, from

' pole to pole, and from ecircumference to centre, as employed in keeping a
snowdrop in the position most suited to the promotion of its vegetable
‘health.” —Whewell's Bridgewater Treatise,
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100. By specific weight, or, as it is frequently called,
specific gravity, 13 meant the comparative or relative
weights of equal bulks of different substances ; thus, when
we speak of one substance being lighter than another, we
do not mean that one ounce, or one pound, of the one
substance weighs less than an ounce or a pound of the |
other ; but we mean that in a given volume or bulk, the 1}
one contains less ponderable matter than the other. One |
cubie inch of cork, for example, weighs less than a cubie
inch of iron; this difference in weight between equal |
bulks of different substances, expressed in numbers, is
termed their specifiec gravity or weight. )

101. To arrive at the relative weights of equal volumes
of different substances, it is necessary to fix upon one as |
the standard of comparison ; pure water has been selected
as the standard for solid and liquid bodies, its density
being reckoned as 1000 or 1. The sp. gr. of substances
heavier than water is consequently reFreaeuted by a
higher number, and those which are lighter by a lower
number than 1000 or 1. .-

102. Bottles (Fig. 4) are made for the
express purpose of determining the sp.
gr. of liquids ; they are made to hold a
civen quantity of distilled water, as
1,000, 500, 250 grains, &e. A weight is
usually sold with them, which counter-
poises the bottle full of distilled water,
\ and upon which is marked the quantity
4 of distilled water the bottle holds. All
/ that is required in estimating the 5%1. ar.
of any 01(;'1191' fluid is to fill the bottle
with 1t completely ; to close the bottle

Fig. 4. with the stopper in such a way that
no bubbles of air are left in it ; then, after wiping 1t Eer—
fectly dry, to ascertain its weight, by observing how
much heavier or lighter it is than the weight of water the
bottle is capable of holding, and adding or subtracting
accordingly ; and the result, divided by the weight
of water the bottle is capable of holding, will be the

sp. gr. .
P1{1‘%. A bottle capable of holding 500 grains of distilled |
water will hold 922-5 grains of sulphuric acid; the latter
weight divided by the former will give the sp. gr. of the

-
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acid, water being taken as 1; thus, %} —1'845 sp. gr.
of the acid : again, the same bottle, or one of like size, will
hold only 396 grains of turpentine, therefore 5 — 0792
sp. gr. of the tur].l)entine.

104. As the volume of liquids expands with increase of
temperature, the quantity of ponderable matter in a given
volume becomes thereby proportionably diminished ; it 1s
therefore requisite, in determining the sp. gr. of sub-
stances, to conduct all the experiments at one uniform
temperature ; the standard generally adopted is 60° Fah-
renheit. For the same reason, the bottle should never
come in contact with the naked hand during the experi-
ment ; it should be protected by a cloth during the wiping
and drying of it and its transfer to the balance.

EXERCISES.

86. If a bottle, capable of holding 300 grains of distilled
water, holds 260 of some other liquid, what is the sp. gr.
of that liquid P

87. Ifa bottle, capable of holding 360 grains of distilled
water, holds 320 grains of some other liquid, what is the
gp. gr. of that liquid ?

88. If a bottle, capable of holding 400 grains of distilled
water, holds 470 grains of some other liquid, what is the
sp. gr. of that liquid P

89. If a bottle, capable of holding 700 grains of distilled
water, holds 600 grains of some other liquid, what is the
8p. gr. of that liquid ?

105. If the sp. gr. of a fluid be known, the absolute
weight of a given volume of the same fluid can be deter-
mined. To resolve this problem, we have simply to
multiply the weight of an equal volume of water by the
8p. gr. of the flud; the result, divided by the sp. gr. of

e water, will be the weight of the volume of the fluid
we wish to determine. If we wished to know, for
mstance, the absolute weight of a gallon of sulphurie acid,
the sp. gr. of which is 1'85, we should multi]_)ly the weight
of a on of water, which is 70,000 grains, or 10 lbs.
avoirdupois, by 1'85, and the product, divided by the
sp. gr. of water, will be the weight of a gallon of the acid;

E



50 EXERCISES.

thus, 10 x 1-85 = 18'50, then 3*=18'5 lbs., the weight
of a gallon of the acid. '

EXERCISES.

90. Required the weight in pounds of a gallon of linseed
oil, its sp. gr. being 0°953. 4

91. Required the weight in pounds of a gallon of tur-
pentine, its sp. gr. being 0-792. 3

92. Required the weight of a gallon of the water of the
Dead Sea, its sp. gr. being 1:172.

93. Required the weight of a gallon of vinegar, its
sp. gr. being 1:063.

94. Required the weight of a cubic inch of merecury,
the sp. gr. of which is 13'59; a cubic inch of water
weighing 252458 grains,

106. When a solid is immersed in water or any other
liquid, 1t displaces a quantity of the fluid equal to its own
bullk (as no two bodies can oceupy the same space at the
same time), the absolute weight of which being deter-
mined, as well as that of the solid, the sp. gr. of the solid
18 the quotient obtained by dividing the latter weight by
the former.

107. The specific gravity of solids in the form of powder
or small fragments is determined by weighing them in air
and then introducing the weighed particles into a sp. gr.
bottle filled with water; a quantity of water overflows,
equal in bulk to the solid particles introduced ; the bottle
containing the substance weighs, therefore, less than the
bottle filled with water and the substance when they are
weighed separately, the difference being the weight of
the volume of water expelled by the solid. Thus, if we
weigh 200 grains of sand and then introduce it into a
sp. gr. bottle holding 500 grains of water, if no water
were expelled, the water and sand together would weigh
700 grains ; but instead of that it only weighs 624 grains,
the difference, 76, being the weight of the water expelled,
therefore 3% = 2'63 the sp. gr. of the sand. |

EXERCISES.

95. If 100 grains of a solid be introduced into a bottle
holding 500 grains of water, and if after the introduction
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of the solid the bottle weighs 560 grains, what is the
sp. gr. of the solid ? :

96. If 160 grains of a solid be introduced into a bottle
holding 400 grains of water, and if after the introduction
the bottle weighs 500 grains, what is the sp. gr. of the
solid P

97. If 300 grains of a solid be introduced into a bottle
holding 700 grains of water, and if after the introduction

the bottle weighs 850 grains, what is the sp. gr. of the
solid ?

108. When the substance whose sp. gr. has to be deter-
mined is soluble in water, it is necessary to employ some
other liquid in which 1t is insoluble; alcohol, naphtha,
turpentine, oil, &c., are the liquids generally employed
when water cannot be used. The sp. gr. of the fluid to
be employed is first determined, then the sp. gr. of the
golid in that fluid; the two numbers thus obtained, mul-
tiplied together, give the sp. gr. of the solid in water.
Thus, suppose that the sp. gr. of a solid was found to be
in turpentine 36, the sp. gr. of the turpentine being 0-792,
sp. gr. of the body will be, taking water as the standard,
36 X 00792=2-85. (Great care must be taken to prevent
air being admitted when the solid is added to the water
in the bottle; and if any should be introduced, every
bubble must be expelled before weighing, if we would
obtain accurate results. As an illustration, take 100 grains
of carbonate of soda, and introduce it into a sp. gr. bottle
which is capable of holding 1,000 grains of water, but
which is filled with aleohol, the sp. gr. of which is known;
weigh the bottle after the introduction, and then calculate
the sp. gr. of the carbonate of soda.

EXERCISES.

98. If 200 grains of a solid be introduced into a bottle
holding 400 grains of aleohol, the sp. gr. of which is 0-870,
and the bottle weighs, after the solid is introduced, 570
grains, what is the sp. gr. of thesolid, taking water as the
standard of comparison?

99. If 300 grains of a solid be introduced into a bottle
holding 700 grains of turpentine, the sp. gr. of which is
0790, and the bottle weighs, after the introduction of the
solid, 870 grains, what is the sp. gr. of the solid, taking
water as the standard of comparison ?
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109. We have noticed one of the effects of the immer-
sion of solids in liquids, viz., the displacement of so much
of the liquid as is equal in volume to the solid immersed ;
and if we can collect and weigh the volume of the liquid
displaced, and we have weighed the solid previous to its
immersion, their weights are of course the relative weights |
of equal volumes of the solid and liquid. 'We have now
to consider another of the effects attending the immersion
of solids in liquids. It is this:—

110. The solid will be pressed upwards with a force equal
to the weight of the liguid it displaces. For when a solid
is wholly immersed in a liquid, the lateral pressures are
equal, and contrary to each other, and therefore neutralize
each other; but the vertical pressures are uneqnal, the
ufvward pressure being greater than the downward ;
therefore the solid, as a consequence, has a tendency to
move upwards. Thus, suppose that a cube is immersed in
a vessel of water (Fig. 5), and that four
of its sides are arranged vertically.
These four sides, presenting the same
surface to the liquid, and being im-
mersed to the same depth, experience
equal pressures, and as the sides are
opposite to each other, two and two,
the lateral pressures must be contrary
as well as equal ; hence they are neutral-
ized, or in equilibrium. {;Vith regard,
however, to the pressures which act

Fig. 5. vertically on the horizontal sides A and
B, it is evident that the downward
pressure on A is equal to that of the weight of a column
of water having the side A for its base and A D for its
height : and that the upward pressure on B is equal to
that of the weight of a column of water having the side B
for its base anc% B D for its height. The cube, therefore,
tends to rise under the pressure of a force equal to the
difference of these pressures, which is equal, evidently,
to the weight of a column of water having the same base
and the same height as the cube; consequently, this
pressure is equivalent to the weight of water displaced by
the body immersed.

111. If the weight of the solid be equal to that of the

mass of fluid which it has displaced ; in other words, if its
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density or specific gravity be equal to that of the fluid, it
will remain suspended in the liquid wherever it may be
placed. If the solid has a greafer density than the liquid,
1t will sink, because the pressure of its weight is greater
than the upward pressure of the liguid. If the solid has
a less density than the liquid, the upward pressure of the
latter will exceed the weight of the solid; the solid will
therefore be forced up to the surface of the liquid with a
force equal to the difference between the weights of equal
volumes of the solid and the liquid. Itisusual to express
these effects by stating fhat a solid which is plunged
beneath the surface of a liguid loses as much of its weight
as is equal to that of the liguid displaced.

112. This prineiple, which constitutes the foundation of
the theory relating to immersed and floating bodies, is
known by the name of the principle of Archimedes.

113. The sp. gr. of solids in the mass is determined
by suspending them by means of a horsehair from the
hook under one of the scale pans; the mass is then
weighed in air, the operator having previously taken care
toremove any dust or loosely adhering particles. A vessel
of pure water at 60° Fah. 1s arranged in such a manner
that the solid, still suspended from the scale pan, can be
immersed as nearly as possible in the centre of the vessel,
and covered by at least half an inch of water (if ar
bubbles should adhere to the solid when immersed in the
water, they must be removed by means of a feather) ; it is
now to be weighed, and the weight will be less than in
air ; subtract the weight in water from the weight in
air, and the remainder will be the weight lost on immer-
sion; or, in other words, the weight of an equal
volume of water; divide the weight in air by the weight
lnﬁ’l-i;dnn immersion, the quotient will be the sp. gr. of the
solid.

114. The above method must be slightly modified for
solids lighter than water; they are first weighed in air,
after that they are connected with a piece of lead heavy
enough to sink them, the absolute weight of which, and
the weight it loses on immersion, being known. From
the weight lost by the combined bodies, deduct the weight
lost by the lead, and the remainder will be the weight of
the volume of the fluid displaced by the lighter body.
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Divide the weight of the light body by the weight of the
water 1t displaces, and the quotient will be its sp. gr. -

|
o
EXERCISES. L

100. Required the sp. gr. of a solid which weighs
36 grs. in air and 26 grs. in water. i

101. A solid, whose weight in air is 60 grs., weighs
40 grs. in water and 30 grs. in sulphuric acid ; required |
the sp. gr. of the acid. i3

102. A piece of metal, weighing 36 1bs. in air and
32 lbs. in water, is attached to a piece of wood, the
welght of which in air is 30 lbs. ; the weight of the com-
bined solids in water is 12 lbs.; required the sp. gr. of
the wood. : j

=

115. “ It is difficult directly to measure the volumes of
solids, unless they have some regular figure. Liquids, on
the other hand, adapting themselves to the form of any
vessel in which they are placed, admit of measurement by °
pouring them into vessels of known capacity. Hence 1t
18 that the quantities of liquids are usually expressed by
measure, while those of solids are commonly expressed by
weight., But by the method just explained, liquids supply
easy means of measuring the volumes of solids, no matter
how irregular the shape of the latter may be, provided
only that the solid to be measured will not dissolve in, or
be penetrated by, the liquid in which it is immersed. We
know, for instance, that an imperial gallon of water
weighs 101bs., and that its volume is 277274 cubic inches.
Now, when we immerse a solid in water, it displaces a
quantity of water equal to its own volume, and the
difference of the weight of the solid in air and water is
the weight of that volume of water which it displaces;
from these data it is evident we can always calculate the
volume of a solid. Suppose, for example, the difference
in weight of a solid in air and water is 24 lbs., this is the
weight of the volume of water which is equal to its own
volume, which it has displaced ; therefore, as an imperial
gallon of water weighs 10 lbs., and the volume of a gallon
of water is 277274, cubie inches, the volume of the solid
in question must be one-fourth of that of an imperial
gallon, or 69318 cubic inches.” :

!

[
|



EXERCISES. 55

116. The sp. gr. of a body forms one of its most
important and distinguishing physical characters. The
mineral iron pyrites, for instance, is in colour almost
exactly like g{ﬁd; but it is at once distinguished from the

recious metal by the difference in sp. gr., an equal
bulk of gold being nearly four times as heavy. In the
practical arts the sp. gr. of bodies serves two very im-
portant purposes—1st, to determine the weight of a body
whose volume is known; and 2nd, to determine the
volume when the weight is known.

EXERCISES.

103, What will be the weight of a block of limestone
containing 12 cubic feet, 1 cubic foot of water weighing
625 Ibs., the sp. gr. of the stone being 2:64°?

104. How many cubie feet are there in a block of coal
weighing 1 ewt., its sp. gr. being 1-232 7

105. The sp. gr. of bar iron is 7°788; required the
weight of a cubic foot. |

106. The sp. gr. of flint glass is 3:329; required the
weight of a cubie foot.

107. The sp. gr. of oak is 0-845 ; required the weight of
a cubic foot.

108. The &p. gr. of cork is 0-240; required the weight
of a cubice foot.

109. The sp. gr. of ice is 0930 ; required the weight of
a cubic foot.

110. The sp. gr. of silver is 10°474 ; required the weight
of a cubie 'Lnrgn. ,

111. A solid weighs 49 grs. in air, and 42 grs. in water ;
required the weight of a cubic foot of the substance.

117. For commercial purposes the sp. gr. of liquids
18 determined by means of an instrument called the
hydrometer ; this instrument is not so accurate as the
SP. %r bottle, but it is preferable to it on account of its
simplicity and the rapidity with which the experiment
can be made with it, and at the same time it is sufficiently
accurate for all commercial purposes.

118. ““The hydrometer (Fig. 6) in general use consists
of a floating vessel of thin metal or glass, having a weight
beneath to maintain it in an upright position, and a stem
above bearing a divided scale. The use of the instrument
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is very simple. The liquid to be tried is

ut into the glass jar represented in the

: gure, and the instrument floated in it.
i It is obvious that the denser the liquid,
| the higher will the hydrometer float,
because a smaller displacement of fluid
will counterbalance its weight. For the
same reason, in a liquid of less density,

:i it sinks deeper. The hydrometer comes

to rest almost immediately, and then the

% S mark on the stem may be read off. The
graduation of the stem is very commonly
arbitrary, two or three different scales
being unfortunately in use. These may
be sometimes reduced, however, to the true numbers
expressing the sp. gr. by the aid of tables of comparison
drawn up for the purpose.”*

119. The methods pursued in determining the sp. gr.
of gases are too complicated to be described here.

120. The subject of atomic weights is explained in the
next chapter.

121. The student ought to write out answers to the
following questions :—

Fig. 6.

EXERCISES.

112. Into how many classes are the properties of matter
divided P

113. Name the physical properties of oxygen, chlorine,
carbon, and mercury.

114. Name the chemical properties of oxygen, chlorine,
and carbon.

115. Enumerate the essential properties of matter, and
the non-essential properties of matter.

116. What is meant by absolute weight ?

117. What is meant by specific weight ?

* Fownes’ ** Elements of Chemistry.”
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CHAPTER 1V.

Affinity causes unlike substances fo wunife together.
Exercises. Chemical force exerted only at insensible dis-
tances. Ewercises. Formation of compounds by substitu-
tion. Kxercise. Constancy of composition in chemical
compounds. Exercises. FEquivalent proportions. Afomie
theory. FExercises. A difference in the properties of com-
pounds does not always arise from a difference in their
elementary constitution. Multiple proportions. FExer-
cises.

122. Affinity causes unlike substances to unite together.
Chemical attraction, or affinity, is the force which causes
unlike substances to unite together. And the greater the
difference in the properties of the substances, the greater
will be their tendency to unite together. Exs.—The metals,
as a class, differ as widely from the acids in properties as
possible ; but the acids rapidly dissolve the metals. Aecids
and bases possess the most opposite properties, yet they
always combine when they are brought together.

EXERCISES.

118. Add some nitric acid to some copper filings, the
copper will combine with the acid, and become dissolved ;
the solution of the compound produced by the combination
of the acid and metal will be of a beautiful blue colour.

119. Add some sulphuric acid to some iron filings, the
iron will combine with the acid and become dissolved.

120. Add some sulphuric acid to some ammonia, in such
proportion that the solution, after the addition, has no
action upon either blue or red litmus papers, which proves
that the acid and base have united.

- 123. The compound produced possesses properties per-
fectly different from those of its constituents. The new
and more complex body produced by the combination
of two or more bodies, possesses properties perfectly
different from those of its constituents. If, for instance,
the blue liquid which has been produced by the action of
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nitric acid on the copper, were evaporated to dryness, we
should obtain this blue crystalline substance ;* or, if we
evaporated the solution we have obtained by acting on
iron with sulphuric acid, we should obtain this green-
coloured salt. Now what relation or resemblance is there
between the copper and the nitric acid, and this blue ﬂ
erystalline solid; or between this green crystalline solid
and the sulphuric acid and iron? We learn from these |
examples that there is no resemblance between the proper-
ties of a compound and those of its constituents. Z%he
properties of a compound cannot be predicted, either from a
knowledge of the properties of its constituents, or from any
other source. :

124. The ciemical force is exerted only at insensible dis-
tances. If a sensible distance intervenes between two or
more substances, they will not be able to enter into com-
bination, because the chemical force is exerted only at
insensible distances. For substances to combine, 1t 18
necessary, therefore, that they should be in intimate con-
tact, or separated only by immeasurably small distances.
On this account, the solid state is less favourable to
chemical action than the fluid state ; for in the solid state
the particles of unlike bodies cannot be brought into that
close proximity which is essential for the development of
their mutual affinities. The following exercises are given
to teach the student the fact that solid bodies can rarely
be made to combine by merely mixing them together, but
if they are brought into a state of solution, combination
will at once take place, if the substances are capable of
entering into combination.

EXERCISES.

121. Mix some chloride of mercury and some iodide of
potassium together in a mortar ; observe that the mixture
remains colourless: subsequently dissolve the mixed solid
1n water, when a Bcarlet-ccﬂoure substance, 1odide of mer-

cury, will be produced. B
122. Mix some nitrate of lead and some iodide of potas-
sium together in a mortar; observe that the mixture re-

* Specimens of nitrate of copper and sulphate of iron must be on the
ecture table,
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EXERCISE.

mains colourless : then add water, when a beautiful yellow-
coloured substance, iodide of lead, will be produced.

125. Another peculiarity of the chemical force is, that it
is exerted between different kinds of matter with different
degrees of force. Nitric acid, for instance, will oxidize
and combine with most of the metals; it oxidizes and
unites, for instance, with silver, mercury, copper, lead,
and iron; but it unites with these metals with very
different degrees of intensity ; with silver the combination
18 less powerful than with mercury ; with mercury less
powerful than with copper; with copper less powerful

than with lead; and with lead less powerful than with
iron.

EXERCISE.

123. Place a piece of metallic iron in a solution of nitrate
of copper (about a quarter of an ounce of the eopper
galt in half a pint 0?‘ water) ; the nitric acid will leave
the copper, and combine with the iron, forming with it
nitrate of iron; the metallic copper set free will be preci-
pitated on the metallic iron, which remains uncombined.

126. A chemical compound is distinguished from a
mere mixture of substances, or from a simple adhesion of
different substances, not only by its possessing properties
enfirely different from those of its constituents, but by
the still more remarkable characteristic that it is always
composed of the same elements united in unvarying pro-
portions by weight. We have to remember, then, that
bodies always combine in fixed and invariable proportions,
and this law, it may be observed, is the basis of chemistry.
No circumstances whatever can alter the proportional
quantities of the constituents of a compound. Thus com-
mon kitchen salt—whether obtained from the salt beds in
Poland or from those in Cheshire, wherever found or
however prepared, whether by the agency of man or by
the operations of nature—is always made up of the two
elementary bodies, chlorine and sodium, and in the inva-
riable proportion of 23 parts by weight of sodium to 35°5
parts by weight of chlorine. Substances can, under
certain circumstances, assume different states; for in-
stance, carbonate of lime exists both crystallized (marble)
and uncrystallized (chalk); water can assume the solid,
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the liquid, and the gaseous states. Under all forms and
states, however, the chemical composition remains the
same. Pure water—whether in the solid state, as hail
and snow, or in the liquid state, as rain or dew, or in the
gaseous state, as steam—is always made up of the two
elementary bodies, hydrogen and oxygen, and always in
the proportion of one part by weight ﬂ? hydrogen to eight
parts by weight of oxygen.

127. From these and similar facts we deduce the law
that substances always combine in fixed and invariable
proportions, which proportions are not interfered with
when two or more substances are brought together in other
proportions. If they combine, they do so in the very same
proportions they would have done, had they been brought
together in their natural proportions, the only difference
being, that a portion—constituting the excess of one or
more of the constituents—remains uncombined. Oxygen
and zine, for example, combine in the proportion of 8 parts
by weight of the former to 32 parts by weight of the
latter element ; 40 parts by weight of the compound—oxide
of zinec—being formed. Let us suppose that we brought
them together in the proportion olf? 8 of oxygen to 36 of
zinc; the combining proportions of the two elements,
nevertheless, would be the same, 8 parts of oxygen com-
bining with 32 parts of zine, 40 parts of oxide of zine
being formed, and 4 parts of zine remaining uncombined.
To take another supposed case: let us say that they were
brought together in the proportion of 9 of oxygen to 32 of
zine, nevertheless 8 parts of oxygen, as before, would
combine with 32 parts of zine, 40 parts of oxide of zine
being formed, and 1 part of oxygen remaining uncombined.
Water and lime combine in the proportion of 9 parts by
weight of the former compound to 28 parts by weight of
the latter, 37 parts by weight of hydrate of lime being
formed. Suppose that we added 11 parts of water to 28
of lime, the consequence would be that 2 parts of water
would remain uncombined, 37 parts of hydrate of lime
being produced; or that we added to every 9 parts of
water 31 parts of lime, 37 parts of hydrate of lime would
still be formed, whilst 3 parts of lime would remain un-
combined.

128. This eonstancy of eomposition in chemical com-
pounds, not only as regards their elements, but also as
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' regards the weight of these elements, will be better under-
stood, perhaps, if we select a few more examples, and
arrange them in a different manner.

Water contains Hydrochlorie Acid contains
_ in 100 pts. . in 100 pts,
' Oxygen 8889 Chlorine 97°26
Hydrogenl1-11 X 8 =88'88 Hydrogen 2:74 X 35'56=97"27
100-00 100°00
Hydrosulphurie Acid contains Hydriodie Aeid contains
in 100 pts. in 100 pts.
Sulphur 94-12 Todine 99:22
H}'grngen 5'88 X 16=94-08 Hydrogen 078 x 127=99'06

100700 100°00

129. It 1s evident from these examples that the different
constituents of a chemical compound are present in dif-
ferent proportions by weight. Thus, in water, there is 8
times more of oxygen than of hydrogen ; for if we multiply
the quantity of hydrogen contained in that compound by 8,
the product will J)l;us: the quantity of oxygen present in that
liquid. In the same way, there is 16 times more sulphur
than hydrogen in hydrosulphuric acid ; for if we multiply
the quantity of hydrogen in 100 parts of that compound
by 16, it will give us the quantity of sulphur the compound
contains in 100 parts: and so with respect to the other
two examples.

130. We may therefore express these facts in the fol-
lowing simple form. To one part by weight of hydrogen
there is found—

In Water. In Hydrochlorie Acid.
8 parts of oxygen. 35°5 parts of chlorine.
In H}'drosulp]lllric Acid, Hydriodie Acid.
16 parts of sulphur. 127-1 parts of iodine.

131. Every 9 parts of water then are invariably com-
posed of 8 parts of oxygen, and 1 of hydrogen ; every 365
parts of hydrochloric acid are composed of 355 parts of
chlorine, and 1 part of hydrogen, &e.

132. Chemical compounds are therefore always constant
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and definite in composition, not only as regards their com-
ponents or elements, but likewise as regards the quantity by
weight of these elements. This 1s the first of the four great
laws of chemical union.

EXERCISES.

124. How much water would be produced from 28 1bs. of
oxygen and 5 lbs. of hydrogen, and would either of the
elements be in excess?

125. How much hydrochlorie acid would be produced
from 5 1bs. of hydrogen and 178 1bs. of chlorine, and would
either of the elements be in excess?

126. How much hydriodic acid would be produced
from 7 1bs. of hydrogen and 1,000 Ibs. of iodine, and would
either of the elements be in excess?

127. How much hydrosulphurie acid would be pro-
duced from 6 1bs. of hydrogen and 801bs. of sulphur, and
would either of the elements be in excess P

133. “There are two modes in which chemical com-
pounds are formed. The simplest is that where the two
substances unite directly.” The experiments on the com-
bination of two elements, on the combination of a com-
pound with a further quantity of one of its elements, and
on the combination of two compound substances, are all
examples of direct combination.

134. “ The other mode in which eompounds are formed
is still more common. It occurs where, in a body already
formed, one of the ingredients of that body is displaced
by another substance, and a new compound results.” We
have directed the student’s attention, in par. 125 and
exercise 123, to this mode of producing compounds, viz.,
by displacement or substitution,

135. It has been stated (125) that nitric acid will
oxidize and combine with most of the metals; that it
oxidizes and unites, for instance, with silver, mercury,
copper, lead, and iron; but that it unites with these
metals with very different degrees of intensity. With
silver the combination is less Rnwerful than with mercury ;
with mercury less powerful than with copper; with
copper less powerful than with lead ; and with lead less
powerful than with iron. If, therefore, mercury were
added to the compound produced by the combination of
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the acid with silver, the mercury would displace and take
the place of the silver; if copper were added to the
compound produced by the combination of the nitrie acid
and mercury, the copper would displace and take the
place of the mercury ; if lead were added to the compound
produced by the combination of the nitric acid and copper,
the lead would displace and take the Rlaee of the copper;
if iron were added to the compound produced by the
combination of nitric acid and lead, the iron would dis-

lace and take the place of the lead ; therefore any metal
mn the list can displace all the metals which precede it,
and can be displaced by each of the metals below it.

136. Equivalent proportions.—Mercury replaces silver
in the proportion, by weight, of 100 parts of mercury for
every 108 parts of silver; copper replaces mercury and
silver in the proportion of 31'7 parts of copper for every 100
parts of mercury,or 108 parts of silver; lead replaces copper,
mercury, or silver, in the proportion of 1037 parts of lead
for every 31-7 parts of copper, or 100 parts of mercury, or
108 parts of silver; iron replaces lead, copper, mercury, or
silver, in the proportion of 28 parts of iron for every 1037
parts of lead, or every 317 parts of copper, or every 100
parts of mercury, or every 108 parts of silver. We will illus-
trate the proportions in whicﬁ substances replace and are
replaced, E_'; a few more examples :—Sixteen parts of sul-
phur, we have seen (129), combine with 1 part of hydrogen
and form 17 parts of hydrosulphuric acid ; if we were to
replace the sulphur in hydrosulphuriec acid by iodine, we
should require 1271 parts of iodine for every 16 of sulphur,
and the compound, after the sulphur had been replaced by
the iodine, would not be hydrosulphurie acid ; it would be
hydriodic acid: if we were to replace the sulphur in
hydrosulphurie acid, or the iodine in hydriodie acid, by
chlorine, we should require 35°5 parts of chlorine to replace
every 16 parts of sulphur, or every 1271 parts of iodine.
From these examples it will be seen that whether a sub-
stance, A, combines with another substance, B, by direct
combination, or by replacing some other substance with
which B is united, it (A) always combines with B in the
same proportions by weight in whichever way the com-
bination takes place; thus, chlorine always unites with
hEdrﬂgen, in the proportion by weight of 355 parts of
chlorine to every 1 part of hydrogen, whether the chlorine
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unites with the hydrogen by direet combination or by dis-
placing some substance with which the hydrogen is united.

137. From these and like facts the second law, which is
called the law of equivalent or reciprocal proportions,
has been deduced—viz., that if a body, A, unite with
other hodies, B, C, D, forming with them the compounds
A B, A C, A D, the quantities of B, C, D, which unite
with A, will also be the quantities in which they unite |
among themselves, in the event of union taking place to
form the compounds B C, B D, C D.*

138. Atomic theory.—The cause, which renders impos-
sible a combination of the elements in any other Tﬂwn
these fixed proportions, is unknown. But a beautiful
theory was constructed by Dalton to account for the fact,
which, although purely speculative, has been of the utmost
service. He supposed all matter to consist of certain small
particles which he called atoms, because, according to his

* The apparatus shown in Fig. 7, will be found useful in convering to the
student correct ideas respecting the law of equivalent proportions, and for
illustrating chemical changes generally. The apparatus ought to be made of |

wood, and hung ;1)]_3 on one of the walls of

the class-room. irections asto its use :—
On the discs A A and BB are to be marked
with chalk the symbols and their atomie
weights ; and on the arms c ¢ the names of
the compounds with their atomic weights.
The discs 88 on the movable arm are for
the symbols and atomic weights of the con-
stituents which replace each other: these
discs are made to revolve, so that the let-
ters marked upon them can always be kept
in their proper }:n:}aitiun. To illustrate ?ﬂa
use by an example,—if the two compounds,
A B and ¢ p, when brought together, mu-
tually decomposed each other, Ap and cB
being formed, we should show these changes
on the machine by marking the symbol and
atomic weight of 4 on one of the disecs
marked A, and the symbol and atomie
weight of B on one of the dises marked B,
and place these two dises together ; on the
! arm ¢ connected with these dises, we should

Fig. 7. write the name of the compound A B and

: its atomic weights. On the other dise A

we should write the symbol for ¢ and its atomic weight; and on the dise B
the symbol and atomie weight of » ; and on the arm ¢ the name and atomie
weight of the compound ¢p. We then move the arm, so that the dise
marked D comes underneath that one marked A, and the one marked B under
that of ¢; the names and atomic weights on the arms then require to be
altered. When there is only one compound, A B, and this is decomposed
when another body, ¢, is brought in contact with it, the compound 4 ¢ being
formed, and B set free, only one of the discs, 4, is required.
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idea, they are so minute as to be incapable of division.
He likewise considered the atoms of the different elements
to differ in weight ; if this be admitted, the difficulty of
explaining why the elements should always combine, and
replace each other, in certain definite proportions, is
removed.

139. As these ultimate atoms of matter have never been
obtained, their absolute weight cannot be determined. The
numbers which are given in the TiBrLE oF ErLeMENTS
merely express the relative weights of the atoms; these
numbers being obtained by observing what weight of one
element will replace a certain weight of some other ele-
ment. Thus, experiments have shown that 39 pounds of
potassium, or 16 pounds of sulphur, are required to replace
one pound of hydrogen. The atomic theory explains these
facts, by supposing that one atom of potassium, or one
atom of sulphur, replaces one atom of hydrogen, and if we
assume that the atom of hydrogen weighs ozne, it follows
as a necessary consequence that the atom of potassium

ust weigh ¢hirty-nine, and the atom of sulphur sizfeen ;
and thus by taking some one element as the standard of
eomparison, the relative weights of all the other elements
e determined. Hydrogen has been made the standard
in the Table of elementary bodies. The number attached
0 each element in the Table may, therefore, be called
either its combining proportion,its equivalent, or its atomic
etght.

140, The figures under the head *“ atomie weights,” in the
TasLE oF ELEMENTS, express the quantities by weight of
edifferentelements which unite with onepart of hydrogen,
r with eight parts of oxygen; they are also the simplest
roportions in which the elements can unite with each
ther. To show how to make use of these numbers, and
ow useful they are, we will give a few examples and
erwards some exercises.
141. ExamprEs.—If we desired to know how much
otassium could combine with 8 of oxygen, to form the
ompound substance potash, we refer to the Table of
lements, and we find that 39 stands opposite potassium :
his, therefore, is the quantity of that element which will
ombine with every 8 parts of oxygen ; and 47 parts of
e compound (potash) will be formed from every 39
F
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parts of potassium and every 8 parts of oxygen. If we
desired to know how much bromine could combine with
1 part of hydrogen, we refer to the table, and we find
that 80 stands 0:{; osite bromine : this, then, will be the
quantity which w1 Fcﬂmbine with every 1 part of hydrogen
to form the compound hydrobromic acid ; and 81 parts of
the ecompound will be formed from every 80 parts of
bromine and every 1 part of hydrogen. As 39 of potas-
sium combine with 8 of oxygen, and 80 of bromine com-
bine with 1 of hydrogen, potassium and bromine will
combine, if they can enter into union, which they ean, in
the proportion of 39 of potassium to 80 of bromine. But
let us suppose that potassium and oxygen were united,
and we desired to know how much sulphur would be
required to displace and take the place of the oxygen ; on
referring to the table we should find 16 opposite sulphur:
therefore 16 of sulphur would be required to replace every
8 parts of oxygen in combination with potassium ; but 1t
would not only be the quantity to replace every 8 of
oxygen when in combination with potassium ; but it would
be the guantity to replace 8 of oxygen, with whatever
element the oxygen might be uniteg. Let us suppose
that bromine and hydrogen were united together, and
we desired to know what quantity of chlorine would be
required to replace every 80 parts of bromine; we refer
to the table, and we find opposite chlorine the number
35'5: this, then, is the quantity which replaces 80 of
bromine, not only when the bromine is wunited with
hydrogen, but with whatever element it may be united.

EXERCISES.

128. How much zine will combine with 8 parts of oxy-
gen, and how many parts of the compound (oxide of
zine) will be formed P

129. How much hydrogen will combine with 16 parts
of oxygen, and how many parts of water will be formed ?

130. How many parts of potassium will combine with
355 of chlorine, and how many parts of the ecompound
(chloride of potassium) will be fgrmed?

131. How many parts of lead will combine with 48 o
oxygen, and how many parts of the compound (pro-
toxide of lead) will be formed?
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- 132. How many parts of lead will combine with 48 of
gulphur, and how many parts of the compound (sulphide
of lead) will be formed ?

133. In 9 parts of the compound H O, what quantity of
hydrogen is there, and what quantity of potassium will
replace it ?

134. In 28 parts of the compound Ca O, what quantity
of oxygen is there, and what quantity of sulphur will
replace it P

135. In 20 parts of the compound Mg O, what quantity
of oxygen is there, and what quantity of chlorine will
replace 1t P

136. Oxygen and potassium unite, in the proportion of
8 of the former element to 39 of the latter, to form 47
parts of potash. What quantity of oxygen is contained
m 100 parts of potash P

137. Bromine and hydrogen unite, in the proportion of
80 of the former element to 1 of the latter, to form 81
parts of hydrobromic acid. How much bromine is con-
tained in 150 parts of hydrobromic acid ?

142. Multiple Proportions.—Compound substances, dif-
fering in their elementary constitution, will obviously pos-
sess different properties, but a difference in the properties
f compound substances does not always arise from a differ-
nee in their elementary constitution ; for example, the
ative loadstone, and the common rust of iron, are each
composed of the elements oxygen and iron, yet they
ossess very different properties, owing to the different
proportions in which the elements are united in the two
ubstances,—loadstone containing, for every 21 pounds of
on, 8 pounds of oxygen, whilst rust contains, for the
ame amount of iron, 9 pounds of oxygen. The active
nedicine, calomel, and the deadly poison, corrosive sub-
mate, are each composed of the elements mercury and
lorine, but in different proportions ; calomel containing,
or every 354 pounds of chlorine, 200 pounds of mercury ;
hilst the corrosive sublimate contains, for the same
mount of metalloid, only 100 pounds of metal. This
ifference in the properties of two compounds having the
ame elementary constitution, 18 due to the fact already
tated, that an element may combine with another
element in more proportions than one, these different
roportions giving rise to as many different compounds,
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all distinet in properties, although the elementary con-

stitution of each is the same. This is called the law of
“multiple proportions,” and may be thus expressed:
When a body is capable of combining with another body
n several proportions, these proportions bear a simple
relation to each other. When one body, A, unites with
another body, B, in two or more quantities, the quantities
of the latter, united with the same quantity of the former,
bear to each other proportions which may be represented
by one or other of two series :—

lst Series. A unites with 1, 2, 3, 4, 5, &e., atoms of B.

The following compounds exemplify this series:—

A B
Carbonie oxide ............ Carbon 6 ... Oxygen 8=8 x1
Carbonie acid............... Ditto 6 .0 oDatkal 36—
Nitrous oxide ............ Nitrogen 14 ... Ditto 8=8x1
Nitric oxide ............... Ditto 14 ... Ditto 16 =8 x 2
Hyponitrous aeid ......... Ditto 14 .. Ditto 24=8x3
Witrouns acid ............... Ditto 14 .. Dittoe 32=8x 4
Nitric acid .................. Ditto 14 .. Ditto 40 =8x5

143. This series admits of an easy and satisfactory ex-
planation by the atomic theory ; for if we assume, in
accordance with that theory, that carbonic oxide i1s com-
posed of one atom of carbon, and one atom of oxygen, the
weight of the former (taking hydrogen as unity) being 6,
and the latter 8, it follows that carbonic acid is composed
of one atom of carbon = 6, and two atoms of oxygen =
16. The fact of 14 parts of nitrogen combining respee-
tively with 8, 16, 24, 32, and 40 parts of oxygen, is
explained in the same way, viz., that the weight of an
atom of nitrogen is to an atom of oxygen as 14:: 8, there-
fore, that 1 atom of nifrogen = 14 is combined in nitrous
oxide with 1 atom of oxygen = 8; in nitric oxide with 2
atoms of oxygen = 16; in hyponitrous acid with 3 atoms
of oxygen = 24; in nitrous acid with 4 atoms of oxygen
= 32 ; and in nitric acid with 5 atoms of oxygen = 40.

EXERCISES.

138. Every 100 parts of a compound of sulphur and
nxjr%fn (sulphurous acid) are composed of 50 parts of
sulphur and 50 parts of oxygen. ow much oxygen is
united with 16 (weight of one atom) of sulphur? and how
many atoms of oxygen is it equal to P

139. Every 100 parts of a compound of sulphur and




MULTIPLE PROPORTIONS, 69

oxygen (sulphuric acid) are composed of 40 parts of
53;) ur and 60 parts of oxygen. How much oxygen is
united with 16 (weight of one atom) of sulphur ? and how
many atoms of oxygen is it equal to?

140. Every 100 parts of a compound of phosphorus and
oxygen (phosphorous acid) are composed of 5636 parts of
phosphorus and 4364 parts of oxygen. How much
oxygen is united with 31 (weight of one atom) of phos.
phorus? and how many atoms of oxygen is it equal to?

141. Every 100 parts of a compound of phosphorus
and oxygen (phesphoric acid) are composed of 43-66 parts
of phosphorus and 5644 parts of oxygen. How much
oxygen is united with 31 (weight of one atom) of phos-
phorus? and how many atoms of oxygen is it equal to P

142. Every 100 parts of calomel are composed of 84-96
parts of mercury and 15'04 parts of chlorine; and every
100 parts of corrosive sublimate are composed of 73:86
parts of mercury and 26-14 parts of chlorine. What
quantity of mercury is combined with 355 (weight of
one atom) of chlorine in the calomel and the corrosive
sublimate? and how many atoms of mercury is it equal
to in the two compounds?

144. If hydrogen be made the standard (139), ¢* the defi-
nition of a chemical equivalent or combining proportion
becomes as follows :—TZ%he combining proportion of a
simple substance represents the quantity of that substance
which unites with eight parts of oxygen to form a pro-
toxide.,”*

The second series is somewhat more intricate.

F%ld Series. A unites with 1, 1}, 1%, 14, 23, &e., atoms
oI b.

The following compounds exemplify this series :—

A B
Protoxideof Iron ............ Iron 28 ... Oxygen 8=8x1
Magnetic Oxide of Iron...... Ditto 28 ... Ditto 10 =8 x 11
Magnetic Oxide of Iron...... Ditto 28 ... Ditto 1068 =8 x 1
Sesquioxide of Iron ......... Ditto 28 ... Ditto 12 =8 x 13
Hyposulphurous Aecid ...... Sulphur 16 ... Ditto 8=8x1
Hyposulphurie Acid ......... Ditto 16 ... Ditto 20 =8 x 2}

145. When the different quantities of B, which can
unite with the combining proportion of A, are multiples
by whole numbers of the combining proportion of B, this

* The term protoxide is explained in par. 160,
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arises from 1 atom of A uniting with 1, 2, 3, 4, 5, &e.,
atoms of B; this is exemplified by the compounds in the
first series.

146. When the different quantities of B, which ean
unite with the combining proportion of A, are multiples
by mixred numbers of the combining proportion of B, this
arises from 2 or more atoms of A combining with 3 or
more atoms of B; this is exemplified by the compounds
in the second series. As 28 of iron unites with 8 of
oxygen to form protoxide of iron, 28 must be the com-
bining proportion of iron, and we see that 10 and 10°66
parts of oxygen unite with 28 parts of iron in the magnetic
oxides, and 12 parts of oxygen with 28 of iron in the
sesquioxide ; if 8, the combining proportion of oxygen, be
multiplied by the mixed numbers 1}, 1%, 14, the products
will be 10, 10°66, and 12. As atoms are conceived to be
the smallest particles of matter, they do not admit of divi-
sion, therefore quarter or half atoms are inadmissible. If,
therefore, we assume that protoxide of iron is composed
of 1 atom of iron to 1 atom of oxygen (the weight of an
atom of the metal being to an atom of the metalloid as
28 : 8), the magnetic oxides cannot be composed of 1
atom of iron and 1} and 1} atoms of oxygen, neither can
the sesquioxide be composed of 1 atom of the metal and
1} atoms of oxygen, because these proportions are incon-
sistent with the supposition on which the atomic theory is
based ; these and like compounds must, therefore, be com-
posed of 2 or more atoms of A united with 3 or more
atoms of B. DBefore we describe the method for ascer-
taining the rafional proportion in which substances are
united, we must direet the student’s attention to the most
frequent proportions in which two elements unite together.
Representing, as we have done in the examples, the con-
stituents of a binary compound (a compound composed of
two elements) by A and %, the last being the oxygen or
electro-negative * constituent, *“the most frequent com-
binations are A + B, A + 2B, A 4+ 3 B,and A + 5 B.
The combination of 2 A 4+ 3 B, is not unfrequent, but
2A+B A4+ 4B, A4+7B,2A+2B,0r2A + 5B,are

of comparatively rare occurrence. Combination between

* The term electro-negative the student will find explained in a future
lesson, :
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two elements is not known to occur in more complicated
ratios than the preceding, if the compounds of carbon and
hydrogen be excepted, which are numerous, and exhibit
great diversity of composition, like the compounds of
organic chemistry generally, to which they properly
belong.”—Grakam.

147. The method for finding the rational proportion of
substances united in complex proportions must now be
explained to the student. An atom, as we have stated
before, is considered to be a particle of matter so small
that it is incapable of division; therefore, when we find,
by analysis, the elements of a compound united in the
proportion by weight of 1 atom of A to 1}, or 2§, or 3}
atoms of B, as these proportions are inconsistent with the
supposition on which the atomic theory is based, we get
rid of the fractions by doubling both numbers ; thus, 2
atoms of A to 3, or 5, or 7 atoms of B, the proportions by
weight of the elements, still remain the same, whilst the
absurdity of dividing an atom is avoided. When the
elements are found to be in the proportion of 1 atom of
A to 1} atoms of B, this is in the proportion of 4 atoms of
A to 5 atoms of B; if, therefore, we multiply the 1 atom
of A and 1} atoms of B by 4, we obtain their true atomie
proportions: in the same way, if we find 1 atom of A
united with 13 atoms of B, this is in the proportion of
3 atoms of A to 4 atoms of B; if, therefore, we multiply
the 1 atom of A and the 1} atoms of B by 3, we obtain
their true atomic proportions. The correct atomic pro-
portions of elements united in complex proportions are
obtained by multiplying the quantities of A and B by the
denominator of the fraction ; find by this rule the atomic
proportions in the following exercises :—

EXERCISES,

143. A compound of manganese and oxygen contains
these elements in the following proportions:—276 of
manganese and 12 of oxygen; find the atomic propor-
tions.

144. A compound of manganese and oxygen contains
these elements in the following proportions:—27'6 of
manganese and 10 of oxygen; find the atomic propor-
tions.
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145, A compound of manganese and oxygen contains
these elements in the following proportions:—27'6 of
manganese and 1066 of oxygen; ﬁng the atomic pro-
portions. '

146. A compound of lead and oxygen contains these
elements in the following proportions :—103-7 of lead and
12 of oxygen; find the atomic proportions.

147. A eompound of lead and oxygen contains these
elements in the following proportions :—103-7 of lead and
1066 of oxygen ; find the atomic proportions.

148. It has been proved by numerous experiments that
the atomic weight of any compound is equal to the sum
of the atomic weights of the elements which compose it ;
for a compound atom must weigh as much as the indi-
vidual atoms of the elements compriging it taken together.
Ex.—1 atom of hydrogen = 1, and 1 atom of oxygen = 8,
and they form, when united, 1 atom of water ; therefore the
atomic weight of 1 atom of water must be 9, because
1 4+ 8 = 9; 2 atoms of iron = 56, and 3 atoms of oxygen
= 24, and they form, when united, 1 atom of sesquioxide
of iron, therefore the atomic weight of one atom of sesqui-
oxide of iron must be 80, because 56 + 24 = 80.

149. The laws of reciprocal and multiple proportions
apply to the combination of compound bodies as well as
to the elementary ones; for the former, as well as the
latter, frequently unite in more proportions than one.
The answers to the following exercises must be written
out by each student.

EXERCISES,

148. The student ought to write out as complete an
answer as he possibly can to the following question:—
How does chemical affinity differ from the attraction of
cohesion ?

149. How many modes are there of forming chemical
compounds P

i o

I S T S
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CHAPTER V.
CHEMICAL NOTATION® AND NOMENCLATURE.

Advantages which signs possess over words. The signs
used wn chemistry. Rules for naming chemical compounds.

150. Every one is aware of the advantages which signs
possess over words in arithmetic,—they are equally useful
and indispensable in chemistry ; and he who would be in
the least degree acquainted with our science, must under-
stand these symbolical expressions.

151. Chemists designate the elements, and at the same
time their combining quantities, by symbols or signs.
The symbol O signifies not merely the element oxygen,
but also 1 atom, or 8 parts by weight, of that element;
the symbol H signifies not merely the element hydmgen,
but also 1 atom, or 1 part by weight, of that element. The
symbol H O signifies not merely the compound body
water, but 1 atom, or 9 parts by weight, of that compound ;
this symbol further indicates that this compound atom is
made up of 1 atom, or 1 part by weight, of hydrogen, and
1 atom, or 8 parts by weight, of oxygen. The symbol
Fe O represents 1 atom, or 36 parts by weight, of the com-
pound body oxide of iron ; the symbol further shows that
this compound atom consists of 1 atom, or 28 parts by
weight, of iron, and 1 atom, or 8 parts by weight, of

oxygen.
EXERCISES,

~ 150. What elements do the following symbols stand
for? and how many atoms, and how many parts by weight,
do the symbols signify ?

Ba, 81, Pt, As, Cu, Mn, Ag, Au, Cd, Co, Ni, B.

151. What compounds do the following symbols stand
for ? and how many atoms, and how many parts by weight,
do the symbols signify ? Name also the constituents of
each compound.

® “The learner may be here informed, that the particular marks or sym-

used in any science,—as, f::-r instance, the notes in musie, and the cha-

racters or symbols 1,2, 3, &e., in arithmetic,—constitute the notation of that
science,’
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BaO, Sr0O, CaO, MgO, HO, CoO, NiO, ZnO, =
MnO, AgO, CuO, CdO. ;

152. Figures require to be added to the symbol of a
compound body when either of its elements, or both, are

resent in more proportions than one. The use of the

gures in connection with the symbols can be rendered
more intelligible, perhaps, if we employ our former illus-
tration ; the words “'.]'.PO" and “TOO” differ in their
orthography, inasmuch as the latter word has one of the
letters repeated. From habit we look upon this way of
repeating a letter as the only rational one, yet it might be
rendered equally plain and efficient, I thing, if instead of
repeating the letter, we were to place the figure 2 after
it in the following manner, “TO,” We do adopt this
method in chemistry for deseribing how many proportions
of either element (if any of them is present in more pro-
portions than one) are present in a compound. Thus,
carbonic acid is composed of one atom, or 6 parts by
weight, of carbon, and two atoms, or 16 parts by weight,
of oxygen; instead of representing the symbol of this
compound in this manner, C O O, we indicate the two
equivalents of oxygen thus, CO, Sesquioxide of iron is
composed of two atoms, or 56 parts by weight, of iron,
and three atoms, or 24 parts by weight, of oxygen;
instead of representing the symbol of this compound in
this manner, FeFe OOO, we indicate the two equivalents
of iron and the three of oxygen thus, Fe, O, The pre-
ceding symbols illustrate the following rule:—When a
compound substance contains more than one equivalent of
any of its elements, a small figure indicating the number
of equivalents is placed on the #ight hand of the symbol of
that element, and applies to that one element of the com-
pound execlusively. The figure must be placed either
above or below the line—never upon it: it is more usual
to place it below.

EXERCISE.

152. State the number of atoms of each element in one
atom of the following compounds, and give the combining
proportion of each compound :—

As Q,, As O,, Pt 0,, AuO,, Al, O;, Mn O,, Pb, O,.

153. When a large figure is placed upon the line, it
multiplies all the elements on the right hand of it, as far
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as the first comma, or the first plus sign ; if placed before
a bracket, it multiplies all within that bracket. Ex.—
2 H O signifies 2 atoms of water; 2 atoms of the compound
body water are composed of 2 atoms of hydrogen and
2 atoms of oxygen.

EXERCISE.

153. Explain the meaning of the figures attached fo
the following symbols :—
2Ca0,3Na0,2C0, 5 AsO,*

154. The compounds produced by a combination of the
metalloids with the metals are named in the following
way,—the termination ide 1s added to the first syllable, or
first few letters, of the name of the metalloid ; this forms
the first word of the compound, then follows the word of,
and then the name of the particular metal. Thus, a
compound of oxygen and iron is named oxide of iron; a
compound of iodine and zinc is called iodide of zine;
{ikewise bromide of mercury, chloride of lead, sulphide of

ead, &e.

EXEECISE.

1564. Name the following compounds : —
CaF, Agl, KBr, NaCl, CoS, NiCL

155. The following apparent exceptions to this rule
occur. The compounds of the metals with oxygen, chlo-
rine, bromine, iodine, and fluorine, have for a long period
been named in the way just stated. But it is only
recently that the compounds of the metals with the remain-
ing metalloids have been named in this way; they were
formerly named, and still are by some chemists, in the
following way,—the termination of the first word in the
compound was ref, as sulphuret of iron, phosphuret of
calcium, &e.

EXERCISE.

155. Name the following compounds, and if they are
named in two ways, give both names :—
Pb S, CaCl, BaP, NiN, FeC, Fe Si.

* The comma, the plus sign, and bracketting, are omitted here. They
are fully explained in the chapter on the construction of chemical formule.
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156. The compounds produced by a combination of
metalloids with metalloids, are similarly named, as chloride
of sulphur, sulphide of carbon, for example.

157. The following are exceptions to the rule,—the
compounds of oxygen with the ﬂtll):\er metalloids, hydrogen
excepted ; and the hydrogen compounds of the metalloids,
oxygen excepted. The compounds of oxygen and hy-
drogen are water (the chemical name of which is protoxide
of hydrogen) and peroxide of hydrogen. The rules for
naming the compounds of oxygen with the other metal-
loids will be given in another chapter. The compounds
Emdueed by the combination of hydrogen with chlorine,

romine, fluorine, iodine, and sulphur, being acid bodies,
the rule for naming them will be given in tﬁe chapter on
acids. Very recently it has been proposed to name these
compounds like the compounds of the metals with the
metalloids ; thus, the compound of chlorine and hydrogen
is, according to this recent nomenclature, called chloride
of hydrogen; in the same way, bromide of hydrogen,
fluoride of hydrogen, sulphide of hydrogen, iodide of
hydrogen. The compounds produced by the combination
of hydrogen with the other metalloids were named in the
following way,—the termination of the first word in the
compound was ref, and this mode of naming them still
continues, although it has been proposed to substitute the
termination ide for that of ref ; they are therefore named
in both ways; for instance, the compound produced by
hydrogen and phosphorus is called either phosphuret of
hydrogen, Whiﬂ% is the old name, or phosphide of hy-
drogen, which is the new name; in the same way, carbu-
retted hydrogen or carbide of hydrogen, &e.

EXERCISE.

156. Name the following compounds ; if any of them are
named in two ways, give both names :—

HS, HBr, IC], SCIL

158. The compounds formed by the metals uniting with
each other are simply termed alloys; noindividual names
descriptive of the elements composing them have been
invented for this class of compounds. Brass is an alloy
of copper and zine, fusible metal is an alloy of bismuth,
tin, au]d) lead. When mercury is one of the constituents,
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the compound is termed an amalgam, not an alloy ; thus,
an amalgam of silver is a combination of silver and
mereury ; an amalgam of tin is one of tin and mercury.

159. When the metalloids unite with the metals in
more proportions than one, certain Latin or Greek pre-
fixes have to be employed to distinguish the different
combinations. Let the letter M stand for any metal, and
suppose oxygen were to unite with it in the following
different proportions :—

M.,O, M O, M,0,, M O,, M O,, MO..

160. The first, containing one equivalent of oxygen to
two of metal, is called the suboride ; the term dinoxide 1s
employed by some chemists instead of the term suboxide.
The second, containing one equivalent of oxygen to one of
metal, is called the protoxide (protos, first) ; this prefix is
not &p&)li&d in the sense of the first or lowest oxide, but is
applied to oxides containing one equivalent of oxygen to
one of metal. The third would be called the sesquioxide
(sesqui, one and a half) from its containing one and a-half
of oxygen toone of metal. The fourth would be called the
binoxide (bis, twice); some chemical writers employ the
term deutoxide in place of the term binoxide. e fifth,
if a basiec or an indifferent body, would be called the fer-
oxide (fer, three). The sixth, if a basic or an indifferent
body, would be called the quadroxide (quadro, four).

161. Oxides of metals containing three or four propor-
tions of oxygen to one of metal, generally possess acid
properties, and are then named after an entirely different
rule, according to which the prefix and the term oxide is
dispensed with. Thus, Fe O, is an acid; instead, there-
fore, of calling it teroxide of iron, as would be the case if
it were a basic or an indifferent body, it is called ferric
acid ; Mn O; is in like manner called manganic acid. The
nomenclature of acids will be attended to in another
chapter.

162. The prefix profos is frequently dispensed with ;
the oxide M O is called simply the oxide, instead of the
protoxide; this is especially the case if this oxide is the
only known combination of oxygen with that particular
metal. The learner must remember, then, that if he hears
used, or meets with in chemical writings, the expression,
the oxide of this or that metal, it is the protoxide of that
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metal, whatever metal it may be. The highest oxide of a

metal, not possessing acid properties, 1s frequently ecalled
the peroxide ; thus, Fe,O,, sesquioxide of iron, is frequently
called the peroxide of iron.

163. The same prefixes are applied to distinguish be-
tween the different combinations of the other metalloids
with the metals, as are applied to the different oxides.
Thus, M CI would be called the protockloride ; M,Cl,, the
sesquichloride ; M S,, the bisulphide ; M I, the teriodide ;
M Br,, the quadrobromide.

164. When the metalloids unite with each other in more
Erﬂpﬂrtiﬂﬂa than one, the same Latin or Greek prefizes

ave to be emplc?re:d to distinguish the different combina-
tions, as are employed to distinguish the similar combina-
tions of the metalloids with the metals. The only
exception to this rule are the different combinations of
oxygen with the other metalloids (hydrogen excepted), for
these oxides, being acid bodies, are not so named.*

EXERCISE.

157. Give the names of the following ecompounds,
attaching the proper prefixes :—Fe,Cl; Cu,I, C8S,, I Cl,,
E Ss, Bﬂ- S.;, P 013, P &5, SECI, FE Bg-

* Chapters 14, 15, 16, and 17 are to be studied next. All the exercises
must be written out by each member of the class, and the portions to be
committed to memory must not be neglected. When these have been com-
pleted, the learner must pass on to chapter 21, commencing at the paga-
graph on Solution.

e} i
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CHAPTER VI.

ON THE DECOMPOSBITION OF SUBSTANCES—SINGLE ELECTIVE

AFFINITY—EXERCISES—DOUEBLE ELECTIVE AFFINITY—
EXERCISES.

SINGLE ELECTIVE AFFINITY. Substances appear to
exercise a choice in combining. Decomposition of binary
compounds. FEzercises. Heat evolved varies with the com-
bining substances. On the decomposition of ternary com-
pounds. Ezercises. Diffusion of gases and vapours.
Important part ;p.—fﬁ%&d by this property in the great
economy of nature. Double elective affinity. Peculiarity
of double elective affinity. FExercises. Formation of com-
pounds by substitution. Order of affinity.

165. If the learner remembers what has been stated with
regard to all chemical experiments and processes—that
they are either experiments of combination (synthetical
experiments) or experiments of decomposition (analytical
experiments), or that they are a combination of the two ;
that every chemical experiment he witnesses or performs
is either synthetical or analytical, or is both synthetical
and analytical, he will naturally conclude, that as the pre-
vious experimental lessons were on combination, the
subject of the present lesson must be on decomposition.
This is a correct inference, for the different ways of de-
composing substances are discussed in this and several
succeeding lessons. We will approach the subject by
making a few suggestive remarks. We have seen that
substances chemically combine. Now the force which
causes them fo unite, of course keeps them, after they are
united, in that state: therefore, to decompose a compound,
that is, to separate it into its constituents, the chemical
force, which first caused its constituents to unite, and then
kept them united, must be superseded or overcome for the
constituents to separate, or, in other words, for the decom-
position of the compound to take place. In this lesson we
shall show that the affinity of one body for another can be
overcome by the stronger affinity which another body
possesses for that substance; there must, therefore, be
combination as well as decomposition in this and in all
cases where affinity is the decomposing agent. The
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chemical force not only causes substances to unite in

certain definite proportions by weight, but it also causes
them to exercise a certain choice, as it were, in combining.
Thus, if copper, iron, and potassium were equally pre-
sented, so far as physical circumstances are cﬂncernittﬂ to
the action of oxygen, the oxygen, although it would unite
eventually, if in sufficient quantity, with all the three
metals, would not unite with all three at once, but would
first unite with the potassium ; and until every particle of
this metal had become united with its proper quantity of
oxygen, not a single particle of the metalloid would com-
bine with the other two metals; as soon as the whole of
the potassium was oxidized, the oxygen would begin to
combine with the iron ; and when the whole of the iron had
become united with its proper quantity of oxygen, the
oxygen would then begin, and not before, to unite with
the copper. This example teaches us that the oxygen
possesses a greater preference for one element than
another, and this is the case with all the other elements;
indeed, it is the case with all bodies capable of entering
into chemical union, whether elementary or compound.
166. The following general rule embodies the preceding
statements : When any elementary or compound body is
brought into contact with several others, it will invariably
unite with one in preference to the rest; but further to
satisfy its affinity, it will not only unite with that one when
uncombined, but will even disunite it, when combined, from
its combinations. Thus, if three substances, A, B, and C,
were brought together, A and B might each have a ten-
dency to combine with C ; but they would not possess this
power in an equal degree ; the one, therefare,%mving the
strongest aflinity, and supposing that were A, would com-
bine with C, forming the compound A C, whilst B would
remain uncombined. But supposing that B and C were
already combined together, a;ruiJ that A, having a greater
affinity for C than what B has, was brought into contact with
the compound B C; B C would be decomposed by A, for
this body would take away C, and would unite with it, form-
ing a new compound, A C, whilst B, one of the constituents
of the original compound, would be set free. Ex.—Ifiodine
be brought into contact with sulphide of hydrogen, it
decomposes that compound by uniting with the hydrogen
and forming with it iodide of hydrogen, the sulphur being
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gset free ; bromine decomposes iodide of hydrogen by com-
bining with the hydrogen and setting tge iodine free, a
new compound, bromide of hydrogen, being formed ; and
chlorine decomposes bromide of hydrogen by taking awa
the hydrogen and uniting with it, a new compound,
chloride of hydrogen, being produced. Here is a series of
decompositions, depending on the relative power of the
affinities of chlorine, bromine, iodine, and sulphur for
hydrogen.

167. Chemical affinity is therefore elective, as it causes
substances to manifest a choice, as it were, for one of
several others, uniting with that one by preference, and
to the exclusion of the rest.

168. Elective affinity is either single or double. It is
called single, when a substance added to a compound
decomposes it, uniting with one of the elements* of the
compound, and setting the other free. The decomposi-
tion of sulphide of hydrogen by iodine 18 an example of
single elective affinity.

169. In all cases of single elective affinity, three sub-
stances only can be present, and two affinities come into
play. The example just quoted may be taken as an illus-
tration ; when iodine is added to sulphide of hydrogen,
there are present three elements, viz., 1odine, sulphur, and
hydrogen, and there are two affinities brought into play,
viz., the affinity of the sulphur for the hydrogen, which is
termed the guiescent affinity, and the affinity of the iodine
for the hydrogen, which is termed the divellent affinity.

EXERCISES ON SBINGLE ELECTIVE AFFINITY.

158. Dissolve some iodide of potassium in water (about
a drachm in half a pint); add to the solution a small
quantity of chlorine water, obtained by passing chlorine
gas through water. The chlorine will unite with the
otassium, forming with 1t chloride of potassium; the
19dine, being set free, will impart to the liquid a dark violet
nt.

159. Place in a solution of sulphate of copper (about a
quarter of an ounce of the copper salt in Ealf a pint of

* The term element, as here employed, may signify either a proximate or
remote element.

G
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water) a piece of metallic iron; the iron will decompose
the oxide of cc;Pper by taking away the oxygen, forming
with 1t oxide of iron; the metallic copper, set free, will be
precipitated on the metallic iron which remains.

160. Throw a fragment of potassium into water con-
tained in a plate ; the water will be instantly decomposed
by the potassium removing its oxygen, forming with it
potash ; the intense heat evolved by the combination will
inflame the liberated hydrogen. Test the water after the
operation 1s over with blue and then red litmus paper.

161. Introduce a burning taper (Fig. 8) into a
vessel filled with chlorine gas; the chlorine will (7
combine with the hydrogen of the tallow or wax
and form with it hydrochloric acid, the carbon will
be set free in a finely divided state. |

162. The indifference of chlorine for earbon, and
its great aflinity for hydrogen, may be still more
strikingly illustrated by moistening a piece of blot-
ting paper with spirits of turpentine (C,H,) and
introducing it into a bottle or jar filled with chlorine
gas. The turpentine is decomposed ; the hydrﬂfen
and chlorine combine together and form hydro-
chloric acid, the formation of which is accompanied
with flame, the carbon being liberated in the form
of a dense cloud of soot.

163. Add some dilute hydrochloric acid (one part Fig. s.
of concentrated acid to four parts of water) to some
fragments of zine; the metai' will decompose the acid by
uniting with the chlorine, forming with it chloride of zine,
hydrogen being set free.

164. Prepare some sulphide of hydrogen by adding to
some fragments of sulphide of iron, placed in an appro-
priate apparatus (Fig. 21), dilute hydrochloric acid. The
sulphide of hydrogen is liberated in its gaseous state, and
must be collected in a jar over water; subsequently pass
a little chlorine gas into the jar. The chlorine will decom-

ose the compound gas by combining with the hydrogen,
?ﬁrming with it hydmchi’:}ric acid ; the sulphur will be
deposited, and the water will rise in the jar because the
hydrochlorie acid gas is soluble in that liquid.

-165. Prepare some nitrous oxide gas (NO, laughing gas)
by placing some solid nitrate of ammonia in a retort, and
app}]inng heat ; the nitrate is decomposed by heat into this

}
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gas and water. The gas may be collected in jars at the

pneumatic trough. A proper regulation of the heat, so

as to avoid a tumultuous disengagement of the gas, is the

only grecautiﬂn required in preparing this gaseous com-
ound.

166. Introduce, by means of the deflagrating spoon, a
fragment of lighted phosphorus into a jar filled with
nitrous oxide; the gas will be decomposed, not by the
mere affinity of the phosphorus for the oxygen—this is
insufficient—but by the high temperature of the burning
phosphorus, and the affinity of the phosphorus for the
oxygen; phosphoric acid is consequently formed, and
nitrogen set free.

167. Introduce, by means of the spoon, some burning
sulphur into a jar of nitrous oxide; the gas will be decom-
posed by the high temperature of the burning sulphur,
and the affinity of the sulphur for the oxygen; sulphurous
acid is consequently produced, and nitrogen set free.
Ehe sulphur burns in this gas with a beautiful rose-coloured

ame.

168. Add to a solution of nitrate of silver a globule of
mercury ; metallic silver will be thrown down, whilst an
equivalent of mercury will enter into its place. Dip into
the solution, which now contfains nitrate of mercury, a slip
of copper, which will dissolve and displace the mercury ;
I)reci itate the copper from the solution by lead, and the
ead from the solution by zine. This experiment, in order
to be shown during a lecture, had better be divided into
the four following experiments : —

1st.—To a solution of mitrate of silver (to form the solu-
tion dissolve 1 drachm of the silver salt in 4 or 5 ounces
of water) add a globule of mercury; metallic silver will
be thrown down, whilst an equivalent of mercury will
enfer into its place.

2nd.—To a solution of pernitrate of mercury, of the
same strength as the silver solution, add a slip of copper;
metallic mercury will be thrown down, whilst an equivalent
of copper will enter into its place.

3rd.—To a solution of nitrate of copper (half an ounce
of the salt dissolved in half a pint of water) add a slip of
metallic lead ; an equivalent of lead will dissolve and pre-
cipitate metallic copper.
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4th.—To a solution of nitrate of lead, of the same

strength as the copper salt, add a slip of zinc; an equi-
valent of zine will dissolve and precipitate the lead in the
metallic state.

In these four experiments we have an illustration of the
different degrees of affinity which oxygen possesses for
metals. For it was the oxide of silver that was decom-
posed by the metallic mercury, the latter metal taking
away the oxygen from the silver, oxide of mercury being
formed, and metallic silver being set free; and so with
regard to the other three experiments.

169. Throw a fragment of sodium into a plate of water ;
it will roll along the surface of the water with great
rapidity, decomposing the water as potassium does; but
the hydrogen set free does not, as in the case of the
potassium experiment, take fire, unless a large piece of
sodium is employed, and it is kept in one place.

170. Repeat the experiment, by using warm, instead of
cold, water, the hydrogen will then take fire.

170. It was stated in the first experimental lesson, that
solid substances are necessary for the evolution of light,
vet in Expts. 161 and 162 of the present lesson, we saw
that a large quantity of carbon was set free, though the
light produced was very feeble. This is owing to the heat
evolved by the combination of the chlorine with the
hydrogen being insufficient to render the carbon incan-
descent ; consequently, one of the conditions stated in the
previous lesson is wanting in these two cases; for the
brightness or illuminating guwer of flame depends not
only on the presence of solid particles, which may act as
radiating points, but also on the degree of heat which is
evolved by the combining substances. And that the heat

evolved by chemical combination is not the same in

quantity or degree in all cases, but varies with the com-
bining substances, is well illustrated by the decomposition
of water by potassium and sodium ; when it is decomposed
by the first of these metals, the heat evolved by the com-
bination of the potassium with the oxygen 1s sufficient to
cause the liberated hydrogen to inflame (combine with the
oxygen of the air), but the heat evolved by the combination
of the sodium with the oxygen is not sufficient to cause
the hydrogen to take fire.

'
i 'I-'-l-'-i.'i
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171. Oxygen salts, and similar ternary compounds, are
decomposed by compound bodies in the same way that
binary compounds are by elementary bodies, viz., by
bringing into contact Wifi them some other compound
which has a greater affinity for one of the compounds
than is possessed by that with which it is already united ;
decomposition and combination are, In consequence,
effected. The student will see by the following exercise
that salts are decomposed by adding to them either acids
or bases, provided the acids or bases added, have stronger
affinities than the acids or bases in the existing compounds,
and that, according as acids or bases are added, so acids or
bases are set free. Thus, ammonia is liberated from its
salts, on the addition of a stronger base: and carbonic acid
is liberated from its combinations, on the addition of a
stronger acid. To obtain, then, an acid from any of its
salts, you add to the salt a stronger acid; in this way
nitric and other acids are obtained in their free state: to
obtain a base from any of its salts, you add to the salt a
stronger base; in this way ammonia, and other bases, can
be obtained.

EXERCISES.

171. Add dilute sulphurie acid (one part of concentrated
acid to four of water) to a hot concentrated solution of
biborate of soda (half an ounce of the powdered salt boiled
with two ounces of water) until the solution become sour
to the taste; the sulphuric acid decomposes the soda salt,
by uniting with the base and forming with it sulphate of
soda, which remains in solution, whilst the greater part of
the boracic acid set free, crystallizes out as the solution
cools.

172. Add to a solution of nitrate of lead {a quarter of an
ounce in four or five ounces of water) a solution of caustie
soda: nitrate of soda will be formed, which will remain in
golution, whilst oxide of lead will be precipitated.

173. Add some lime water to a hot solution of carbonate
of ammonia (half an ounce in four ounces of water); car-
bonate of lime will be formed, and will be precipitated on
account of its insolubility in water, whilst ammonia will
be evolved.

174. Add some nitric acid, diluted with twice its bulk
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of water, to some fragments of marble (carbonate of lime) ;
nitrate of lime will be formed, and carbonic acid evolved.
Perform this experiment in the apparatus (Fig. 21); let
the exit tube dip into a dry open glass vessel. hen the
receiving vessel is filled with the gas, remove the one in
which the gas is being liberated, but allow the receiver to
remain undisturbed for half an hour or so. When a suffi-
cient time has elapsed, a lighted taper will, if introduced
within the vesselr: continue to burn, proving that the
carbonic acid has escaped, and that common air occupies
its place.

172. The escape of the carbonic acid is remarkable,
inasmuch as it is half as heavy again as the air which
occupies its place. To whatever cause the escape may be
due, to the same cause must likewise be a,ttri%uted the
Eervading uniformity in the composition of our atmosphere.

‘or it has been ascertained from numerous experiments,
made on specimens of air brought from distances the most
remote, and collected under the most dissimilar eireum-
stances, that the different gases composing the atmosphere
are present in the same proportions everywhere.  Air
has been collected and examined from the summits of
Mont Blane and Chimborazo, from Egypt and from
London, from Paris at the level of the Seine, and from a
height of near 22,000 feet.” The samples of air from
these different localities were found to contain the same
proportions of oxygen and nitrogen; the carbonic acid
and watery vapour were alone found to differ, and these
only in a very slight degree. To what cause, then, is this
uniformity in the composition of the atmosphere to be
ascribed ? The earlier chemists, before carbonie acid was
discovered to be an integrant constituent, explained it by
supposing that the oxygen and nitrogen were chemically
combined. But this was not a correct supposition, for
it has since been proved in various ways that the gases
forming the atmosphere are merely mixed and not ehemi-
cally combined. Such being the case, we should naturally
suppose, as the earlier philosophers did, that gases with
such different densities would separate, just as oil, water,
and mercury would separate, after being shaken together,
the lightest occupying the highest stralum, the heaviest
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the lowest one, and the one with a density intermediate
between the other two, forming the middle stratum. That
their specific gravities are very different will be seen from
the following numbers :—

Gas. 8p. gravity.
AT . . . 1000
Nitrogen . : D
Oxygen . . . 1105
Carbonic acid . . 1524

173. If gases obeyed in every respect the law of gravi-
tation, their different densities would cause them to
separate, when only mixed together. The uniform com-
position of the atmosphere is a proof, however, that they
do not separate when once mixed. And the last experi-
ment partly established the fact, that a heavy gas will
ascend and mix with one much lighter, and that a lighter
one will desecend and mix with one much heavier. This
fact will be rendered more apparent by the following
experiment.

EXERCISE.

175. Fill two bottles, which are equal in size,
one with carbonie acid, the other with hydrogen.
Fix into the mouth of one of the bottles, after
1t 1s filled, a piece of glass tube, two or three
inches long, by means of a perforated cork;
fix in the same way the other end of the tube
in the other bottle. Arrange the bottles as in
Fig. 9 (the one filled with carbonic acid being
lowest), and allow them fo remain in that posi-
tion for a couple of hours or more. It will be
found, at the end of that time, that the two
gases have mixed together; the carbonie acid,
although twenty-two times heavier than hydro-
gen, having ascended into the upper bottle, and
the hydrogen having descended nto the lower
one, until a uniform mixture has been estab-
lished throughout the entire apparatus. The

resence of carbonic acid in both bottles may  Fig. 9.
e shown by pouring lime water into them,
which will become milky immediately, owing to the pro-
duction of earbonate of lime.

174. This penetrating or diffusive property is possessed




88 DIFFUSION OF GASES,

by vapours as well as gases; the rapidity with which they
diffuse depends upon their different densities, and is there-
fore unequal ; the lighter gases diffusing most rapidly, the
heavier more slowly, as will be seen by the following
experiment.

EXERCISE.

176. Close one end of a piece of wide glass tube, ten or
twelve inches in length, and one or two inches in width,
with a plug of plaster of Paris, about half an inch thick.
This Pﬁlg, when dry, is permeated with a multitude of
minute pores, which are pervious to gases. This tube
(called the diffusion tube), when the plug is dry, is to be
filled with hydrogen by displacement: to accomplish this,
a plate of glass is placed first of all upon the exterior of
the plug; a tube, connected with a bladder, gas holder, or
gsome vessel filled with hydrogen, is then introduced into
the diffusion tube until it almost touches the plug ; hydro-
gen 18 l;ﬁ this means conveyed from the vessel containin
it into the tube, and of course it displaces the air containe
in the diffusion tube. When the tube is entirely and
solely filled with hydrogen, close the mouth of it with a
piece of glass, and then transfer i1t with its
mouth downwards into a vessel filled with
coloured water, subsequently removing both
plates of glass; the tube in its proper posi-
tion is shown in Fig. 10. The hydrogen and
exfternal air pass inwards and outwards
through the pores in the plug, but as the
hydrogen is lighter than the air, it passes
out of the tube more rapidly than the air
enters, consequently the water rises in the
tube. The water rises so rapidly that it is
apparent to the eye, and speedily attains a height of
several inches above the water in the exterior vessel. If
the experiment be reversed, by filling the diffusion tube
with air, and surrounding it with an atmosphere of hydro-
gen, the water in the tube, in this case, 1s depressed
several inches below the level of the water in the exterior
vessel, instead of rising several inches above if, because a
larger volume of the hydrogen (the lighter gas) passes in-
wards than of air outwards.

175. ¢ The following facts will enable the learner to




DIFFUSION OF GASES. 89

form some idea of the unspeakably important part played
by this property or quality, inherent in the constitution
of all gaseous substances, in the great economy of nature.
There are processes constantly going on around us in
which gaseous matters and vapours, prejudicial in the
highest degree to animal life, are unceasingly evolved ;
the function of respiration, the burning of wood and coal
for fuel, are attended with the conversion of the free
~oxygen of the air into carbonic acid. By the putrefactive
decomposition of animal and vegetable substances, poi-
sonous principles, far worse than carbonic acid, are given
off into the air. The volecanie vents, so numerous in both
eastern and western hemispheres, discharge, as i1s well
known, almost inconceivable quantities of noxious gas,
chiefly carbonic acid, even when all traces of heat have
disappeared, and no active eruption of lava has occurred
within the historical period, as in the case of the ancient
volcanoes of the Rhine.”

176. “ The chief characteristic of the present condition
of society, the erowding together of multitudes of men
into towns and cities, and their employment in manu-
factures of various kinds, in very many of which gases and
exhalations of the worst description are copiously evolved ;
and even without this, the mere aggregation of such a
mass of human beings, each one unconsciously consuming
the air of heaven and replacing it by poison, would
-speedily put a stop to life altogether. If the heavy car-
bonic acid, so copiously generated from these many
sources, were simply to obey the natural law of gravita-
tion, and spread itself out upon the surface in such
localities, a state of things would often arise only now to
be paralleled by the condition of the hold of a slaver.”

177. *“ The oxygen and nitrogen, too, instead of being
uniformly mixed throughout the whole atmosphere, as at
present, having the energetic chemical powers of the one
modified and softened—diluted, as it were—by the other,
would form two immense layers of unequal thickness,
arranged in the order of their densities, the oxygen below,
and the nitrogen above. In such an order of things as
this, animal existence would be out of the question, an
atmosphere of pure oxygen is as fatal to life as one desti-
tute of that element,—all the phenomena of combustion
and oxidation generally would be exalted ten-fold in
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power and energy; in fact, the present arrangement of
ﬁaturﬁ could not be maintained in its integrity a single
our. |

178. “The equable diffusion of vapour of water through
the atmosphere 18 no less important than that of the car-
bonic acid. In many warm countries, during a great part
of the year, rain seldom or never falls, and it is only lgnm :
the copious dews deposited in the night that vegetables
derive the supply of moisture required for their growth,
and to sustain them, by the cooling effects of evaporation,
from the scorching rays of the noon-day sun. Were the
invisible elastic steam disengaged from the surface of
the sea, or other large bodies of water, not subject to the
diffusive law in question, it is probable that other and
very different phenomena would be observed.”

179. * To take another case, not perhaps so striking to
the casual observer, but equally important in the eyes of
the attentive student. In respiration, the object of which
is to bring the blood in eontact with the ﬂi}rfgen of the air
for the purpose of effecting changes hereafter to be de-
scribed, the lungs are alternately filled and emptied by
the mechanism of the respiratory muscles, internal an
external, and the air from without thus enabled to find
its way into the minute cells which terminate the last |
ramifications of the bronchial tubes. Here its oxygen is
made to act upon the venous blood, while the latter dis-
engages carbonic acid in place of the oxygen absorbed. !
Now in the act of expiration, even when forced, the lungs
are very far from being completely emptied of air, and
that which is thrown out is in a great measure derived
from the larger tubes and passages ; the ultimate cells, in |
which all the real business is performed, remain filled 4
with vitiated air, which must be displaced, if the function |
is to be continued, by other means more efficacious than
the gentle pressure of the elastic thorax. Hence it is
that diffusion comes into play between the ﬂgg&ﬂ of the
tubes and the carbonic acid of the cells; the latter is
speedily removed and reﬁlaced by the former, all:nd ex-
pelled from the body by the next following expiration.”

180. ** Such, then, are some of the leading consequences
which follow from this one single property of gaseous
bodies,—their diffusibility into each other. We have seen
how essential this property is to the present order of
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nature, and indeed to our very existence; it is not less
pleasing to follow its consequences in their more humble
oftice of administering to cur happiness and pleasure.”
181. ** The perfume of flowers, wet with dew or summer
rain, the sweet smell of new-made hay, the fragrance of
the pine-forest in the early morning, may all be traced to
the same cause—namely, the ready diffusibility of the
vapours of the volatile bodies upon which their odours
depend. These vapours are extremely heavy, and would,
if they merely obeyed the ordinary laws of hydrostaties,
fall down upon the porous and absorbent earth, instead
Ef' sl}rea;ﬁng abroad to delight the senses and gladden the
eart.”

———

DovsrLe Evective ArriNity. Peculiarity of double
decomposition. Exercises. Hormation of compounds by
substitution. Order of affinity.

182. Affinity is termed double elective when two com-
'pounds, on being mixed together, mutually exchange
'their constituents, the original compounds being decom-
posed, and two new ones being produced. Let us take
the first exercise (Expt. 158), on single elective allinity, to
explain, if explanation be necessary, the preceding sen-
tence. In that experiment, we added chlorine to 1odide
of potassium, the effect of which was that the iodide of
potassium was decomposed, the 10odine being set free as
the potassium left that metalloid and united with the
chlorine. Supposing there had been at the same time
some element with which the element set free (iodine)
would have united, we should have had fwo new com-

ounds formed, and one compound decomposed. DBut
instead of adding free chlorine, suppose we add a chloride
—say chloride of mercury—to the iodide of potassium,
what would be the result? In this case we should have
two compounds decomposed (chloride of mercury, and
iodide of potassium), and we should have two new ones
formed (iodide of mercury, and chloride of potassium),
for the iodine would pass over from the potassium to

* Fownes' Actonian Prize Essay. (Churchill.)
The exercises in Chapter XVIII. must be written out by the student
before double elective affinity is studied.
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the mercury, and the chlorine from the mercury to the
potassium ; this is an example of double elective affinity,
or, as it is also termed, * double decomposition.” 'ﬂ:
take one more example, in Expt. 173 we added lime
to carbonate of ammonia, and there was formed car-
bonate of lime, ammonia being set free. Suppose that in-
stead of free lime we had addeg some lime salt—say, nitrate
of lime—the result would have been, that we should have
had carbonate of lime formed, as before, and together
with it nitrate of ammonia. The two salts decomposed
would be nitrate of lime and carbonate of ammonia, and
the two new ones formed would be ecarborate of lime and
nitrate of ammonia. The last-mentioned experiment is
likewise an example of double decomposition.

183. ““The peculiarity of double decomposition is, that
by means of if, reactions may oceur which could not have
been produced by simple aﬂgnity, and which, on the con-
trary, appear to have been produced in opposition to it.
Thus, ammonia cannot decompose nitrate DfP lime ; on the
contrary, lime will take nitric acid from ammonia; and
yet if we mix a solution of nitrate of lime and carbonate
of ammonia together, they decompose each other, nitrate
of ammonia and carbonate of lime being formed.” In
fact, in order to understand the cause of such double
decomposition, we must take into account not merely the
affinity of the ammonia for the nitrie acid, but that of the
lime for the carbonic acid. Thus, if the aflinity of lime
for nitrie acid be represented by 80, and that of ammonia
for nitric acid be represented by 70, the lime will be the
stronger, and can, when by itself, expel ammonia ; but if
the carbonie acid intervene, and the affinity of lime for
carbonic acid be 50, and the ammonia for the same acid
be 30, then decomposition must occur; for the forces

reventing decomposition are the affinities of nitric acid
or lime, and of earboniec acid for ammonia, that is,
80 + 30 = 110; whilst those tending to cause decompo-
sition are the affinities of nitrie acid for ammonia, and of
carbonic acid for lime, 70 + 50 = 120: the latter are the
more powerful, the constituents of the two salts conse-
quently exchange places.” * — Kune.

* The student must bear in mind that the numbers here employed are
perfectly arbitrary, and used merely for the sake of illustration.
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EXERCISES.

177. Add a solution of carbonate of soda (prepare the
golution in the proportion of one part of the salt to ten of
water) to one OFsulphate of copper,—carbonate of copper
and sulphate of soda will be produced : the former, being
insolubﬁa in water, will be precipitated ; the latter, being
soluble, will remain in solution.

178. Add a solution of chromate of potash (in the pro-
portion of one part of the salt to ten of water) to one of
nitrate of lead,—chromate of lead and nitrate of potash
will be formed : the former, being insoluble in water, will
be precipitated ; the latter, being soluble, will remain in
solution.

179. Project a small piece of phosphide of calcium into
a plate of water; this phosphorus compound and water
mutually decompose each other, lime and phosphide of
hydrogen being formed: the first, being soluble in water,
will remain in solution ; the latter, being a gaseous body,
will ascend in bubbles to the surface of the water,—as
gsoon as it comes in contact with the air, it will inflame
with a slight explosion. After each explosion a beautiful
ring of white smoke ascends from the water. The curious
phenomenon of * Will-o’-the-wisp,” which 1s sometimes
seen in churchyards, and more frequently in soft marshy
places, is (Fmb&bly due to the formation of this hydrogen
compound of phosphorus. If the phosphide of calcium
has not been recently prepared, employ warm water.

180. Add a solution of iodide of potassium to one of
nitrate of lead,—iodide of lead and nitrate of potash will
be formed : the former, being insoluble in water, will be
precipita,ted; the latter, being soluble in that liquid, will
remain in solution.

181. Add a solution of iodide of potassium to one of
chloride of mercury,—iodide of mercury and chloride
of potassium will be formed: the former, being insoluble
in water, will be precipitated; the latter, being soluble,
will remain in solution.

182. Fill a tall stoppered glass jar (Fig. 11), or bottle,
with binoxide of nifrogen (for its methog of preparation
see Expt. 21); add a few drops of sulphide of carbon,
and afterwards shake the vessel in such a way as to diffuse
the carbon compound in the atmosphere of the jar, When
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with a lighted taper, which the experimenter
must have ready, inflame the gaseous mixture ;

i slight explosion. Sulphur and nitrogen will be
11 set free, the former li)

| sides of the glass, while carbonic and sulphurie
acids will be formed.

more easily formed by substitution, than by
the direct union of their constituents; indeed,
many compounds can be formed only in that
manner. Carbonic acid is not absorbed by
anhydrous lime, but readily by the hydrate
Fig. 11. of lime, the water of whici is displaced in
the formation of the carbonate. In all cases, likewise, in
which hydrogen is evolved during the solution of a metal
in a hydrated acid, a simple substitution of the metal for
hydrogen occurs.

185. “ Combination takes place with the greatest facility
of all when double decomposition can occur. Thus, car-
bonate of lime is instantly formed and precipitated, when
carbonate of soda i1s added to mitrate of lime, nitrate of
soda being formed at the same time, and remaining in
solution. Here a double substitution occurs, lime being
substituted for soda in the carbonate, and soda for lime
in the nitrate. Such reactions may therefore be truly
described as double substitutions as well as double de-

compositions. They are most commonly observed on

mixing two binary compounds or two salts. Butreactions
of the same nature may occur between compounds of a
higher order, such as double salts, and new compounds be
thus produced, which cannot be formed by the direct
union of their constituents. Thus the two salts, sulphate
of zinc and sulphate of soda, when simply dissolved
together, at the ordinary temﬁerature, always crystallize
apart, and do not combine. But the double sulphate of
zine and soda is formed on mixing strong solutions of
sulphate of zine and bisulphate of soda (H O, S 0,4+ Na O,
S0O,), and separates by erystallization; sulphuric acid with
constitutional water (H O, S O;+H O) being produced at
the same time, and remaining in solution. The double

it will take fire, and be accompanied with a

|

this has been done, remove the stopper, and

eing deposited on the |

1 184. Formation of compounds by substitution.
1 “Itisremarkable that compounds are in general
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sulphate of lime and soda can be formed artificially only
in circumstances which are somewhat similar. It 1s pro-
duced on adding sulphate of soda to acetate of lime, the
sulphate of lime, as it then precipitates, carrying down
sulphate of soda in the place of constitutional water.

186. ‘ Different hydrates of the same body, such as per-
oxide of tin, differ sensibly in properties, and afford diffe-
rent compounds with acids, unquestionably because these
compounds are formed by substitution. The constant
formation of phosphates containing one, two, or three
atoms of base, on neutralizing the corresponding hydrates
of phnsphc}ric acid with a fixed base, likewise illustrates in
a striking manner the derivation of compounds on this
principle. Many insoluble substances, such as the earth
silica, possess a larger proportion of water, when newly
precipitated, than they retain afterwards, and in that
state of hydration they may exhibit affinities for certain
bodies, which do not appear in other circumstances.
Hydrated silica dissolves in water at the moment of its
separation from a caustic alkali; and alumina dissolves
readily in ammonia, when produced in contact with that
substance by the oxidation of aluminum. The usual
disposition to enter into combination, which silica and
alumina then exhibit, is generally ascribed to their being
in the nascent state; abody at the moment of its formation
and liberation, in consequence of a decomposition, being, it
is supposed, in a favourable condition to enter anew into
combination. But their degree of hydration in the nascent
state may be the real cause of this superior aptitude to
combine.

187. “Double decompositions take place without the
great evolution of heat which often accompanies the direct
combination of two bodies, and with an apparent facility
or absence of effort, as if the combinations were just
balanced by the decompositions which occur at the same
time. It is, perhaps, from this cause that the result of
double decomposition is so much affected by circum-
stances, 5) rticularly by the insolubility of one of the
compounds.”#*

188. Order of affinity. The elective nature of affinity
was noticed by some of the earliest chemists, and they

* Graham’s * Elements of Chemistry,” vol. i., 2nd edition,
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very naturally concluded that tables might be constructed
which would enable one to #foretell with accuracy all
possible cases of decomposition ; for the purpose of giving
more force to the remarks we are about to make, we will
contrast the relative affinities which some bases have for
hydrochloric acid and for sulphuric acid.

No. I. Hydrochlorie Acid. No. IT. Sulphurie Acid.

Ag O BaO

KO SrO

Na O KO

Ba O NaO

Sr O Ca O

Ca O Mg O

Mg O Ag O

189. By these tables we see that the base which has the
strongest allinity for hydrochloric acid has the weakest
affinity for sulphurie acid ; and that the base which has
the strongest affinity for sulphuric acid is found but mid-
way among the bases arranged in order of strength for
hydrochloric acid. Which column must be taken as
representing the true order of affinities? What principle
is there by which these conflicting testimonies of experi-
ment may be brought to correspond? These questions
we will leave unanswered for the present; and we invite
the student’s especial attention to the following experi-
mental facts.

190. When a stream of hydrogen is passed over oxide
of iron heated to redness, the hydrogen takes away the
oxygen from the iron, and the metal is left in its elementa
state, whilst the hydrogen unites with the oxygen, an
forms with it water. But if water in a state of vapour be
brought into contact with metallic iron, strongly ignited,
the water is decomposed, the oxygen leaves the hydrogen,
and combines with the iron, forming with that metal oxide
of 1ron, whilst the hydrogen is left in its elementary state.
To explain these facts by elective affinity, we should, in
the 1st experiment, say that hydrogen has a greater
affinity than iron has for oxygen; and in the 2nd experi-
ment, we should say that the affinity of iron is stron
than that of hydrogen for oxygen. It need hardly be
remarked that these explanations are contradictory ; and
therefore one, if not both, must be incorrect. The affinity
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of oxygen for the two elements, hydrogen and iron, must
either be equal or uﬂeﬁuaﬂ ; if egual, the result of both
experiments must be determined by modifying circum-
stances, since neither of these substances ought, in that
case, to take oxygen from the other. But if the affinity
of oxygen for the two elements is unequal, the decompo-
sition, in one of the experiments, must have been in direct
opposition to the tendency of affinity, and it must, there-
fore, have been produced by other causes, which have
overruled the chemical force. To take another example :
we noticed, in par. 182, that if carbonate of ammonia in
a state of solution be added to nitrate of lime in a state of
golution, the two salts will mutually decompose each
other, carbonate of lime and nitrate of ammonia being
formed. But if nifrate of ammonia and carbonate of
lime are mixed in the dry state, and exposed to heat, the
two salts mutually decompose each other, carbonate of
ammonia, which volatilizes, and nitrate of lime, being
formed ; therefore, if the chemical changes which took
place, when solutions of carbonate of ammonia and nitrate
of lime were added together, were produced by the che-
mical force alone, the changes which ensued on exposing,
in the solid state, a mixture of carbonate of lime and
nitrate of ammonia to heat, must have been produced in
direct opposition to the chemical force.

191. From these examples, it will be seen that the
chemical action of two bodies does not always arise
simply in_the order of their affinities; for in some cases,
at least, the affinities of some bodies are increased, whilst
the affinities of other bodies are weakened. The other
forces which act on matter are the promoters, modifiers,
and counteracters of the chemical force. In some of the
succeeding lessons we shall, therefore, study the influ-
ence which Hear, Evasticity, ComEsion, LicHT, and
ErecTRICITY exercise upon the chemical force.

192, 'We are now prepared to understand how far
tables on the order of affinity, like the two we have given,
are useful. “ They are strictly tables of the order of
decomposition, and of the comparative force or order of
affinity, in one set of conditions only.” We have seen, for
example, that, under certain conditions, iron will take away
oxygen from hydrogen; we have seen that, under other

H
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conditions, hydrogen will take away oxygen from iron:
again, we have seen, under one set of conditions, that lime
will take away carbonic acid from ammonia: we have seen
that, under other conditions, ammonia will take away ear-
bonie acid from lime: consequently combinations and de-
compositions produced under one set of conditions may not
take place, they may even be reversed, under other condi-
tions ; and therefore tables of the order of combination and
decomposition will only be true for one set of conditions.

CHAPTER VII.

INFLUENCE WHICH HEAT EXERCISES OVER AFFINITY.

The decomposition of chemical compounds impossible if
affinity were the sole producing cause of chemical changes.
T'he other forces which act on matter assist in these changes.
The influence which heat everts. _Exercises.

193. Affinity, although it plays by far the most impor-
tant part in all chemical changes, is not, as we have seen,
the only influence at work in their production. If this
force were the only inducing and controlling cause of
chemical combinations and decompositions, all chemical
phenomena must have ceased immediately after this world
came into existence ; since the elements, at the moment of
their creation, would have combined according to their
degrees of affinity, and the combinations then produced
must have been eternally permanent, inasmuch as no
elementary or compound body would ever after possess a
superior affinity for any of the constituents of these com-
pounds than those with which they were already united ;
therefore, if affinity were the sole producing cause of che-
mical changes, the breaking up of these compounds must
have been impossible. The beautiful and varied combina-
tions and decompositions which are now constantly taking
place in the great laboratory of nature, could not have been
in action ; all the chemical arts which man has eontrived
for his advancement in civilization could not have been
invented, and our planet, which is now peopled with life
and activity, must have been barren and uninhabitable.
Chemical affinity cannot, therefore, be all powerful, but
must, by external circumstances, be influenced to such an
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extent, that in some cases the affinities of bodies must be
increased, whilst in others they must be weakened.

194. The other forces which act on matter, are the pro-
moters, modifiers, and counteracters of the chemieal force.
“ For the chemical action of two bodies does not arise
simply from their chemical affinities, but results from the
combined influences of heat, light, electricity, and other
physical agencies, which frequently modify chemical affi-
nity to a remarkable extent. By a change of temperature,
an affinity, originally weak, may be made to preponderate
over one previously much stronger; by electrical condi-
tions, the strongest and most direct affinities may be
overcome, according as the cohesion of the acting bodies
may prevail ; decompositions, simple or compound, may
be produced in opposite ways ; and thus, a chemical result
18 not the simple consequence of affinity directly acting,
but is the resultant of a number of forces acting in different
directions, and various intensities, of which affinity is but
one, although that one which, for our object, is the most
important.” — Kane.

195. It will be needless to give any further experiments
for the sake of showing that heat, in many cases, assists in
promoting chemical combination, as many of the exercises
already given clearly prove this. Thus, the student will
remember, that oxygen cannot combine either with carbon
or hydrogen without the aid of heat. These, and other
experiments already given, show that heat in many cases
increases the aflinity of bodies for each other; in other
cases, however, it acts in opposition to the chemical force,
for it either wholly or partially decomposes the compound.
In the one case, the compound A B is resolved by heat
into its elemental constituents, whilst in the other case it
only takes away a part of A from the compound A B, so
that a compound A B, containing a smaller quantity of A
than the original compound, still remains. Thus the
oxides of gold and silver, and sulphide of gold, are
entirely decomposed at a high temperature ; whilst bisul-
phide of iron, on being exposed to a strong red heat, loses
only one-half its sulphur, the compound, protosulphide of
iron, remaining; and peroxide of manganese (Mn O,)
abandons, when exposed to a red heat, one-third of its
oxygen, a complex oxide (Mn, O,) remaining.

196. The temperature required for combination and
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that required for decomposition are nof, in rome cases,
far apart. Hx.—If oxygen, or atmospherie air, be passed
over anhydrous baryta at a low red heat, it combines with
the oxygen, forming with it peroxide of barium; at a
bright red heat this last compound is decomposed into
oxygen and baryta.

EXERCISES.

183. Introduce some binoxide of mercury into a retort
of hard glass. On applying the heat of an argand iamp,
the oxide of mercury 1s decomposed ; the oxygen passing
off in the state of gas may be collected at the trough,
whilst the mercury 1s volatilized, and, condensing in the
neck of the retort, collects in globules, which flow down
the tube into the trough.

184. Introduce some red lead (Pb,0,) into a hard glass
retort, and then heat it to redness; at this temperature
the red lead is decomposed into protoxide of lead and free
oxygen.

197. Heat acts in the same way on some ternary com-
pounds, resolving them into the binary compounds of
which they are formed ; this is familiarly exemplified in
the common operation of burning limestone, or chalk, by
which operation the gaseous constituent, carbonic acid, of
the limestone is expelled, whilst the basic substance, lime,
usually ealled quick or caustic lime, remains behind.

198. One of the binary compounds is sometimes either
wholly or partially decomposed by the heat, as well as the
ternary compound from which it was evolved. Thus,
nitrate of potash, when strongly heated, is decomposed
into potash and its other binary compound ; and this again
is decomposed, as soon as liberated, into its two elements,
nitrogen and oxygen. Sometimes the ternary compound
consists of but three elements, of which only one is
expelled, whilst the other two remain united, forming a
new and distinct compound.

EXERCISES.

185. Introduce a quantity of dry and finely powdered
nitrate of lead into an earthenware or hard glass retort,
which 1s then to be heated to full redness. The red
vapours, which will be evolved, are to be conducted into
a receiver, carefully cooled by a mixture of snow and salt ;

ok e
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they then condense into a liquid, while a quantity of
oxygen escapes, and oxide of lead remains behind in the
retort. The nitrate of lead is decomposed by the heat
into its two binary compounds, oxide of lead and anhy-
drous nitrie acid, and this latter compound is immediﬂ,tj
resolved, by the same agent, into nitrous acid (NO,), the
orange e]l{rw body and free oxygen.

186. Introduce into a wide tube or Florence flask, to
which a bent tube is attached, a small quantity of pow-
dered chlorate of potash, and subsequently apply heat.
This salt is composed of the two binary compounds, anhy-
drous chlorie acid and potash; when this salt is heated
somewhat above its melting point it is decomposed, all
the oxygen it contains being evolved in the state of gas,
whilst its other two elements, chlorine and potassium,
remain combined as chloride of potassium.

199. The complete and partial decompositions just given,
as illustrations of the effect of heat in promoting chemical
changes, were clearly due to that agent alone; but there
are cases in which (although the decompositions are as
certainly effected by heat) it plays a less conspicuous
part, the decomposition appearing to be effected prineci-
pally, if not solely, by the superior affinity which a super-
added body has for one or the other constituent of the
decomposed substance. To guard the student against
forming a wrong conclusion as to which is the decomposing
agent, a few experimental examples are subjoined.

EXERCISES.

187. Introduce into a jar of nitrous oxide (prepared as
directed in Expt. 165) a {i ghted taper, which Ifnu:'ns. with
increased brilliancy in this gas, and if blown out may be
relighted, provided a pretty large portion of the wick
remains bright red. The student will be aware that the
burning of the candle in this gas must be due either to
the combination of the gas with the tallow or wax, or with
one or both of its constituents in their free state ; or that,
the gas being decomposed, the burning is due to the com-
bination of the liberated oxygen with the carbon and
hydrogen of the candle. The burning of the taper in this
gas 18 due to the latter cause; the gas is decomposed, and
the oxygen thus set at liberty combines with the earbon
and hydrogen of the taper, forming with them carbonie
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acid and water, whilst the nitrogen remains uncombined.
To what cause is the decomposition of the nitrous oxide
due? Is it caused by the superior affinity which carbon
or hydrogen, or both, have over nitrogen for oxygen?

188. Introduce into a jar of binoxide of nitrogen (pre-
pared as directed in Expt. 73) a lighted taper, which will
be immediately extinguished. By contrasting these two
experiments, we shall arrive at a proper conclusion as to the
agent which caused the decomposition of the nitrous oxide
in the first one. If the decomposition of the gas in that
experiment were due to the superior affinity which carbon
and hydrogen possess over nitrogen for oxygen, we should
naturally expect a lighted taper to burn in the binoxide, as
it contains more oxygen than the nitrous oxide. As the
lighted taperis extinguished in an atmosphere of binoxide
of nitrogen, we may conclude that the superior affinity which
carbon and hydrogen possess over nitrogen for oxygen, is
not the sole nor even the principal cause of the decompo-
sition of the nitrous oxide. To what cause, then, 1s the
decomposition to be attributed? 1Itis evidently the effect
of the heat which is being evolved from the burning taper
when it is plunged into the nitrous gas; but the heat
developed by the burning taper is not sufficient to decom-
pose the binoxide, and therefore the light is instantly
extinguished when immersed in that gas. The student
must not suppose that all the gas in the jar is decomposed
by the heat which the burning taper is evolving at the
time of its immersion in the nitrous oxide. The heat
which 1s being thus evolved only decomposes a very small
quantity of the gas; the heat, developed by the combina-
tion of the oxygen thus liberated with the carbon and
hydrogen of the taper, produces a further decomposition ;
in this way the decomposition of the gas and combustion
of the taper proceed simultaneously.
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200. The following experiment clearly proves that a
much higher temperature is required to effect the com-
bination of phosphorus with oxygen when this latter ele-
ment 1s combined than when 1t exists in the free state,
that higher temperature being required to decompose the
oxygen compound. For if the superior affinity which
phosphorus possesses for oxygen were sufficient of itself
to decompose the oxygen compound, no greater amount
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of heat would be necessary to inflame the phosphorus in
the oxygen compound than in free oxygen.

EXERCISE.

189. Introduce, by means of a deflagrating spoon, a
piece of dry but unignited phosphorus into a jar of bin-
oxide of nitrogen, and then touch it with a red hot wire,
the heat of which will not ignite it, because it (the heat)
18 insuflicient to decompose the gas; and until this is
effected, combination, as before stated, cannot take place
between the phnsgharus and the oxygen —in popular
phraseology, the phosphorus cannot burn. Remove the
spoon from the jar, and then apply the red hot wire; it
will, when the phosphorus is in contact with the air,
cause the metalloid to inflame: introduce the inflamed
phosphorus into the jar of binoxide of nitrogen ; it will
continue to burn, as the heat evolved by the burning
Rhﬂaphorus, at the time of its introduction, 1s sufficient to

ecompose a quantity of the gas.

CHAPTER VIIL

INFLUENCE WHICH COHESION AND ELASTICITY EXERCISE
OVER AFFINITY.

Cohesion opposes combination. Frercises. With affinity
it plays a most important part as a decomposing agent.
Ezercises. Influence of elasticity in promoting combi-
nation. Nascent state of substances. Faxercises. The
surface action of platinum, charcoal, &ec. This action
applied. Exercises. Influence of elasticity in promoting
decomposition. Substances unite in different proportions
at different temperatures. Inmany eases no chemical action
will ensue between a solid and a liquid unless a third sub-
stance s present. Laws of Berthollet. Exercises.

201. In chemical combination it is the individual mole-
cules of substances, and not the congregation of those
molecules as a mass, which unite together, therefore the
force we term affinity must reside in each of these minute
particles ; consequently, whatever prevents the close ap-
proximation of the minute particles of dissimilar bodies
must stand opposed to chemical affinity, as this force acts
only at insensible distances. Cohesion must evidently be
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one of these antagonistic forces, as it binds particles of

the same nature so closely together, that it prevents that
intimate intermingling of unlike particles which is neces-
sary for the manifestation of affinity; this latter force is
therefore promoted by a diminution of the former. Co-
hesion may be diminished by reducing solid bodies to fine
powder, or by bringing them into the fluid state. But
the finest dust which ean be obtained by powdering sub-
stances is rough and coarse compared with the minute
division which can be attained by bringing substances into
a state of solution; the former state is, therefore, less
favourable to chemical action than the latter. Solid bodies
are brought into the fluid state, either by dissolving them
in some ]ic’uid. or by liquifying the solid bodies themselves
by heat. The former method is employed whenever the
substances are capable of solution, the latter when they
are insoluble in liquids.

202. With a few exceptions (Expt. 10) solid bodies in
the mass do not combine, or at most imperfectly, but they
can sometimes unite even at common temperatures on
being simply mixed together. The following example
proves that chemical affinity is very much exalted by a
diminution of the cohesive torce. ?f" metallic iron in the
mass be exposed to dry air it will not oxidize ; but it takes
fire when exposed to the air, if in a state of very minute
division, forming peroxide of iron.

EXERCISES.

190. Mix in a mortar very briskly flowers of sulphur
and metallic copper in the state of very fine powder, in
the proportion of sixteen parts of the former to thirty-two
of the latter. These two elements combine during the
trituration ; the combination is attended with an evolution
of heat, and the compound produced is of course sulphide
of cap}}er. No combination would take place, if copper
in small pieces or turnings were substituted for the pow-
dered metal.

191. Put some tartrate of lead into a green %Iaaﬂ tube ;
contract the open extremity, but do not completely close
it ; heat the tartrate gradually, so as to decompose it in
suceession, beginning at the end nearest the aperture.
In this way dissipate all that is volatile. Metallic lead
in a finely divided state remains, which will inflame the
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moment it is projected into the air, and will continue to
burn for some time, oxide of lead being produced. By
sealing up the contracted aperture of the tube as soon as
all the volatile matter is expelled, the powder may be pre-
served without injury for any length of time.

192. Dissolve some phosphorus in bisulphide of earbon
by adding small pieces of phosphorus to that liquid.
Draw rapidly the outline of some letter or figure with a
feather moistened with this phosphorus solufion. The
bisulphide of carbon evaporates rapidly from the paper,
leaving the phosphorus in a finely divided state, which
attracts oxygen so rapidly from the air that it bursts into
flame, commencing at the part first dry, and spreading
rapidly to every part of the paper which has been coated
with the phosphorus. If not too much of the liquid be
a]]l)plif-d the paper will not be inflamed, but only charred,
the combustion of the phosphorus not developing a suffi-
cient amount of heat to set the paper on fire.

203. Cohesion invariably opposes chemical combination,
which it does, as we have seen, by impeding or preventing
that close proximity of the particles of unlike bodies which
is essential for the development of their mutual affinities.
We have still to learn whether it influences decomposition,
and if it does, whether it is an opposing or an assisting
agent. No chemical compound, however great the cohe-
sive properties of its constituents individually may be, is
decomposed by this agent alone. But along with affinity
cohesion plays a most important part as a decomposing
agent, where two or more substances are brought together
in solution. The learner will more readily understand
the influence which cohesion exerts in these cases, if we first
describe the real or probable chemical changes which ensue
in similar cases, when neither cohesion nor any other agent,
aflinity excepted, comes into play. Let us take, for our
example, sulphate of potash and nitrate of soda: suppose
we were to mix an aqueous solution of each of these salts
together, would the bases and acids continue combined, as
they were originally, or would the nitric acid leave the
soda and combine with the potash, and the sulphurie acid
leave this latter base and combine with the soda, nitrate
of potash and sulphate of soda being the result; or
| would each acid be divided between both bases, so that
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there would finally be in solution four salts, viz., sulphate
of potash, sulphate of soda, nitrate of potash, and nitrate |
of soda? It is difficult to ascertain, when the salts, which
may be produced, are soluble, whether any changes take
E]aee or not on bringing two or more of them together.
n the only cases in which we are capable of forming an
opmion, we find, that when the relative forces are not
very unequal, the different acids and bases are distributed
amongst each other; from these facts we conclude, that
in all cases where the relative forces are not very unequal,
the acids and bases are thus distributed, so that when
two salts are mixed together, the two acids are divided
between both bases, four salts being thus finally contained
in solution; in like manner, three salts on being mixed
together will give rise to nine salts, and when %ﬂur are
mixed together, sixteen will be produced. Chemists con-
clude that this 1s the case, from a few facts, of which the
following is one. A solution of sulphate of copper in
water is of a rich blue colour, and a solution of chloride
of copper in the same liquid of an emerald green. If
hydrochlorie acid be added to an aqueous solution of sul-
pﬁate of copper, the blue solution is immediately changed
to green, showing that the weaker acid has divided the
oxide of copper with the stronger,—that there is, there-
fore, present both sulphate and chloride of copper, and
that free sulphurie zu:i(f and hydrochloric acid are likewise
present. 'T'he learner will notice that we have limited
this distribution of the acids and bases to those cases where
the relative aflinities are nof very unequal, and when no
insoluble substance is separated, cohesion not coming into
play. In those cases where the relative affinities are -usgy
unequal, and no insoluble compound is formed, the acids
and bases are not so distributed, but they are exclusively
united, the strongest acid with the strongest base, the
weakest acid with the weakest base, &e. And if there be
~ not sufficient acid or base to neutralize all the bases or all
the acids, a corresponding quantity of the weakest acid
or weakest base, as the case may be, remains uncombined.
The truth of this is established by the following experi-
mental facts. Boracic acid colours blue litmus wine-red ;
sulphurie acid turns it bright red. Now if sulphuric acid
be gradually added to an aqueous solution of biborate of
soda, which has been coloured blue with litmus, the liquid
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at first remains blue, because the boracie acid set free
unites with the undecomposed biborate, forming a quadro-
borate or a borate containing a still higher proportion of
boracic acid—and all borates have an alkaline reaction;
on the addition of more sulphurie acid, boracic acid 1s set
free, and colours the liquid wine-red ; and not till all the
soda has entered into combination with the sulphuric
acid does a further addition of that acid give the liquid a
bright red colour ; but if sulphuric acid were present, either
in the free state or in union with soda as an acid salt,
before all the biborate was decomposed, the litmus would
have turned a bright red colour. From the same cause, a
solution of sulphate of potash or sulphate soda, to which
free boracic acid has been added, colours litmus only
wine-red, but the addition of ;. of sulphurie acid imme-
diately produces the bright red tint. Hence sulphuric
acid takes soda from boracic acid, setting that acid free:
but boracic acid does not take soda from sulphuric aeid,
or set that acid free. Blue litmus paper i1s instantly
bleached by chlorine water, but not till atter several days
by an aqueous solution of iodine. If this latter element
be added to a solution of chloride of sodium, the solution
only changes the blue colour of the litmus to green (the
green colour arising from the yellow of the solution and
blue of the paper), whereas a very small quantity of free
chlorine would convert this green to the colour of the
solution, orange-yellow; as the litmus-paper remains
green, it proves that there has been no participation of
the metal with the metalloids, but that 1t has remained
exclusively united with the chlorine.

204. Having considered the changes which result from
the influence of affirity alone, we will now examine those
cases where cohesion 18 exerted, as well as the chemical
force. Let us take for our example sulphate of potash and
chloride of barium, and assume that the relative affinities
of the acids and bases contained in these two salts are not
very unequal. Suppose then that we were to add an
aqueous solution of each of these salts together, there
would, if no other force but aflinity were to come into
play, be produced sulphate of baryta, sulphate of potash,
chloride of barium, and chloride of potassium. It is
highly probable that such a change really takes place, but
as su?i:uhate of baryta is insoluble in water, it immediately
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precipitates : this removal of the sulphate of baryta from
the solution occasions a fresh distribution of the acids and
bases—a further quantity of sulphate of baryta is therefore
formed, which also, of course, instantly precipitates; the
formation and precipitation of this compound goes for-
ward with a measureless rapidity, and ceases nof until all
the baryta, or all the sulphuric acid, or both, have been
precipitated, so that chloride of potassium is the only salt
which finally remains in solution, if the baryta and sul-
phurie acid were present in equivalent proportions. This
and like facts prove that the nature of double decompo-
sition, when of takes place at ordinary temperatures,
depends on the relative solubility of the compounds
formed. JIn whatever way the most insoluble bodies can
be generated, the decomposition occurs: hence two salts,
when dissolved in water, decompose one another by double
affinity, whenever one, at least, of the new salts is, at the
given temperature, less soluble (and therefore more
coherent) than either of the two original compounds.
This law holds good without any exception whatever; in
no instance are two soluble salts produced from the

mutual action of a soluble and an insoluble salt; on the

other hand, two soluble salts often produce a less soluble
salt, and an insoluble salt, and very frequently one
equally soluble and one insoluble.

205. The influence of cohesion, in determining chemical
action, is well illustrated in the following example. A
solution of common salt and one of sulphate of magnesia
being added tn%‘ether, and then evaporated at ordinary
temperates, or a little above, allows both salts to erystallize
out unaltered ; but at 32° Fah., or at lower temperatures,
hydrated sulphate of soda crystallizes out, and the solution
retains chloride of magnesium ; on gently warming the
whole, eommon salt and sulphate of magnesia are again
obtained. But above 122° Fah. the solution again deposits
sulphate of soda, though in the anhydrous state. These
apparently contradictory results are owing to the different
solubility of sulphate of soda at different temperatures ; 1t
separates both below 32° Fah. and above 122° Fah., because
at these extremes of temperature its solubility is less than
that of common salt or sulphate of magnesia; at medium
temperatures, on the contrary, it is more soluble than
common salt or sulphate of magnesia ; consequently these
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two salts, at the medium temperatures, remain unaltered.
We learn from this last example that the manner in which
acids and bases are arranged in a solution cannot be deter-
mined from the salts which are obtained on evaporating
that solution ; ordinary hard water, for instance, contains
soda, hydrochloric acid, lime, and sulphuric acid,—the
acids and bases will either be distributed, or the strongest
acid, sulphuric acid, will be combined exclusively with
the strongest base, soda; yet on evaporating the water,
the salt which first crystallizes out is sulphate of lime,
and on continuing the evaporation, all the sulphurie acid,
or all the lime, or both, may be removed in combination
with each other, because sulphate of lime 1s the least
soluble salt that can be formed out of these substances.

206. It will be needless to give many experiments to
exemplify what has just been stated, namely, that m
whatever way the most insoluble substances can be pro-
duced, the decomposition takes place, as Expts. 177, 178,
180, and 181, under the head of double elective affinity,
are illustrative of this proposition.

EXERCISES,

193. Add a solution of carbonate of ammonia to one of
chloride of caleium, carbonate of lime and chloride of
ammonium will be produced ; the former, being insoluble,
will be precipitated ; the latter, being soluble, will remain
in solution.

194. Add a solution of carbonate of soda to one of
nitrate of lead, carbonate of lead and nitrate of soda will
be produced; the former, being insoluble, will be precipi-
tated ; the latter, being soluble, will remain in solution.

195. Add to a solution of sulphate of zine some sulphide
of ammonium, sulphide of zinc and sulphate of ammonia
will be formed ; the former, being insoluble, will be preci-
pitated ; the latter, being soluble, will remain in solution.

207. We shall conclude this lesson by reminding the
student that as substances may be soluble in water, and
insoluble in spirit of wine or some.other liquid, the kind
of liquid must and does influence chemical action in many
cases. Ex.—If carbonate of potash be dissolved in water,
and acetic acid be added to it, the carbonic acid will be
expelled, and acetate of potash will be formed, which,
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being soluble, remains in solution ; but if acetate of potash
be dissolved in aleohol, and a stream of carbonic acid be
passed into the solution, carbonate of potash, because it is
insoluble in aleohol, will be formed, and acetie acid set free.

208. Having studied the influence which cohesion exerts
over affinity, we must now consider the influence which its
antagonistic force, elasticity, exercises. The same order
will be followed in this as in the preceding lesson, viz.,
1st. Whether elasticity opposes or promotes combination.
2nd. Whether it opposes or promotes decomposition.

209. Cohesion, we have learned, is opposed to chemieal
combination, from its binding particles of the same nature
so closely together, that it prevents that intimate inter-
mingling of unlike particles which is necessary for the
manifestation of affinity; elasticity stands opposed to
chemical combination on account of the opposite extreme,
viz., the wide dispersion of the particles, which likewise
prevents that close approximation of the dissimilar mole-
cules which, as a rule, is necessary for the manifestation
of affinity. But just as in the case of affinity there were a
few solid substances which could combine together in their
solid state, on account of their powerful aflinities, so there
are a few gaseous substances which can combine together
in their gaseous state without the aid of any other power
but that of affinity ; but these are the exceptions, and not
the rule, as we shall learn presently. Ex.—If gaseous
hydrochloric acid be brought into contact with gaseous
ammonia, they will unite,—chloride of ammonium, a solid
substance, being the result. But oxygen and hydrogen,
chlorine and hydrogen, &e., cannot ﬂamﬁine, when brought
together in their gaseous state, without the aid of heat (as
gshown in the first experimental lesson), or light, or elec-
tricity, as we shall see hereafter, although they possess a
very great affinity for one another. In order to effect
their combination independent of the agents just men-
tioned, we must bring them together in what 1s termed
their nascent state—that is, they must be set free from
other combinations at the same moment, and in presence
of one another.

210. To form ammonia, its elements, nitrogen and
hydrogen, must be brought together in their nascent
state ; they will not combine if presented to one another
under any other circumstances.
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211. To effect the union of a solid with a gaseous body,
it is necessary in a number of cases to bring them together
in this way. Thus no chemical combination will take

lace if a stream of hydrogen be passed into sulphur. If]

owever, the two elements are set free from other com-
binations at the same moment and in presence of one
another, they combine together and form hydrosulphurie
acid. This is also the case between hydrogen and the
following substances—phosphorus, carbon, arsenic, anti-
mony, &e.

EXERCISES,

196. Add some dilute sulphuric acid to a few fragments
of sulphide of iron, sulphate of iron and sulphide of hydro-
gen will be formed ; the former compound is a solid, and
being soluble in water, will remain dissolved; the latter
is a gas, and with the exception of a small portion which
will be dissolved by the water, it will pass away in that
state.

197. Add to an aqueous solution of sulphide of hydrogen
an aqueous solution of sulphurous acid, the two substances
will mutually decompose each other, water being formed,
and sulphur set free.

198. Add sulphurie acid to a solution of chloride of
sodium. Sulphate of soda and ekloride of hydrogen will
be formed.

212. We shall conclude this lesson by proving by an
experiment, that gases can unite together at common
temperatures when they are not in their nascent state,
provided they can by any means be brought sufficiently
near together. '

213. Oxygen and hydrogen gases cannot, except they
be brought together in their nascent state, combine of
themselves at common temperatures; they remain un-
united after being kept mixed for any length of time ; but
a strip of clean platinum, if introduced into the gaseous mix-
ture, effects their combination. The platinum possesses the
power of condensing upon its surface a quantity of each
gas. The condensed particles of the two gases are brought
into such close proximity that they unite,—the combina-
tion giving rise to a fresh condensation by the platinum of
the uncombined gaseous mixture: in this way the whole
amount becomes at length united. If spongy platinum—
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which is a mass of very minute particles cohering slightly
together—be employed, it causes a more rapid mml%'ina-
tion than the metal does in its ordinary state, by con-
densing a larger quantity of the two gases, which occasions
a development of heat sufficient to raise the platinum to
bright redness;—at this temperature the two gaseous
elements combine instantaneously with explosion.

EXERCISE.

199. This action of platinum has been ingeniously
applied in the construction of an instantaneous light
apparatus, called after the inventor—Doberiner’s lamp,
which affords a very nice and safe mode of exhibiting this
remarkable property. A glass vessel,
a, contains dilute sulphuric acid; &
18 a bottle without a bottom, the neck
of which 1s cemented into the cover,
¢; dis apiece of zinc hanging from the
cover within the bottle, 5 ; eis a stop-
cocls, from which the gas issues when
the cock 1s opened, and 1mpinges upon
the spongy platinum contained in the
little ecup, £ Hydrogen is evolved by
the action of the acid on the zine; it
collects in the bottle, 4, forcing out the
liquid until it has fallen below the
metal ; the chemical action then ceases,

Fig. 12. and with 1t, of course, the liberation
of the gus. When the stop-cock is
opened, the gas issues from the jet and impinges on the
platinum, which already contains in its pores, from bein
expoesd to the air, a quantity of condensed oxygen, an
as it condenses some of the hydrogen impinging upon it,
the condensed particles of the two gases combine in the
way previously explained. The heat evolved by the com-
bination raises the temperature of the platinum sufficiently
high to ignite the hydrogen issuing from the jet. If the
jet be closed for a moment only, the platinum condenses in
that time, however brief, fresh quantities of oxygen ;—as
soon, therefore, as the jet is re-opened, the condensed gases
again combine, and the hydrogen is again ignited.*

* ¢ When the apparatus is first set up, the common air must be taken
from the funnel, by covering the collaswith ]_:Efer, and then opening the
stop-ccck. The 1nner bottleis then allowed to fill with hydrogen gas, which
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214. Oxygen and hydrogen are not the only gases which
platinum can condense; nor is that metal the only sub-
stance which possesses this property. Every porous sub-
stance, whether elementary or compound, is pessessed of
it in a greater or less degree: even finely pulverized glass,
if heated intensely, possesses i1t to some extent; but the
one which is capable of condensing the greatest variety
of substances, is carbon.

215. Of the different varieties of carbon, animal and
wood charcoal possess this property in the highest degree ;
they absorb most. if not all, gaseous bodies, both simple
and compound. They absorb of gaseous ammonia ninety
times their bulk, of sulphuretted hydrogen fifty. five times,
of oxygen nine times, of hydrogen nearly twice their bulk ;
they also absorb large quantities of the other gases, and
likewise watery vapour. They also absorb the colouring,
bitter, and odoriferous bodies of most animal and veget-
able substances. Whether they absorb them in some
such way as they do ordinary gaseous bodies, or the
carbon chemically combines with them, is not known.

216. Some of the most important uses of charcoal in the
arts, are owing to its possessing this property. Charcoal is
employed to deodorize all kinds of feculent matter, which
it does by absorbing the noxious gases and all unpleasant
effluvia evolved by animal and vegetable matter under-
going putrescent decay. It acts in a similar way when
employed to deprive tainted meat of its odour. Its
efficacy as a manure is also due to its power of absorbing
from the air, and retaining in the soil, those gaseous sub-
stances—ammonia 1% particular—which plants require.
Foul water is purified and sweetened by filtration through
charcoal ; and water will not become impure when kept
in barrels which are charred on the inside. A solution of
brown sugar, if allowed to percolate through charceal,
is deprived by it, in its passage, of a large quantity of its
colouring and other impure matters ;—charcoal is there-
fore used largely in the refining of sugar. '

ig let off in the same manner without being allowed to strike upon the plati-
num. This is repeated once or twice, after which the gas will be pure. The
paper i8 then taken away, and the pure hydrogen is allowed to strike upon
the platinum. If the gas does not take fire, it must be inflamed by a lighted
paper (not a match), in order to dry the platinum. After that i1t will act
properly.”

| -
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217 The following experiments will illustrale what has
just been stated about the properties of charcoal :—

EXERCISES.

200. Boil an infusion of litmus, or red cabbage, with
powdered ivory black, and then pass the liquid through
filtering paper; if suflicient ivory black has been added,
the lignid will come through the filtering paper perfectly
colourless.

201. Boil an infusion of hops with powdered ivory
black. and then pass the liquid through filtering paper;
if sufficient of the black has been added, the liquid which
filters through will be tasteless.

218. For a more detailed account of the properties of.
carbon, the reader is referred to the special properties of
this metalloid, chapter xxii.

219. In studying the influence of elasticity as a decom-
posing agent, we have to consider—1st, Whether chemical
combinations are broken up by this agent alone ;—2nd, Its
influence in conjunction with heat as a decomposing agent ;
—3rd, lts influence in conjunction with affinity at common
temperat ires ;—4th, The _inﬂuf-‘ncc which heat and elas-
ticity exercise in conjunction with the chemical force.

220. 1st.—Some chemical compounds are of so unstable
a nature, especially when both their components are gases,
that friction, or other slight disturbing influences, are suffi-
cient to effect either their total or partial decomposition.
Chloride of nitrogen, which is an oil-like liquid, composed
of the two gases, chlorine and nitrogen, affords an apt
illustration of this prineiple : owing to its unstableness, it
requires to be treated with the utmost caution. If it be

strongly rubbed or struck, or if it be touched with any

areasy body, or with phosphorus, it explodes wiih intense
violence ; a globule, as large as a pin's head, on being
exploded in a tea-cup, shatters it to pieces. It is noft,
therefore, a fit substance to be experimented with in
a class-room. These unstable compounds are generally
decomposed with explosion, if they are brought in contact
with substances which possess an affinity for one of their
constituents, as we shall hereafter learn.

921, 2nd —Chemical compounds composed of a volatile
and non-volatile body, are generally decomposed at high
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temperatures. “The expansion occasioned by heat removes
the elements of the compound to a greater distance from
each other, and thus by Himinishin,r_r, the foree of ehemical
attraction, favours the tendency of the volatile prineiple
to assume the form which is natural to it.” We have
already had, when discussing the influence of heat, several
illustrations of the principle here stated ; it will therefore
be useless to give new examples, or repeat those already

iven. There remains, however, one important point to

e noticed before we dismiss this part of the subject: 1t
is this—when the decomposition of a body by heat is
occasioned by the elasticity of one of its constituents, the
volatile body must be allowed to pass away, otherwise, no
matter how high the temperature, decomposition cannot
be effected. Thus. carbonate of lime at a red heat is
decomposed, provided the volatile constituent, carbonic
acid, be allowed to escape; but if it be not allowed to
escape, the carbonate of lime may be raised to the highest
?Dss'tble temperature, yet it will not suffer decomposition.

t does not appear to signify much what kind of an atmo-
sphere surrounds the substance to be decomposed, provided
it is of such a nature that it offers little resistance to the
substance which has to be expelled. Thus, carbonate of
lime will be decomposed as readily in an atmosphere of
steam as it will in one of common air. In burning lime-
stone on the large scale, the kiln is so constructed that
there is always a continuous draught through the burning
lime, which carries off' the carbonic acid as it is set free,
and thus influences the decomposition. * Decomposition
from unequal volatility is therefore checked by pressure,
and promoted by its removal, and by everything which
favours the escape of vapour,—such as the presence of an
atmosphere of a different sort, into which the volatile con-
stituent may evaporate. The occurrence of this decom-
position of carbonate of lime by heat depends entirely
upon the existence of a foreign atmosphere into which
carbonie acid can diffuse.”

222. The following often-quoted and apparently con-
tradictory facts may be exp?ained in this way. When
iron filings are heated to redness in a porcelain tube,
and vapour of water passed over them, the water under-
goes decomposition with the utmost facility, hydrogen is
rapidly disengaged, and the iron converted into oxide. On
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the other hand, oxide of iren, heated in a tube through
which a strcam of hydrogen is passed, suffers almost
instantaneous reduction to the metallic state, while the
vapour of water, carried forward by the current of gas,
escapes as a jet of steam from the extremity of the tube.
It is highly probable, that at a red heat the affinities of
iron and hydrogen for oxygen are so nearly balanced, that
the nature of the atmosphere determines the chemical
change ; an atmosphere of steam offering little resistance
to the escape of hydrogen, whilst, on the other hand, an
atmosphere of hydrogen offers little resistance to the
escape of steam. *In a similar manner, if a eurrent of
sulphuretted hydrogen be transmitted in large excess over
solid bicarbonate of potash, aided by a gentle heat, the
whole of the carbonic acid and water will be displaced
from the bicarbonate, and carried forward by the excess
of the gas, whilst sulphide of potassium will be formed.
But sulphide of potassium, if dissolved in water, and sub-
jected to a current of carbonie acid, will, in its turn, be
gradually but completely decomposed ; the sulphuretted
hydrogen being carried away by the excess of carbunic
acid, whilst bicarbonate of potash is formed in the liquid.”
223. 3rd.—Elasticity also modifies chemical affinify in
a manner analogous to the influence which cohesion exerts
over the same force. For just as we have seen the forma-
tion of an insoluble substance determining the order of
decomposition and combination, so elasticity causes decom-
positions and combinations to occur in such a way that
the most volatile constituent is formed. In all such cases,
the same principle of distribution, deseribed under the
head of cohesion, may be supposed to hold good. Thus,
on adding hydrochlorie acid to a solution of carbonate of
soda, the first tendency probably is, of the base being
divided between both acids; but the carbonie acid, which
has been replaced by the hydrochlorie acid, immediately
assumes the gaseous state,—the consequence is, that at
last chloride of sodium is the only salt that remains, the
hydrochlorie acid having entirely removed the carbonic
acid. In the same way, the volatile base, ammonia, 18
linerated from its combinations, on the addition of a less
volatile base.
~ 224. 4th.—Cohesion and elasticity are perhaps the most
general and the most powerful controllers of the chemical
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force. Cohesion, as arule, determines the order of decom-
position and combination at temperatures below 212° F.—
above this temperature elasticity. and not eohesion, deter-
mines the chemical changes. This being the case, the
student will not be surprised to learn, that at different tem-
eratures exactly opposite decompositions may take place.
e have seen, by Expt. 193, that at 212° F., and below
that point, a solution of carbonate of ammonia and chloride
of calcium are mutually decomposed in the presence of
one another, carbonate of lime and chloride of ammonium
being formed. DBut if solid carbonate of lime and solid
chloride of ammonium be mixed together, and then exposed
to a temperature higher than 212° I, carbonate of ammonia
and chloride of calcium will be formed : the former, being
volatile, escapes; the latter, being a non-volatile body,
remains behind. This reverse decomposition takes place
even when the substances are in a state of solution, if the
temperature exeeeds 212° F. Advantage has been taken of
this fact to prevent steam boilers becoming incrusted with
the carbonates of lime and magnesia, which are generally
present in ordinary spring and river water. This is accom-
plished by adding to the water in the beiler a quantity of
chloride of ammonium, which acts by decomposing and
being decomposed by the carbonates of lime and magnesia
present in the water ; volatile carbonate of ammonia, and
the soluble chlorides of calcium and magnesium, being
formed. It has been particularly noticed, in a preceding
page, that sulphuric acid can, at ordinary temperatures,
deprive boracic acid of every particle of its base. If,
however, a mixture of sulphate of soda and boracic acid in
the dry state be heated to redness in a crucible, the sul-
phurie acid being volatile at that temperature, and boracic
acid not, the latter will expel the former (in consequence
of its volatility) from its combination. Silicie acid is set
free from its combinations by all the other acids at ordi-
nary temperatures, whereas at high temperatures, and the
substances being in the solid state, it expels, on account
of its non-volatility, the most powerful acids from their
combinations. Thus, when chloride of sodium is thrown
upon ignited clay, the silica in the clay unites with the
soda, forming silicate of soda; whilst hydrochlorie acid is
expelled. It is in this way that our common pottery 1s
glazed. Potassium, at a red heat, decomposes oxide of
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iron, forming potash and metallic iron ; at a white heat,
on the contrary, potash is decomposed by metallic iron,
the products being oxide of iron and vapour of potassium.
At a red heat, potassium decomposes carbonic oxide, form-
ing potash and charcoal; at a low white heat, charcoal
decomposes potash, producing carbonic oxide gas, and
vapour of potassium. These examples, and those which
follow, prove, that at elevated temperatures, substances
possessing weak aflinities displace from their combinations
substances possessing much stronger affinities, when the
former are non-volatile and the latter are volatile, or when,
as in the case of the potash and charcoal, the substances
added are non-volatile, but the substances formed (potas-
sium and carbonic oxide) are volatile, at the temperature
at which the experiment is made.

225. To obtain the common street-gas from coal, this
substance is exposed in retorts to a very high temperature,
which gives rise to two gaseous compounds of carbon and
hydrogen, viz., light carburetted hidrogen (marsh gas,
fire-damp), C Hy, and olefiant gas, C, H,—these are the |
Fl‘incipal constituents of the coal gas. Mr. Young has
ound that if the coal be distilled at a lower temperature,
the principal eompound of carbon and hydrogen which
distils over is not a gas, but a solid body (Paraffine), at
ordinary temperatures. The former examples proved
that at different temperatures exactly opposite decom-
positions may take place,—this example shows that at
different temperatures the same elements unite themselves
in a different manner.

226. As experiments illustrating this lesson do not form
suitable leciure experiments, we shall, on that account,
not give any exercises, the examples quoted sufficiently
illustrating the propositions anuounced.

227. We shall conclude this chapter by directing the
student’s attention to a condition very frequently over-
looked, especially by the learner. It is this,—in many
cases no chemical action will take place between a solid
and a liquid, unless a third substance be present, although
this thirqd substance does not contribute any element for
formation of the produects. Thus, concentrated sulphurie
acid may be added to sulphide of iron, and concentrated
nitric acid to carbonate of baryta, yet neither hydrosul-
phuric acid in the one case, nor carbonic acid in the
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other, will be evolved until water (the third substance) be
added. These phenomena admit, in these and most other
experiments of a similar kind, of the following expla-
nation :—That on the first addition of the solid and liquid
together, a slight chemical action takes place, and the
small quantity of the solid produet which 1s thus formed,
being 1nsoluble in the liquid, falls down as a slight but
impervious film, which prevents the further action of the
liguid upon the original solid body ; but when this film is
dissolved by the addition of water, decomposition pro-
ceeds. Thus, when sulphide of iron and concentrated
gulphuric acid are brought together, a slight qrantity of
sulphate of iron 18 formed, which, being insoluble in the
acid, remains upon the surface of the sulphide of iron,
and prevents the further action of the acid upon the
sulphide of iron until water be added to dissolve it as it 1s
formed. As soon, however, as the water becomes satu-
rated with the iron salt, the formation of the hydro-
sulphurie acid ceases, although the materials from which
it 1s formed, viz., sulphuric acid and sulphide of iron, are
still present.

EXERCISES.

202. Add a few strips of zine and concentrated sul-
phuric acid together. In a similar vessel place a like
quantity of the same metal, and some dilnte sulphurie
acid (one part of concentrated acid to eight of water),
and observe the different action which takes place in the

two cases.

- 203. Add concentrated nitric acid to earbonate of
baryta, and in another vessel dilute nitric acid to the
same salt.

204. Add concentrated sulphurie acid to a few frag-
ments of sulphide of iron, and dilute sulphuric acid to
another portion of the iron ecompound.

205. Add absolute alcohol, which 1is saturated with
hydrochloric acid gas, to carhonate of potash ; to another
portion of the potash salt add water in which the same
gas is dissolved (ordinary liquid hydrochlorie acid), and
observe the different behaviour which the salt exhibits in
the two cases.
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228. Before we close the chapter, we will pass in review
the chemical properties of saline combinations;—the
greater part of it is only a condensation of what has been
already stated on the influence which cohesion and elas-
ticity exercise on the chemical force.

229. Aection of metals upon salts.—The metal in a salt
18 displaced by a more oxidizable metal, if the salt bein a
state of solution. The action of metals on the metallie
oxides in salts, if the salts are in a state of solution, may
therefore be foreseen ; butitis difficult to generalize upon
this action of metals upon metallic oxides, under all con-
ditions ; for the relative aflinity of the metals for oxygen
varies greatly with temperature. Thus, potassium decom-
poses oxide of iron at a red heat, whilst at a higher tem-
serature, as a strong white heat, iron, on the contrary,

ecomposes oxide of potassium.

230. The following table gives the action of some of the
metals upon some of the salts :—

SALTS IN A STATE OF SOLUTION EEDUCED BY CERTAIN

METALS.
Salts of tin h
o ﬂpllm&ﬂj’
2% ismut
- copper }reduc&t'l by iron, zine, and all those > r?:;ii{?r
»s  IMercury which precede copper o
" gilver reduced by iron, zine, manganese, e
x platinum 1» cobalt, and all those which pre-
5 gold cede silver

231. The reaction which acids and bases exert upon
salts, and the reciprocal action of salls on each other, may
be foreseen from certain general laws, which observation
has proved, and which willnow be explained. These laws
are called Berthollet’s Laws.

232. Aelion of acids upon salls.—If the acid which is
added to the salt is identical with that already in the
galt, it often happens that the salt combines with a new
quantity of acid, and a salt is formed with an excess of
acid. If sulphurie acid be added to sulphate of potash,
the bisulphate of potash is formed. So, also, if a current
of carbonic acid gas be passed through a solution of
neutral carbonate of potash, the bicarbonate of potash is

roduced.

233. If the base of the salt does not combine with a
greater quantity of acid, the salt often dissolves in the
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acid added. especially if the latter be mixed with a large

uantity of water. Thus, nitrate of potash dissolves in a
:{i]ute sclution of nitrie acid ; but if the liquid be evapo-
rated, the nitrate crystallizes unchanged.

234. If the reacting acid differs from that existing in the
salt, decomposition will ensue under several circumstances.

1st. Decomposition will ensue when, the salt being soluble
in water, and being dissolved in that liguid, the reacting
acid ean form an insoluble compound with its base. Sece
par 206, and par. 204.

2nd. An aeid can decompose a salt whiek is in a state of
solution, if the acid of the salt is either completely insoluble,
vir only sparingly soluble, in water.

3rd. A4 salt can always be decomposed by an acid less
volatile than that which it contains.

235. The state of coneentration of an acid, and the tem-
ferature, exert a powerful influence over these reactions.

f a solution of sulphuretted hydrogen be poured into a
dilute solution of chloride of antimony, a precipitate of
sulphide of antimony is formed. DBut, iiP sulphide of
antimony be heated with a concentrated solution of hydro-
chlorie acid, chloride of antimony is formed, and au{phu-
retted hydrogen disengaged.

236. 4th.— Wien the acid of a salt, and that employed to
react on i, are bolh gaseous, and at the same time but
slightly soluble in water, and when, moreover, their
affinities for the bases are nearly equal, the acid which is
present in excess will expel the other. Thus, by passing a
current of carbonic acid gas for some time through the
solution of an alkaline sulphide, the latter is entirely con-
verted into a carbonate, and sulphuretted hydrogen
driven off. Reciprocally, by passing sulphuretted hydro-
gen for some time through a solution of an alkaline car-
bonate, it is entiely eonverted into a sulphide.

237. The vapour of water, at a high temperature, expels
carbonic acid from alkaline carbonates, when the latter
are heated in platinum tubes in a current of steam, and
hydrates are formed. Reciprocally, the alkaline hydrates,
heated to the same temperature in a current of carbonie
acid, are converted into earbonates.

238. These facts exhibit the influence of mass, the
influence of which on chemical aflinity is noticed at
greater length in a subsequent part of the work.
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239. Aetion of bases upon salts.—When a salt is brought
into contact with an additional quantity of the same base
which it already contains, no reaction ensues, unless the
acid of the salt can form a salt more basic than the original
one. If potash be added to a solution of sulphate of
potash, and the liquid evaporated, the original sulphate
crystallizes out unchanged. In other cases, combination
ensues ; thus, potash added to a solution of bisulphate
of potash produces the neutral sulphate. A sc:-l[:,ltiﬂn
of neutral acetate of lead can dissolve an additional
quantity of oxide of lead, and form a basic acetate.

240. If the base added to a saline solution is different
from that existing in the salt, the original salt is fre-
ﬂuenﬂj’ decomposed, and a new one formed; and the

ecomposition 1s determined by circumstances analogous
to those which cause the reaction of acids on salts.

Ist. Generally speaking, a soluble salt, in a stale of
solution, is decomposed, when the reacting base can form
an insoluble salt with the acid of the salt. If baryta be
added to a solution of sulphate of potash, sulphate of
baryta is precipitated, and caustic potash remains in the
liquid. Baryta also decomposes carbonate of potash in a
dilute solution, and carbonate of baryta is precipitated.
The state of concentration of the liquid exerts great
influence over these decompositions ; for, if carbonate of
baryta be boiled with a concentrated solution of caustie
potash, a considerable quantity of carbonic acid is ab-
stracted from it, and carbonate of potash 1s formed.

2nd. A soluble salt, containing an insoluble base, is decom-
posed on adding to ils solution a soluble base.

3rd. An insoluble metallie oxide somelimes decomposes a
salt formed by a base equally insoluble. Thus, oxide of
silver decomposes nitrate of copper in solution, precipi-
tating oxide of copper; and the decomposition is deter-
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mined, in this case, only by the preponderating aflinity of %

oxide of silver for nitric acid.
dth. When the base of a salt is volatile, it is generally
expelled by a more fixed base, particularly when assisted
by heat.
j?cili Mutual action of salts.—When two salts are mixed
together, several phenomena may ensue: we shall distin-
guish the case in which the two salts are heated without
the contact of water, or the dry way, and that in which
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they are brought into contact in solution, or in the
humid way.

Mutual action of salts in the dry way.

242. When two salts of the same acid, but of different
bases, are heated together, the two salts frequently com-
bine in definite proportions, producing double salts, which
crystallize on cooling. In this manner a great number of
double silicates may be produced, which, from their
beautiful erystallization, present the characters of definite
compounds. In the same manner we may obtain, in the
dry way, double chlorides and several other double salts ;
but the combination is often destroyed upon dissolving
the cc-m]immrl in water, the two original salts crystallizing
separately.

243. When two salls of different acids and bases are
heated together, and when, by the mutual interchange of
acids and bases, @ new salt more volatile than the first two
can be formed, its formation is generally determined by this
circumstance. (See par. 223.) It frequently happens, as
we have before noticed (par. 224), that the reactions thus
produced in the dry way between two salts are precisely
the reverse of those which take place in an aqueous
solution.

Mutual action of salls in the humid way.

244.. The solutions of two salts which have the same
acid or base, are generally without action upon each other.
Sometimes, however, the two salts unite and form a double
galt. Sulphate of alumina, for instance, combines with
sulphate of potash, forming a double salt, known by the
name of alum. Chloride of potassium combines with per-
chloride of platinum, and produces a double chloride of
platinum and potassium.

245. Two soluble salts in a state of' solution mutually
decompose each other, when they can, by the interchange of
these acids and bases, form an insoluble salt (par. 206), or a
salt less soluble than either of the two original salts
(par. 204).

246. An insoluble salt may sometimes be decomposed by
boiling it for a long time with a soluble salt. This oceurs
whenever the base of the original insoluble salt ean form
an insoluble salt with the acid of the reacting soluble salt.
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To render the decomposition complete, a large excess of
the soluble salt must in the generality of cases be used.*

247. The student ought to write out answers to the
following questions :—

EXERCISES.

206. Chlorine, we have seen, combines with phosphorus,
with antimony, and with some other metals, at the ordi-
nary temperature of the atmosphere; is it probable that
at some lower temperature combination will not take
place between the chlorine and one or the other of these
elements P Give reasons for the opinion expressed.

207. Is the order of affinity consfant under all con-
ditions ¥

208. What is meant by the nascent state?

209. Name some of the properties of charcoal. ,

210. Refer to the list of acids given in the chapter on
acid substances, and then say which, if any, of the following
acids would set free sulphuric acid from sulphate of
potash at a red heat :—hydrochlorie acid, phosphoric acid,
nitrie acid, silicie acid, boracie acid.

211. Enumerate some of the circumstances which affect
the order of decomposition.

212. Name the several circumstances under which de-
composition will ensue when acids are added to salts.

213. Will any change take place when sulphuric acid
is added to nitrate of potash and heat applied ?

214. Name the several circumstances under which
decomposition will ensue when bases are added to salts.

215. Under what condition would it be possible for
nitric acid to decompose sulphate of potash P

216. Ammonia decomposes chloride of lead in solution,
and precipitates oxide ot lead ; is it probable that oxide of
lead will decompose cliloride of ammonium under some
conditions ?

217. Carbonate of lime is insoluble; lime therefore
removes carbonic acid from potash when ecarbonate of
potash is in solution. What conditions are necessary to
render this decomposition complete, and what must be
guarded against in order to prevent the potash taking
back the earbonic acid from the lime?

* This summary of Berthollet’s laws has been extracted mainly from the
“ Cours Elémentaire de Chemie,” par M. V. Regnault.
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218. Name the several circumstances under which two
saltsin a state of solution will interchange their acids and

bases.
219. Name the several eircumstances under which two

salts in the solid state will interchange their acids and
bases.

CHAPTER IX,

PRACTICAL APPLICATION OF THE PRINCIPLES CONTAINED
IN THE PRECEDING CHAPTERS.

Table showing the solubility of the basic oxides. Exer-
cises. Table showing the solubility of salts. Ezercises.

248. The object of the present chapter is to make the
student apply the knowledge he has acquired in the pre-
vious lessons.

249. Soluble salts, containing either insoluble acids or
bases, are decomposed on adding to their solutions bodies
possessing the same characters as the insoluble consti-
tuents, with the exception of being soluble. Ix.—Persalts
of iron are decomposed with the precipitation of the per-
oxide of that metal by the soluble bases.

250. All the bases, with the exception of pofask, soda,
ammonia, baryta, strontia, and lime, are insoluble in water.
They are all non-volatile, with the exception of ammonia,
which i1s not included in the table. Most of them, on
being precipitated from their salts, combine with one or
more atoms of water to form hydrates. Some of these
hydrates possess a aifferent colour to what the same
oxides do when anhydrous. Many of them are likewise
soluble in the volatile alkali or the fixed ones. It is,
therefore, necessary for the student to perform a course
of experiments, in order to become practically acquainted
with these facts.

251. The following table shows the colour of the differ-
ent hydrated oxides, and their solubility or insolubility in
the volatile alkali or the fixed ones. In performing these
experiments, the experimenter must carefully compare
this table with one given in chapter xiv., which gives the
colour # of the basie oxides in their anhydrous state.

* The colour of precipitates is a very important study, as it supplies a
character by which many substances may be distinguished. :
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TABLE SHOWING THE SOLUBILITY OF THE BASIC OXIDES AND

SOLUBILITY OF THE BASIC OXIDES.

THEIR HYDRATES.

NaMmEs. SYMBOLS. NaMEs, E‘IHB_QH;‘}'
Soluble in water. —'IF
Hydrate of potash . KO, HO | Hydrate of baryta Ba0, HO
Hydrate of soda } white NaD, HO | Hydrate of stmntia} white 8r0, HO
Hydrate of lime Ca0, Eﬂf;'-;

The rest are insoluble in water.
Soluble in ammonia and the fived alkalies.

Hydrate of zine (white) - - - - - - o MR - | Zn0O, HO t
L ] * - I-II
Insoluble in ammonia and the fixed alkalies. :
Hydrate of the sesquioxide Suboxide of mercury (forms B!
of iron (reddish brown) Fe,0,,3HO| no hydrate) Hg. O N
Hydrate of bismuth (white) | BiO, HO | Hydrate of the protoxide of b
mercury (yellow)

Insoluble in ammonia, so

Hydrateof alumina Al,04,3HO | Hydrate of the sesquioxide of 0
Hydrateofthe prot- chromium (bluish green).
oxide of tin hit 8n0Q, HO (This oxide is insoluble in il
Hydrate of the per- [ """ boiling solutions of the fixed r
oxide of tin 8n0,, HO alkalies.) Cr,0;3
Oxide of autimony SLO, Hydrate of lead (whife). (This
ydrate is only very slight-
ly soluble in the fixed alka- !
Ph0, HO

Soluble in ammonia, insoluble in the fixed alkalies.
ammnoniacal salts prevents some of them from being complelely preci=

pitated by the fived alkalies.

Hydrate of cobalt ( palered)) Co0O, HO | Hydrate of copper (whifish '
Hydrate of nickel (green) | NiO, HO green). (If the fixed alka- 1
Oxide of silver (jforms no ies are added to eold solu- L
hydrate) AgO tions of copper salts, the L
Hydrate of cadmium (white)| CdO, HO hydrate is precipitated ; if -5.
added to boiling solutions,
the anhydrous oxide is pre- )
cipitated, Cu0,HO

fuble in the fixed alkalies.

lies.)

HgO, HO
|

1

i

The presence

i
o

1

'L':

Insoluble in ammonia and the fixed alkalies, but in the presence of aﬂﬁ
of ammonia the volatile alkali cannot precipitate them, and the fived
alkalies only do so in part. |

Hydrate of magnesia(white)] MgO, HO | Hydrate of protoxide of iron %1

Hydrate of manganese 1s of a white colour, which,
(white), speedily becom- on exposure to the air, e
ing brown by absorbin finally becomes red, owing "
oxygen from the air, an to its being converted into i
becoming converted into the peroxide. FeO, HO
a higher oxide MnO, HO
Ammonia does not precipitate the hydrate from solutions of peroxide of mere

ury,

but a white precipitate having the following composition (Hg NH, + Hg Cl) ; I&
fixed alkalies likewise throw down the same precipitata, if salts of ammonia are pré
sent, but in the absence of these salts they precipitate the hydrate, vl
1
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252. The metallic oxides and their hydrates, which are
soluble in water, and not volatile, may be prepared in
three ways—1. By burning the metals in dry air or oxygen
gas. 2. By decomposing those of their salts, the acids of
which are volatile, by heat. Nitrates and carbonates are
the salts particularly employed for this purpose. 3. By
dissolving some of their salts in water, and adding to that
solution a base which will combine with the electro-nega-
tive body, and form an insoluble salt. By the first two
methods the oxides are obtained in their anhydrous, and
the third in their hydrated state. The first method, from
the difficulty with which the metals themselves are ob-
tained, is never employed in practice ; and as potash and
soda cannot long be preserved in their anhydrous state,
even if kept in stoppered bottles, these two bases are
never prepared by the second method. The third process
is, therefore, the only one which can be employed for
preparing them. Anhydrous potash, soda, baryta, and
strontia cannot be obtained from their hydrates by heat,
as the hydrated water cannot be expelled by simple igni-
tion. The term caustic, when applied to potash and soda,
as caustic potash, &ec., signifies the hydrates of these
oxides ; but it is only applied to baryta, strontia, lime,
and magnesia in their anhydrous state.

253. The insoluble oxides are obtained in their anhy-
drous state in several ways: sometimes by oxidizing the
metals at elevated temperatures; frequently by decom-
posing those of their salts (the acids of which are
volatile) by heat; and not unfrequently by depriving
their hydrates of water, as the hydrates of the insoluble
oxides can be rendered anhydrous by heat. They are
always obtained in their hydrated state by decomposing
some of their soluble salts by the alkalies or alkaline
earths,

2564. The experiments in this chapter ought to be made
by each of the students; and they ought to conduct the
operations in test tubes. When want of room, or other
causes, prevent the students from performing the expe-
riments for themselves, the teacher ought to Perf’orm
them, if the class is not too large, in test tubes, in order
to teach the students the quantities and modes of mani-
pulation adopted in analytical inquiries. Dissolve the
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solid substances in water,* in the proportion of one part
of solid to ten of water ; and dilute the acids and ammonia
in the proportion of one of acid or ammonia to four of
water, and wuse these dilute solutions always, unless
expressly directed to use the concentrated. Caustic soda
and caustie potash can be used indiseriminately ; and they
may be used as obtained from the operative chemists.

EXERCISES.

220. To a solution of sulphate of magnesia add ammonia,
which will precipitate a portion of the magnesia as hydrate.
To a solution of the same salt add chloride of ammoniumand
then ammonia; in this case the ammonia will not produce
a precipitate, as the oxides, which are insoluble in ammonia,
and yet not precipitated by it in the presence of ammoniacal
salts, form with these salts double soluble salts, from
which coinbinations the ammonia cannot precipitate them.

221. To a solution of alum add caustiec soda, until the
precipitate which first forms is re-dissolved; then add
hydrochlorie acid until the solution manifests an acid reac-
tion. and {finally ammonia in excess.

222 To a solution of sesquichloride of chromium, add a
cold solution of caustic soda, until the precipitate which
first appears is re-dissolved ; then boil the solution until
the hvdrate once more precipitates.

223. Add caustic soda to a solution of protosulphate of
iron. Boil another portion of the solution of the iron salt
with a few drops of nitrie acid until it becomes peroxidized,
which will be indicated by the solution becoming yellow ;
when this is attained, add caustic soda in excess. Observe
the difference in colour between the two precipitates.

224. Take three portions of a solution of sulphate of
copper ; to one add ammonia, until the precipitate which is
first formed re-dissolves. To the second portion add caustic
soda in the cold. Boil the third, and add to it caustic soda.'

225. Mix together a solution of a persalt of iron (ob-
tained as in Expt. 223), and a solution of sulphate of aln-
mina (common alum can be employed) ; add caustic soda to
the mixed solution to precipitate the iron ; boil and filter.

* Distilled water ought to be employed ; but if that cannot be obtained,
rain water must be used, ¢
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To the filtrate add hydrochloric acid in excess, and lastly,
ammonia, to precipitate the alumina.

255. We have seen, that if an insoluble substance can
be formed by a combination of any of the proximate or
remote elements in the substances added together, che-
mical decomposifion and combination invariably take place.
Thus, if a solution of nifrate of baryta and a solution of
sulphate of magnesia be added together, sulphate of ba-
ryta, from its insolubility, will be produced; whilst the
nitric acid and the magnesia, being set free in the presence
of each other, will combine and form nitrate of magnesia.
Sulpluric acid and baryta ecannot, therefore, be present in
the same solution.

256. The following table shows the solubility of different
neutral salts. To ascertain the solubility of any salt by it,
find the name of the base in the upright column, and that
of the acid in the line at the top; the number placed at
the point where the two rows meet shows whether the
salt formed by their combination is soluble or otherwise.
“The figure 1 means that it is soluble in water; 2, that it
is insoluble in water, but soluble in hydrochloric or nitrie
acid ; and 3, that it is insoluble in water and acids ; 1—2
signifies a substance difficultly soluble in water, but soluble
in hydrochlorie or nitric acid; 1—3, a bodydifficultly soluble
in water, and of which the solubility is not increased by the
addition of the acids; and 2—3, a substance imsoluble in
water, and difficultly soluble in hydrochloric acid and in
nitric acid. Wherever the deportment of a substance with
hydrochloric acid differs materially from that which it ex-
hibits with nitrie acid,”* it is noticed in page 131.

267. The use of this table will become apparent by the
following example. If it were required to know whether
any precipitation would take place, and if so, what che-
mical changes must ensue, on adding an aqueous solution
of carbonate of ammonia and one of chloride of caleinum
together, we should find, by examining the table, that
carbonate of lime was insoluble in water ; these two salts
would, therefore, be mutually decomposed, and two new
ones formed, whenever aqueous solutions of the two salts
were brought together.

* ¢ Qualitative Analysis,” by Dr, Fresenius.
K
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258. The sulphides of cobalt and nickel are difficultly
soluble in hydrochloric acid, but are readily decompos.cd
by nitrie acid.

259. The protosulphide and bisulphide of tin are decom-
posed and dissolved by hydrochloric acid; by nitric acid
they are each converted into binoxide, which is insoluble
in an excess of the acid.

260. Sulphide of copper is difficultly decomposed by
hydrochlorie acid, but with faeility by nitrie a{;itf.

261. Sulphide of silver is only soluble in nitrie acid.

262. Bisulphide of platinum is not affected by hydro-
chloric acid ; boiling nitrie acid converts it into a soluble
sulphate of the binoxide of platinum.

263. Reaclions which serve o discover the acid of a sall.
—We shall now direct the student’s attention to the way
the acid or electro-negative element of a salt caun be
ascertained.®

264. Carbonates,—The neutral alkaline carbonates, as
will be seen by referring to the Table, are the only neutral
carbonates which are soluble in pure water. Many of the
insoluble carbonates dissolve in water containing free
carbonic acid, from which solutions they are precipitated
on boiling, the free acid being expelled. 1t is in this state
that most of the lime and magnesia, in spring and river
waters, exists. The incrustations which are formed in the
vessels in which such waters are boiled are due to the
precipitation of these carbonates, occasioned by the removal
of the free carbonic acid. Carbonic acid is f}rest detected
in waters by adding to them lime wafer ; by this means,
not only is the CARBONATE oF LIME which is formed
precipitated, but also that which pre-existed in the
solution. This process is employed on a large scale for
softening hard waters (waters impregnated with earthy
matter).

265. The carbonates are decomposed by all free acids
soluble in water (hydrocyanic and hydrosulphuric acids
excepted) with evolution of carbonie acid. To defect car-
bonic acid, which is in combination with a base, add to
the solution or solid substance under examination hydro-
chloric acid, and warm the solution, if sufficient gas for

P

* The experiments indicated under each class of salts ought to be per-
formed.
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detection cannot be procured without. Should any gas
be evolved, allow it to accumulate by placing the thumb
on the mouth of the test-tube, and afterwards decant it
(taking care not to allow any of the liquid to pass over
along with it) into another test-tube half filled with lime
water. A white precipitate of CARBONATE oF LIME will
be produced if carbonic acid is present.

266. All the carbonates, with the exception of those of
the allalies, lose their acid upon ignition, the metal being
left either in an oxidized or uncombined state, according
to its greater or less affinity for oxygen. All the car-
bonates, without exception, are decomposed when heated
to a very high temperature with charcoal, carbonie oxide
being disengaged.

267. The alkaline carbonates and bhicarbonates affect
test-paper in the manner of a free alkali.

268. Nitrates.—All the neutral nitrates, as will be seen
by the Table, are soluble in water; a few basic salts are
soluble in that liquid. Heat decomposes this class of |
salts, affording products which are rich in oxygen, and
which powerfully assist combustion. In consequence of
this property, the nitrates deflagrate on hot coals, and
often detonate when heated with powdered charcoal. The
alkaline nitrates, when subjected to a gradually increasin
temperature, disengage atfirst pureoxygen,and are change
into nitrites (MO, NO,). Heated still further, they are
entirely decomposed, evolving nitrogen and oxygen. The
other nitrates disengage oxygen and deutoxide of nitrogen
(NO,), or oxygen and hyponitric acid (NO,). When those
formed by soluble hases are decomposed by heat, they
leave a strongly alkaline residue.

269. When nitrates in the solid state are heated with
concentrated sulphuric acid, in the presence of copper
turnings, binoxide of nitrogen is evolved, which, in con-
tact with the air, forms red fumes, owing to its conversion
into nitrous acid. This experiment ought to be conducted
in a narrow test-tube. ’IEE colour is best observed by
looking into the test-tube lengthways.

270. Chlorates—All the chlorates, as will be seen by
the Table, are scluble in water. They are all decomposed
by heat. Those of the alkalies and alkaline earths dis-
engage oxygen, yielding a residue of chloride which 1s
neutral, while the corresponding nitrates under the same
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circumstances leave a strongly alkaline residue. The
chlorates of the other metallic oxides disengage by heat
a mixture of oxygen and chlorine, leaving an oxide or
oxychloride.

271. The chlorates are energetic supporters of com-
bustion, deflagrate on heated coals, and produce violent
detonations when heated with very combustible bodies,
such as charcoal, sulphur, and phosphorus. To detect
this acid, add to a small quantity of the solid substance
under examination a few drops of econcentrated sulphuric
acid in the cold. The chlorate will be decomposed,
SULPHATE OF POTASH and PERCHLORATE OF POTASH
(KO, C10,) being formed, along with a GREENISH-YELLOW
COLOURED GAS (chlorous acid, C1 O,) which escapes. The
application of heat must be avoided; and the quantities
operated upon should be small, to prevent any loud and
violent explosion taking place.

272. Chlorides.—Sub-chloride of mercury and chloride
of silver are the only chlorides which are completely inso-
luble in water, as will be seen by the Table.

273. A metallic chloride, treated with sulphurie acid,
disengages hydrochloric acid. When a chloride is heated
with peroxide of manganese and sulphuric acid, chlorine
gas is evolved, which may be recognized by its odour and
greenish-yellow colour. Chlorides dissolved in water
give with nitrate of silver a white precipitate, which
assumes a violet tinge by exposure to light ; the chloride
of silver is insoluble in acids, but scluble in ammonia.

274. Bromides.—A bromide treated with sulphuric acid
disengages hydrobromic acid, and also vapours of bromine,
which impart a brown colour to the acid gas. If the
bromide be heated with a mixture of sulphurie acid and
peroxide of manganese, bromine only i1s disengaged.
Nitrate of silver produces in solutions of the bromides a
yellowish-white precipitate of bromide of silver, which is
msoluble in acids, but sparingly soluble in ammonia.

275. Jodides.—The iodides treated with sulphurie acid
instantly produce a considerable deposit of iodine ; and if
the mixture be heated, intense violet vapours are disen-
gaged. The reaction is due to the decomposition of oil
of vitriol by hydriodie acid, water and sulphurous acid
being formed, and iodine set free. If the iodide be mixed
with peroxide of manganese, red lead, or with peroxide
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of lead, upon heating the mixture with sulphurie acid,
iodine only is evolved, but no sulphurous acit£

276. Todine, in a free state, forms with starch, even in
highly dilute solutions, a purple precipitate of iodide of
starch. If the iodine is in a state of combination with
hydrogen, or any metal, it is necessary to liberate it
before applying the starch test. The iodine may be libe-
rated from hydrogen or the metals by nitric aeid, or
chlorine ; if chlorine is added, an excess of it must not be
employed, as it forms a colourless compound (chloride of
iodine) with iodine.

277. Sulphates.—DMost of the sulphates, with the excep-
tion of the sulphates of baryta, strontia, and lead, are
soluble in water, as will be seen by the Table. The sul-
Fhates of the alkalies, alkaline earths and sulphate of

ead, are the only salts of this acid which are not decom-

posed on simple ignition ; the other sulphates are decom-
posed, and generally yield a gaseous mixture of sulphurous
acid and oxygen. Some sulphates. however, are decom-
posed at so low a temperature, that the sulphurous acid and
the oxygen remain united, and are disengaged in the state
of sulphuric acid. All the sulphates are decomposed by
carbon, assisted by heat; the products vary with the
nature of the base and the temperature.

278. Sulphurie acid and the soluble sulphates give in a
state of solution with a solution of a salt of baryta a white
precipitate of sulphate baryta, which, from its insolubility
in acids, is at once distinguished from all other baryta
salts ; any soluble salt of baryta, in a state of solution, is
therefore the best and most delicate test for sulphurie
acid.

279. Sulphites.—The sulphites of the alkalies and alka-
line earths, are changed into sulphates and sulphides on
being heated in a close vessel.

4 (K0, S0,)=3 (K0, 80O, + K 8.

The other metallie sulphites disengage sulphurous aeid,
and the oxide remains as a residue. Heated with carbon,
they give produects similar to those of the sulphates.
Conecentrated boiling nitrie acid changes the sulphites into
sulphates. Chlorine produces the same chanﬁge on the
sulpbites in solution. The soluble sulphites also absorb
oxygen from the air, and are changed into sulphates.

k
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280. The sulphites may easily be recognized by the
characteristic odour of sulphurous acid which they emit
when treated by muriatic acid, or by dilute sulphurie
acid, which evolution is not accompanied by a separation
of sulphur,

281. Sulphides—Sulphur, like oxygen, frequently forms
several compounds with the same metal, so that we may
have monosulphides, bisulphides, tersulphides, &e. A
monosulphide, heated with dilute sulphurie acid, or with
hydrochloric acid, disengages sulphuretted hydrogen,
which is easily recognized by its odour, and no sulphur is
deposited. A polysulphide also disengages sulphuretted
hydrogen on being heated with dilute sulphuric acid, or
hydrochloric acid ; but in addition to the evolution of
the sulphuretted hydrogen, a deposit of sulphur is formed.
The evolution of sulphuretted hydrogen on the addition of
hydrochlorie acid, is at once characteristic of a sulphide ;
and when the quantity of sulphuretted hydrogen is so
minute that the smell fails to atford a sufficient proof, it
may be detected by holding a piece of paper, moistened
with a solution of any soluble salt of lead, over the mouth
of the test tube, as a brown or black coating of sulphide
of lead will be formed upon the paper.

282. When the sulphides of the heavy metals are heated
in contact with air, sulphurous acid is evolved : the metal
being left, in some cases, uncombined, and in others as an
oxide. The sulphides of the alkalies and alkaline earths
are converted by this process into sulphates. Oxidizing
agents convert the sulphides into sulphates.

283. Phosphates—1he alkaline phosphates are the only
phosphates which are soluble in water; all the others are
insoluble in it, but readily dissolve in an acid liquid. The
phosphates evince no apparent reaction with oil of vitriol,
and are thus instantly distinguished from all salts which
disengage acid vapours under the same circumstances.

284. Nitrate of silver produces, in aqueous solutions of
the phosphates, a yellow precipitate of phosphate of
silver (3 Ag O, P O,).

285. Awrseniates and Arsenites.—Sulphuretted hydrogen
produces, in acidified solutions of these salts, a yellow
precipitate, soluble 1n ammonia ; the precipitate is formed
immediately in solutions of the arsenites, but only after
the lapse of some time in the solutions of the arseniates.
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 286. Borates.—The borates are not decomposed on
1gnition, they all, even the acid salts, manifest an alkaline
reaction. Boracie acid turns turmeric paper brown, like
an alkali; a borate may therefore be detected by adding
hydrochloric acid to the solution of it, and then dipping a
piece of turmeric paper into it, and afterwards drying the
paper at a gentle heat; if it dries of a distinctly brown
tint, boracic acid is present.

EXERCISES.

Required to know whether any precipitation will occur
when the following substances are added together; and
if so, what chemical changes must ensue :¥—

226. 1f an aqueous solution of sulphate of copper were
added to one of nitrate of lead P

227. If an aqueous solution of sulphate of magnesia
were added to one of nitrate of baryta?

228. If hydrochloric acid were added to an aqueous
solution of protonitrate of mercury, the solution of the
mqac;n'y salt containing a small quantity of free nitrie
acid b

229. If an aqueous solution of nitrate of potash were
added to one of chloride of calcium ?

230. If an aqueous solution of oxalate of ammonia were
added to one of chloride of calcium ?

231. If an aqueous solution of chloride of sodium were
added to one of nitrate of lead ?

232. If an aqueous solution of phosphate of soda were
afide% to an hy%rﬂchlm'i(: acid solution of chloride of cal-
cium !

233. If sulphide of ammonium were added to an aqueous
solution of sulphate of copper?

234. If an aqueous solution of chromate of potash were
added to one of chloride of barium ?

* The student must state whether any precipitation will occur, and if so,
what chemical changes will ensue, before the experiment is made. He must
also be made to generalize them ; for instance, if he states that sulphate of
lead will be precipitated when an aqueous solution of sulphate of copper be
added to one of mtrate of lead, he must then say whether an aqueous solu-
tion of any soluble sulphate, on being added to a solution of nitrate of lead,
would produce a precipitate of sulphate oflead ; and then he must say whether
sulphate of lead would be formed on adding a solution of any soluble sulphate
to asolution of any soluble salt of lead : he must be made to generalize every
guestion which admits of it in this way.
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235. If an aqueous solution of sulphate of magnesia
were added to one of nitrate of potash ¥

236. If an aqueous solution of carbonate of ammonia
(any of the car%unatea of ammonia will do, it need not be
the monocarbonate) to one of chloride of calecium P

237. If an aqueous solution of carbonate of soda (any of
the carbonates of soda will do) were added to one of proto-
sulphate of iron ?

238. If an aqueous solution of chloride of ammonium
were added to one of sulphate of zine?

239. If an aqueous solution of chromate of potash were
added to a nitrie acid solution of nitrate of baryta ?

240. Prepare some sulphide of manganese from the
chloride.

241. Dissolve some soluble salt of baryta in water, and
repare from that solution the phosphate, chromate, car-
onate, and sulphate of baryta; for this purpose divide

the solution into four separate portions; add to one of
the four portions a soluble phosphate, to another a soluble
chromate, to a third a soluble carbonate, and to the remain-
ing portion a soluble sulphate,

242, Prepare anhydrous oxide, hydrated oxide, and
sulphide ntP copper, from a salt of that metal, which is
soluble in water.

243. Prepare a small quantity of sulphate, carbonate,
and chloride of lead, from a salt of that metal which is
goluble in water.

244.% Prepare some sulphate of baryta from the carbo-
nate.

245. Prepare some carbonate of zine from the sulphide.

246. Dissolve a salt of baryta and a protosalt of mer-
cury, which can exist together without decomposition, in
an appropriate quantity of water; throw down the mer-
cury from the solution containing the two salts, by adding
to the solution some acid base or salt, which will precipi-
tate it either as insoluble oxide or as an insoluble sal:;
filter off from the precipitate thus formed, and to the
filtrate (the liquid which passes through the filter), which
ought, if sufficient of the substance employed to precipi-
tate the mercury were used, only to contain the baryta

* Before soluble salts ean be prepared from insoluble ones, the latter
must, by acids or other means, be brought into a state of solution.
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(disregarding the substance employed to precipitate mer-
cury), add some acid base or salt which will precipitate
the baryta.

247. Dissolve a salt of peroxide of mercury and one of
lime in water, and separate them in a similar manner,

248. Dissolve a salt of lime, a salt of zine, and a salt of
peroxide of iron, and separate them in a similar manner.

249. A manufacturing chemist has a quantity of impure
chloride of ammonium, which he desires to purify; the
impurity 18 perchloride of iron: if he were to gissnlve the
impure ammonia salt in water, could he precipitate the
iron in such a way that chloride of ammonium would be
the only substance remaining in solution ?

287. In each of the three following tables the properties
of three bases are contrasted ; the student * must perform
the different experiments pointed out in each table, care-
fully noting the reactions which the reagents give with
each base, and explaining by diagrams the decompositions
produced ; after he has done this he must devise a method,
or if more than one could be adopted, all the methods
which could be employed, for the detection and separation
of the three bases named in each table if they were present
or were supposed to be present in a solution,

TasrLe IIL
OXIDE &GTGETL".EB' EEBQUIIES‘;{)E 2 [EIHS.
(AgO). (Fe, 0,). a ).

1. Hydrochlovie acid pre-
cipitatessilver from its neutral
and acid solutions in the form
of chloride (Ag Cl), because
chloride of silver is insoluble
in neutral and acid solutions,

2. Ammonia precipitates
oxide of silver from its solu-
tions: but an excess of am-
monia redissolves it.

1. Hydrochlorie
aeid produces no
precipitate in solu-
tions of sesquioxide
of iron, becaunse ses-
quichloride of iron is
soluble.

2. Awmmonia preci-
pitates sesquioxide of
won from its solu-
tions, and it is not
redissolved by an
excess of ammonia,

1. Hydrochlorie
acid does not pre-
cipitate lime from
its solutions, because
chloride of caleium is
soluble.

2. Ammonia does
not precipitate lime
from its solations.

# If {from want of room or other causes the students cannot make the

experiments for themselves, the teacher ought to have large diagrams of
the tables suspended in the class-room, and after he has made the experi-
ments, he ought to make each student state in writing all the different
meihods which could be adopted for the separation of the three bases.




Tasre 1II. (continued).

OXIDE OF SILVER.
(Ag O).

3. Oxalie acid produces in
neutral, but not in ammo-
niacal solutions, a precipitate
of oxalate of silver, as oxalate
of silver is soluble in am-
monia,

OXIDE OF COPPER.
(Cu O).
1. Hydrosulphuric acid pre-
uiﬁvitartes copper from its acid
solutions as sulphide (Cu 8).

2. Ammonia recipitates
copper fromits acid solutions,
but an excess of ammonia
redissolves the precipitate,

3. Sulphurie acid produces
no precipitate in solutions of
copper, because sulphate of
copper is soluble,

OXIDE OF SILVER.
(Ag O).
1. Hydrachiwie acid preci-
pitates silver from its neutral
aund acid solutions as chloride,

2. Hydrosulphuric acid pre-
cipitates silver from its acid
golutions as sulphide (Ag 8).

3. Sulphide of ammonium
precipitates silver from its
neutral and alkaline solutions
as sulphide.

TABLES.

SESQUIOXIDE OF
FIRD(I;'}
eq -

3. ém&iie acid does
not precipitate ses-
quioxide of iron from
its solutions, as oXa-
late of the sesqui-
oxide of iron is solu-

ble. :
Tasre IV.

ALTUMINA,
(Al; O,). _

1. Hydrosulphurie
aecid does not preci-
pitate alumina from
its acid solutions.

2. Ammonia preci-
pitates alumina from
its solutions in the
form of hydrate
(Al, 0,,3H0), and
an excess of ammonia
does not redissolve it.

3. Sulphuric acid
produces no precipi-
tate in solutions of
alumina, because sul-
phate of alumina is
zoluble,

TasrLe V.

OXIDE OF COPPER.
(CuO).

1. Hydrochioric
acid causes no preci-
pitate in solutions of
copper.

2. Hydrosulphuric
aeid ?recigitatea cop-

er from its acid so-
Futic-ns as sulphide
(Cus).

3. Sulphide of am-
moniuwin precipitates
copper from its neu-
tral and alkaline so-
lutions as sulphide.

139

LIME.
(Ca0).-

3. Oxalic acid pre-
cipitates lime as ox-
alate from its neutral
and alkalinesolutions.

BARYTA,
{Ba O).

1. Hydrosulphuric
acid does not preci-
pitate baryta from
itz solutions.

2. Ammonia does
not precipitate baryta
from its solutions.

3. Sulphuric acid
precipitates baryta
from its solutions,
becaunse sulphate of
baryta is insoluble.

OXIDE OF ZINC.
(Zn O).

1. Hydrocklorie
acid causes no pre-
cipitate in solutions
of zine.

2. Hydrosulphurie
acid does not preci-
pitate zine from its
acid solutions,

3. Sulphide of am-
monium precipitates
zine from its neutral
and alkaline solu-
tions as sulphide
(Zn 3).
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CHAPTER X.
INFLUENCE WHICH LIGHT EXERCISES OVER AFFINITY.

Analysis of the sunbeam. An association of three different
principles. The influence whick heat, light, and actinism
exercise over affinity. Production of photographic pic-
tures. Action of light in producing mechanical changes.
Lakemaler's partiality for a fine bright day when he makes
his colowrs. The different colours substances assume under
different rays. Influence of light in the germination of
seeds and the growth and flowering of plants. The propor-
tion of the three principles in the sunbeam varies with the
seasons. Ilxercises.

288. In noticing the chemical effects of light, we will
commence by considering the changes a ray of light
undergoes when fransmitted through a flint-glass prism;
it is not only refracted and bent out of its path in passing
through this medium, but also, instead of Ejere being one
colourless s}imt of light upon the sereen behind, there is a
series of coloured spots overlapping each other. At the
upper part of this image (or spectrum, as it is called) will
be the most refrangible, and at the lower part the least re-
frangible ray,—the colour of the upper, or most refrangible
one, will be violef, and the lower, or least refrangible one,
will be red ; the intermediale ones, commencing from the
violet end, heing indigo, blue, green, yellow, and orange,
all graduating imperceptibly into each other. Sir Isaac
Newton, who devised and first performed this experiment,
inferred from it that white light is composed of seven
prismatic colours, the rays of which are differently re-
frangible by the same medium, and hence capable of being
thus separated. It is now generally believed that there
are only three primary colours—red, yellow, and blue—
in light, and that by their combination the other four are
produced.

289. Heat is associated with light, and it has been found
by experiment that this power is unequally diffused over
the spectrum,—it gradually increases from the violet to
the extreme red, but the maximum temperature exisis

il
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some distance beyond the red, out of the visible part of the
spectrum, whilst the greatest amount of light exists in the
yellow ray. This led to another discovery, perhaps still
more interesting, viz., that the chemical action, due ap-
parently to light, was due neither to that principle nor
heat, but to another, which has been named the actinie
force,—this is most powerful in the violet ray, and a little
beyond out of the visible part of the spectrum, and least
in the red ray and that part where the heating power is
the greatest.

290. A sunbeam, then, is an association of at least three
different principles, namely, light, heat, and actinism, or
chemical force ; and by the use of coloured transparent
media, we can, to a certain extent, separate these prin-
ciples from each other. If in the path of a sunbeam we
place a piece of glass, coloured green with oxide of copper,
or if that is not at hand, a glass filled with a solution
of chloride of copper, we iniercept but little light or
actinism, while nearly all the heat is prevented from
penetrating it. When we employ a sheet of yellow glass,
stained with oxide of silver, light passes through it freely,
but the actinic force 1s intercepted to such a gegree that
substances which speedily undergo chemical change when
exposed to ordinary light, remain unaltered, if kept for
any length of time in the light transmitted by this glass.
A sheet of dark blue glass, stained with cobalt, intercepts
a large per-centage of light, but none of the actinie force.
Areg glass allows the heat rays to pass freely, but ob-
structs a considerable quantity of the rays of light.

291. How few out of the vast multitudes who stop each
day to admire the photographie portraits which are ex-
hibited in our cities and towns, and even in our villages,
would believe that there could be any relation between
these beautiful sun-drawn pictures and the blackness pro-
duced by caustic and the inks for marking linen ; but how
would their astonishment, amounting to inecredulity, be
changed to admiration, if told that it was from observing
this blackening effect of nitrate of silver, when used to
remove warts, and mark linen, that our countryman
Wedgwood was led to conceive the happy idea of apply-
ing it to the production of sun-drawn pictures. He
moistened white paper, or white leather, with a solution
of nitrate of silver, and then, with the leaf, or whatever he
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wanted to copy, superposed, he exposed it to the light; all
the parts which were uncovered became black, whilst
those which were sereened remained white, and thus he was
able to copy anything he wished,—but it was a negative
copy, the lights anﬁ shades being reversed. But this
reversing of the lights and shades was the least difficulty
he had to encounter; he could not overcome the difficulty
of preventing the whole surface of the paper from turning
black when exposed to the light, for he was not able
to dissolve out all the unchanged silver salt ; therefore, as
soon as they were exposed to daylight, the unshaded or
white parts turned black,—thus the sun-drawn pictures
which he obtained faded as quickly as they were formed.
Here, however, was the germ which was afterwards in its
maturity to astonish an admiring world, but it had as yet
to be fed and watered by the labours of scientific men.
It was to shoot forth, but not by casualty or accident, but
by the elements employed in its creation,—zeal, intellect,
and labour,—it was the production of genius, and from no
other source could it derive its nourishment. At length
the way of rendering the sun-drawn pictures permanent is
discovered,—it then comes forth from the philosopher’s
sanctuary, clothed not, it is true, in perfect beauty, but
distinguished by such loveliness that a host of talented
admirers devote themselves to complete its perfection.
“This discovery enables us to use the sun as tﬂe painter
of pictures, which she exhibits and enlivens with her
glory.” By the aid of these sun-wrought pictures, the
emigrant, as he leaves his native land, can not only take
with him the correct forms and features of the friends he
leaves behind, but so perfect is the process, that the out-
ward manifestations of a mother’s tender and affectionate
feelings, and a father’s subdued but poignant grief, can
even be portrayed. So perfect has the art become, that
objects the most evanescent, scenes the most fleeting, that
are once and but for a moment witnessed in the world’s
kaleidoscope, can be depicted with unerring fidelity.

292. We have now to study the influence which light
exerts over affinity, and we shall do so by considering—
1st. Whether it opposes or promotes combination. 2nd.
Whether it opposes or promotes decomposition. 3rd.
Whether combinations accompanied by decompositions
are brought about by this agent.
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293. Heat, we have already seen, in some cases assists,
and in others overcomes, the chemiecal force; we shall of
course be prepared to find that the heut rays of the sun
act in the same manner as artificial heat; how the light
and actinic rays act we have yet to learn.

294. The combinations brought about by the agency of
light are confined principally to the gases.

Ex. 1.—Chlorine and hydrogen, if mixed together, do
not unite and form hydrochloric acid at ordinary tempera-
tures, if° kept in the dark ; but they combine with explo-
sion if exposed to sunshine, and more slowly in diffused
daylight. So susceptible is a mixture of these two gases
to light, that even the light emitted by a taper is sufficient
to make them unite ; it is, therefore, not surprising that
the combination of these gases may be effected in every
part of the spectrum, as the actinic power is diffused over
the whole of the rays, though in different degrees. The
combination is, however, effected with the greatest speed
by the extreme blue and indigo rays, where the actinic
power is the most intense. 'We have said that these two
gases do not combine together in the dark. It has been
found that if chlorine, whick has been exposed to light, be
mixed with hydrogen in the dark, they will combine.

Ex. 2.—If equal measures of chlorine and carbonic oxide
be mixed together, and exposed to light, especially sun-
shine, they unite, a compound (C O Cl) ecalled chloro-car-
bonic acid or phosgene gas (light-produced gas) being
produced. No experiments have yet been made to ascer-
tain in what part of the spectrum these gases most readily
unite,

295. The preceding examples show that the actinic
force in light in some cases assists combination ; we have
now to consider it as a decomposing agent. Concentrated
nitric acid changes from a white to an orange-coloured
liquid on exposure to light (the same change is produced
by heat), owing to its being decomposed into nitrous acid
and free oxygen ; this effect is produced behind white and
blue, but not behind orange-coloured glasses. Some
metallic oxides, as gold and silver, are completely decom-
posed ; others, such as the oxides of mercury, give up
part of their oxygen and part of the metal, a higher oxide
remaining. Terchloride of gold, dissolved in water, de-
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posits flakes of gold when exposed to the sun. Chloride
of silver, which is of a white colour, changes when exposed
to the direct rays of the sun or to ordinary daylight, first
to violet, and then to black, giving vp at the same time a
portion of its chlorine ; it blackens under violet, blue,and
bluish-green glasses; under yellowish-green and yellow
glasses it remains almost unchanged; under orange-
coloured glasses it only becomes of a faint-red tint, after a
considerable time. The bromide and iodide suffer similar
changes. The nitrate of silver suffers no change, unless it

be in contact with organic matter ; it is then decomposed

by light. metallic silver being se]ia.rated.

296. The decomposition of salts of silver by light has
been applied (as before intimated) with beautiful results to
the prcrguel-ion of pictures, Nature being the sole artist.
A more interesting experiment could scarcely be exhibited
to a class of students than one of these sun-drawn pictures.
The following, though not the most sensitive, is easy of
execution; great care is, of course, required in all the
manipulations ; and also as to the purity of the mate-
rials used, their correct proportions as to weight and
measure, and the absolute cleanness of brushes, cloths,
&e., for the least dirt or grease will give rise to the mosf
perplexing failures. Take a sheet of the best writing-
paper (perfectly clean). having a smooth surface, and a =
close, even texture. Dissolve fifty grains of chloride of
sodium in one ounce of distilled water, wash the paper in
this solution, and then press it between blotting-paper, and
then dry it. A solution of nitrate of silver, in the propor-
tions of 120 grains to an ounce of distilled water, is then
carefully applied. by means of a soft brush, over one side
of the sheet, drying the sheet between each wash in the
dark, and at a little distance from the fire. It is now
ready for use, anything superposed as a leaf will be copied
perfectly ; “ the light passing through the leaves delineates
every ramification of these nerves; the portions to which
the light arrives become dark, whilst that under the object
remains white. and thus the most delicate and complicated
outlines of foliage or fibres may, by a few minutes’ expo-
sure to the solar rays, be fixed upon the paper with a
degree of accuracy inimitable by tEe hand.” To render
snch a drawing permanent, all the undecomposed silver
galt must be removed, as it would decompose on exposing
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the picture to light, and thus the blackness would become
uniform over the entire surface. This is effected by
soaking the drawing first of all in clean water, it must
then be immersed for a few minutes in water to which a
little chloride of sodium has been added, subsequently
in a solution of hyposulphite of soda, and finally, well
soaked in another vessel of clean water. It is then dried.
The rationale of the process is this,—the chloride of sodium
and nitrate of silver are mutually decomposed, chloride of
silver and nitrate of soda being formed in the paper; this
chloride of silver is decomposed by the light into its ele-
ments, and this is found to take place more readily if a
little nitrate of silver be present: hence the second dip
into the silver solution. In the copying of any body, as a
leaf, for instance, the parts of the paper underneath those
parts of the body which are impervious to light, remain
white, whilst the other parts of the paper become more or
less blackened, according as a greater or less amount of
light reaches the surface of the paper; the degree of
blackness depending upon the quantity of the silver salt
decomposed. By dipping it first in plain water, the greater
part of the unchanged nitrate of silver is removed ; it is
then immersed in a solution of chloride of sodium, in
order to convert any nitrate of silver which may remain
into chloride : if this was not done, when the chloride came
to be removed by the hyposulphite of soda, the nitrate
of silver would blacken, because it becomes gradually
transformed into black sulphide by hyposulphites; the
hyposulphite solution dissolves out the unchanged chloride,
and the ]i)ast immersion in clean water is to get rid of the
hyposulphites.

297. The class of photographs named, after the inventor,
Daguerreotypes, differ in the material used ; as the canvas
for the picture, a metallic plate (silvered copper) being used
in the place of paper. * It is essential to success that the
silver should be brought up to the most perfect polisl.
This is best done by polishing with cotton dipped in swees
oil, and finely levigated Tripoli powder, or rotten stone.
The cotton is to be frequently changed, and great care
must be taken that the plate is not touched by the fingers.
Dry cotton and very fine Tripoli dust must be used to

L
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complete this part of the process. The plate is then sub-
jected to the heat of a spirit-lamp, or a charcoal fire, for a
few minutes, and cooled as speedily as possible, by placing
1t on a mass of metal or a stone floor: the object of this
18 to remove the organic film which the oil has left on the
plate. The plate, when cold, should be finished off' with
cotton, dipped in a solution of one part of nitric acid to
sixteen of water, then with dry and clean ecotton, and
lastly, rubbed upon a velvet buffer. It is then exposed to
the vapour of incﬁne, until a gold-coloured pellicle of 1odine,
of excessive tenuity, is deposited upon it. In this state,
it i1s very sensitive to lig]ljjt. On the success, or other-
wise, of the iodine operation everything depends. The
plate, when viewed by a weak artificial light, should pre-
sent a perfectly yellow and brilliant surface. Several
plans have been suggested, by which the iodine may be
made to attack the plate equally ; but all of them require,
on the part of the operator, the closest care and attention.
The simplest method is to place in the bottom of a box
pieces of iodine, and cover them with a piece of gauze,
stretched on a frame which fits the box. The polished
plate is placed a short distance above the gauze. The
cover of the box being closed, all is allowed to remain in
this state for two or three minutes, when, on removing the
plate, it will generally be found that the required fine
yellow surface is ]Emduﬂed. The prepared plate is now
placed in the dark chamber of the camera obscura, and
being properly adjusted, it is exposed to the agency which
is to impress upon it the required images. The length of

time necessary for the production of the best effects, varies
with the state of the illumination, the kind of image to be
copied, the condition of the plate, and other things which
can only be arrived at by experience. The plate being
removed from the camera obscura, no image should be
visible upon it. A change has taken place; but as the
colour of the plate is not altered, that change cannot be
seen. If the plate in any part is browned by too long an
exposure, the lights of the qicture areinjured. To develop
the hidden picture, the plate 1s placed in a box, at the

bottom of which is a little mereury, so arranged that the
heat of a spirit-lamp may be applied until the temperature
of the mercury is about 167° F. The lamp is then re-
moved ; and the plate, which is watched through a glass
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in the side of the box, by the light of a taper, allowed to
remain until the picture, in all the beauty of its minor
details, is perfectly brought out. It is then removed;
and it has to be subjected to the operation of fixing, or of
rendering the plate of metal insensible to any further solar
agency. The fixing may be effected in several ways,—
the following is the best: The plate is first placed in clean
cold water, and then into a solution of hyposulphite of
soda, in which it is moved to and fro, until all the yellow
colour is completely gone. It is then removed, placed in
an inclined position, and boiled rain water, cooled so as
to be just warm, poured over the plate in a continuous
stream. Any drops of water which may remain on the
plate, must be removed by forcibly blowing over it. The
process is now completed, as far as preventing the further
action of light is concerned. The picture is formed of the
finely divided silver, amalgamated with the mercury depo-
sited over those parts on which the chemical change has
been effected, represented by the high black polished face
of the silver. This picture can, of course, be immediately
destroyed by a touch ; it is therefore necessary to protect
1t at once, by a glass or some other means.”"—Hunt.

298. Hunt’s explanation of the process ¥ appears to me
to be the most probable—the iodine combines with the
silver, forming iodide of silver; this is 1mmediately
decomposed, when exposed to radiant action, into its
elements, the metallic silver remains on the surface in
a finely divided state: the liberated iodine attacks and
combines with the silver beneath, And the amount of
silver which has been combined with the iodine, and
liberated again, “ bears an exact relation to the amount
of radiant force which has been acting along certain lines.
The vaFGurized mercury immediately unites and forms
an amalgam with this silver ; and thus are formed the
high lights and middle tints of a Daguerreotype picture.
It the 1odine, which is then cecombined with the under
surface of silver, is allowed to attack the mercury, a very
poor result will be obtained: hence the advantage of
mmmediately removing the iodide of silver by the fixing
agent employed.”

299. "'.\}Je have now to consider the combinations accom-

* See Second Edition of his ** Researches on Light.”
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panied by decompositions, which are brought about by
the actinic force. Water, in which chlorine is dissul‘racﬁ
is gradually decomposed on exposure to light, hydrochlorie
acid being formed, and oxygen evolved. If an aqueous
solution of bichloride of platinum, after it has been
neutralized by the addition of lime and then filtered, so
as to free it perfectly from all insoluble matter, thus
rendering it bright and clear, be mixed with lime-water
in the dark, no precipitation, or scarcely any, takes place ;
but on exposure to sunshine it instantly becomes milky,
and a white or yellowish-white precipitate speedily falli.
It has been proved by experiment that the formation of
this precipitate is solely due to the actinic influence, that
the Eeat and light-giving rays are not concerned in its
production. If a solution of sulphate of copper and one
of bichromate of potash be mixed together, the solution
will remain perfectly clear in the dark for a considerable
time ; but if exposed to sunshine, a rapid effervescence
ensues in a few minutes, and a greenish-yellow substance
precipitates.

300. Even when light or actinism produces no ckemical
alteration, but the same chemical changes take place in
its presence as occur in the dark, still the mechanical
changes may be different; thus, if a coloured precipitate
be produced in the presence of light or actinism, and a
similar precipitate be produced in the dark, the richness
of hue of the former will be much superior to that of the

latter. “If a solution of bichromate of potash is exposed

to sunshine, it acquires a property of precipitating several
metals as chromates, differing many shades from the
colours produced by a similar substance prepared and
kept in the dark. If the actinized solution be poured
into a solution of nitrate of silver, the chromate of silver
tormed is of a much more beautiful colour than that given
by a solution which has not been exposed to the sun. A
like effect will take place in precipitating chromate of
mereury with actinized and non-actinized solution of the
chromate of salt.” The sunbeam is therefore as energetie
in disturbing the molecular as the chemical arrangements,
so that it is highly probable that no substance can be
exposed to the sun’s rays without undergoing a molecular
and frequently a chemical change. Itis found, for instance,
that if a plate of metal or wood be covered with a thin
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coating of any resinous or gummy substance, and then ex-
posed to light, that the solvents of the resinous or gummy
substance will have a different effect after its exposure to
what they had before. If previously soluble in alecohol, it
will be found that this fluid, after the exposure, will only dis-
solve off the parts on which the light acted; if previously
goluble in an essential oil, that this fluid, after the exposure,
willonly dissolve the parts in shadow,and not those exposed
to direct light. But the disturbing influence is not con-
fined to organic or perishable substances—it equall
changes the most durable ; the hard rock and the durable
metal being influenced by it. It has been proved that
darkness restores the substances thus influenced to their
original condition; the hours of darkness are, probably,
as necessary to the inorganie, as night and sleep are to
the organie kingdom, for continued light would, most
probably, prove as destructive to the one as the absence
of sleep would to the other.

301. We have already noticed that certain yellow-
coloured glass,—and we may here add that many yellow-
coloured solutions have the same effect,—deprive the
sunbeams transmitted through them of the greatest part
of their chemical influence, but of little light or heat. A
coloured atmosphere acts in the same manner; most
photographists have observed that the richness of tint
and shade vary with the brightness of the sun and the
clearness of the atmosphere at the time of exposure. 1t
18 probable,” says Sir John Herschel, ¢ that other atmo-
spheric relations than those which refer to the extinetion
of the merely luminous rays, are concerned in this pheno-
menon. The tint of coal smoke is yellow (as may be seen
in perfection in a London November fog), and more than
one instance of the intense power and capricious singulari-
ties of very pale yellow media, in their action on the
chemical rays, will come hereafter under our notice. In the
locality from which this is dated (Slough), a light easterly
wind brings with it abundant smoky haze from London,
to which rural prejudices assign the name of ‘ blight,” and
attribute an insect origin. On such occasions, when the
sky has been otherwise eloudless, I have been continually
at once annoyed and surprised by the slowness of photo-
graphic action, and by the fugitive nature of its resulls
under the process of jfixing.” 1t has been observed by
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Daguerre, and almost by every photographist since the
announcement of his discovery, that the sun, two hours
after 1t has passed the meridian, is much less effective
in the photographic process, than it is two hours previously
to its having reached that point. May not this depend
upon an absorptive power of the air, which we may
reasonably suppose to be more charged with vapour two
hours after, than two hours before, noon?”— Hunt.*®
Persons employed in the making of colours, termed Lales,
always prefer a fine bright day for the precipitations ;
indeed, ? believe as a rule, they never make them on a
dull, clondy day. This has been hitherto, and probably
1s still considered, by some scientific men, an ignorant
prejudice ; but the most recent discoveries in this depart-
ment of science, as the preceding illustrations show, go to
rove that the Lake-maker’s partiality has truth for its
asis. It is also believed amongst practical men, that the
richness of hue in dyeing silks cannot be attained in Eng-
land as in France. If this is a fact, cannot we, arlt]muggil
we may not be able to obtain the same hue by ordinary
means, do so by making the actinic force more serviceable ?
302. We must not omit to notice what at present is so
interesting, but which, when the principles come to be
understood, will prove not only so interesting, but so
valuable, viz., the different colours substances assume
under the different rays. Thus Hunt has obtained with
chloride of silver, when the sunshine has been favourable,
a range of colours very nearly corresponding with the
natural hues of the prismatic spectrum. ¢ Under favour-
able eircumstances, the mean red ray leaves a red impres-
sion on the paper, which passes into green over the space
occupied by the yellow rays. Above this, a leaden blue is
discovered, and about the mean blue ray, where the action
is greatest, it rapidly passes through brown into black,
and through the most refrangible rays it gradually
declines into a bluish brown, which tint is continued
through the invisible rays.” So that it is highly probable
we shall ere long compel the sun to fix on the photograph
the natural and varying colour of objects. It appears
that the kind of soluble chloride employed for converting
the silver into that salt (chloride), has something to do

* Hunt's ** Researches on Light,” Second Edition.
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with the formation of these colours. Hunt found that he
could only obtain the above results when he employed as
the soluble chloride, either chloride of ammonium or
chloride of barium. The following Table shows the
influence the soluble chlorides, in conjunction with the
coloured rays, exercise over the colour the silver salt
assumes :—

Under Blue. Green, Red Glass,

Chloride of ammonium . | Olive-brown | Pale brown | Deep orange

35 potassiumn. . | Bright purple; Sky-blue Red

i sodium. . .| Purple Blue Red-brown

£ barium . . .| Purple Black Pale red

W calcium. . . | Rich violet Pale blue Reddish

1 9 manganese . | Rich brown Heddish Yellow

Protochloride of iron . . | Red Colourless Leaden
Sesquichloride of iron. . | Blue | Yellowish Yellow-green

303. The chemical changes brought about by the agency
of man are so rapidly effected that it is probable the
different forces in the sunbeam exert little or no influence
at the moment of chemical change: we may, perhaps,
except the decomposition of the compounds of silver, &e.,
but even such compounds as these require, in order to be
completely decomposed, that a very small quantity of
material be spread over a large surface, so as to bring
each individual molecule in contact with light; these
conditions cannot of course be complied with when large
quantities of substances have speedily to be decomposed
or combined ; dyeing is, perﬁapa, the only operation
performed by man on a large scale, in which the forces
associated in the sunbeam exercise a controlling agency.
‘We must, therefore, look to the operations of Nature, if
we would learn the different effects heat, light, and
actinism produce. By the aid of the Daguerreotype
plate, and ordinary photographic papers, we have dis-
covered that a dissimilar action is exerted by the rays at
~ the two extreme ends of the spectrum. “On the light-
coloured salts cf silver on paper, the rays above the green
darken, while for a considerable time those below the
green profect the paper from change. That is, they not
merely do not blacken themselves, but they retard, and
mm many cases entirely check, the action of rays which do
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produce that chemical change which is indicated by
darkening the white surface. The effects upon the
Daguerreotype plates are similar to those.” The red
rays, especially, appear to exert an antagonistic influence
to the actinic force. The following is a singular illustra-
tion :—On one occasion, M. Claudet endeavoured to take
an impression of the sun, when seen as a red globe through
a mist. The Daguerreotype plate was sensibly affected by
the diffused daylight on every part, but where the sun's
image fell there was not a trace of an image. The solar
rays, in this example, protected the plate from the in-
fluence of the diﬂlzlsed daylight, which was sufficiently
active to produce a chemical change over every other
part of the sensitive surface. It has been found that
under the brilliant sun and clear skies of the south, where
it was thought that photographs would be obtained of
the greatest beauty, photographic paper is less sensitive
than it is in Engl}irmd; at Mexico, twenty minutes and
half an hour are required to produce effects which in
London ocecupy about a minute. ‘“This can only be
explained on the supposition that the intensity of the

[
¥
i
T

light and heat of those climes interferes with the action

of the actinic rays on the sensitive preparations which
were employed.”* :
304. The chemical changes involved in the germination
of seeds and the growth of plants, are deseribed in another
art of the book, but we must notice them here, though
riefly, in order that we may understand the kind of
influence heat, light, and actinism exercise over chemical
action. * Germination cannot take place at the freezing
oint of water, and at 212° F. all vitality i1s destroyed.
f seeds are kept quite dry, they will not germinate,
although the other conditions are fulfilled. All seeds do
not germinate at the same seasons,—some requiring a
more elevated temperature than others, which fact ex-
plains the cause of the different periods at which we find
the plants springing from the soil.” During germination
the seed absorbs oxygen, and gives out carbonic acid;
but this change can only take place in the absence of
light : hence the necessity of covering seeds with a thin
layer of soil in order to protect them irom this agent.

# Hunt's ** Researches on Light,” Second Edition.
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Hunt, to whom we are indebted for much that is known
in this department of science, divided a portion of soil
into four; in each he planted a seed,—one he sereened
with a yellow, another with a red, a third with a blue

lass, and the remaining one he left unscreened; he
?ﬂund under the yellow, which admitted the light, but
excluded the actinic force in a great measure, that germi-
nation was entirely prevented. Under the red glass the
germination was not entirely prevented, but comparing it
with the one under the normal condition, it was greatly
retarded ; whilst under the blue glass, which excluded a
great portion of the light rays, but admitted the actinie,
germination was considerably quickened, the seed germi-
nating many days earlier in this compartment than the
one in the unscreened portion. Indeed, Mr. Hunt ob-
tained the most satisfactory evidence, that under the
influence of the rays which passed the blue glass, germi-
nation was set up at a depth below the surface of the
soil, at which under the ordinary condition it did not take
place. Lawson, the celebrated seedsman of Ediuburgh,
now emplovs blue glass on a commercial scale, for deter-
mining the vitality of seeds and accelerating germi-
nation.

305. As soon as the leaf-buds of any plant appear above
the soil, the plant ceases to absorb oxygen and give out car-
bonie acid ; 1t now begins to absorb carbonic acid and give
out cr:;}rﬁen. But to effect this it requires the aid of light ; if
kept under a blue glass,no further formation of leaves takes
place; it does not increase in diameter, but continues toelon-
gate, until at last it attains an enormous length. Whereas,
if a young plant which has just put forth its bud-leaves,
be covered with a yellow glass, it shoots forth, forming an
abundance of wood and leaves. But neither under yellow
or blue glasses will plants flower or produce seed ; for the
development of their reproductive organs they require
the heat rays, which wiﬁ not penetrate these coloured
glasses, but are freely transmitted by red-coloured glass;
under this kind of glass they flower in splendid profusion.
“Yet this is not simply an effect of heat, since the same
temperature may be maintained under all the circum-
stances ; yet if the red rays are obstructed, flowers will
not form., It is therefore evident that this very remark-
able property must depend upon some function peculiar
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to this class of rays.”*—Hunf. This explains why we
are not able to obtain the same results in our hot-houses
as In tropical climates. L

306. * By experiments of this kind, it has been proved
that germination is accelerated by actinism, or the
chemical power of the sunbeam ; the growth of the plant
(lignification) by light, the lnminous power ; and flowering
by heat,” or rather, those peculiar thermie rays which are
transmitted by red-coloured glass, and to which reference
has just been made. i

* Plants in stove houses become more or less scorched in autumn: to
prevent the Palms, in the large Palm-house, in the Royal Botanical Gardens,
at Kew, being thus affected, Mr. Hunt suggested that the glass used in
glazing should be free from oxide of manganese, and be coloured with
oxide of copper to a pea-green tint. This has had the desired effect; the
glass thus prepared obstructs the passage of those peculiar heat-rays which
produce the scorching. -
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CHAPTER XI.*

INFLUENCE WHICH ELECTRICITY EXERCISES OVER
AFFINITY.

FEaxcitation by friction. FElectrie spark. Conductors
and non-conductors. Attraction and repulsion. Theories
with regard to the nature of electricity. Kxcitation by
chemical action. Voltaic circle. The different action
acids have upon two metals separately and conjoined.
Application of this principle. The essential elements for
the formation of a voltaic cirele. Upon what the direction
of the current depends. Disadvantages of the ordinary
acid  battery. Smee’s and Danieg’s batteries. The
electricity developed by friction and chemical action essen-
tially the same. Quantity and intensity. Influence which
electricity exercises over affinity. Ewxercises, Arrange-
ments of the elements in the decomposing cell. Attractive
power supposed to reside in the wires. The supposition
shown to be erroncous. The wires only paths for the
ingress and eqress of the fluid. FEaxplanation of terms.
Summary of the more important principles. Definite
nature of electro-chemical decomposition. Electrotype and
electro-plating.

307. If a piece of dry glass rod be rubbed very briskly
for a short time with a piece of dry silk, the rod waill
acquire the power of attracting light bodies, as bits of
paper, light gowny feathers, &ec., and afterwards of re-
pelling them. In the dark, the rod will, immediately
after 1t is rubbed, appear faintly luminous, and if the
finger be held to it, a small spark will be seen to pass
from it to the finger, which will be attended with a slight
snapping noise ; if held near the cheek, it will cause a
feeling as if a spider’s web had been drawn across the
face. These properties were first discovered in amber,

e

* This chapter must not be regarded in the light of a treatise upon elee-
| tricity ; it has only been entered upon for the purpose of rendering the
. student, who has had no prior acquaintance with the subject, capah%e of
understanding the influence which this agent exercises over aflinity.
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which substance was called by the Greeks electron :

hence the unknown cause of these and other remarkable

ﬁhenﬂmenﬂ, produced when certain substances are rubbed,
as been called electricity.

308. Glass, or any substance which has acquired the
properties above described, is said to be electrically ex-
cited ; the spark is called the electrie spark; and the
motion to and from the rod by the light bndles, is called
electrical attraction and repulsion. All substances may
be made to assume electric properties by frietion, but
in many substances the electricity disappears as fast as it
1s formed. We cannot, for example, excite a rod of metal
like one of glass, by holding it in the hand and rubbing
it. If, however, the metallic rod has a glass handle, it
can then be E"Eﬁlt-ﬂ'd and will retain 11:3 electnclt.y %
because the glass, owing to its non-conducting properties,
prevents the electricity from the metal esca ing by means
of the operator’s body to the earth—whmE is the great
reservoir to whichall free electricity endeavours to return.
““ Substances are arranged into two classes,—conductors
and non-conductors, or insulators. Metals are the best
conductors, because electricity travels along them with
the greatest facility. Glass, resin, sulphur, dry air, &e.,
are called non-conductors, because electrlmtjr travels
along them with difficulty. The bodies in which electri-
city 1s excited are called electrics, and in general, the best
electrics are the worst conductors, and vice versa.” Ilce

is a non-conductor of electricity, and by rubbing a stick 3

of ice, it becomes excited; but it must not melt upon the
surface, for liquid water, a]t]mugh inferior to the metals
in conducting power, is yet so excellent a conductor, that
it allows the electricity to pass away as quickly as it i8
developed. For this reason, a body cannot be electrically
excited, if it, or the rubber, or both, be damp, because
the moisture conducts away the electricity as qmck}{

it is developed : hence the necessity of drying carefully
the substances which are by friction to produce electricity,
and, also, the drier the atmosphere, the more excited will
the rubbed body become. Insulators must, for the same
reason, be kept free from damp, for if the thinnest layer
of moisture be deposited upon their surface, the eleemmty
from the 11:1*«1113‘&3]1j body will escape. Such is the prin-
ciple of the electric machine, in which a cylinder or plate



INFLUENCE OF ELECTRICITY ON AFFINITY. 157

of glass is rubbed on a cushion of silk, and the electricity
collected on a cylinder of metal, called the conductor,
which is supported on a glass pillar, and so insulated.
The cushion must be in full communication with the
earth by a wire or chain, otherwise the evolution of
electricity soon ceases ;” the cause of its cessation will be
presently explained.

309. 1If a glass rod, after it has been excited, be held
near two down feathers, or elder pith balls, suspended
from the ends of a long piece of sill%1 thread, they will be
attracted by and adhere to it; but after a time they will
spring from it, and they will not for some time hang
down loosely as before, but will repel each other: as soon
as they assume their natural position, they will be again
attracted by the glass, if held near them, and afterwards
repel and be repelled as before. The experiment is thus
explained :—When the feathers adhere to the glass, they
rob it of a portion of its electricity, which renders them
similarly electrified ; they are then repelled from it, and
repel each other, because like electricities, or bodies simi-
larly electrified, repel each other, but unlike attract : after
a time, the electricity with which they were charged
escapes into the atmosphere, and they then regain their
natural state. All electrified bodies, after the lapse of a
longer or shorter time, lose their electricity, and resume
their condition of electrical quiescence.

310. If a dise of wood, into which a glass handle is
fitted, be covered with a few folds of silk, and this be
rubbed against a piece of glass, the operator holding the
silk rubber by the glass handle, so as to keep the silk
insulated, it will be found, after rubbing for a short time,
that the silk will exhibit electrical properties, as well as
the glass; it will attract light bodies, it will exhibit the
phosphorescence, in fact, all the other properties. Yet
the electricity of the silk differs from the electricity of
the glass; for, after the pith balls have been repelled by
the glass, because they have become similarl eiectriﬁed,
they will be attracted by the silk, if it is he]dy near them ;
and when they are repelled by the silk, they will be
attracted by the glass; further, if on one side of a ball or
feather, suspended by a silken string, the excited glass,
and at the other, the excited silk, be held at equal dis-
tances, the ball or feather will remain unmoved ; whereas,
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if either one or the other be removed, it will instantly be
attracted by the one which remains.

311, * M};st philosophers have assumed the existence of
a peculiar electrical fluid as the cause of the various
electrical phenomena which present themselves to ‘our
notice. In more fully explaining the properties of this
fluid, there are two principal theories propounded,—the
one supposing that there is but one, the other, that there
are two electrical fluids.

312. “ According to the first supposition, viz., that
there is one fluid, the particles of this fluid are considered
to be repulsive to each other, but attract, and are attracted,
by the particles of matter; and when combined with the
latter, they lose their repulsive tendency towards one
another. All terrestrial bodies contain this electrical
fluid, but their capacity for it varies ; when any substance
contains that quantity which answers to its capacity, no
electrical action is observed, and the body is in a state of
electrical indifference ; but if the fluid be in either redun-
dancy or deficiency, this quiescence is disturbed, and the
body is el{:ctriﬁe&y. A body may therefore be electrified,
either by adding to its electricity, or by subtracting from
it ; or lastly, by the fluid, which was previously distributed
equally throughout it, being accumulated in one direction,
so that a redundancy is created in one part whilst a defi-
ciency exists in the other. Bodies positively electrified
have a tendency to give out to other bodies the excess of
their electricity ; those which are negatively electrified
endeavour to withdraw the fluid from others, to supply
their deficiency.” Suppose a body, A, negatively elec-
trified, to be brought into the neighbourhood of a body,
B, positively electrified. The excess of electric fluid 1n
B repels the fluid still remaining in A towards the end
furthest from B, thus leaving the nearer end of A more
negative than before,—and at the same time the redundant
ponderable matter in A attracts the electric fluid in B
towards itself, thus rendering the nearer end of B more
positive, and the further end less positive, than before.

313. “If this view be adopted, the operations of electri-
city will be found closely to resemble those of heat.

314. “ According to the other hypothesis, all electrical
phenomena result from the action of two electrical fluids
diffused throughout the universe. These fluids are
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assumed to be extremely rare, imponderable, and ex-
pansive in the highest degree. The particles of each, by
virtue of this last-named property, mutually repel each
other, and in this respect the two fluids are perfectly
equal. The particles of the one fluid are, however, sup-
posed to have an attraction for those of the other; they
therefore combine when no obstacle stands in the way ;
and when united in exactly equal quantities they lose their
expansive force. To one of these fluids has been given
the apEellation of positive electricity, + I ; to the other,
that of negative, — I ; they are both anfagonist electri-
cities, and this opposition 1s termed their polarity. 1f
both the fluids exist in equal proportions in any body, no
electrical action happens, but the body is in a state of
quiescence. A body is positively electrified, either by
mmparting to i1t some free positive electricity, or its con-
dition of indifference is disturbed by withdrawing from it
a portion of its negative electricity; it is negatively
electrified if the converse happen. A body may appear
electrical on two opposite sides; for one may l?&?e
positive, and the other negative electricity. This eleetrical
state obtains, if a portion of its neutral electricity be
resolved, so that the positive electricity is accumulated
at one extremity, and the negative at the other. If the
cause ceases which excites this disturbance, the fluids
again combine, and the body is restored to a state of
quiescence. Lastly, according to this view, all electrical
Ehenumena are owing to the tendency of these antagonist

uids to combine in equal quantities, and in the property
of their particles, mutually to repel each other and neu-
tralize each other’s effects.

315. “ Whatever may be the cause of the various elec-
trical phenomena, we must regard our earth as an inex-
haustiEle storehouse of electricity. It is, in a manner, a
great reservoir, from which the fluid issues, or may be
procured in various quantities, and to which it again
returns from electrical bodies on its surface.”— Peschel's
Plysics.

316. Any two dissimilar bodies, when properly rubbed,
become, like the glass and silk, oppositely electrified; a
stick of sealing-wax, and a piece of dry flannel, for
instance, when rubbed together, become excited,—the
| resin assumes the same state as silk when this material
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has been rubbed against glass, and the flannel the same
state as the glass.
317. It will, from what has been now stated, be easily

understood why the cushion of the electrical machine

must be in perfect communication with the earth ; if it
were insulated, only so much electricity as equals the
quantity of quiescent electricity contained by the glass
and silk could be developed by the friction—the positive
electricity would accumulate in the glass, the negative in
the silk ;—when, therefore, the positive electricity which
the glass had thus acquired was removed by the conductors,
the supply of electricity must cease. To obtain a per-
manent supply, it is necessary that one of the rubbed
bodies shuuld{e kept in a state of electrical quiescence:
for this purpose the rubber is always in direct eommuni-
cation with the earth, which supplies it with positive
electricity as quickly as it is removed by the glass.

318. By the aid of the Leyden jar, we can collect and

accumulate large quantities of electricity. The jar is .

nothing more than a glass bottle, coated inside and outside

with tin-foil ; it has fitted to its orifice either a wooden or

a cork stopper, through an opening in which, a stout wire
passes to the bottom of the jar, touching the tin-foil
coating, and terminating outside in a metallic knob. If
this knob be made to touch the conductor of the electrical
machine when this is in action, the developed positive

electricity passes into the interior of the jar, and there

accumulates ; this excess of positive electricity in the

inner coating, repels, by a peculiar action called induction,
the positive e]ectricit;,i of the external coating, which
escapes to the earth. The accumulation of positive elee-
tricity in the inner, and negative in the outer, coating of
the jar, proceeds until the tendency of the two to combine
is so intense, that they either pass through the glass, or
they ereep over the mouth from the edge of the one tin-
foil coating to that of the other, and thus the jar discharges
itself. Of course, in practice, the operator does not allow
this to take place,—he, by the aid of a wire fitted with a
glass handle, discharges the jar by connecting for the
moment the two coatings together by means of this wire;
a brilliant spark, accompanied with a loud noise, passes
between the knob of the jar and the wire of the discharging
rod.
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319. We have now to notice another, and perhaps the
most fertile source of electrical development, viz., chemical
action. When a piece of common commercial zinc is
placed in dilute sulphuric acid, it speedily dissolves,—
sulphate of zinc beng formed, and hydrogen set free,
which is evolved at the surface of the zine; but if the zine
be rubbed over its surface with a little mercury, the acid
will have, if any, a very slight action upon it. If a piece
of copper be troduced into the acid along with this
amalgamated zine, the acid will still have no action on the
latter metal, unless the two are made to fouck each other
either in or out of the liquid, or by the intervention of a
metallic wire, or any good conductor of electricity ; the
acid, when contact has thus been established between the
two metals, will rapidly dissolve the zinec,—the hydrogen
escapes, not as before from the surface of the zine, but
from that of the copper; the acid does not act upon the
latter metal. The solution of the zinc goes on as long as
the metallic contact is unbroken, but when this occurs it
instantly ceases; this simple arrange-
ment (Fig. 13) is called a galvanic or
voltaic circle. A current of positive
electricity continually circulates durin
the contact from the zinc through the
liquid to the copper, and from the cop-
per along the conducting wires to the
zine, as indicated by the arrows in the
figure. A current of negative electricity,
agreeably to the theory of two electric

Fig. 13. fluids, traverses the apparatus in the
reverse direction.

320. Not only does the electric current, generated by
the contact of two metals, inerease the disposition of one
of the two to combine with some element, like oxygen and
chlorine, of the liquid in which they are immersed, but it
decreases, in like ratio, the disposition of the other metal
to combine with such elements; in faet, if this latter
metal were already combined with either oxygen, ehlorine,
or any similar metalloid, it would, on its connection with
the other metal, be disunited from i1t. Davy beautifully
applied this principle to prevent the corrosion of the
copper sheathing of ships. Copper undergoes rapid cor-

M
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rosion in sea-water, owin%tﬂ the chlorine of the chlorides
in the water and atmospheric oxygen combining with it,
and forming an oxychloride of copper. But if the copper
be in contact with zine, or any metal which has a greater
affinity for these elements, then the chemical action takes
place between this other metal and these metalloids, the
copper remaining intact. * Davy found that the quantity
of zine required thus to form an efficient voltaic cirele with
copper was very small. A piece of zinc as large as a pea,
or the head of a small round nail, was found fully ade-
guate to preserve forty or fifty sguare inches of copper ;
and this, wherever it was placed, whether at the top,
bottom, or middle of the sheet of copper, or under what-
ever form it was used. When the metallic protector was
from 4;th to jth, there was no action on the copper; with
smaller quantities, such as zl;th to ;};th, the copper under-
went a loss of weight which was greater in proportion as
the protector was smaller ; and as a proof of the univer-
gality of the principle, it was found that even yJ;th part
of cast iron saved a certain proportion of the copper.

321. ¢ Unhappily for the app‘iicatinn of this prineiple in
practice, it is found that unless a certain degree of corrosion
takes place in the copper, its surface becomes foul from
the adhesion of aea-wee‘:]:l)s and shell-fish. The oxychloride
of copper, formed when the sheathing is unprotected, is
probably injurious to these plants and animals, and thus
preserves the copper free from foreign bodies.” In like
manner, iron is protected from rusting by a thin coating
of zine.

322. Copper and zinc are not the only metals which can
form a voltaic circle; any two dissimilar metals, when
placed in a liquid which dissolves only one of them, will
answer, but the more dissimilar the two metals are in
their chemical relations, the greater the intensity of the
electricity produced. Thus the more prone the one metal
is to unite with oxygen and bodies like it, and the less
prone the other is to combine with these, the better the

alvanie arrangement.

323. ¢ The essential elements of an arrangement by which
a current of electricity may be produced, are, therefore,—
First, two bodies—one simple, and one compound—which
act chemically upon one another, in such a way that the
simple element shall be substituted for a constituent of
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the other (hydrogen in one example) which shall be
expelled ; and second, a conducting substance, which is
indifferent in a chemical point of view, and only furnishes
a route for the fluids of the actual elements to recombine
continually with each other. In the example we gave,
this conductor was a slip of copper. It is not necessary
that this conductor should be a metal,—any conducting
material, such as charcoal, will answer. *But it is not
even necessary that it should be a solid; it is only for
convenience that the ordinary conducting plates and wires
are metallic;’ for a current is obtained by one metal
and two liquids, provided the liquids are such that a
stronger chemical action takes place on one side of the
metal than on the other. Nay, a plate of metal, with two
portions of the same liquid, but of different strengths,
forms a simple circle; and even the same liquid, of but
one strength, if one side of the metal be more rapidly
acted on by it than the other, will produce a current.”
This may be effected, for example, by having one side
rough, the other polished.

324.. The reason why commercial zine is so readily acted
upon by dilute sulphuric acid, is owing to its containing
an:[all quantities of iron, which form with the zine, when
1t 1s immersed in the acid, numerous voltaie circles. Pure
zine 18 very slowly acted on by dilute sulphuric acid, but
1f fused with about 2 per cent., or rather less, of iron filings,
1t 1s as readily dissolved as commercial zine.

325. The passage of the current may be shown by a
very simple experiment. “If a slip of zine be bent, as in
B, and a bit of paper moistened with iodide
of potassium be laid upon it, and the wire
from the copper, 4, be then brought to
touch the upper surface of the moistened
paper, the current passes in the direction
of the arrow, and iodine 18 evolved at the
point of contact of the wire. If the surface
of the paper next the zinc plate, B, be
examined, it will be found to be alkaline,
from free potash. Thus the chemical action
of the eurrent, which will hereafter assume
so important a position, may here be simply
used as a test of its having passed.

326. “The direction of the current depends upon the

Tig. 14,
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nature of the chemical action which is produced at the
period of its passage ; and on this principle is founded one
of the most cogent and reasonable arguments in favour of
the idea that the current is produced by the chemical
decomposition, and not by the contact of the metals, as
has been maintained. Thus, if a slip of iron and a plate
of mpFer be immersed in muriatic acid, the action is
altogether on the iron, and the current passes from the
copper to the iron at the point of contact. But if the
metals be immersed in a strong selution of ammonia,
which aets upon the copper but not upon the iron, the
current is produced in the reverse direction. If persul-
hide of hime, dissolved in water, be used as the execiting
fluid with iron and copper, the current is from the copper
to the iron through the fluid; but on using zine and
copper with the same fluid the direction of the current is
reversed ; in the first case, the copper, and in the last,
the zine, is acted on : with acid solutions the copper would
have escaped action, and the current should Ee in both
cases from the iron or zine, to it, through the liquid.”
327. We stated in a preceding paragraph (319) that the
chemical action would go o, and electrieity be developed,
as long as the contact between the two metals was un-
broken ; by this we did not mean the student to suppose,
that if a strip of zine and one of copper were placed
in dilute sulphurie acid, and contact established, nothin
would stop or interfere with the formation of sulphate o
zine and the development of eleetricity but the breakin
of the contact—for it is self-evident that if all the sul-
phuric acid or all the zine were expended, the dissolving
of the zine must cease, and with it the evolution of elec-
tricity—further, as soon as the liquid hecomes saturated
with sulphate of zinc the action ceases, owing to the
liquid being unable to dissolve any more of the zine salt
(see par. 227). But long before a battery of this con-
struction ceases from any of the three causes named,
the efficacy of the battery decreases as the sulphate of
zinc increases. DBecause the zine salt, as it dissolves from
the plate, being heavier than the acid solution, falls to
the bottom; hence, in a very short time, the solution
becomes of different densities, and this induces (as we
have already notieced in par. 323) a galvanic action to be
established between the lower and upper portion of the

=
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zinc plate. A battery of this kind also becomes impaired
from some of the hydrogen decomposing some of the
sulphate of zine, sulphurie acid being formed and metallic
zine set free, which is deposited on the copper. This
weakens the electric current, both by inducing a galvanic
action between the zine and the copper upon which it is
deposited, and by its tendency to send a current of elec-
tricity 1n an opposite direction to the main current,
there%y neutralizing to a great extent the original power
of the circle. Some of t%nege defects have been greatly
lessened by using silver plates covered with a thin layer
of spongy platinum * in place of the copper; this, which
18 ﬂﬂ]ledy mee’s battery, is arranged in the following
way :—1Two amalgamated plates of zinc are clamped to a
piece of wood, and between these two plates is fixed the
platinized silver plate. The two metals thus arranged
are inserted in a vessel of dilute sulphurie acid.

328. An ordinary acid battery is most active when first
brought into play ; its power gradually diminishes, and at
last ceases, although the acid may not be saturated ; this
arises from the reduction of some of the sulphate of zine
by the liberated hydrogen, and the deposition of the zine,
thus set free, on the copper plate. This disadvantage has
been obviated by causing the hydrogen to be absorbed
by a solution of sulphate of copper; it reduces this salt,
like the one of zine, sulphuric acid being formed and
metallic copper set free, which is precipitated upon the
surface of the copper plate, thereby not only maintaining
but improving the surface of this plate during the evolu-
tion of a constant current of electricity. This arrange-
ment has been called after the inventor, Daniell’s battery,
or from the constancy and uniformity of the current
maintained, the constant battery. * A cell of this battery
consists of a eylinder of copper three inches and a half in
diameter, which experience has proved to afford the most
advantages between the generating and conducting sur-
faces, but which may vary in height according to the

ower which 1t is wished to obfain. A membranous tube,
ormed of the gullet of an ox, is hung in the centre by a

Bt —

* It has been ascertained, that if the surface of the negative element is
roughened, the evolution of hydrogen is much facilitated ; Mr. S8mee, there-
fore, in his battery, deposits the platinum in powder on the negative plate,
thus obtaining myriads of conducting points for the bydrogen.
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collar, and a circular copper plate, resting upon a rim, is
Elaced near the top of the cylinder, and in this 1s suspended

y a wooden cross bar a cylindrical rod of amalgamated
zine, half an inch in diameter ; the cell is charged with
eight parts of water, and one of o1l of vitriol, which has
been saturated with sulphate of copper; and portions of
the solid salt are placed upon the upper copper plate,
which is perforated like a colander, flt:)}r the purpose of
keeping the solution always in a state of saturation.
The internal tube is filled with the same acid mixture
without the copper. A tube of porous earthenware may
be substituted for the membrane with greater con-
venience, but probably with some little loss of power.”
The action of this battery is similar to the simple one we
first described; the zine is dissolved by the acid, the
sulphate of zine is prevented from mixing with the copper
solution by means of the porous diaphragm ; the hydrogen
set free decomposes its equivalent of sulphate of copper,
sulphuric acid being formed, and metallic copper pre-
cipitated on the copper plate.

329. The electricity evolved by chemical action, and
that developed by friction, are essentially the same; by
the first of these two modes we obtain a much greater
quantity than can be developed by the other, yet, from its
state of continued recombination, it has much less inten-
sity ; its intensity is so low that it can only pass through
good conductors; pure water, through which frietional
electricity passes with rapidity, almost eompletely iater-
cepts the current from a simple circle, and the wires
through which it is conducted may be touched by the

hands, yet no shock will be received. To increase the

intensity, a number of pairs of the metal plates are con-
nected together in the R}llowing way :— We will suppose,
for the sake of illustration, that three pairs of Daniell’s
plates, each of them being, of course, in separate vessels,
are to be connected; it matters not which metal we
commence with, provided we link it with the opposite one
in the next: say we commence with the zine in the first
vessel, this we connect with the copper in the second,
and the zine in the second with the copper in the third;
the zine in the third and the copper in the first are un-
connected with the others, a copper wire is therefore
soldered to each of these two plates, and by means of
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these wires we connect these two plates together, and so
complete the circuit (Fig. 15). The quantity of elec-
tricity which circulates in this arrangement only equals
that which would be produced by one pair of plates,
because the positive elientricit}r of the copper in the

Zz| [Cl+ —=Iz] o)
b L L +
= = = =
) )=
Fig. 15.

second cell is neutralized by the negative electricity of
the zine in the first cell ; in the same way, the copper in
the third is neutralized by the zine in the second, so that
it is only the amount of electricity liberated upon the
copper in the first, and the zinc in the third, that passes
along the terminal wires.

330. Although the quantity of electricity which ecir-
culates along the terminal wires of any number of pairs
of plates (arranged in the way described) is not larger
than circulates along the wires from a single pair, yet its
intensity, that is to say, its velocity and power, far exceeds
that generated by a single pair, no matter what their size.

331. “ When the current of electricity is retarded by
means of an insufficient conduecting medium, the centre of
the conductor becomes hot, and thus the most brilliant
effects of heat and light may be produced ; even the most
refractory metals, as gold and platinum, being, when in
thin foil or wire, dissipated actually in smoke. By ter-
minal points of well-burned charcoal this phenomenon is
beautifully produced, the ignition being totally indepen-
dent of combustion, for it takes place in vacuo, or in car-
bonic acid gas; and when the points are separated from
one another to a certain distance, the interval becomes
occupied by a splendid arch of light, formed by the in-
ductively excited particles of charcoal, which, in a state
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of intense ignition, abandon the positive, to attach them-
selves to the negative extremity of the conductor.”

332. We have now to study the influence which elee-
tricity exerts over affinity, and we shall do so by eon-
sidering—1st. Whether it promotes eombination? 2nd.
‘Whether it promotes decomposition? 3rd. Whether
combinations, accompanied by decompositions, are
brought about by this agent ?

EXERCISES.

250. First fill both legs of the eudiometer (Fig. 16)
with water, then transfer a quantity of oxygen and hydro-
gen, in the proportion of one volume
of the former to two of the latter,
-0 sufficient to fill about one-third the
longer leg; *then, being placed
upright, part of the fluid in the open
leg is displaced by inserting a glass
I'{}d or in some u&e.r manner. The

en leg being grasped by the hand,
t e thumb 1s to be placed tlghtl_*,r
over the aperture, so as to close i,
and at the same time to touch one of
the wires ; a spark taken from the

Fig. 16. conductor of the electrical machine
to the other wire passes through the
gas, inflaming it, and is conducted off by the thumb and
hand. The gas, in expanding, depresses the fluid beneath
it, whilst the air in the part closed by the thumb, acts as
a spring to restrain the violence of the explﬁsmn If a
charge from a jar is to be passed, then the thumb must
not be allowed to touch the wire whilst closing the aper-
ture ; when the jar is charged, the wire connected with
the uuter coating is first to be hooked upon the eudio-
meter wire nearest the thumb, and securely retained
there, so as not to slip during the experiment, and then
the knob of the jar is to be brought to the other wire, and
the gas will be inflamed.” The oxygen and hydrogen
combine and form water, and if the proper proportions
are employed, no gaseous residue remains behind, but if
either of the gases i3 in excess, the excess remains
uncombined.
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251. Explode in the same way equal measures of chlo-
rine and hydrogen ; hydrochlorie acid will be produced.

252. Explode in the same way one measure of oxygen
and two of carbonie oxide ; earbonie acid will be produced.

253. If thin metallic leaves be subjected to the action
of an electric current, either from the machine or battery,
they inflame and burn with considerable brilliancy. The
experiment is best performed by fixing a plate of polished
tinned iron to one wire of the battery,* and taking up a
leaf of any metal on the point of the other wire, bring it
in contact with the tin plate. In this manner gold burns
with a vivid white light, silver with an emerald green,
copper and tin with a pale bluish, lead with a purple, and
zinc with a dazzling white flame. Try the experiment
with each of these different metals; the copper, tin, lead,
and zine combine with the oxygen of the air, forming
oxides, and perhaps the gold and silver are also oxidized.
These metals may be fused and volatilized even iz vacuo,
and in close vessels filled with gases which put a stop to
the chemical process of combustion, such as nitrogen and
carbonic acid. Therefore their volatilization in air, and
the evolution of light which attends it, is no proof that
they undergo combustion, that is to say, oxidation.

333. These, and all other combinations—brought about
apparently by the electric force, are, with one exception,
considered to be produced, not by that force, but by the
heat which is always elicited with it—the exception is
the combination of nitrogen with oxygen. If electric
sparks are made to pass for a long time through a
mixture of these two gases, they combine and form nitrie
acid. And as these two gases have never yet been made
to unite by the application of heat from any of its ordinary
sources, 1t is considered that their combination must be
due solely to the electric agent.

334. We pass on to notice the influence of electricity

as a decomposing agent,

EXERCISES.

335. Before deseribing the experiments, we muzt ob-

¥ Employ a Simee’s battery of from two to six pairs of plates,
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serve that, if the terminal wires, either from a simple or
compound cirele, instead of being placed in contact, are
dipped into a liquid, whieh can conduct the electricity, it
circulates exacﬂy as if the wires were in contact with
each other, and that it decomposes the liquids through
which it can circulate. The liquid in which the wires
dip is termed the decomposing cell; the cell of the
battery is termed the generating cell.

254. Let the terminal wires of a Smee’s battery, con-
sisting at least of six [Pairs of plates, be placed by means
of the conneectors A B, in communica-

tion with the platinum plates » ».
The tubes are filled with water, which
is rendered a better conductor by the
addition of some sulphuric acid, and
inverted in the vessel E, filled with
the same fluid over the platinum
plates » p. Immediately connection
18 made with the battery, the pla-
tinum plates will become covered
with bubbles of gas, which being
evolved, will rise in the tubes in
unequal proportion, rather more than
twice as much gas being collected in
a given time in one tube, than in the
other. The smaller volume 1s oxygen,
the larger volume is hydrogen ; the former is always evolved
at the surface of the platinum plate, where the current of
positive electricity enters the fluid in E, and the hydrogen
always at that surface where it leaves the fluid. As
these gases are evolved from the decomposed water,
their volumes ought to be to each other as two to one;
the reason why they are not precisely in this proportion
is to be found in the partial solubility of oxygen in
water; and hence, on this account, the volume obtained
is rather below the true quantity. The student will
observe that the gases are evolved from both plates,
simultaneously ; and although at each instant but a

single molecule of water is decomposed, the hydrogen

being evolved from one, and its oxygen from the other
late, the gases are not observed to pass from » to p, the
uid between these plates being free from bubbles.
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255. Fill the V tube (Fig. 18) with a weak solution of
gulphate of soda, coloured blue with some vegetable
Figment, as blue cabbage

iquor. A plate of copper
foil soldered to a copper
wire is inserted at each
end, and connected by the
binding serews with the
galvanic battery. The sul-
phate of soda is soon de-
composed : the soda will Fig. 18

be disengaged at that end )

of the tuﬁf:)e where the electricity leaves the fluid, and will
colour the liquor green ; the sulphuric acid will be set free
at the other end, that is, where the electricity enters the
fluid, and will colour the liquor red, whilst the central
portion of the tube will retain its blue eolour. Transpose
the wires from the battery so that the negative wire shall
be in the red fluid, and the positive in the green; after a
short time they will both recover their original blue
tinge, and then that which had before been red will
become green, and the green will turn to red.

256. Fill the V tube with a solution of iodide of potas-
sium, containing some starch paste; the iodide will be
decomposed : the iodine will be disengaged at that end
of the tube where the electricity enters the fluid, and will
colour the starch blue; the potash will be disengaged
at that end of the tube where the electricity leaves the
fluid. If a piece of red litmus paper be inserted in this
end it will be coloured blue, from the presence of the
free alkali. Transpose the wires as before, and in a short
time the potash Wﬁ)l appear at the end where the iodine
first appeared, and the 10dine at the end where the potash
was first eliminated. One pair of plates is sufficient to
decompose the iodide.

257. Introduce into the V tube hydrochloric aecid
coloured blue, with a solution of sulphate of indigo; the
acid will be decomposed : the chlorine will be disengaged
at that end where the electricity enters, and will render
the liquid colourless by bleaching the indigo; the hydro-
gen will be evolved at that end of the tube where the
electricity leaves the fluid.

258. If the terminal wires of the battery be dipped
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into a cup containing fused chloride of lead, the lead
compound will be decomposed ; the chlorine will be dis-
engaged at that end where the electricity enters, and

the metallic lead at that end where it leaves the fused
ImMass.

336. The compounds of oxygen acids with heavy metallie
oxides give up their acid a-,uxgﬂxygen at the end where the
electricity enters, and the metal where it leaves the fluid
—no evolution of hydrogen taking place, excepting when
the electric current is too strong, and its action is partly
exerted on the water. In the case of some metallic salts
(those of manganese, lead, and silver), the oxygen liberated
at the positive pole combines with the metallic oxide
there situated, and forms with it a peroxide, which is
precipitated. If the terminal wires are formed of the
same metal as that contained in the solution, the acid and
oxygen which collect at the wire where the electricity
enters, dissolve as much metal from the wire as they have
lost, and so reproduce the original salt; thus the liquid
remains unaltered in strength, and the wire by which the
electricity enters loses a quantity of metal equal to that
which is deposited at the opposite wire.

EXERCISE.

259. Insert the terminal wires, which must be platinum,
in a solution of sulphate of copper ; metallie copper will be
deposited on the wire by which the electricity fea,vea the
fluid, the acid will collect and the oxygen be evolved at

the wire by which it enters. Perform the same experiment,

the terminal wires being copper; in this case 1t will be
found, that wire by which the electricity enters loses as
much metal as is deposited on the wire by which the
electricity leaves the fluid; the solution therefore retains
its original composition.

337. Any one who witnesses these experiments cannot
fail to notice, that in the decomposition of compound sub-
stances by the galvanie current, certain elements invariably
appear at one wire of the battery, and others as constantly
at the other. Thus hydrogen, the metals, and their oxides,
range themselves at the negative wire, or that by which
the electricity leaves the fluid, and are therefore electro-
positive, as like electricities repel each other, but unlike
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atiract ; whilst oxygen, sulphur, chlorine, iodine, &e., and
the acids, range themselves on the positive wire, or that
by which the electricity enters, and are therefore electro-
negative. Thus all substances may be divided into two
classes; those being termed electro-negative which are
evolved at the positive wire, and those which appear at
the opposite wire being termed electro-positive. The
more commonly occurring elements thus classified are
ranged as in the following list :—

Electro-negative. Electro-positive.
i
Oxygen. Antimony. | Lead. Hydrogen.
Fluorine. Silicon. Tin. Carbon.
Chlorine. Boron. Bismuth. Aluminum.
Bromine. Mercury. | Cobalt. Magnesium.
Todine. Chromium. | Nickel. Caleium.
Sulphur. Platinum. Iron., Strontium.
Nitrogen. Gold. Manganese. | Barium.
Phosphorus. | Silver. Cadmium. | Sodium.
Arsenie. Copper. Zine. | Potassium.
S p—t St

338. The most powerfully negative bodies are placed
in the first, and those most powerfully positive in the
fourth eolumn, these being connected by the intermediate
columns. Any substance in the list is positive with regard
to those which precede it, and negative with regard to
those which follow it. Thus, hydrogen is negative to all
in the fourth, but positive to all in the three preceding
columns, and so on,

339. It was considered that this separation of the con-
gtituents of a compound substance, and the attraction of
some of them to one of the terminal wires, and of the
others to the other, was due to an attractive and repulsive
force possessed by the wires—hence they were called poles,
“from a notion of their exerting attractive and repulsive
energies towards the elements of the decomposing liquid,
just as the poles of a magnet act towards iron ; and they
were further distinguished by the terms posifive and
negative. The following singular and often quoted expe-
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riment appeared at the time this theory was propounded
to be a complete confirmation of its truth.

EXELRCISE.

260. Let three cups, A B ¢, be placed side by side, and
be connected by means of pieces of lamp-cotton moistened
with a solution of sulphate of soda. Let A be filled with
a solution of sulphate of soda, 8 with a solution of dilute
sulphurie acid, and ¢ with water. Let the positive wire
(platinum) of a battery dip in a, and the negative in ¢,
the positive current will, of course, enter the fluid in a,
passing on through the fluid in B and ¢, and escape by
the wire in this latter cup: the current in its conduction
will decompose the sulphate of soda ; the acid will remain
in A, but t]llje soda will appear in ¢, although to reach this
vessel it must pass through the free acid in B.

340. It was considered at the time this curious transfer
of substances was discovered, that the affinity of the
acid in B was overcome, or was less powerful for the
soda, than the negative pole in c, consequently the soda
passed through the acid in B and reached c, on account
of the superior attraction for it which the negative pole
exercised. It was found that if a solution of nitrate of
baryta were used in place of the solution of sulphate of
soda in A, the baryta salt would be decomposed, the
baryta would pass into B, but would go no further,
because it combined with the sulphuric acid, for which it
was considered to have a stronger affinity than for the
negative wire.

341. But the constituents of the decomposed substances
are not attracted by the wires, they are simply disen-
gaged at the boundaries of the decomposed substance,
and it is only when the wires form this boundary that
the constituents are evolved upon them. Thus,if in Expt.
260, the cup B had been filled with water instead of
sulphuric acid, the soda would have remained in that
vessel and not have passed over into c, because it would
have been the boundary of the decomposed substance.
When B contained a substance with which it could com-
bine, and the compound thus produced was capable of being
decomposed by the electric fluid, then the boundary was
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not in B, but in the vessel c—hence the reason of the soda
reaching this latter vessel. That the constituents of a
substance that is being decomposed are evolved at its
bounding surfaces is well illustrated in the following
experiment :—

EXERCISES.

261. If a vessel be filled with a solution of sulphate of
soda, and the wires, terminating in plates, of a battery in
action be inserted, the acid will colleet upon the one and
the alkali upon the other plate; but if, by means of
pieces of bladder, the vessel be divided into three com-
partments, a, B, and ¢, and the central one being filled
with a solution of sulphate of soda, dilute nitrie acid is
poured into those at the side in which the plates are
placed, in order to afford a conducting medium, no acid or
allcali appears at the metallic poles when the current passes,
but these substances are ﬂvcu]l)vcd upon the 1ner surfaces
of the bladder; it is only when, by mechanical filtration,
gsome of the solution of sulphate of soda passes into the
divisions A and c¢, that the slightest trace of sulphuric
acid or of soda can be found upon the metallic plates.

262. By the electricity of the machine the same prin-
ciple can be demonstrated. If a slip of paper, moistened
with a solution of iodide of potassium, be held near the
insulated prime conductor of the electrical machine,
whilst in action, and the rubber be connected with
the ground, so as to ensure a continuous discharge of
positive electricity into the air, iodine will be evolved in
quantity upon the point of the paper nearest the prime
conductor, whilst hydrogen and potash may be traced as
far as any liquid conduetor, admitting of their passage,
goes. Here there is nothing that can be termedl a pole,
the 1odine is discharged upon the limiting surface, which
18 here that of the atmospheric air.”

342. The terminal wires must only be looked upon as
E&ths for the ingress and egress of the electric fluid—

ence Faraday has proposed to call them electrodes, which
term signifies a way. DBut he does not limit the meaning
of the term to wires, but he calls the bounding surfaces
of any substance electrodes, whether it be air, water,
metal, &c., which serves to convey an electrie current into
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and from the liquid to be decomposed. The surface of
the decomposing liquid, where the elements make their
appearance, he terms anode, signifying upwards, and
cathode, denoting downwards. The anode is where the
current is supposed to enter ; the cathode, where it leaves
the decomposing liquid. Compound bodies, capable of
being decomposed by the electric current, are termed
electrolytes, that is, to unloose by means of electricity ;
decomposition by the direct action of eleetricity is termed
electrolysis. ** The elements of an electrolyte are called
ions, signifying going ; anions are the ions which appear
at the anode, and are usually termed the electro-negative
ingredients of a compound, such as oxygen, chlorine, and
acids ; and the electro-positive substances, hydrogen,
metals, alkalies, which appear at the cathode, are ecations.
Whatever may be thought of the necessity for some of
these terms, the words electrode, electrolyze, and elec-
trolyte are peculiarly appropriate, and are already in
use.”

343. “The separation of the ions takes place only in
the immediate neighbourhood of the electrodes, not at
any part of the liquid, at a distance from them. Ex.—
If a solution of common salt, coloured with infusion of
blue cabbage, be divided into three portions by two
membranous partitions—the electrodes dipping into the
outermost divisions—the colour of the liquid changes in
these divisions alone, not in the middle.”

344. If the electrodes are of such a nature that either
of them can combine with the som, which is hiberated upon
it, the electrolyte will be more easily decomposed than if
no combination could take place between them, as the
following experiment proves :—

EXERCISE.

263. Let the conduecting wires belonging to a single
pair of plates (copper and zinc) terminate with platinum
plates ; let these latter plates be immersed in a vessel
containing the same solution, which is used in the gene-
rating cell. The current will be too weak to decompose
theiliquid in the decomposing cell, consequently no
current will pass from the one electrode to the other.
Perform the same experiment, using copper electrodes in
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the place of the platinum ones, sulphuric acid being the
solution employed in both cases. The current will now
pass, and bubbles of hydrogen gas will be evolved at the
end of the cathode, whilst the oxygen will combine with
the anode.

345. The following is a summary of the more impor-
tant principles econnected with electrolysis :—

1. In order to decompose a compound, its particles
must be in sneh a condition as to move freely amongst
each other ; this is effected either by dissolving the com-
pound in some liquid, or by fusing it. All compounds
which are decomposable when dissolved in water, behave
in the same manmer when fused. It is necessary for
the electrolysis of a substance, which must, as we have
noticed, be in a liquid state, that the electric current
should pass through it; in other words, an electrolyte
must be a conductor of electricity. To transmit an
electric current through a liquid, dip the terminal wires
of the battery into it.

2. Substances which cannot be electrolyzed do not
allow a current of electricity to pass through them.

3. “ The alliance between conduction and decomposition
is so constant, that the latter may be regarded as a means
by which voltaic currents are transmitted through liquid
compounds.”

4. All compound gases are non-conductors, and are
therefore not decomposed by electricity.

5. Compounds in the solid state are non-conductors,
and are consequently not decomposed. Ex.— Water,
which eonduets an electric current, and is decomposed at
the same time, ceases to conduct, and therefore ceases to
be decomposed, when it passes into ice.

6. Most binary compounds, consisting of single equiva-
lents of the two elements composing them, have been
proved to be electrolytes, and probably all compounds of
this order are.

7. Substances which consist of a single equivalent of
one element, and two or more equivalents of another,
are not electrolytes. Xx.—Bichloride of tin is not an
electrolyte. But in making this statement, it is necessary
. to distinguish between primary and secondary decom-
N
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position. Water is an electrolyte, its hydrogen being
delivered up at the — and its oxygen at the + electrode.
A solution of hydrochlorie acid is%‘ikewise an electrolyte,
being resolved into chlorine and hydrogen. But nitrie
and sulphuric acids and ammonia are not electrolytes,
though the first and last are decomposed by secondary
action. Thus, on subjecting nitrie acid to voltaic action,
the water of the solution is electrolyzed, and its hydrogen
arriving at the 4 electrode, decomposes the nitrie acid,
water being there reproduced and nitrous acid formed.
So, in a solution of ammonia, the oxygen of the decom-
posed water unites at the 4+ electrode with the hydrogen
of the ammonia, and nitrogen gas is evolved. Very
numerous secondary actions are occasioned in this way,
because the disunited elements are presented in a nascent
form, which is, as we have already seen (par. 209),
peculiarly favourable to chemical action; and in many
instances the electrode itself, which is commonly metallie,
1s chemically attacked.”

8. Most of the salts are decomposed without reference
apparently to the proportions in which they are united.
In the electrolysis of the oxygen salts of the alkalies, and
alkaline earths, the oxide and hydrogen are disengaged at
the cathode, the acid and oxygen at the anode; but in
the electrolysis of the oxygen salts of the heavy metallic
oxides, the metal alone is deposited at the cathode, whilst
the acid and oxygen are evuijved at the anode.

9. Chemical compounds differ as to the intensity of the
eleetric current required for their decomposition ; as the
following, as well as previous experiments, prove :—

EXERCIBE.

264. If the terminal wires belonging to a single pair of
plates (copper and zinc) terminate in platinum plates, and
these are immersed in a solution of iodide of potassium,
whilst sulphuric acid is the exeiting liquid in the gene-
rating cell, the current will have sufficient intensity to
pass through the solution, decomposing the iodide, evolv-
1z the iodine at the surface of the platinum plate con-
nected with the copper, and the potash at the platinum
slate in connection with the zine. Yet, as we saw by
kxpt. 263, the current was not sufficiently infense to
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decompose water: to decompose this Jiquid by a current
so weak, we were obliged to aid it by chemical afiinity ;
we employed for the positive electrode a metal with which
the oxygen could combine. The order of easy decompo-
sition in the annexed substances is as follows :—Solution
of iodide of potassium; fused chloride of silver; fused
protochloride of tin ; fused chloride of lead ; fused iodide
of lead ; solution of hydrochloric acid ; and water acidu-
lated with sulphuric acid. The order of decomposition
represents the order of conduectibility. If, therefore, the
body to be decomposed has a very low condueting power,
its electrolysis will be effected only by employing a bat-
tery consisting of a great many pairs of plates, as infensity
18 required to overcome the resistance which arises from
the low conducting power of the liquid. If, on the con-
trary, the electrolyte be a good conductor of electricity,
the chemical decomposition will be accelerated by in-
creasing the guantity of the electric fluid. If we diminish
the resistance of the electrolyte itself to conduction, the
chemical action will be accelerated.

10. The eonduction of the electric current in the gene-
rating as well as in the decomposing cell, depends on
chemical decomposition, consequently eleetrolytic sub-
stances are the only ones capable of acting as execiters in
the generating cell.

346. An atom of any electrolyte requires for its decom-
position the same quantity of electricity as an atom of any
other ; thus, the quantity of electricity which will decom-
pose one atom of water, will decompose an atom of
chloride of lead, one of oxide of silver, one of sulphate of
soda, or an atom of any electrolyte. If, therefore, all
electrolytes were equal 1in conductibility, they would be
decomposed with equal facility.

347. Our countryman, Spencer, conceived the happy
idea of employing the metﬁ]i, which is always deposited
at the cathode in the electrolysis of the heavy metallic
oxides, to the copying of moulds, &ec. In this way, exact
copies of almost anything can be taken in metal, even the
most fragile plants, and in the same way the baser metals
can be plated with gold or silver ; the former process is
called electrotyping, the latter electroplating.

348. The preceding experiments contained so many
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illustrations, that combinations, accompanied by decom-
positions, are produced by the electric agency, that it will
be needless to give any further examples.*

Influence of mass in the formation of chemical compounds.

349. We have seen (par 203), that if three bodies,
A, B, and C, are mixed together, one of which, C, is
capable of combining with either of the other two, and
forming with them compounds AC, BC, that if the
relative affinities are very unequal, and no insoluble or
gaseous substance can be formed, C, if it is present in
sufficient quantities to combine with only one of the two,
will not be distributed between the A and B, but that it
will be exclusively combined with the one for which it
has the greatest affinity : we have seen, for example, that
soda is not distributed between sulphuric acid and boracie
acid, but that it unites exclusively with sulphurie acid ;
also, that sodium is not distributed between ehlorine and
iodine, but that it unites exelusively with chlorine; to
these examples we could add numerous others, to confirm
the fact that when the relative aflinities are very unequal,
C, if present only in sufficient quantity to combine with
one of the two, is not distributed between A and B.
But we have seen (par. 203) also that if the relative
affinities are not very unequal, and no insoluble substance
can be formed, that C is distributed between A and B.
When this is the case, the question arises in what propor-
tion will C enter into combination with A and with B.

350. Berthollet, who was the first to direct attention
to the influence of quantity on chemical affinity, con-
sidered that chemical union differed from mechanical
cohesion only in being exerted between particles of dif-
ferent substances; he denied the existence of the power
entitled elective affinity, and he asserted that in those
cases where certain bodies combined in preference to
others, the source was to be found in the accidental and
external circumstances. He considered that a body C
divides itself between the bodies B and C in the propor-
tion of their quantities. *Heargued that not only would

* The teacher might give a series of experiments on electrotyping and
electroplating,
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C be divided between A and B, but that in proportion as
the quantity of one of these bodies, A, preponderated over
the other body, B, the proportion of AC in the mixture
would be increased, while, of course, that of BC would
be diminished. If, on the other hand, the proportion of
B were increased, the quantity of the compound BC
would be augmented, whilst that of AC would be propor-
tionately lessened, the body C dividing itself between A
and B in a proportion represented by the product of its
affinity for each of these elements multiplied into their
mass.”’

351. We have seen (par. 203) that this idea of Ber-
thollet’s is not correct when the relative forces are very
unequal, and no insoluble or gaseous compound can be
formed, as C in that case is not distributed between A
and B, but that it is exclusively united with the one for
which it has the strongest affimity, however much the
other body may exceed this one in quantity. We have
seen (par. 203) that when the relative affinities are not
very unequal, distribution takes place; but how far the
quantities of the different bodies influence the result is
yvet undetermined, except in one or two cases, which we
shall notice presently ; this is to be regretted, as there can
be little doubt that quantity plays a most important part
in the formation of chemical compounds in large manu-
facturing operations.

3562. We have already directed the attention of the
student to the fact that sulphide of potassium is converted
mto carbonate by passing carbonie acid gas through it
for some time, and reciprocally that carbonate of potash is
converted into sulphide by passing sulphuretted hydrogen
through it for some time (par. 236). Also that the vapour
of water at a high temperature expels carbonic acid from
El::-ta,sh, hydrate of potash being formed; reciprocally,

ydrate of potash is converted into carbonate by passing
over it carbonic acid (par. 237). These opposite decom-
positions could be accounted for in the same way we have
accounted for the oxidation of iron in an atmosphere of
steam, and the reduction of oxide of iron in an atmosphere
of hydrogen (par. 222). But some chemists ascribe each
of these opposite combinations and decompositions to the
influence of quantity on chemical aflinity.
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353. Bunsen has investigated the influence of quantity
on chemical aflinity in some cases where the products of
combination were at once removed from the sphere of
action, as by the formation of gaseous compounds. * The
following is the law deducible from Bunsen's experiments :
—1. When two gaseous bodies, A, B, are mixed with a
third body, C, and fired by means of the electric spark,
the body C takes from A and B quantities which always
stand to one another in a simple atomic relation : so that
for 1 atom of AC, 1, 2,3, or 4 atoms of BC are produced ;
for two atoms of AC, 3, or 5, or 7 atoms of BC are formed.
If one atom of the compound AC and one of BC be formed
in this manner, the mass of A may be increased in the
presence of B up to a certain point without any change
in that atomic proportion; but if a certain limit be
passed, the relation of the atoms, instead of beingas 1 : 1,
suddenly becomes as 1:2, or as 1:3,0r as 2: 3, and
80 on.

354. “ When a body, A, acting upon an excess of an
compound, B C, reduces it, so that XO is formed and
18 set at liberty; then, if B in its turn can reduce the
newly-formed compound, A C, the final result is that the
reduced part of A C is in simple atomic proportion to the
unreduced part. In the case of these reductions, also,
the mass of one of the ingredients of the mixture may
be increased up to a certain point without altering the
relative proportions of the compounds obtained; but, if
in{*reasec{) beyond this limit, a sudden alteration in the
relative proportions of the product occurs, but these pro-
portions stiﬂ admit of being represented by simple ratios.

355. ““ M. Debus arrived at substantially the same results
as those indicated by Bunsen for gaseous mixtures, by
precipitating a mixture of lime and baryta water, by
small proportions of solution of carbonic acid, and by
similar experiments upon a large excess of a dilute solution
of the mixed chlorides of calcium and of barium, to which
a dilute solution of carbonate of soda was added.

356. ““ In the experiments of Bunsen, it must be recol-
lected that the first products of the chemical combination
are immediately removed from the sphere of action: car-
bonic acid, and carbonic oxide, and water, will not mutually
react upon each other; and in the experiments of Debus,
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the earbonates of the earths, being insoluble, are at once
withdrawn from further action with the mixture.”*

357. The student must write out answers to the follow-
ing questions; he must then pass on to chapters xix. and
xx., and write out the exercises there given.

EXERCISES.

265. What are the necessary elements for making a
voltaic ecircuit ?

266. In charging a Leyden jar by means of an ordin
electrical machine, explain fully the whole process whic
goes on, beginning with the rubber and ending with the jar.

267. What does the direction of the galvanic current
depend upon ?

268. What means are there of obtaining from a voltaic
battery electricity approaching in its intensity to that of
electricity obtained by friction?

269. State what is meant by the terms electro-negative
and electro-positive.

270. What iz meant by the terms electrolyte and
electrolysis P

271. Give a summary of the more important prineiples
connected with e]eet.r-;ﬁfsisi

——

* Miller's * Elements of Chemistry,” part 2nd.
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CHAPTER XII.

THE INDUCING ACTION WHICH SOME SUBSTANCES POSSESS
AT THE MOMENT OF CHEMICAL CHANGE.

Friction as an inducer of chemical action. Ezercises.
Some substances undergoing combination induce others to
do the same. A slightly different class—two eompounds,
which separately are quite stable, when brought together are
both decomposed. Exercises. Some substances, in the act
of decomposing, induce others to do the same. Putrefuc-
tion, Fermentation, and Decay.  Distinction between
putrescible and fermentescible bodies.  Relation as to
quantity between the ferment and the fermentescible body.
A certain temperature required in fermentation. At dif*
Jerent temperatures different substances are formed. Pre-
servation of food. Bread-making. Manufacture of beer
and wine. Germination. Malting. Does the vital influ-
ence prevent putrefaction, &e.? Necessary condilions for
the decay of organic substances.

358. Chemical changes are produced in some substances
when they come in confact with certain other substances,
these latter substances not contributing any of their
constituents to those undergoing the ckange, or abstracting
any from them, but causing the change by confact only.
This chapter will be devoted to an investigation of the
changes produced in this way.

359. Compounds, in which one of the elements is
present in a great many proportions, are generally un-
stable, being either partially or totally decomposed by the
slightest disturbing influence. Friction will frequently
be suflicient to decompose compounds of this nature,
especially if there be in their neighbourhood a substance
which possesses an affinity for ﬁ]e redundant element.
This fact must be familiar to all—for who has not caused
a lucifer match to ignite by friction. The inflammable
substance of the matchesis a mixture of chlorate of potash
(the noiseless matches contain nitrate of potash in the

lace of the chlorate), phosphorus, sulphur, and gum.
hlorate of potash contains no less than six atoms of
oxygen; it is, when mixed with substances, like phos-
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phorus and sulphur, having a great affinity for oxygen,
easily decomposed, giving up its oxygen to these bodies.

EXERCISES.

272. Mix briskly in a mortar, about four grains of pow-
dered chlorate of potash, two grains of charcoal powder,
and the same quantity of flowers of sulphur. The sub-
stances will re-act upon one another, the reaction being
attended with flame and a slight noise.

273. Mix four grains of powdered chlorate of potash,
and six grains of flowers of sulphur, very intimately on
paper by means of a knife, then divide the powder into
three parts. Introduce one part, by means of a knife,
into a wine glass containing concentrated sulphurie acid,
it will immediately take fire. Place another part in a
dry mortar, and then rub very briskly,—slight explosions,
accompanied with light, will ensue. Wrap the rest of the
mixture in a little tin-foil, lay it on an anvil or a piece of
iron, strike i1t with a hammer, and a loud report will be
produced.

274. Mix equal parts of powdered chlorate of potash
and powdered white sugar—say about twenty grains of
each, on paper. Place the mixture upon a plate, and
touch with a glass rod which has just been dipped in
sﬂtmng sulphuric acid, it will immediately burst into a

ame.

275. Powder coarsely a few crystals of nitrate of cop-
per, lay them on a piece of tin-foil, add enough water to
make them into a paste, and then quickly fold up the
tin-foil, doubling the sides and corners well together, so
as to exclude air ; in a short time, nitrous acid gas (N O,)
will foree its way out of the packet, and the tin-foil wiil
take fire.

360. But the unstableness of chemical compounds does
not always arise from one of their coustituents being
present in a great many proportions, for the most un-
stable and explosive compounds are some of the nitrogen
compounds,—as the iodide. Several of these decompose
with explosion, without the action, apparently, of any
disturbing influence ; on this account 1t would be im-
proper, except by those accustomed to chemical manipu-
lation, to exhibit their properties on the lecture table,—



186 ACTION BY CONTACT.

for this reason, they will be passed by without further
notice.

361. Some substances are induced to combine merely
from the circumstances of other substances undergoing
combination in their presence,—in other words, a body in
the act of chemical combination, has the power niy in-
ducing the same kind of activity in another body, and
causing it to combine with a thirg body, thereby forming
a compound which, under the circumstances, would not
have been formed without the presence of the first body.
Ex.—Nitrogen gas does not by itself combine with oxy-
gen, even when heated ; but if a mixture of nitrogen and
hydrogen be set on fire, the hydrogen burns, producing
water, and a portion of the nitrogen combines at the same
time with oxygen, producing mtric acid. Pure copper
does not oxidate in water mixed with sulphuric acid, but
when combined with zine and nickel—metals which de-
compose acidulated water, or when eombined with three
times its weight of zine only, it oxidates and dissolves
completely along with the other metals. Platinum, when
alone, does not oxidate and dissolve in nitrie acid ; but
when alloyed with silver, it becomes soluble in that acid.
Wet peat-earth gradually absorbs oxygen gas; if the
latter be mixed with hydrogen, a portion of the hydro-
gen enters into combination with the oxygen, which it
would not do in the absence of the peat-earti.

362. We shall see, presently, that just as some sub-
stances in the act of combining, induce others to enter
into combination, so, likewise, a compound in the act of
decomposition, may cause others in its vicinity to de-
compose. Before doing so, we shall notice the following
shightly different class, namel!%’, that two compound sub-
stances, which apart are perfectly stable, may, by being
simply brought into each other’s presence, be both de-
composed.

EXERCISES.

276. Add a solution of bichromate of potash to a strong
nitrie or hydrochloric acid solution of peroxide of barium ;
a violent effervescence and escape of oxygen ensues,—
owing to the chromic acid being decomposed into sesqui-
oxide of chromium and oxygen, and the peroxide of
barium into the protoxide and oxygen.
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277. Add a solution of permanganate of potash to a
strong nitrie or hydrochlorie acid solution of peroxide of
barium, and, as in the preceding case, a violent efferves-
cence and escape of oxygen ensues ; protoxide of barium, a
lower oxide of manganese, and free oxygen being the result.

278. Add a little oxide of silver to an acetic acid solu-
tion of peroxide of barium ; oxygen will be again evolved,
owing to the oxide of silver being totally decomposed,
and the peroxide of barium being decomposed into pro-
toxide &nﬁ free oxygen.

363. The preceding and following facts show that the
affinity existing between the different elements of some
compounds is so feeble, that the bond of union between
them is easily overcome. There are substances, for
instance, incapable of undergoing any chemical alteration
of themselves, which, if brought into contact with sub-
stances undergoing chemical change, either of transfor-
mation or decomposition, are induced by the contact to
undergo like alterations. These changes are, according
to their character, termed Putrefaction, Fermentation, or
Decay.* When the change is attended with evolution of
foetid gases, the process is called putrefaction ; when the
evolved gases are without odour, it is called fermentation.
This class of changes is confined almost entirely, if not
exclusively, to organic bodies; a few inorganic com-
pounds, indeed, undergo spontaneous decomposition,
causing, by this act, other snbstances in their neighbour-
hood to do the same, but this is the nearest resemblance
which inorganic chemistry affords to the changes which
oceur in the putrefaction and decay of organic bodies.

364. Werecently alluded (360) to the fact of the binary
compounds of nitrogen entering into a state of decom-
position without the aid, apparently, of any disturbing
influence. If these substances, so simple in composition,
decompose easily, we need not be much surprised to find
that all those complex organic bodies containing nitrogen,
which are formed under the influence of life, should com-
mence to decompose as soon as they cease to be governed
by it. They commence to putrefy immediately they are
removed from the vital influence, and placed in a suitable

r e e m o —

* Liebig has suggested, in place of the ambiguous term decay, the term
eremacuusis, which signifies, burning by degrees.
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condition ; the conditions necessary for this change are
very simple,—a certain temperature, moisture, and expo-
sure to air, or oxygen; and when once the putrefaction
has commenced, the air, or oxygen, may be excluded
without interrupting the process ; it appears to act merely
as an exciter in the first instance. ithout stopping to
notice the different substances which may be formed in
the different stages of the putrefaction of nitrogeneous
substances, as we possess little knowledge upon the sub-
ject, we will pass on to consider the peculiar and inter-
esting changes which non-nitrogenized organie bodies, and
which are non-putrescent, suffer, when placed in contact
with the nitrogenized, in the act of undergoing putrefac-
tion. If yeast, which is a putrescing substance, be added
to a sugar solution, it causes the sugar (C,, H, O, 2 H O)
to change first into grape sugar (C,, H,, 0,3 H O) by
the addition of 3 eq. of water; and the grape sugar into
carbonie acid, alecohol, and water, thus—

C,,H, 0,,3HO0=2(C, H, 0, H0)+4C0,+2 HO.

365. The yeast, as shown by the equation, shares none
of its elements with the sugar, or its decomposition
products,—it simply causes, by its own decomposition,
the sugar to do the same. This kind of decomposition
1s called fermentation,—the sugar is the fermentescible
substance, and the yeast is the putrescent one. All
non-putrescible bodies are called fermentescible, when
they possess the property of being decomposed by contact
with putrescent matters; and the latter class, in such cases,
are called ferments. The distinction between putrescible
and fermentescible bodies is this,—the former undergo
chemical change after a transient exposure to air, if kept
at a proper temperature, and moisture be present ; fer-
mentescible bodies, of themselves, undergo no change
under these circumstances.

366. As soon as the ferment has been completely con-
verted into the substances which result from its putrefac-
tion, the act of decomposing, of course, ceases, and therefore
the power of inducing fermentescible substances to decom-
pose. From this, it follows that there must be a certain
relation as to quantity between the ferment and the
fermentescible body, ig the two complete their decom-
position at the same time,—if the latter be in excess, the
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excess remains undecomposed ; if the former be in excess,
its decomposition proceeds after the other is complete.
The aleohol being one of the final products of the fermen-
tation, is of course a non-fermentescible body. Although
the fermentescible bodies yicld in fermenting no element
to the ferment, or its decomposition products, yet the
putrescent body is resolved, when placed in contact with
fermentescible bodies, into different substances to those
which would be produced if it putrefied by itself. *“ When
a solution of sugar is added to putrescent cheese or blood,
the beginning of the fermentation is attended by the dimi-
nution of the formation of those products which give their
offensive smell to putrid animal matters; so that, in the
course of the process, these striking produets entirely
disappear.”

367. We have seen that a certain temperature is requisite
as well for decompositions as for combinations, and that
each increase of temperature is attended with a different
decomposition or combination ; the same holds good with
regard to putrefaction and fermentation. Thus, if a solu-
tion of sugar be exposed along with a ferment, like yeast,
to a temperature of from 40° to 86° F., or if the juice of
the beet-root. carrot, onion, or other fruits, which contain
sugar and substances capable of putrescence, be exposed
to a like temperature, the sugar in each case is converted
into alcohol and carbonie aecid; but if the jnice of the
carrot, &c., be subjected to a temperature of from (about)
97° to 104° F., the ferment in these juices undergoes a
different decomposition to that which it experiences at a
lower temperature, and as a consequence, 1t causes the
sugar, also, to undergo a different change ; instead of this
last substance being decomposed, as before, into alcohol
and carbonie aeid, it is converted, at this higher tempera-
ture, into lactic acid, mannite, and a gum-like substance,
gases at the same time being evolved. Milk turns sour
after a longer or shorter exposure to the air, the time
depending on the temperature. The sourness is due to
the conversion of the sugar of milk fermenting (the caseine
being the ferment), and becoming converted into lactie
acid, this being the only substance formed, thus—

C, H,,0,,5 HO=2(C,, H,, 0y, 2 HO).

Cane sugar is converted into the same substance (lactic
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acid), 1f a solution of it be placed in contact with caseine
which has been exposed to the air, and the mixiure be
kept at a temperature from about 75° to 90°. When a
certain amount of acid has been formed, it stops the
fermentation both in the sugar solution and the milk,
but if it be neutralized, say with carbonate of lime, the
fermentation recommences, and by neutralizing the acid
as 1t 18 formed, the whole of the cane and milk sugar
becomes at last converted into lactic acid. If the milk,
instead of being exposed to the ordinary temperature, is
exposed to a temperature of from about 76° to 90°, the pro-
ductsof the fermentation are altered, the sugarof milk being
converted into alcohol. Again, after the cane sugar has
beeome converted into lactate of lime, if the mixture still
containing the caseine be kept for some time, at a tem-
perature from about 90° to 105° F., the lactic acid becomes
d}fenmpﬂaud into butyric acid, carbonic acid, and hydrogen,
thus—

C,H,,0,,2H0=0C,H,0,+4C0,+ 4H.

It need scarcely be observed, after what has been said,
that there are different kinds of fermentation, as the
vinous (when aleohol is formed), the lactie, butyrie, and
viscous (gummy).

368. A celebrated French philosopher (Gay-Lussac) has
shown in a beautiful way, that substances cannot putrefy
or ferment, unless they have been exposed to oxygen.
He kept the juice of grapes some days over mercury, but
no fermentation ensued ; he then introduced a bubble of
%ygen, and in a few hours fermentation commenced.

e witness this experiment in other forms almost daily ;
we see that so long as the skin of the grape, apple, &e.,
remains impermeable to air, the juice, or the interior of the
fruit, remains unchanged, but as soon as the air penetrates,
fermentation or putrefaction commences. Advantage has
been taken of this fact in the preservation of meat and
vegetables. The food to be preserved is placed in vessels
which are exhausted of air, generally by ebullition, and
then hermetically sealed. The putrefaction and fermen-
tation of organic substances is annihilated (for a time) in
all cases, without exception, by heating to the boiling
Eoiut. We need only consider the coagulation of albumen

y heat, to understand the manner in which heat acts in
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producing this etfect. Most ferments have a constitution
analogous to that of albumen, and, at a high temperature
(like 1t), pass into a new state. If fresh milk be heated
daily to the boiling point, it may be preserved for an in-
definite period. rape-juice, so readily mutable, and
every fluid susceptible of fermentation, is affected 1n the
same manner; when heated to the boiling point, all
fermentation in them ceases. DBeer-wort, after boiling,
requires the addition of yeast, that 1s, an extraneous
substance, already itself in a state of decomposition, in
order to ferment in the shortest possible time. It is
obvious that if that particular state into which an organie
substance is brought by contact with the atmosphere,—
although this contact may have been but for an instant,—
be destroyed by a high temperature, and oxygen (the only
cause of its re-appearance) from the time of its boiling be
excluded, these substances must, for an unlimited period,
retain all the properties they possessed at the moment of
boiling. To the list of bodies which check putrefaction
and fermentation (antiseptics, as they are called) belong
all substances which exert a chemical action on ferments,
—such as allkalies, mineral acids, conecentrated vegetable
acids (hence, when lactic acid is set free, i1t stops fermen-
tation), volatile oils, aleohol, sea-salt. The most effective
are sulphuarous acid, metallic salts, especially those of
mercury, which combine chemically with the ferments,
or putrescent bodies. ‘ Arsenious acid does not prevent
the putrefaction of blood, nor the ordinary alcoholic fer-
mentation of sugar; but the putrefaction of the skin, and
of the gelatinous tissues, is entirely suppressed by the
presence of arsenious acid; the cause of this 1s, that 1t
combines with the skin, forming a compound with this
substance similar to that which tannic acid forms with it,
viz., leather.”—(Liebig.) Alcohol and common salt act
as antiseptics, by depriving the putrefying body of water,
which is one of the chief conditions for its putrefaction.
369. Fermentation has long been employed in the
domestic operations of bread-making, and in the pro-
duction of beer and wine. If wheat flour he mixed
with water sufficient to form a paste, and this be kept
for some time in a warm place, the albumen in the flour
begins to decompose, causing thereby the starch in the
flour to decompose,—first into sugar, and this, again, into
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aleohol and carbonic acid ; the disengagement of the gas
(carbonic acid) causes the upheaving of the paste: if the
fermentation be not checked at this stage, acetic and lactie
acids begin to be formed, and it is almost impossible, on
account of the slowness of the fermentation, to prevent
the formation of these acid substances. Bread made in
this way is therefore unpalatable, and not fit to be eaten.
The dough or paste, which has been allowed to ferment
in this way, is called leaven, and if a small quantity of
this leaven be mixed with new-made dough, and the
mixture laid aside for a few hours, fermentation eom-
mences throughout the whole mass, and goes on rapidly,
the mass swelling on account of the disengagement of the
gas to twice its original bulk. If at this stage it be placed
1 the oven, the fermentation is checked before any acid
is formed, and the bread is/full of holes, light, spongy, and
sweet. This plan is adopted by emigrants, and persons
living in thinly inhabited districts.

370. “ The ancient Gauls and Spaniards, as we are in-
formed by Pliny, contrived another method for bringin
on a fermentation in dough. Instead of leaven they agde
to the dough a quantity of yeast or barm, which eollects
on the surface of fermenting beer. This addition ocea-
sions fully as speedy a fermentalion as leaven, and it is8
not nearly so apt to give the bread a sour flavour. About
the end of the seventeenth century, the bakers of Paris
began to substitute yeast for leaven. The practice was
discovered, and exclaimed against. The faculty of medi-
cine, in 1688, declared it prejudicial to the health; and
many years elapsed before the bakers were able to con-
vince the public that bread raised by means of yeast 1s
better than that fermented by leaven. Barm is now em-
ployed in preference to leaven in every civilized country.”
—Dr. T. Thomson’s Organic Chemistry.

371. In the production of fermented bread a ecertain

uantity of flour, water, and yeast, are added together,—
the yeast decomposes a part of the starch into sugar, and
this again into aleohol and carbonic acid. The dough,
after being sufficiently distended by the gas, is placed in
the oven: the elevated temperature stops the fermenta-
tion, expands the gas, and volatilizes the aleohol, and all
the water capable of being removed by the heat employed.
The veast or leaven is added for the purpose of producing
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a certain quantity of carbonie acid, the disengagement of
this gaseous body causing the bread to #ise; the object to
be effected by the disengagement of the gas, is the sepa-
ration of the particles of which the loaf 1s composed, so
that the particles may be thoroughly mixed with the
saliva during the mastication of the bread, which, accord-
ing to Liebig, is a condition essential to the rapid di-
gestion of the starch.

372. It need scarcely be observed, that the gaseous sub-
stance which raises bread, is produced at the expense of a
certain portion of the flour; to avoid this, carbonate of
goda, and hydrochloric, or tartaric acid, have been em-
ployed in the place of the yeast: by this plan the loss of
starch is avoided, as the carbonic acid is produced at the
expense of the carbonate of soda. It is therefore more
economical; for a quantity of flour, which would pro-
duce 100 loaves by the old or fermented plan, would
produce, according to Dr. R. D. Thomson, 107 loaves of
the same weight by the new or unfermented method. By
the old plan, each little molecule of flour gives off its
quota of gas, causing, therefore, the most complete sepa-
ration ; by the unfermented plan, however thoroughly
the carbonate of soda may be mixed with the flour, there
cannot be such a complete diffusion of gas throughout the
mass. This, perhaps, may render the bread made by the
unfermented plan less digestible than that made by the
fermented method. Again, the evolution of gas by the
unfermented plan is sudden, and not continuous, as it is
by the older method, so that the bread sinks immediately ;
this requires the dough to be placed in the oven t{e
moment the water and acid are added to the flour and
soda.

373. We shall conclude this part of the subject by
noticing briefly the chemical changes which take placein
baking the bread. The erumb undergoes no change, as
it is never exposed to a temperature higher than 212° F.
The chemical changes which take place are confined to the
surface or crust. The heat converts the starch of the
crust into a substance called dextrine, or British gum,
which is soluble in water, and therefore easier of digestion
than starch. That this change takes place, may be proved
by wetting with a sponge the crust of a loaf, and then re-

0
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turning it to the oven ; after a few minutes, the crust will
be quite shining, as if covered with gum.

374. “ New baked bread possesses a peculiar softness
and tenacity which is familiar to most people, and though
generally considered less digestible, is a favourite with
many. After two or three days it loses this softness,
becomes free and crumbly, and apparently drier. In
common language, the bread becomes stale, or it 1s
stale bread. It is generally supposed that this change
arises from the bread becoming actually drier by t-]%e
gradual loss of water, but this 1s not the case. Stale
bread contains almost exactly the same proportion of
water as new bread, after it has become completely cold.
The change is merely in the internal arrangement of the
molecules of the bread. A proof of this is, that if we put
a stale loaf into a closely-covered tin, expose it for half an
hour, or an hour, to a heat not exceeding that of boiling
water, and then remove the tin, and allow it to cool, the
loaf, when taken out, will be restored in appearance and
properties to the state of new bread.”*—Joknston.

375. Attempts have been made to collect the alcohol
which is volatilized from the bread in the oven. *The
enormous amount of bread that is baked in large towns—
in London, for instance, 88 millions of ewts. yearly,—
would render the small amount of aleohol contained in it
of sufficient importance to be worth collecting, providing
this could be done cheaply. All the experiments which
Lave been tried, with this object in view, have failed ; in
the military bakehouse, at Chelsea, £20,000 have been
expended in vain, upon a collecting and condensing appa-
ratus. It is estimated that there is evolved from the
bread annually baked in London, 300,000 gallons of spirit.”
— Knapp.

376. In the same way, yeast converts the sugar in
worts (an iufusion of malt) into alecohol and carbonic acid
gas: a large portion of the latter is evolved, but a suffi-
cient quantity to give what is termed sharpness or brisk-
ness to the beer, remains dissolved. After the fermen-
tation is complete, the quantity of yeast is found to be
thirty times greater than the quantity added in the first

* If etale bread be dipped in cold water, rubbed dry with a towel, and

then laci?d &u the oven until it becomes warm, it will taste like new baked
bread.—I, G,
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instance ;—this is owing to the albuminous matters pre-
sent in the wort becoming converted into yeast.

377. This mode of inducing changes in substances not
prone of themselves to decompose, is frequently made use
of in the great laboratory of Nature. For instance, there
is always stored up in the seeds an amount of food suffi-
cient, when they germinate, for the young plants, until
their roots and leaves are sufficiently developed to collect
the required nutriment. But the food thus destined for
the young plant is laid up in the form of starch, and this
cannot, on account of its insolubility, nourish the embryo,
as plants, in every stage of their growth, require their
food to be in a state of solution. As soon as the seed
begins to sprout, the albumen changes into a ferment,
which converts the insoluble starch into dextrine and sugar,
which are soluble. During the time these changes are
going forward, oxygen is absorbed from the air surround-
ing the seed, and carbonic acid is evolved. This fact
teaches us why seeds refuse to germinate if excluded
from the air, and that if buried deep in the soil, so as
to exclude air, they will remain unchanged, and when
brought near the surface they spring into life. We have
learned in a former lesson, that plants, when exposed to
the light, absorb carbonie acid, and decompose it, giving
back the oxygen to the atmosphere; the very opposite
takes place during germination,—the seed absorbs oxy-
gen, and gives out carbonie acid ; but 1t can only do this
in the absence of light: hence the necessity of covering
seeds with a thin layer of soil, in order to protect them
from this agent.

378. It is in this way that the nearly tasteless barley is
changed into sweet malt. The barley is made to germi-
nate, and as soon as the starch becomes converted into
sugar, the germination is destroyed by a high temperature.

379. So far our attention has been confined to the
effect of putrefying matter on putreseent and fermentes-
cible bodies, which have been removed from the influence
of life ;—has putrefying matter the same, or a somewhat
similar effect, on these substances, when they form a part
of the living frame, or does the vital influence prevent the
chemical transformations? Do we not all know that
dangerous and even fatal diseases are produced in this
way P—who has not heard of the fearful disease hydro-
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ﬁhﬂbia, or the anatomist dying, from merely puncturing
1s skin with the instrument with which he was dissecting
a decomposing body P these and numerous other diseases
are produced by introducing or inhaling putrefying matter
into the living body. How careful, then, ought we to be,
in removing all waste animal and vegetable matter
from the neighbourhood of our dwellings; for if the pu-
trefying exhalations are not sufficient in quantity, or are
not in that stage of decomposition to pr-:rguce actual dis-
ease, they nevertheless are present, if present at all, in
iﬂfﬁﬂfnt quantity to prevent us from enjoying sound
ealth.

380. When the oaidation of substances is attended
with evolution of light as well as heat, it is usually called
combustion ; when the oxidation of organic substances
takes place at common temperatures, and is not attended
with an evolution of light, and the heat which is evolved
being imperceptible from the slowness of the ecombination,
it is called decay. The necessary conditions for the
decay of organic substances are a certain temperature,
moisture, and continued exposure to air or oxygen; the
degree of temperature required varies with the substance,
but no substance undergoes this change at or below a
temperature of 32° k. ecay is retarded, or entirely

revented, by all those substances which obstruct puire-
action or fermentation.

381. By fermentation and putrefaction complex organie
substances are resolved into more simple ones,—sugar,
for instance, is resolved into aleohol, carbonie acid, and
water ; but decay converts even the most complex organic
bodies into substances belonging to the inorganie king-
dom, for the decay of any organic substance ceases not
until its earbon is converted into earbonic acid, its hydro-

en into water; and if it contains nitrogen, part of the

ydrogen is expended in combining with this element to
form ammonia, so that by decay, organic bodies are con-
verted back into the same substances out of which they
were originally formed.

382. All putrefying bodies pass into a state of decay
when freely exposed to the air, but all decaying substances
cannot putrefy. Many bodies do not decay, except they
are in contact with an alkali; in the presence of alkalies,
or alkaline earths, nitrogen, if a constituent of the decay-
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ing body, is converted into nitric acid. Contact with
decaying matter not only induces those substances to
decay, which would, if placed in the proper condition, do
so of themselves, but it induces substances to decay,
which are not prone of themselves to enter into oxidation
at ordinary temperatures. Thus aleohol, which is a very
inflammable substance,—that is, its carbon and hydrogen
readily enter into combination with oxygen at high tem-
peratures,—does not oxidize (decay) at ordinary tempe-
ratures, unless placed in contact with decaying matter ;
by this means, it is converted into acetic acid.

383. ““1t 1s upon this power of substances undergoing
decay, to increase the attraction of all organie substances
for oxygen, and especially the affinity of alecohol for this
eblemsnt, that a speedy process for acidifying aleohol was

ased.

384. “ The transformation of fermented liquors into
vinegar formerly required weeks, and even months, to
accomplish, in consequence of the imperfect access of the
air : alcohol can now be converted into vinegar in less than
twenty-four hours, and this is effected mainly by making
brandy, diluted with water, or any other weak spirituous
liquor, trickle slowly through casks filled with wood shav-
ings, and at the same time causing a slight stream of air
to circulate through these shavings. This method ex-
poses to the air a surface of alecohol capable of absorbing
oxygen, by many thousand times more extensive than the
old method; and consequently, the time which aleohol,
under ordinary circumstances, requires for its acidifica-
tion, is abridged in the same proportion. At the com-
mencement of this process it is usual to add to the dilute
spirit a small quantity of some substance containing
matter capable of undergoing the process of decay, such
as beer-wort, honey, vinegar, &e.; but after the lapse of a
very short time, the surface of the wood shavings passes
into a state of oxidation, and from that moment effects
the transformation of the spirit into vinegar, without the
further co-operation of extraneous decaying matter.”

385. We %a.ve said (366) that there must be a certain
relation as to quantity between the ferment and the fer-
mentescible body, if the two complete their decomposition
aft the same time. Now the juice of grapes, grown in hot
climates, is proportionably richer in the fermentescible
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body (sugar) than it is in the ferments, consequently,
during the fermentation of the juice, the complete decom-
Fuaitiﬂn and separation of the latter class of substances
rom the juice 1s effected before all the sugar has been
converted into alcohol and carbonic acid; a quantity of
sugar therefore remains undecomposed ; wine made from
such juice never turns sour. But the juice of grapes
grown in temperate regions, and also the wort from barley,
&ec., are richer proportionally in the ferments than they
are in the fermentescible body, therefore all the ferment
1s not decomposed and separated by the time all the sugar
has been converted into aleohol ; the consequence is, that
the undecomposed portion causes the wine, beer, &e., if
access of air i1s not prevented, to be converted into vinegar,
—because these ferments begin to decay, and thus cause
the alcohol to be converted into acetic acid. By placing
the wine and beer in casks this acetification is prevented,
because all the oxygen in the small quantity of air which
passes through the pores of the wood is appropriated by
the ferments, for it is only when there 1s a {'at'ger quantity
of oxygen than is sufficient to combine with these bodies,
that the alecohol can oxidize. If the beer or wine were to
remain in the cask until all the ferments were oxidized,
it would not, of course, on free exposure to air be con-
verted into vinegar. We have remarked that substances
require a certain temperature for their decay, as well as
for their combustion, and that the temperature varies
with the substance. Thus, aleohol will not decay, even in
the presence of decaying matter, under a temperature of
50° %‘.; this fact has been taken advantage of in Ger-
many, in the manufacture of beer. Beer made by this
plan, which is called the Bavarian process, never turns
sour, because all the ferments are decomposed, which
is effected in the following manner :—A large surface
of wort is exposed to the air, by placing it in shallow
vessels, and which at the same time 1s kept at a tem-
perature under 50° F., consequently the ferments de-
compose, and the sugar becomes converted into aleohol ;
but this latter, although in the presence of substances
undergoing decay, does not become converted into acetie
acid, because there is not heat sufficient to effect the con-
version,—in this way all the ferments become decomposed
without acetification taking place.
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CHAPTER XIIT.

ISOMERIC COMPOUNDS.

The same chemical compound always contains the same
elements in the saine proportions; but the same elements in
the same proportions do not of necessity generate the same
substunces. Examples. Explanation of terms. Isomeric
substances converted and reconverted into each other. Doc-
trine of substitution. Important applications. DBleaching.
Chloroform. Awrtificial oil of almonds. One of the colour-

ing matters in madder, from a substance in coal tar.
FErercises.

386. The class of facts contained in this chapter may
appear to the student to contradict all that has been
stated in the previous part of the work; it will, on this
account, be as well to relate the proposition which they
apparently contradict, viz., that the same chemical com-
pound invariably contains the same elements in the same
proportions. The facts we are about to notice prove that
“ the converse, however, i8 very far from being true; the
same elements combining in the same proportions do not
of necessity generate the same substances. Organic
chemistry furnishes numerous instances of this very re-
markable fact, in which the greatest diversity of pro-
perties is associated with identity of chemical composition.
These cases seem to be nearly confined to organic chemis-
try ; only a few well established and undoubted examples
being known in the inorganic or mineral division of the
science.” Ex.—Oil of turpentine, essence of lemons, oil of
rosemary, oil of juniper, and many others, differing widely
from each other in their properties, are composed of the
same elements, carbon and hydrogen, and n the same
proportions. Again, the solid part of otto of roses, a sub-
stance well known on account of its delicious fragrance,
and olefiant gas, the most valuable of the gases composing
ordinary coal gas, and paraffine, are compesed of the same
elements, carbon and ]E) drogen, and in the same propor-
tions., Albumen and fibrine we have seen have the same
composition, and also starch, and woody fibre. To such
substances—that is, substances composed of the same
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elements in the same relative proportions, yet perfectly dis-
tinet in their physical and chemical properties—the term
Lsomerie (from tooe, equal, and peoog, parts) is applied.

387. To what cause is the difference in properties of
Isomeric compounds to be aseribed? The difference 1s
due either in the absolute number, or in the arrangement
of the atoms. The first (that is, difference in absolute
numbers) has been likened to words which, as compared
with each other, contain the same letters arranged in the
same way, but a different number of these letters. Thus,
in the words ma, mama ; tar, tartar ; do, dodo : we have
in each couple the same syllable, but the second contains
it twice as often as the first. The second (that is, the
arrangement of atoms) has been compared to words, as
ape and pea, or ate, eat, tea, which have the same alpha-
betical elements, but the difference in the arrangement of
the letters totally alters their verbal value.

388. The first class differs from one another by the atom
of one compound containing a larger number of elementary
atoms than another; such substances are distinguished
from those composing the second class by the term Poly-
meric. We will now give a few illustrations of Polymerie
substances. Turpentine and oil of lemons have the same
composition in every 100 parts, but the following 1s their
rational formula :—

Oil of turpentine. . . C;, H,
Ol oflemons . . . .. . H

Olefiant gas, gas from oil, napthene, cetene, have the
game per-centage composition, but the following are their

rational formule :—

Olefiant gas o . . w0y H;
Gas fromoil &« i o alr @Gyl
Napthene . . . » .« 0§ Hy
Coteme ¢ o wis DU XS

389. The members of the other class are ternary com-
pounds, that is, they are made up of two other compounds,
which are called their proximate elements. The members
of this class, which have the same elementary eonstitution,
differ from one another in their proximate elements; such
substances are distinguished from the members of the
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preceding class by the term Metameric. Ex.—Formiate
of ether, and acetate of methyl, are metameric,

Proximate {F{}rmic apid - . i O, H O

elements (| Ether C,H, 0O
Formie ether . C..H, G,
Proximate {Acetic aerdr . o Bl H (L
elements ( Methyl . <0 50
Acetate of methyl C, H; O,

390. The existence of isomeric compounds, “so highly
important in their applications, was not received and
admitted as sufficiently established, without sufficient
proofs. Many examples have long been known where
the analysis of two different bodies gave the same com-

osition ; but such cases were isolated observations, home-
ess in the realms of science; until at length, examples
were discovered of two or more bodies, whose absolute
identity of composition, with totally distinet properties,
could be demonstrated in a more obvious and conclusive
manner than by mere analysis; that is, they can be con-
verted and reconverted into each other without addition
and without subtraction.

391. “In cyanuric acid, hydrated cyanic acid, and
cyamelide, we Lwe three such isomeriec compounds.

392. “Cyanuric acid (C, N, H, O, = Cy, O,, 3HO) is
erystalline, soluble in water, and capable of forming salts
with metallic oxides.

393. “Hydrated cyanicacid { C;N,H, 0,=3(CyO0,HO) }
is a volatile and highly corrosive fluid, which cannot be

brought into contact with water without being instan-
taneously decomposed.

394. “Cyamelide {C; N, H,0,=3 (C, 0,, N H)} is
a white substance, very like porcelain, absolutely insoluble
In water.

395. “ Now, if we place the first—ecyanuric acid—in a
vessel hermetically sealed, and apply a high degree of
heat, it is converted by that influence into hydrated
cyanic acid ; and then, if this is kept for some time at the
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common temperature, it passes into cyamelide, no consti-
tuent being separated, nor any body taken up from
without. And again, inversely, cyamelide can be con-
verted into eyanurie acid, and hydrated cyanie acid.

396. “ We have three other bodies which pass through
similar changes, in aldehyde, metaldehyde, and elaldehyde;
and again, two, in urea and cyanate of ammonia. Further,
100 parts of aldehyde, hydrated butyrie acid, and acetie
ether, contain the same elements in the same proportion.
Thus, one substance may be converted into another
without the separation of any of its elements, and without
the introduction of any foreign body.”—Liebig.

397. The discovery of isomeric compounds opened out a
new field of research to chemists; till then, a difference,
either in the elementary constitution, or in the proportion of
the elements, distinguished the different compounds; the
discovery of this class showed that the same elements
united in the same proportions, but arranged differently,
would cause the formation of a variety of compounds.
The study of the arrangement of the elementary atoms in
a compound has given rise to what is termed the doctrine
of substilution, or the removal and replacement of one or
more atoms of some element in a compound by another.
As an example, we can substitute chlorine for the oxygen
and hydrogen in ether, thus :—

Ether (oxide of ethyle) . . C,H; O
Chloride of ethyle . . . . C: Hif.‘rl

Then, successively . . . . C,

And lastly c, Cl, Cl

398. It would have been impossible for England, at
the present time, to have competed successfully in the
bleaching of cotton goods, and therefore I think we may
add their manufacture, had the bleaching effects of moist
chlorine, which depends upon the removal and replace-
ment of the hydrogen in the coloured compound by this
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element, not been discovered and applied. “ But for this
new bleaching process, it would scarcely have been possible
for the cotton manufacture of Great DBritain to have
attained its present enormous extent—it could not have
competed in price with that of France and Germany. In
the old process of bleaching, every piece had to be ex-
posed to the air and light during several weeks in ihe
summer, and kept continually moist by manual labour.
For this purpose meadow land, eligibly situated, was
essential. Now a single establishment, near Glasgow,
of only moderate extent, bleaches 1,400 pieces of cotton
daily, throughout the year. What an enormous capital
would be required to purchase land for this purpose!
How greatly would it increase the cost of bleaching to
pay interest upon this capital, or to hire so much land in
England! This expense would scarcely have been felt
in Germany. Besitﬂ-a the diminished expense, the cotton
stuffs bleached with chlorine suffer less in the hands of
skilful workmen than those bleached in the sun; and
already the peasantry in some parts of Germany have
adopted it, and find it advantageous.”—Liebig.

399. Ladies are indebted to this action of chlorine for
the white patterns upon coloured grounds on their dresses,
This 1s efﬁeated by stamping on the coloured cloth the
pattern, in a mixture of paste or gum, to which a little
acid, generally tartariec, has been added. The cloth is
then dried, and afterwards immersed in a hot solution of
bleaching powder, a compound of chlorine and lime. The
result of this immersion 1s to develop the devices in white
upon a coloured ground, in consequence of the acid of the
paste with which they were executed decomposing the
chloride of lime and liberating its chlorine, which destroys
the colour of the cloth at all the points impregnated with
acid, but does not sensibly affect its tint elsewhere.
Science, at the present day, so ministers to our every
wish and desire, that ladies cannot even substitute the
material alpaca for that of cotton or mousseline-de-laine,
without greatly disturbing the world of commercial che-
mistry ; for in the former material the colour is never
discharged, consequently no bleaching powder or tartaric
acid is required; and as the chief consumption of the
latter article depends on its use in this way, the manu-
facture of it was completely suspended a few years
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back, when alpacas reigned paramount in the realms of
fashion.

400. “The French calico printers employ mousseline-
de-laines consisting altogether of wool, while in England
we use a much cheaper fabrie, consisting of wool and
cotton. The colours on this mixture are, however, ex-
tremely meagre when compared with the former; but
Mercer has shown that the mixed fabric acquires the
properties of the other when it is treated with a bath of
chloride of lime. This, one of the most important dis-
coveries ever made in calico printing, has been of great
value to this cﬂuntry.”—--PEa%“air.

401. We can substitute chlorine for the oxygen and

hydrogen in oxide of methyl (a substance obtained in the
destructive distillation of wood), thus :—

Oxyde of methyl. . . . C,H, 0O
Chloride of methyl . . . C:Ff H, Cl
Then, successively . .C, % or ©1

C, ;E cl
And dastly . s e e ERIONEE

402. The fourth compound in the series, C, H Cl,, or
C, H Cl, Cl, has been known throughout the civilized
world by name for some time; this ecompound is called
chloroform ; it is the best substance which has yet been
discovered for producing insensibility to pain.

403. By acting upon benzole (C,, H;), one of the sub-
stances in gas tar, with nitric acid, we remove one atom
of the hydrogen and replace it by nitrous acid (N O,);
the compound thus formed is called nitrobenzole (C,, H,
N 0,), it possesses the smell and taste of oil of bitter
almonds, and is now employed largely, instead of the
veritable oil, in perfuming soap, and flavouring confec-
tionary ; it is much to be preferred to the true oil for the
latter purpose, as it is free from the deadly poison,
hydroeyanie acid, which the oil of almonds eontains.

404. Ere long, it is expected that we shall be able, by
substitution, to convert the waste substance, napthaline,
formed during the manufacture of coal gas, at the present
time valueless, into one of the most beautiful and valu-
able of the colouring matters of madder. This colouring
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matter of madder is called alizarine, and has the following
composition, C,, H; O, ; the following is the formula for
napthaline, C,, H; by acting upon this latter substance
with chlorine and other agents, we obtain a compound
called chloronapthalic acid, which has the same composi-
tion as alizarine, with the exception that it contains one
equivalent of chlorine in place of one equivalent of
hydrogen, thus—C,, H; C1 O;. At present we are unable
to remove this atom of chlorine and replace it by an atom
of hydrogen. Cotton (C,, H,, O,,) is converted into a
substance called gun-cotton, from its explosive nature,
by substituting for some of its hydrogen atoms an
equivalent number of atoms of N O,.

EXERCISES.

279. Pour into vessels containing infusion of blue
cabbage, of litmus, in fact of any vegetable colour, a little
chlorine water, the colour will instantly be destroyed.

280. Stain a little linen or cotton with port wine or fruit
juice; when dry immerse it in water containing a little
free chlorine, the stain will be quickly removed.

281. Take a piece of dyed cloth, and paint upon it some
figure, with a paste consisting of ordinary flour paste, to
which a little tartaric acid has been adde({ ; dry the cloth,
and afterwards immerse it in a hot solution of bleaching
powder (chloride of lime (Ca O Cl).*

405. The student must write out answers to the fol-
lowing questions :—

282. What substances are termed fermentescible P

283. What is the difference between putrescible and
fermentescible bodies ?

284. State what i1s meant by the terms Decay, Fermen-
tation and Putrefaction.

285. Does a ferment undergo the same decomposition
in the presence of a fermentescible body as it does alone?

286. Has heat any influence upon putrefaction and
fermentation ?

287. What is meant by the terms Metameric and
Polymeric ?

#* The next and concluding course of lessons is on the special properties
of the metalloids; before entering upon them the teacher ought to instruet
the pupils in the fitting up of apparatus.
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CHAPTER XIV.
METALLIC OXIDES.

All the metals unite with oxygen, either directly or
indirectly. Metals combine with oxygen in more than one
proportion.  List of the more important basic oxides.
Thas class divided into four groups. Kxercises.

406. All the metals unite with oxygen, the combination
being sometimes attended, as we have witnessed, with an
evolution of both light and heat. The affinity of the
various metals for oxygen is very different; thus, some
metals, such as potassium and sodium, combine directly
with oxygen, even at ordinary temperatures, whilst others,
such as gold and platinum, possess such a feeble affinit
for this metalloid, that they do not combine with 1t
directly under any circumstances, their oxides can only
be obtained by indirect means: hence this latter class of
metals are called noble metals, becanse they do not oxidize
(rust) when exposed to the air or water. The first class
retain their oxygen at the highest possible temperature,
whilst the other eclass readily abandon it when their
oxides are heated. There are other metals whose affinity
for oxygen is intermediate between the two classes we
have deseribed.

407. The oxides of the metals have no metallie lustre ;

hey have, rather, what might be termed an earthy aspect:

owing to this appearance, an oxide was called by the
ancient chemists, who were ignorant of the chemical
composition of this class of bodies, a calx, the process of
forming it being expressed by the term calecination, aterm
which is still employed in chemistry.

408. The metallic oxides may be divided into the three
following classes, viz., bases, acids, and indifierent bodies;
the present chapter is devoted to the first of these classes
only. It may, however, be observed, in passing, that
many of the metals combine with oxygen in more than
one proportion, and that the characters of the different
oxides of the same metal are found to be regulated in a
great measure by the quantity of oxygen they contain.
The different oxides of manganese affbrg good examples ;




METALLIC OXIDES. 207

the protoxide of that metal (Mn O)is a (]lmwerf‘ul base,
the sesquioxide (Mn, O,) is feebly basie, and the binoxide,
or, as it is sometimes termed, the peroxide (Mn O,), is an
indifferent body, whilst manganic acid (Mn O,) and per-
manganic acid (Mn, O,) are, as the latter word of their
name implies, acid bodies. The oxides of iron and
chromium present similar, but less numerous, gradations.
In these, and all other instances, the acid oxides always
contain a larger quantity of oxygen than the basic oxides
of the same metal. Without a single exeeption, the pro-
toxide is the strongest basic oxide, the basie properties
gradually decreasing as the oxygen increases from this
point, until it disappears ; and the oxide displays negative
properties, if the metal be still capable of combining with
more oxygen ; the next highest oxide after the indifferent
oxide uniformly possesses acid properties. The basie
oxides are the largest class, the indifferent oxides the
smallest. Many metals, so far as we know at present, are
incapable of forming acid oxides, although they form
basic oxides, whilst only one metal, arsenic, i1s capable of
forming acid oxides and not a basic oxide. All the other
metals which form acid oxides, likewise form one or more
basie oxides. Not one metal forms an indifferent oxide
without being capable of forming at least one basie oxide.

409. The following 1s a list of the more important
metallic oxides possessing basic properties. The learner,
be he young or old, must on no account omit committing
the names and symbols of these compounds to memory
before proceeding further.

LIST OF BASIC SUBSTANCES.

Names. Colour. Symbols. :I
Palaah Sioine saihises White 1o R
e RN A A W Ditto Na Q |
Ammnonia® s s 00 NH,O
ke fiy 5 S 00 08 ITD 0L Ditto Ba O
i o1 b e S P LA TR Ditto Sr O
GIET 2] P e AN Ditto Ca O

* The oxide of an hypothetical compound metal ammonium (N H,).
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LIST OF BASIC SUBSTANCES (confinued).

Names. Colour. Symbols.
Magnesia 5wy 5w sk White Mg O
L T SR Ditto Al, O,
Sesquioxide of Chromium Green Gy, 4D
Protoxide of Iron . . . Black | Fe O i
Sesquioxide of Iron . .| DBrownish-Red Fe, O,
Ozxideof Zine . . . . ‘White Zn O
Protoxide of Manganese | Greenish-Grey | Mn O
Protoxide of Nickel . . Grey NiO
Protoxide of Cobalt . . Ditto Co O
Oxide of Silver. . . . Brown Ag O
Suboxide of Mereury . Black Hg, O
Protoxide of Mercury . Red Hg O
Oxide of Lead . . . .|Yellowor Reddish-
Yellow Pb O

Oxide of Cadmium . .| Brown or Yellow-
ish-Brown Cd O
Oxide of Copper . . . Black Cu O
Teroxide of Bismuth . . Yellow Bi1 O,
Protoxide of Tin. . . . Black Sn O
Binoxide of Tin . . . |Light straw colour| Sn O,
Teroxide of Antimony .| Greyish-White | Sb O,
Teroxide of Gold . . . Brown Au O,
Binoxide of Platinum . Brown Pt O,

410. Most of the basic metallic oxides are insoluble in
water; but all those that are soluble have the property
of giving a brown stain to yellow turmeric paper, and
of restoring the blue colour of reddened litmus paper.
This class of oxides is usually divided into the four
following orders, viz.—alkalies, alkaline earths, earths,
and salifiable metallic oxides.

411. “From the old name of potash, kali, with the
Arabic prefix, al, potash and soda, at one time confounded
together, were termed alkalies,* and ammonia resembling

* «JIn the ninth century the Arabians were the most distingnished
chemists, and several of the names they introduced still survive. Many
of them may be recognized b cnmmencing with the Arabic definite article
Al. Thus we have alcohol, ﬂ.li.uli, alembic,”"—Dr. Wilsoi's Chemistry.
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them very much, when dissolved in water or combined
with acids, was also called an alkali; it was the volatile
alkali, potash and soda being fixed alkalies; it was also
termed the animal alkali, being derived from animal
matter, whilst soda was the mineral alkali, being derived
from rock salt, or from the ocean; and potash received
the name of the vegetable alkali, from its only known
source at that time being the ashes of plants growing
upon land. The alkalies are characterized by being very
soluble in water, and by neutralizing the strongest acids.
They hence restore the blue colour of reddened litmus
paper, and change the vegetable colours in general; the
yellows to brown, the reds and blues to green.”*

412. Baryta, strontia, lime, and magnesia are termed
alkaline earths; with the exception of magnesia they are
all soluble in water, but much less so than the alkalies:
they are distinguished from this order of bodies by their
carbonates being insoluble in water, whilst the alkaline
carbonates are very soluble. The solutions of the alkaline
earths turn turmeric paper brown, and neutralize acids.

413. The only oxide we have given in the list belonging
to the order of earths is alumina ; the other oxides belong-
ing to this order are the oxides of some of the rare metals;
they do not, therefore, come within the scope of the work.
Alumina is insoluble in water, and has therefore no action
on turmeric paper.

414. Before proceeding to the next class, we will answer
a question which is likely to occur to the observant learner.
It is this,—Why does the naming of the oxides forming
the three orders mentioned follow a different rule to that
of the other metallic oxides? Why are they not called
oxide of potassium, oxide of sodium, oxide of barium,
oxide of strontium, oxide of calcium, oxide of magnesium,
sesquioxide of aluminum, instead of potash, soda, baryta,
strontia, lime, magnesia, alumina? At the. time thes:
names were given to these oxides, they were considered
simple bodies, as the metals of these oxides had not been
then obtained ; and thus the old names, and their separation
into alkalies, alkaline earths, and earths, still continue to
be employed, although their exact chemical constitution

* Bir Robert Kane’s * Elements of Chemistry.”
r
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has been for some time determined. It is more correct
to call them oxide of potassium, &e., instead of potash,
&e. And the combinations of the other metalloids with
these metals are named in the ordinary way ; thus, sesqui-
chloride of aluminum, iodide of potassium, &e.

415. “ Salifiable heavy metallic oxides. Many of these
compounds are coloured, and easily fusible or volatile;
some of them exhibit a certain degree of solubility in
water, alkaline reaction, and metallic taste. Their affinity
for acids is in some cases greater, in others less, than that
of earths. Some of them even possess slightly acid
properties, as binoxide of tin, teroxide of gold, &e.; this
class includes the oxides of iron, copper, zine, mercury,
&o.” #

416. If the learner has accurately committed to memory
the list of basic oxides, he will have no difficulty in writing
out either the names or symbols of similar combinations
of the other metalloids with the metals, as the symbols
of these compounds resemble the symbols of the metallic
oxides, with the exception that the place of the O in oxides
is occupied by the symbol of the metalloid named. Ex.—
The symbol for binoxide of platinum is Pt O, and the
symbol for the biniodide of platinum is Pt I,, The names
are formed by taking away the first syllable in the word
oxide and substituting for it the first few letters of the
name of the particular metalloid which occupies the place
of the oxygen in the compound under consideration,
Tx.—The symbol Au Cl, only differs from the symbol
Au O, by its containing chlorine in the place of oxygen ;
as the latter is called teroxide of gold, the former, of
course, 18 called terchloride of gold.

417. The combinations of the metalloids with each other
are symbolized and named in a similar way. But the
learner had better consult paragraphs 163 and 164 before
he commences to write the exercises.

418. In writing out the symbols of the compounds pro-
duced by a combination of the metalloids with the metals,
the symbols of the metals are always placed before those
of the metalloids. But in naming this class of compounds,
or in writing out their names, the reverse order takes
place, the names of the metalloids coming before the

* Gmelin’s ** Hand-book of Chemistry.”

ol
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names of the metals. The preceding lesson and examples
illustrate these two points.

419. In combinations of the metalloids with each other,
the symbol for hydrogen is always placed before that of the
other metalloid, with the exception of earbon and phos-
phorus; the names of the two constituents are arranged
in the name of the compound in reverse order to the
symbolized expressions, with the exception of the hydro-
gen compounds of carbon and phosphorus.

420. The learner will now experience no difficulty what-
ever in writing out the following exercises :—

EXERCISES.

421. Write out the names of the following com-

ounds :—

(288) K Cl. (289) N H,S. (290) HF. (291)F,S8S,.
(292) Na I. (293) Ba F. (294) Au Br,. (295) BF,. (296)
Zn Br. (297) SnCl,. (298) I Cl. (299) I1Cl,. (300) Pb I,.
(301) Mn S. (302) PbS. (303) HS. (304) HClL (305)
HI. (306) HBr.

422. Write out the symbols of the following com-
pounds :—

307. Todide of potassium. 308. Bisulphide of ammo-
nium. 309. Fluoride of calcium. 310. Sesquibromide
of iron. 311. Terhydride® of arsenic. 312. Iodide of
gilver. 313. Chloride of ammonium. 314. Subchloride
of sulphur. 315. Terbromide of gold. 316. Quadrosul-
phide of potassium. 317. Dinoxide of copper. 318. Ses-
quioxide of manganesc.

* Hydrides and Hydrafes are two different classes of compounds—the
first are compounds of hydrogen with other substances, the latter are
compounds of water with other substances.
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CHAPTER XV,

ACID SUBSTANCES.

Characteristies of an acid. This class of substances
divided into two groups. Acids either monobasic or poly-
basic. A list of acid bodies. Their nomenclature.

423. In the earlier period of chemistry an acid was
considered to be an nxjgized body, which had a sour taste,
reddened litmus, and neutralized alkalies. This definition
is now too limited, as we are acquainted at the present
time with a numerous class of bodies possessing all the

roperties of acids, which do not contain oxygen. We
ikewise know of some bodies which, from their insolu-
bility, have no sour taste or action upon vegetable colours,
yet from their behaviour with bases are regarded as acids ;
and some bodies admitted to be acids, such as earbonie
and boracic acids, are even unable to neutralize com-
pletely the alkaline reaction of potash and soda. * Facts
of this kind have induced chemists to consider as acids all
those compounds which unitewith potash or soda, and give
rise to bodies similar in their constitution and general
character to the salts which the sulphuric or some admitted
acid forms with those alkalies.”#

424, The different oxygen combinations of each of the
metalloids are, with few exceptions, acids, and also several
of the higher metallic oxides, as has been before noticed.
The hydrogen compounds of many of the other metalloids
are likewise acid bodies. This class of compounds are
therefore divided into two orders, viz., oxygen acids and
hydrogen acids. When the oxygen acids contain water
{ﬁ 0), they are called h t:'lrﬂ:J;*.egr acids. When they are
deprived of this body, or do not naturally contain it, they
are called an-hydrous.

425. Acids are either monobasic or polybasie, accord-
ing as they are capable of combining with one or more
atoms of base. All the acids given in the following list
are monobasie, with the exception of phosphorie, arsenie,
and arsenious acids. The two first are called tribasic

* Turner’s ** Chemistry,” 8th Edition.
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acids, from their capacity of uniting with three atoms of
base. The last named acid 1s bibasie, as 1t eombines with
only two atoms.

426. The names and symbols of the following acids must
be committed to memory.

OXYGEN ACIDS.

Sulphurous acid, a gas . . . : S0,
Sulphuric acid} a liquid, freezes at 31° B,
( Dil of vitriol) % bollsat 6407 -, . .. B0, Bl
Nltrm acid a liquid, freezes about 40° F.,

ua fortis) f bmls at 184° F. S H O TN E

0 Ei]“lﬂ acid,an m]:,rélmgi ,decomposed at100F. H 0, Cl 0
xalic acid, a solid, decomposed

above 320° F. : E HO, C,0,=HO, O*
Phosphorie acid, a solid ; it ‘volatilizes at v ery

o hightteviperatures ... ", ' 0. .. W 3HO, PO,
arbonic acid
(choke damp) % SN N i e ) s
Arsenious acid, a solid ; it volatilizes at 380° F. As O,
Arsenic acid, a solid, &emmpﬂaed at a high

temperature into AsO, and O . . As O,
Chromic acid, a solid, above 400° F. decom-

posed into Crz’O and 0. . . Cr O,
Boracic acid, a solid, volatilizes TEI’Y slm'.ljr

by intensefowifion . . '« +' s 0 = . - B O,
Bilicic aeid ! a non-volatile solid. . S10,

(silica, quartz, sand) §

HYDREOGEN ACIDS.

Hydrochlorie acid
{ﬁ‘m&ﬁtm acid, splrlz;l of salts) % ol el HCl
rosulphurie aei
[51{1 hureiﬁ:ed hydrngen}E e e e HS
Err:hﬂucnrm acid, a very volatile acid, which
e about GO L L L s HF
Hydriodieacid Aoaa . . . . o aou s HI
Hydrobromic acid, a gas . . H Br

Hydrocyanic acidl averyvolatile llqmd o
(prussic acid) } which boils at 80° F. } H, C N=HCyt

- Te—

¥ The O with a dash over is a eontracted symbol, it stands for C; O;.
T Cy stands for C, N, which is the symbol for cyanogen.
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27. The nomenclature of acids is very defective ; the
names of these substances do not in the least express the
proportional quantities of their constituents. The names
of oxygen acids are formed by affixing the termination zc
to the substance in combination with oxygen. Thus, the
acid compound of phosphorus is called phosphorie acid.
If the same element forms with oxygen two acid com-
pounds, the termination ie 1s applied to the compound
containing the largest quantity, and the termination ous
to the one containing the least quantity of oxygen, as sul-
phuric acid (H O, S O,), sulphurous acid (S O,).

428. When, as in the case of sulphur, the metalloid
forms more than two acid combinations, the two prefixes
kypo (vmo, under) and Ayper (vmep, above) have to be
employed. Thus, S, O,1s called hyposulphurous, because
it contains a less ﬂuantity of oxygen than sulphurous
acid; 8,0, 1s called hyposulphuric acid, because 1t con-
tains a less quantity of oxygen than sulphurie acid; it
might also, with propriety, be called hypersulphurous
acid, as it contains more oxygen than sulphurous acid.

429. The names of the hydrogen acids which have been
given in the list of acids, are those most generally used.
Two new classes of names have recently been proposed
for these acids. The one class of names are constructed
in a manner similar to oxides, as chloride of hydrogen,
sulphide of hydrogen, bromide of hydrogen, iodide of
hydrogen, fluoride of hydrogen, cyanide of hydrogen.
The other class are, chlorhydric acid, sulphydric acid,
bromhydric acid, iodhydrie acid, flunorhydric acid, eyan-
hydrie acid.

430. The names placed within brackets are either older
chemical names, or the popular names of the substances ;
in either case it is well for the student to know them.
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CHAPTER XVTI.
SALTS.

Divided into two groups. General formule for neuiral
salts. Nomenclature of salts. Exercises. Salls either
neutral, acid, or basic. FErercises. Characleristics of an
acid salt, FErercises. Characteristics of a basic sall.
Erercises. Polybasic salts. Double salts. Fzercises,

431. Salts are divided into two orders. To the first
order belong all salts made up of an oxygen acid and an
oxygen base—they are, therefore, called oxygen salts.
The salts in the second order are called haloid (from
alg, sea salt, and «og, form), because in constitution they
are analogous to sea salt, being composed of the radical of
some hydrogen acid united with some metal.

432. ** Nearly all salts are solid at common temperatures,
and most of them are capable of erystallizing. The colour
of salts is very variable, having no necessary connection
with the colour of their elements. Salts composed of a
colourless acid and base are colourless ; but a salt, though
formed of a eoloured oxide or acid, may be colourless ; or,
if coloured, the tint may differ from that of both its con-
stituents.”

433. ¢ All soluble salts are more or less sapid, while
those that are insoluble in water are insipid. Few salts
are possessed of odour; the most remarkable one for this
property is carbonate of ammonia.”

434. Salts differ remarkably in their affinity for water.
Thus, some salts, such as the nitrates of lime and magnesia,
are deliquescent, that is, attract moisture from the air, and
become liquid. Others, which have a less powerful attrac-
tion for water, undergo no change when the air is dry,
but become moist in a humid atmosphere; and others
may be exposed, without change, {0 an atmosphere loaded
with watery vapour.

435. “ Salts differ likewise in their degree of solubility
in water. Some dissolve in less than their weight of
water, while others require several hundred times their
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weight of this liquid for solution, and others are quite
1nsoluble.

436. * Salte, which are soluble in water, crystallize
more or less regularly when their solutions are evaporated.
If the evaporation is rendered rapid by heat, the salt is
usually deposited in a confused erystalline mass; but if
1t take place slowly, regular crystals are formed. The
best mode of conducting the process is to dissolve a salt
in hot water, and when it has become quite cold, to pour
the saturated solution into an evaporating basin, which
18 to be set aside for several days or weeks without being
moved. As the water evaporates, the salt assumes the
solid form; and the slower the evaporation, the more
regular are the crystals. Some salts, which are much
more soluble in hot than in cold water, erystallize with
considerable regularity when a boiling saturated solution
is slowly cooled. The form which salts assume in erys-
tallizing is constant under the same circumstances, and
constitutes an excellent character by which they may be
distinguished from one another.

437. * Many salts during the act of erystallizing unite
chemically with a definite portion of water, which forms
an essential part of the erystal, but not of the salt, and is
termed water of erystallization. The quantity of combined
water is very variable in different saline bodies, but is
uniform in the same salt. A salt may contain more than
half its weight of water, and yet be quite dry. On ex-
posing a salt of this kind to heat, it is dissolved, if soluble,
m its own water of crystallization, undergoing what is
termed walery fusion. By a strong heat the whole of
the water is expelled ; for no salt can retain its water of
crystallization when heated to redness. Some salts, such
as sulphate and phosphate of soda, lose a portion of their
water, and crumble guwn into a white powder, by mere
exposure to the air ; a change which is called efflorescence.
The tendency of salts to undergo this change depends
on the dryness and coldness of the air; for a salt which
effloresces rapidly in a moderately dry and warm atmo-
sphere, may often be kept without change in one which is
damp and cold.

438. “This water of crystallization is retained by a
very feeble affinity, as is proved by the phenomena of
efflorescence, and %y the facility with which such water
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is separated from the saline matter by a moderate heat,
or by exposure to the vacuum of an air-pump at common
temperatures. It is frequently observed, however, that
a portion of the water is retained with such obstinacy
that it cannot be expelled by a temperature short of that
at which the salt is totally i&eampﬂsed ;¥ in such a state
it is called essential water, and 1s expressed by the symbol
HO. Water of crystallization is called non-essential
water, because it can be removed without destroying the
compound. The first two letters of the Latin word aqua,
Whi[ﬁl means water, are frequently used as the symbol
for non-essential water.”

439. The following general formulse of the most impor-
tant salts must be committed to memory. The letter M
stands for any metal.

Oxygen Salts. Haloid Salts.

Sulphites @ MO, SO, Chlorides (muriates) M Cl
Sulphates MO, SO,  Sulphides (sulphurets) M S
Nitrates MO, NO, Fluorides MF
Chlorates @ MO, C10; Todides MI
Oxalates MO, O Bromides M Br
Phosphates 3 M O, PO, Cyanides M Cy
Carbonates MO, CO,

Arsenites 2 M O, As O,

Arseniates 3 MO, As O

>

Chromates MO, CrO,
Borates MO, BO,
Silicates MO, SiO,

440. It will be seen by the above formuls, that when
oxygen acids unite with bases and form salts, the termina-
tions dc and ous of the acids are changed into afe and ite.
When there is more than one basic oxide of the same
metal (the two oxides, protoxide and sesquioxide, of iron,
for example), it is necessary to use the same prefixes to
distinguish the different classes of salts as are employed
to distinguish the different oxides. Thus, we call the
combination of protoxide of iron with sulphuric acid,
sulphate of the protoxide of iron; in the same way, we
call the combination of sesquioxide of iron with sulphurie

* Turner’s * Chemistry,” 8th Edition.
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acid, sulphate of the sesquioxide of iron; sometimes the
prefixes are placed before the acid in the following manner,
—protosulphate of iron, persulphate of iron; sesquioxide
of iron being frequently called peroxide ;—this was alluded
to in the chapter on chemical nomenclature and notation.
Very frequently the prefix profo is dispensed with, and
we simply say sulphate of iron. The word oxide, in
oxygen salt, is generally suppressed, if there is only one
basic oxide of the particular metal,—thus, in place of
saying, sulphate of 513 oxide of zine, it 1s usual to say,
sulphate of zine. The student will never experience any
difficulty as to the composition of an oxygen salt from
this circumstance, if he will only remember the followin
gimple but important ruole,—* Oxygen acids unite wi
metallic oxides, and not with mefals ; an oxygen salt is
therefore always made up of an oxygen acid and an
oxygen base.”

441. A chemical formula is an expression by symbols
and figures of the composition of a chemical compound.
The symbols denote the elementary substances composing
the ecompound, and the figures annexed to the symbols
denote the number of atoms of the different elements; a
symbol with no number attached to it signifies that only
one atom of the element exists in the compound. The
symbols of electro-positive® substances, such as metals,
hydrogen, oxides, &e., are always placed before electro-
negative substances, such as oxygen, chlorine, and acids,
in chemical formul@; whereas, iIn naming a chemical
compound, the electro-negative ingredient is always first
announced, as oxide of silver (Ag O), chloride of sodium
(Na Cl), sulphate of potash (K O, 8 O,), &e. '

442, The general formule for oxygen and haloid salts
having been committed to memory, the student will expe-
rience little difficulty in writing out the formula for any

particular salt. DBut in order to render it as easy as

possible, two examples are given. Suppose the formula
of an oxygen salt to be required, he will simply subsfitute
for the general oxide, M ?), the E.lymb:}l of the partim:l_ia,t'
oxide. Ex.—The general formule for sulphates being
M O, S O,, the formula for sulphate of strontia will be
Sr0, SO,. The haloid salts he has already learned to

* Consult peragraphs 337 and 338.
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write out, but we have thought it advantageous to re-
introduce them here. In writing these salts out, he has
simply to substitute for the general letter M, the symbol
for the particular metal. Thus, the general formula for
chlorides being M Cl, the formula for chloride of sodinm
becomes Na Cgl
443. The formulz for the following salts must be written
out, along with the combining proportions of acid, base,
and salt.
K=39 } 47
O= 8
Example.—Sulphate of potash KO, SO,4 ¢ 14
30;24}40

87

EXERCISES.

319. Sulphate of soda (glaubers salt).

320. Sulphate of ammonia.

321. Sulphate of baryta (heavy spar).

322. Sulphate of lime {gypsum).

323. Sulphate of magnesia (Epsom salts).

324. Sulphate of zine (white vitriol).

325. Sulphate of protoxide of iron (green vitriol).
326. Sulphate of copper (blue vitriol).

327. Sulphite of potash.
328. Sulphite of soda.
329. Sulphite of ammonia.
330. Sulphite of lime.
331. Sulphite of lead.

332. Subsulphide of mereury.

333. Sulphide of mercury (cinnabar, vermilion).
334, Sulphide of lead (galena).

335. Sulphide of zinc (zine blende).

336. Sulphide of barium.

337. Sulphide of ammonium.

338. Nitrate of potash (saltpetre).
339. Nitrate of soda.

340. Nitrate of ammonia.

341, Nitrate of lead.

342, Nitrate of strontia.

343. Nitrate of silver (caustie).
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344.

345.
346.
347.
348.

349,
350.
351.
352.
353.
354.
359,
356.
357.
358.
399.

360,
361.

362

EXELRCISES.

Nitrate of suboxide of mercury.

Chlorate of potash.
Chlorate of baryta.
Chlorate of soda.
Chlorate of lime.

Chloride of sodium (kitchen salt).
Chloride of ammonium (sal ammoniae).
Protochloride of iron,

Sesquichloride of iron.

Protochloride of tin.

Bichloride of tin.

Subchloride of mercury (calomel).

Chloride of mercury (corrosive sublimate).
Chromate of potash.

Chromate of bar ta.
Chromate of lemf

Carbonate of soda. _
Carbonate of ammonia.

. Carbonate of potash (salt of tartar).
363.
364.
365.
S66.
367.

368,
369.
370.
371.
372.
373.
374.
3795.
376.
377.

378.
379.
380.
381.
382.
383.

Carbonate of lime (chalk, limestone, marble).
Carbonate of baryta (witherite).
Carbonate of strontia (strontianite).
Carbonate of zine (calamine).
Carbonate of manganese.

Oxalate of potash.
Oxalate of soda.
(Oxalate of ammonia.
Oxalate of baryta.
Oxalate of lime.
Oxalate of silver.

Todide of potassium.
Subiodide of mercury.
Todide of mercury.
Todide of lead.

Cyanide of potassium.
Cyanide of silver.
Tercyanide of gold.
Protocyanide of iron.
Cy amdj:z of mercury.
(eramde of copper.
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444. Write out the names of the following salts : —

(384) Mn O, S O,. (385) Hg O, Cr O,. (386) Sb Cl,.
(387) Zn 0, SO, (383) Ag O,CO, (389) BaO, NO.
(390) Sn 8,. (391) Pb0,0. (392) Sr O, Cl0O, (393)
Heg I. (394) HgCy. (395) Cd0,S 0O, (396) Fe,Cy..
(397) Ca0, NO,. (398) NiO, SO,.

445. Salts may be either neutral, acid, or basic. The
term neutral was formerly restricted to such salts as did
not alter vegetable colours, but all salts are now classed
as neutral when they contain as many atoms of acid as
there are atoms of oxygen in the base; thus,—

MO, S0,; M,0,,350,; MO,, 280,; MO,, 380,

would all be classed as neutral salts, without respect to
their action upon vegetable colours. The student must
therefore remember, in writing out the formula of a
neutral salt, to add as many atoms of acid as there are
atoms of oxygen in the base. But the student will natu-
rally ask, how he is to ascertain from the name of the salt
whether it is neutral, acid, or basic. 'We answer, if no

refix is employed to indicate the quantity of acid or

ase, he may conclude with certainty ilha-t 1t 1s the neutral
salt which 1s meant.

EXAMPLES.

446. Sulphate of potash is the neutral sulphate of that
oxide, and as the formula of potash is K O, the formula
of the neutral sulphate must, according to the rule that
all neutral salts contain as many atoms of acid as there
are atoms of oxygen in the base, be KO, SO,. Sulphate
of alumina 1s the neutral sulphate of that oxide, and as
the formula of alumina is Al, O, the formula of the
neutral sulphate must, according to the rule that all
neutral salts contain as many atoms of acid as there are
atoms of oxygen in the base, be Al,0,,38 O; When there
18 more than one basic oxide of the same metal (the two
oxides, protoxide and sesquioxide, of iron, for example)
1t 18 mecessary to use prefixes to distingnish the different
oxides ; these prefixes, the student must remember, relate
to the kind of oxide, not to the quantity of acid or base.
Ex.—The sulphate of the protoxide of iron, or as it is
sometimes called, protosulphate of iron, is the neutral
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sulphate of that oxide of iron ; and as the formula of pro-
toxide of iron is Fe O, the formula of the neutral sulphate
must, according to the rule that all neutral salts contain
as many atoms of acid as there are atoms of oxygen in
the base, be Fe O, S O, ; again, the sulphate of the sesqui-
oxide of iron, or as it is sometimes called, the persulphate
of 1iron, is the neutral sulphate of that oxide, and as the
formula for the oxide is Fe, O,, the formula of the sulphate
must, according to the preceding rule, be Fe, O,, 38 O,.
The student must now write out the formule of the fol-
lowing neutral salts :—

EXERCISES.

399. Sulphate of alumina. 400. Sulphate of binoxide
of tin. 401. Nitrate of the sesquioxide of iron. 402.
Chlorate of the protoxide of mercury. 403. Silicate of
alumina. 404. Sulphate of the teroxide of antimony.
405, Sulphate of the sesquioxide of chromium.

447. An acid salt 1s a salt which contains two or more
equivalents of acid for each equivalent of oxygen in the
base. There are two kinds of acid salts,—1st. Those in
which the excess of acid is present in the hydrated state.
2nd. Those in which the excess of acid is in the anhydrous
state. Bisulphate of potash, KO, SO, + H O, S O;,and
bicarbonate of potash, X0, C0O,, + HO, CO,, are ex-
amples of the first class. Bichromate of potash, K O,
2Cr O,, and biborate of soda (borax), NaO, 2 B O,, are
examples of the second class. Although those in the first
class are now viewed, not as acid salts, but as double
salts, of which one base is water, the same prefixes are
used in both classes to indicate the amount of acid. The
prefixes employed are bis, sesqui, ter, quadro, &c.; the
prefix dis is employed when the salt contains fwo atoms
of acid to eack atom of basic oxide; the prefix sesqui is
employed when the basic oxide and acid are in the pro-
portion of fwo of base to three of acid ; the prefix fer is
used when the basic oxide and acid are in the proportion
of one of base to three of acid ; the prefix quadro when
the basic oxide and acid are in the proportion of one
of base to E{’aur of acid, &c. The student must now
write out the formule of the following acid salts, the
excess of acid in each example being considered present
in the anhydrous state :-——
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EXERCISES.

406. Sesquicarbonate of ammonia. 407. Quadroborate
of soda. 408. Bisulphate of soda. 409. Terborate of
magnesia. 410. Sexborate of magnesia. 411. Sesqui-
sulphate of potash. 412. Bicarbonate of soda.

448. Basic or subsalts are salts which contain more than
one equivalent of oxygen in the base for each equivalent
of aci(c{:l. The prefixes employed to indicate the excess of
base are di and ?ri, &e.; or the excess 13 indicated thus:
—bibasic subsulphate, tribasic subsulphate, &e. When
there are two equivalents of oxygen in the base, and onl
one equivalent of acid, the prefix di is used, or the wor
bibasic sub., &e., as 2 Pb O, Cr O, which may be either
called dichromate of lead, or bibasie subchromate of
lead. When there are three equivalents of oxygen in
the base, and only one equivalent of acid, the prefix #»i,
or terbasicsub., &e.,is employed, as 3 Hg O, S O,, which
may be either called trisulphate of mercury, or terbasic
subsulphate of mercury. E‘he formule for the following
basic salts must now be written out.

EXERCISES.

413. Dicarbonate of copper. 414. Triborate of mag-
nesia. 415. Dicarbonate of lime. 416, Terbasic sub-
silicate of magnesia. 417. Bibasic subsulphate of eopper.
418. Disilicate of lime.

449. All salts are not basic, however, which contain
more than one atom of base for each atom of acid, as
there are certain acids (arsenious, arsenic, and phosphorie
acids) which always combine with two or three atoms of
base, and form neutral polybasic salts. In addition,
therefore, to ordinary neutral salts, which are monobasie,
or contain an equivalent of base, and one of acid, there
are bibasie and tribasie salts, containing, respectively, two
and three equivalents of base to one of acid. Ex.—
Arsenite of lime (2 Ca O, As O,), arseniate of soda
(2 Na O, H O, As O,), phosphate of soda and ammonia
(NaO, NH,0, HO, PO,). s

450. A simple distinetion between polybasic and basie
salts is, that in the former the different atoms of base
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may be of different kinds, whilst in the latter the metallie
oxide 1s always of the same sort.

451. There are double haloid salts, and there are double
oxygen salts; in other words, two salts sometimes umte
together, and form a double salt. In naming double salts
il is usual only once to express the acid or electro-negative
ingredient, if it i1s the same in both salts: for example,
Eu!f;hate of soda and lime (Na O, S O, + Ca O, 8 O,);
Eué)phate of alumina and potash (Al, O, 3 50,4 KO,

3)-

452. There exists a class of compounds, formed by the
combination of a metallic oxide with some haloid salt.
These compounds are called oxychlorides, oxyiodides,
oxyfluorides, &e. Prefixes have not as yet been employed
to describe the composition of this unimportant eclass of
compounds. The oxychlorides were formerly called sub-
muriates.

453. The names of the following compounds must be
written out by the student, in order that he may become
thoroughly conversant with «ll the rules which have been
given.

MISCELLANEOUS EXERCISES.

(419) HgO. (420) Cr, Cl,. (421) FeS. (422) FeO, CO..
(423) Fe,O,. (424) Au Br,., (425) Zn O, 8 O, +
KO, S0, (426) CaO, Si0,. (427) Ca O, 2810, (428)
2Ca0, 810, (429)Ca0,3810, (430)3Ca0, Si0,.
(431) K S,. (432)K0,S0,+HO, §0,. '(433) Cr,0,,350,.

-

(434) K O, 3 Cr O, (435) 2 Na O, 3 C O,. (436)
97n0,CO0, (437) BF, (438) Sn 0, 280, (439)
MgO,S0,+KO0,S0,. (440)Cu,0. (441)2PbhO,PbCl.

(442) Fe, 0,380, + N H, 0, S0, (443)Na O, 8, 0,.
(444) KO, 0+ 3 (H0,0). (445) MnO,SO,+Na .
(446) Cr F,. (447)3PbO,N.O,. (448)PtIL, KI. (449)
Mn, O, 3°SO,. (450) Ba 0, C0,+Ca 0, CO
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CHAPTER XVII.

CONSTRUCTION OF CHEMICAL FORMULZXE,
Use of the comma and plus sign. Bracketting. Exercises.

454. Compounds consisting of two elements are called
binary compounds. Ex.—Oxides and haloid salts.

455. When two binary compounds combine together, a
ternary compound is formed. KEx.—Oxygen salts.

456. A quaternary compound is produced when two
ternary ones combine together. Hx.—Double oxygen
salts.

457. The sign (+) and the comma are frequently em-
ployed in the construction of formulse to show the arrange-
ment of the elements and their degrees of affinity in the
combination. The comma is employed to separate a
ternary compound into the two binary ones, which are
called its proximate elements. Thus, in the formula K O,
N O,, the comma points out the binary compounds which
compose the salt, and it shows further, that the aflinity
which unites the potassium with the oxygen, and the
nitrogen with the five equivalents of oxygen, is more
intense than that which unites the base with the acid,
since it is easier to break up this sait into potash and
nitric acid than into potassium, oxygen, and nitrogen.
The plus sign denotes a less intimate combination than
the comma. It is therefore employed in quaternary com-
pounds to separate the ternary compounds composing
them. The use of the comma and plus sign is shown in
the following formula, Al, 0,, 35 0,4+ K O, SO,.

458. It has been remarked before, that a small figure
above or below the line, relates only to the element on
the left hand of it ; and that when a large figure is placed
upon the line, it multiplies all the elements on the »ig/é¢
hand of it as far as the first comma, or the first plus sigu ;
if placed before a bracket, it multiplies all within that
bracket. Ex.—2 H O signifies 2 atoms of water; these
two compound atoms are composed of 2 atoms of hydrogen,
and 2 of oxygen. 3 C O, signifies 3 atoms of carbonic
acld, composed of 3 atoms of earbon, and 6 of oxygen.

Q
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4 Fe, O, signifies 4 atoms of sesquioxide of iron, composed
of 8 atoms of iron, and 12 atoms of oxygen. 3 Fe O, C O,
or 3 Fe O 4+ CO,, signifies 3 atoms of oxide of iron, and
1 atom of carbonic acid; whereas 3 (Fe O, CO,), or 3
(Fe O + CO.,), signifies 3 atoms of oxide of iron, and 3
atoms of earbonic acid; in other words, 3 atoms of the
ternary compound, carbonate of protoxide of iron. When-
ever more than one equivalent of any ternary compound
has to be expressed, it is always necessary, in order to
express it correctly, to place it in a bracket, as 3 (K O, 8 Oy).

459. The formule of the salts in the exercises below
must be written out.

Ex. 1.—Required the formula for two equivalents of
terchloride of gold.

2 Au ClL,.

Ex. 2.—Required the formula for three equivalents of
nitrate of ammonia.

3(NH,0, NO,).

Ex. 3.—Required the formula for two equivalents of
chloride of platinum and ammonium.

9 (Pt Cl,, N H, Cl).

Ex. 4—Required the formula for two eq. of sulphate of
alumina and potash, one eq. of which is composed of an
eq. of sulphate of alumina, and an eq. of sulphate of
potash, and 24 eq. of non-essential water.

2(AL,0,380,4+ X0, 80, + 24 aq.).

Ex.5.—Required the formula for three eq. of basic car-
bonate of magnesia. One eq. of which is composed of
three eq. of carbonate of magnesia, three eq. of non-
essential water, and one eq. of hydrate of magnesia.

3{3(MgO, CO,+aq.) + (Mg 0, HO)}

EXERCISES,

460. Required the formule for the following sub-

stances :—

451. Two eq. of sesquichloride of chromium.
452. Three eq. of sulphate of ammonia.
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453. Two eq. of chloride of platinum and potassium.

454. Two eq. of carbonate of lime and magnesia.

455. One eq. of phosphate of soda, composed of two eq.
of soda, one e(. of essential water, and one of anhydrous
phosphorie acid.

456. Two eq. of silicate of lime.

457. Three eq. of felspar, which is a double silicate of
alumina and potash.

458. Three eq. of the oxalate of the sesquioxide of iron.

459. Two eq. of protoiodide of iron.

460. Two eq. of Einﬂxala,te of potash.

461. Three eq. of phosphate 011 silver; one eq. of which
is composed of three eq. of oxide of silver, and one of
anhydrous phosphorie acid.

462. Dolomite (magnesian limestone), composed of one
eq. of neutral carbonate of lime, and three eq. of neutral
carbonate of magnesia,

463. One eq. of the sulphate of the sesquioxide of iron
and potash (iron alum), which contains, in addition to the
sulphuric acid, potash, and sesquioxide of iron, twenty-four
atoms of non-essential water.

464. Two eq. of sulphate of copper, one eq. of which is
composed of an eq. of anhydrous sulphuric acid, one of
oxide of copper, one of essential water, and six of non-
essential water.

465. One eq. of the oxalate of the sesquioxide of iron
and potash, which contains, in addition to the bases and
acid, six eq. of non-essential water.

466. One eq. of oxychloride of antimony (powder of
Algarotti), composed of one ¢q. of terchloride of antimony,
three eq. of teroxide of antimony, and three eq. of nou-
essential water.

467. Three eq. of perphosphate of iron. one eq. of which
is composed of two eq. of sesquioxide of iron, three eq.
of ;ssential water, and three of anhydrous phosphoric
acia.

468. The topaz, composed of one eq. of alumina, two
eq. of fluoride of aluminum, and six eq. of a silicate of
alumina ; one eq. of which is composed of an eq. of
alumina, and one eq. of silicie acid.

469. Serpentine, composed of three eq. of hydrate of
magnesia (one eq. of which contains one eq. of mag-
nesia and two eq. of water), and two eq. of a subsilicate
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of magnesia (one eq. of which contains three eq. of mag-
nesia, and two eq. of silicic acid).

470. Meerschaum, composed of an eq. of sesquisilicate
of magnesia, and two eq. of water.

CHAPTER XVIII.

ON THE MODE OF EXPRESSING CHEMICAL CHANGIES.
EXERCISES.

461. The separation of a chemical compound into its
proximate or remote elements, 18 called decomposition,
and the compound is said to be decomposed. The sub-
stances which result from the decomposition are called
either educts or products. They are called educts when
they exist in the compound before decomposition, and
form part of it ; products, when they are generated during
decomposition. Carbonic acid, which is generated by the
action of hydrochlorie acid upon carbonate of lime, 18 an
educt ; but the same acid, when evolved by heating char-
coal with oxide of lead, is a product. Products are always
compound bodies ; educts may be either simple or com-
Eﬂutld. Diagrams are employed to render intelligible the

ifferent chemical changes which take place where two or
more elementary or compound substances are added
together. The following exercises are given, in order to
make the student acquainted with the mode of expressing
chemical decompositions by diagrams. The weight of the
substances added, and those which are produced, must be
gtated, as shown in the following examples :—

ix. 1.—If potassium be added to water, potash will be
formed. What element must be set free? To find the
correct answer to this question, the student must first
write down the symbols of the substances added together,
viz., the symbol for potassium, and the symbol for water ;
he has then to withdraw, as shown in the following
diagram, from the water that constituent which 1s neces-
sary to convert the potassium into potash; this being
done, of course the other constituent of water, as this
compound is composed of two elements only, is set free,
and when we have discovered this, we have answered the
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question. The best way for answering questions of this
kind, is to draw them out in the following manner .—

9 wt, of one eq. o {1 wt., of one eq.

31
of water. } 0 S Ay of hydrogen,
39 wt. of one eq. \\\_ 47 wt. of one eq.
of potassium. I' K LAY { of potash.

Ex. 2.—1If sulphuric acid be added to zine, hydrogen
will be set free. What compound must be formed? The
first step in answering this question, as in the last, is to
mark down, in the form of a diagram, the symbols of the
substances directed to be added together; having done
this, the student will see that the hydrogen must come
from the water of the sulphuric acid, as no other sub.
stance named contains it. Let him draw a straight line
from it, as in the diagram ; this being done, he sees that
the oxygen is liberated in the presence of the zinc; he
also knows that metals unite with oxygen, and form with
1t basic oxides, and that these basic oxides unite with
acids in their anhydrous state, and form with them salts ;
if, in this instance, he unites the zinc and oxygen together,
and the anhydrous sulphurie acid with this oxide, the
remaining compound thus produced will be sulphate of
zine, which is correct, as shown in the diagram :—

1 wt. of one eq.
49 wt. of one eq. of | HO — H-[ :
sulphuric acid. } of hydrogen.

Biion
32:52 wt. of one eq. }En \x\ Zn0,S80, {H[Pﬁﬂwt. of one eq.

of zine. of sulphate of zine.

Ex. 3.—If carbonate of soda be added to nitrate of
baryta, what other substances besides carbonate of baryta
will be formed ? -

462. To find the answer to this question, we proceed,
as in the two former instances, to mark down the symbols
of the substances to be added together ; having done this,
we have next to consider what is the composition of car-
bonate of baryta. Knowing this, we unite its constituents
together, in the way shown in the diagram, viz., baryta
and carbonic acid ; and, having done this, we find we have
left, the basic body soda, and nitrie acid in its anhydrous
state : as these two bodies are set free in the presence of
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each other, they of course unite, and form the salt nitrate
of soda, which i1s the other compound formed, when ecar-
bonate of soda and nitrate of baryta are added together.

53 wt. of one eq. uf}Naﬁ — > Na O, HCI:_{EE wt. of one eq. of
carbonate of soda. | C Oy \/'< nitrate of baryta.
1305 wt. of one eq. }Ba 0 e BaO,CO, { 9535 wt. of one eq. of
of nitrate of baryta. ] N Oy carbonate of baryia.

EXERCISES.

471. If hydrosulphuric acid be added to iodine, hydri-
odic acid will be formed. What element must be set
free P

472. If hydrochloric acid be added to zine, hydrogen
will be set free. 'What compound must be formed?

473. If sulphurie acid be added to iron, sulphate of the
proii_oxir%]c of iron will be formed. What element must be
set Iree!

463. Instead of repeating the above in full on each
occasion, we shall, for the future, name the substances
bronght together under the head of * Substances added,”
and the substance or substances formed, under the head
of ** Substances formed or set free.”

Substances added. Substances set free or formed.
476. Hydrochlorie acid. Chloride of sodium,
Solution of soda. And P
477. Solution of carbonate Carbonate of strontia,
of soda.
Solution of nitrate of And ?
strontia.
478. Sulphurie acid. Sulphate of soda,

Chloride of sodium. An 4

479. Solution of chloride of Chloride of silver,

sodium.
Solution of nitrate of And P
silver.
480. Sulphuric acid. Sulphate of Pﬂtﬂsh,
Nitrate of potash. And ———1

481. Sulphide of ammo- Sulphide of zine,
nium.




483.

4814.

485.

486.

487.

488.

489.

490,

491.

EXERCISES.

Substances added.
Solution of sulphate of

Zlnc.

. Solution of chromate

of potash.
Solution of chloride of
barium.

Solution of hydrate of
soda (Na O, H O).

Solution of chlorine of
m&ﬂgﬂﬂﬁﬁﬂ.

Solution of carbonate
of ammonia.

Solution of sulphate of
lime.

Hydrosulphurie acid.
Solution of nitrate of
lead.

Solution of sulphate of
soda.

Solution of chloride of
barium.

Solution of 1odide of
potassium.

Solution of nitrate of
silver.

Solution of oxalic acid.
Solution of nitrate of
baryta.

Sulphide of ammo-
nium.

Solution of nitrate of
cobalt.

Hydrochloric acid.
Solution of nitrate of
suboxide of mercury.

Hydrosulphurie acid.
Solution of chloride of
mercury.

251

Substances set free or formed,

And ———7¢

Chromate of baryta,
And ———>

Hydrate of manganese
(Mn O, H O),
And P

Carbonate of lime,

And P

Sulphide of lead,
An ?

Sulphate of baryta,

And P
Todide of silver,
And P

Oxalate of baryta,

And P
Sulphide of cobalt,
And P

Subehloride of mercury,

And P
Sulphide of mercury,
And ¥
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464. In the preceding exercises, only single equivalents
of each of the substances, which were directed to be added
together, had to be employed, and never more than two
were produced. In those which follow, the number of
equivalents of the different substances employed will
vary, and two or three products may be produced. Two
examples are given, and a new mode of expressing chemical
changes, which it will be well for the student to practise,

as it is the one generally adopted by chemists at the
present time.

Substances added. Substances set free or formed.

Ex. 4.—Solution of phos- Phosphate of lime (2 Ca O,
]J)EI[wte of soda (2 Na O, B.O. 0
0, PO,).
Solution of chloride of cal- And
elum.

P

0 - 116:94 wt. of two eq. of

142'94 wt. of one eq. of EII_;?:}D 3 —~ 2Na CI'I chloride of calcium.
phosphate of soda. PO, %

111 wt. of two eq. of ) Ca 2Ca0,HO, PO, { 137 wt. of one eq. of

2

phosphate of lime.
shlavide of calamn, | 01 b

465. This decomposition would be expressed by the
new mode thus :—

2NaQ,HO,PO.4+2CaCl=2Ca0,HO,PO, + 2NaCl.

Substances added. Substances set free or formed.

Ex. 5.—Sulphide of ammo- Hydrate of sesquioxide of
nium. < chromium (Cr,0,,3 H O),
Sol. of sesquichloride of And P
chromium.

102 wt. of three eq. 1"‘
3} "S

of sulphide of am- Hi\<

1605 wt. of three eq. of
SNH,Cl { chloride of ammonium,
moniam.

54 wt. of six eq. of 6 }H 3]5[3{51 wt. of three eq. of hydro-

SVabar: 0 sulphurie acid.
/ 104-4 wt. of one eq. of
159-9 wt. of one eq. of} o, Cr; 0,,3HO { the hydrate of sesqui-
sesquichloride of c12 i oxide of chromium.
chromium, a2
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466. This decomposition, by the new mode, would be
expressed in the following manner :—

3N H,S+6HO +Cr,Cl,=Cr,0,,3HO+3NH,Cl + HS.

EXERCISES,

493. When solid chlorate of potash is ignited, it is
decomposed into oxygen and chloride of potassium. How
many equivalents of oxygen will be ligeratﬂd from one
atom of chlorate of potash P

494. When solid nitrate of ammonia is heated, it is de-
composed into nitrous oxide (laughing gas, N O) and
some other substance. What will the other substance be,
and how many atoms of each will be formed from one
atom of nitrate of ammonia ?

Sulbstances added. Substances set free or formed.
495. Hydrochlorie acid. Sesquichloride of iron,
Sesquioxide of iron. And P
496. Sol. protochloride of Subiodide of ¢ opper (Cu, I),
copper.
Sol. 1odide of potas- And P
sium.
497. Sol. hydrate of potash Oxychloride of copper
(K O, H0). (Cu CL 3 Cu O + aq.),
Sol. protochloride of And P
copper.
498. Sol. of arsenious acid.  Arsenite of copper (2 Cu O,
As 0,),
Sol. of sulphate of ~ And———?
copper.
499. Protoxide of tin. Oxysulphide of tin (5 Sn O,,
Sn S,),
Sulphurous acid. Aod——'p
500. Sol. hydrate of soda Hydrate of the sesquioxide
(Na O, HO). of chromium (Cr, O,
3 H O),

Sol. of sesquichloride And P

of chromium.
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501.

206.

207,

o08.

509.

510.

511,

EXERCISES,

Substances added.

Terchloride of anti-
mony.

Water.

. Carbonate of lead.

Chromate of potash.

. Terchloride of bismuth.

Water.

4, Sol. of the sulphate of

thesesquioxideofiron.
Sulplurous acid.

. Sol. of hydrate of soda.

Sol. of sulphate of alu-
mira.

Sol. of phosphateofsoda
(2NaO,HO, PO,).

Sol.ofnitrate of baryta.

Sol. of phosphate of
soda.

Sol. of nitrate of silver.

Sol. of phosphate of
soda.

Sol. of sulphate of
copper.

Sol. of phosphate of
soda.

Sol. of chloride of eal-

cium.,

Sol. of the sulphate of
the sesquioxide of
iron.

Hydrosulphurie aeid.

Sol. of phosphate of
soda.

Sol. of ammonia.
Sol. of sulphate of mag-
nesia,

Substances set free or formed.

Oxychloride of antimony
(SbCl,, 5 El’%b 0,),

And

Dichromate of lead,

And P

Oxychloride of bismuth
(Bi Cl,, 2 Bi O,),

And P

Sulphate of the protoxide
of 1ron,

And P

Hydrate of alumina (Al, O,,
3 H 0), R

And ¥

Phosphate of baryta
(2 Ba O, HO P()ﬁ),
And

Phosphate ﬂf' silver
{3 g 0: P 05)!
And P

Phosphate of copper
(2 Cu O, HOPIi?O s
And

Phosphate of lime (3 Ca O,
POE}: ?

Sulphate of the protoxide of

ron,

And ?

Phosphate of magnesia and
ammonia (2 Mg O,NH,O.
PO :




o14.

o15.

916.

517.

618,

819.

520.

521,

EXERCISES.

Substances added.

. Ammonia.

Sesquichloride of iron.

. Arsenious acid.

Sulphuric acid.

Zine.

Hydrochlorie acid.
Peroxide of manganese
(Mn O,).

Sol. nitrate of the pro-
toxide of copper.

Sol. sulphate of the
protoxide of iron.

Sol. iodide of potassium

Sol. earbonate of am-
monia.
Sol.sulphate ofalumina.

Sulphide of ammo-
nium.

Sesquichloride of chro-
mium.

Sol. of carbonate of am-
monia.
Sol. of sesquichloride

of 1ron.

Sol. of phosphate of
soda.
Sol. of sesquichloride

of iron.

Sol. of carbonate of pot-
ash.

Sol. of sulphate of mag-
nesia.

Sol. of carbonate of
soda.

Sol. of sulphate of zine.

235

Substances set free or_formed.

Hydrate of the sesquioxide
of iron (Fe O,, ZEPO},
And———?

Terhydrideofarsenic(AsH,),
And

Protochloride of manganese,
And P

Subiodide of copper (Cu, I).

Sulphate of the sesquioxide
of iron,

And P

Hydrate of alumina (Al, O,,
3 H O),

And —7?

Hydrate of sesquioxide of
¢ hrﬂmmm (Cr,0,, 3 H O),
And

Hydrate of sesquioxide of
ron,
And——-—7?

Perphosphate of iron
(2Fe, 0, 3H0,3P0O,),
And P

Basie carbonate of magnesia
3 (MgO, CO, + aq.) +
(Mg O, HpO],

And

Basie carbonate of zine
(3Zn0,HO) + 2(Zn O,
C0,),

And ?
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Substances added. Substances set free or formed.
522. Sulphuric acid. Sulphate of the protoxide of
Chloride of sodium. manzsanese,
Peroxide of manganese And —F
(Mn O,).

e —— e

CHAPTER XIX.

THE METHOD FOR DETERMINING THE AMOUNT OF THE
SEVERAL CONSTITUENTS CONTAINED IN A GIVEN QUANTITY
OF ANY COMPOUND. EXERCISES.

467. The atomiec weight of a compound is obtained b
adding together the atomic weights of its constituents, 131;
is plain, that whatever ratio the atomic weight of the con-
stituent has to the atomic weight of the compound, the
quantity of constituent present, in a given quantity of the
compound, will have the same ratio to the quantity of the
compound. Thus, if we wish to ascertain the quantity of
potassium in a given quantit.g (say 100 grains) of sulphate
of potash (K O, S O,), we add together the atomic weights
of 1ts constituents, which gives us the weight of the com-
pound atom. Thus—

K = 33
e

o l— ] [T
30 ‘="324
87

468. The atomic weight of potassium being 39, and that
of the compound 87, we take 3} as the quantity of potas-
sium in the given quantity of compound (here 100 grs.),
or ¥ of 100 grs. = 44:827. A simple rule, readily
applicable to all cases, may be deduced from the above
statement.

469. As the atomic weight of the compound is to the
atomic weight of the constituent, the quantity of which in
the compound we wish to ascertain, so s the whole quantity
of the compound to the quantity of constituent.

Grs. Grs,
As 87 : 39 :: 100 ; 44:827.
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EXERCISES.

523. Find the amount of lead in 100 tons of the sul-
hide.
d 524. Find the amount of chlorine by weight in 50 lbs.
of chloride of sodium.

525. Find the amount of silver in 1,000 lbs. of sulphide
of silver and antimony (3 Ag 8, Sb §,).

526. Find the amount of platinum in 100 parts of
chloride of platinum and ammonium.

527. Find the amount of iron in 360 grs. of sesqui-
chloride.

528. What amount of oxygen, by weight, would one
ton of sulphur require to be converted into sulphurie
acid P

529. Find the amount of anhydrous nitric acid in 10 1bs.
of nitrate of soda, and likewise in the same amount of
nitrate of potash.

530. How much water must 200 lbs. of quicklime
absorb to become converted into hydrate?

531. A chemical manufacturer delivers to his workmen
50 lbs. of metallic silver to be converted into nitrate
(caustic). What amount by weight ought to be obtained?

532. If 100 grain measures of dilute sulphuric acid neu-
tralize 47 grs. of potash, what amount of carbonate of
potash, and what amount of ammonia, lime, soda, and
their carbonates, will it neutralize ?

533. How much ammonia would 300 tons of coal furnish
which contains 1'5 per cent. of nitrogen ¥

534. If nitrate of potash and nitrate of soda were the
same price per ton, which would be the most economical
source for nitric acid? Prove the answer by equivalents.

535. If it requires 100 gr. measures of dilute sulphurie
acid to neutralize 60 grs. of potash, what amount of real
sulphuric acid does it contain ?

536. An average crop of turnips removes from an acre
of land 545 lbs. of phosphoric acid. If the farmer
desires to restore his field to its original fertility, what
amount of bone earth (3 Ca O, P O,) would he have to em-
ploy to give back the phosphorie acid ?

537. If I borrowed 300 lbs. of nitrate of soda of a nitric
acid manufacturer, what amount of nitrate of potash must
I return to replace it ?
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538. What amount of ammonia would be required to
precipitate the sesquioxide of iron from 20 lbs. of ses-
quichloride ?

539. An average crop of oats removes from an acre of
land 1989 lbs. of inorganic matter; a crop of barley re-
moves from the same extent of land 213°3 igs. of inorganie
matter. In the 1989 lbs. of mineral matter removed by
the oats, there are 23°3 lbs of phosphoric acid, 365 1bs. of
potash, and 38 1bs. of chloride of potassium ; in the 213-3
Ibs. removed by the barley, there are 24°3 1bs. of phos-
phoric acid, and 38-3 lbs. of potash. If the farmer desired
to restore his field to its original fertility, what weight of
nitrate of potash, chloride of potassium, or sulphate of
potash, and what amount of bone earth (phosphate of lime,
3 Ca O, PO,) would he have to employ in order to give back
the potash and phosphorie acid which had been removed
by the oats, and what amount would he likewise have to
employ in order to restore fertility after the barley erop?

540. If mercury be added to a solution of nitrate of
silver, the silver will be precipitated and replaced by an
equivalent of mercury; the solution will now contain
nitrate of mercury, from which the mercury may be
precipitated by copper; the solution will now contain
nitrate of copper, from which the copper may be precipi-
tated by lead; the solution will now contain nitrate of
lead, from which the lead may be precipitated by zine.
Suppose we had a solution of nitrate of silver containin
200 grs. of nitrate of silver, how much metallie silver woul
it contain, and how much mercury would it require to
precipitate it ; how much copper would it require to pre-
cipitate this mercury, how much lead to precipitate the
copper, and how much zine to precipitate the lead?

541. If,in some chemical process, baryta were employed,
and an equivalent of strontia, magnesia, or lime could be
substituted for it, what would be their relative cost,
baryta costing one shilling per pound, strontia two
shillings, magnesia sixpence, ang lime one penny ?

470. When a sulphide and an oxide of copper are
roasted together, if the oxide 18 in such a proportion to the
sulphide that the oxygen it contains is just sufficient fo
form with the sulphur, sulphurous acid ; this gaseous acid
will be formed, and escape, and all the copper will be
left in the metallic state.
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542. How much disulphide of copper would be required
to effect the complete reduction of 40 parts of suboxide of
copper, 20 parts of protoxide, and 30 parts of green carbo-
nate of copper (malachite, 2 Cu O, C O, + H O), and how
much metallic copper would be obtained ?

471. If galena (sulphide of lead) and sulphate of lead be
roasted together, in equivalent proportions, the oxygen
in the sulphuric acid and oxide of lead is converted, along
with the sulghur in the sulphide and sulphate, into sul-
phurous acid gas, and metallic lead is left. So, also, if
galena is roasted with oxide of lead in proper proportions,
all the lead is obtained pure, and the sulphur passes off in
the form of sulphurous acid.

543. How much galena would be required to reduce a
mixture of 20 parts of protoxide of lead, 10 parts of red
lead (minium, Pb; O,), and 15 parts of sulphate of lead ;
and how much metallic lead would be obtained ¥

CHAPTER XX.

THE MODE OF DETERMINING THE RELATIVE FPROFOR-
TION OF THE ELEMENTARY ATOMS IN A CHEMICAL COM-
POUND. EXERCISES. THE METHCD FOR DEDUCING NOT
ONLY THEIR RELATIVE, BUT LIKEWISE THEIR ABSOLUTE
NUMBERS. EXERCISES.

472. The atomie proportions of the constituents of a
chemical compound are obtained by dividing their relative
quantities by their atomic weights.

473. By quantitative analysis it has been found that
100 parts of earbonic acid are made up of 27-27 of carbon,
and 7373 of oxygen ; the atomic weight of these elements
being known, we have simply to divide their relative
quantities in the acid by their atomic weights, to arrive
at the relative number of atoms, thus :—

2727 7273
— = 47545 — = 9091
6 8

(Eq. of carbon.) (Eq. of oxygen.)
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474. According to this, 4545 atoms of carbon are united
with 9091 atoms of oxygen. This complicated ratio may
however (as in most other cases), be reduced, by assum-
ing the atomic number of the element which gives the
smallest quotient in the calculation, to equal 1, and di-
viding the other quotient by this. In the present example,
4545 : 9091 =1 : 2, consequently 1 atom of carbon is
combined with 2 atoms of oxygen.

Ex. 2.—In 100 parts of sulphate of alumina and potash
there are contained 9'95 per cent. of K O, 10'83 of Al, O,,
3371 of S Oy, and 4551 of H O.

9095 10-83 3371 4551
—_— =211 —— = 201 —— =842 —— = 5055
47 514 40 9

This gives the following atomic numbers, 211 of K O,
201 of Al,O,, 842 of SO, and 5055 of HO =1:1:4:
24, probably combined in the following manner :—

(A,0,, 380,+ KO, SO, + 24aq.)

EXERCISES.

475. Deduce from the following per-centage numbers
the relative number of atoms of the different substances,
and give the chemical name of the compound.

544, 44:44 of C, 51'86 of N, 370 of H.

545. 70 of Fe, 30 of O.

546. 44-44 of S, 55°56 of O.

547. 52'14 of Cr, 48'0 of O.

548. 25°96 of Na O, 6655 of S O,, and 7'49 of H O.

549. 1192 of Na O, 5346 of B O,, and 34:0 of H O.

550. 34-44 of Sr O, 3576 of N O, and 298 of H O.

551. 982 of N H,, 1801 of Na O, 46:19 of S O,, and
2598 of H O.

552. 184 of K O, 156 of Mg O, 344 of C O,, and 31°6
of HO.

553. 5413 of K O, 25-23 of C O., and 2064 of H O.

554. 685 of Ba O, and 33'0 of C O,.

555. 28'81 N H,, 5593 CO,, and 1526 of H O.

556. 8:06 N H,, 4421 Pt, and 4772 of Cl.

557. 2388 Cr, O,, 3582 8 O,, and 4030 H O.

558. 5548 Pb Cl, and 4451 Pb O.

559. 942 K O, 1556 Fe, O,, 31928 O;, and 431 HO.
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476. When the atomic weight of the compound is un-
known, its true or rational formula cannot be obtained,
and in such cases we can only arrive at the relative pro-
portion of the atoms of its constituents, which may be
called its empirical formula. The difference between a
rational and empfrical formula may be illustrated by the
following example. Hyposulphurous acid contains 1n
100 parts, 66°66 sulphur, and 33'34 oxygen ; these numbers,
divided by their atomic weights, give their atomic pro-
portions.

6666 3344
— . =— 416 — = 416
16 8

477. These quotients being equal, we conclude that
hyposulphurous acid is composed of equal atoms of the
two elements. The most simple formula would be SO,
but it is evident that it might be S,0,, S,0,, or any
multiple of S O ; as they would all agree with the resulfs
of the analysis, this would be its empirical formula. To
arrive at its rational formula, or in other words, to know
not only the relative proportions of the atoms of its
elements, but likewise their absolute number, we must
find its atomic weight. This is obtained in the ecase of
acids byuniting them with bases, and in the case of bases by
uniting them with acids, whose atomic weights are known ;
the amount of acid and base in the salts is then determined
by quantitative analysis. Thus, hyposulphite of baryta
contains in 100 parts 61'6 of baryta, and 384 of hypo-
sulphurous acid, and the atomic weight of the acid is
arrived at, from these numbers, by a simple proportion

| Bum.

Amt, of Ba 0O in Amt. of acid in (Eq. of
100 pts. of salt. 100 pts, of salt. Ba O).

616 : 384 :: 77 : x =48 atomic weight
of the acid.

478. We find the number of atoms of oxygen and sul-
phur which make up this 48 (as the atomic weight of a
compound is the sum of the atomic weight of its con-
stituents) in the following manner :—

R
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Amount of 8in  Atomic weight Amount of 8 in
Pts. of acid. 100 pts. of acid. of acid. an atom of acid, .
100 6666 I 48 [ @ = gh= 9 auH
sulphur.

Amount of O in
an at. of acid.

100 : 3434 :: 48 [ 2z=16=2eq. of oxygen.
479. The rational formula for hyposulphurous acid is
accordingly—S, O,
EXERCISES.

560. Deduece the rational formula for hyposulphurie
acid from the following numbers :—

Salphur . . . . 4444 Potash . . . . 30854
Oxygen. . . . . by6B Hyposulphuric acid 60°446

.

Hyposulphuric acid 100-00 Hyposulphate of potash100:000

561. Deduce the rational formula for hyperchlorie (per-
chloric) acid from the following numbers : —

Chlommna o i o SR Potash *. . 5« S4EE
Oxvaen ... ..« s G123 Hyperchloricacid . 6595

— e

Hyperchloric acid  100:0 Hypochlorate of potash 100-00

480. When hydrogen acids combine with bases, their
hydrogen is replaced by the metals, and when hydrated
oxygen acids combine with bases, the metallic oxide dis-

ﬁ]aws the oxide of hydrogen (water). These facts will
ave to be taken into consideration in the next exercises.

562. The rational formula for hydroeyanic acid.

Hydrogen . . . 370 Mercury ./ . "= e
Carbon . . . . 4444 Carbon |, .. .. . /s A SIES
Nitrogen . . . b51'86 Nitrogen . . . *“1lsl&

Hydrocyanic acid 10000 Percyanide of mercury 100:00

563. The rational formula for oxalic aeid.
Carbon . .. ... . . 2666 Carbon . . . S

Oxygen . . . . 5333 Oxygen . .. . i lEis
Water .. .o .. 20000 Oxide of lead . . 74:21
Oxalicaeid . . 9999 Oxalate of lead . 100:00%

* Chapters xii. and xiii. must be studied next.
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CHAPTER XXI.

CONSTRUCTION OF APFARATUS. CHEMICAL OPERATIONS.
APPARATUS AND CHEMICALS REQUIRED. Corks, their
gr&pﬂmtiﬂn. Glass tubing, its preparation. Indian rub-
er tubing. Apparatus used jfor the disengagement of
gases, heat wnot being required,—heat Ubeing required.
Apparatus for collecting gases. Solution. Iwercises.
Lvaporation. Ezercises., Precipitation. Filtration and
decantation. Apparatus and chemicals required.

481. We purpose, in this chapter, giving a few directions
as to the fitting up of apparatus and itsuses. Corks, glass
tubing, caoutchouc are required in fitting up apparatus,
we shall therefore begin %j’ informing the student how
these three articles are moulded, so as to render them
equally serviceable in all cases.

482. Corks are constantly required in the laboratory,
not only as stoppers for bottles, jars, &e., but for many
other purposes, especially for connecting wide apertures
with narrow ones. As they are used for rendering vessels
air as well as water-tight, they must be free from pores.
A good cork is inestimable in a laboratory, a bad cork is a
constant source of trouble. In fitting them into the
mouths and apertures of vessels, they should first be
softened, either by pressure under the fingers, or by
rolling them under the foot (in the latter case in a piece
of paper, so as to preserve them from the dirt), taking
care to preserve their conical form. If too large, they
may be reduced to the proper size, either by the aid
of the rasp or knife; but it is better to select them
of the proper size in the first instance, rather than have
recourse to these expedients. In fitting a cork into a
glass vessel, the latter should be held firmly, close to
the aperture, and, for the sake of security, covered with
a piece of cloth. They require, for connecting wide
apertures with narrow ones, to be perforated; this is
done by piercing them in the proper place (the middle, if
only one tube has to be fitted in) with a rat-tail file, taking
care to make the bore straight, and, especially, equal. 1t
18 necessary, in order to make an equal bore, to introduce
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the file alternately, at each end of the cork ; the hole can,
of course, be made of any size, by filing, and employing
larger files as the size of the aperture increases.

483. Grass TUuBING.—After having selected a piece of
tube of the proper bore and thickness, the nexi thing, if it
does not require bending, will be to cut it into the required
lengths. For this purpose, a mark is made round the
tube, at the proper place, with the edge of a three-square
file; the tube 1s then held in the hand, as you would
a stick you were about to break; a slight and sudden
pressure is then exerted at the mark, which causes the
tube to break evenly in two. The depth of the mark
made with the file must vary with the thickness and
diameter of the tube, and in filing very small or thin tubes.
the manipulator must not press too much on the file,
otherwise the tube will be broken. When a tube has to
be introduced into a cork, it is necessary to round its
sharp edges before doing so, else the cork will be so eut
and torn, that it will be rendered perfectly useless. To
effect this, the tube must be heated in the flame of a gas
or spirit Iam[? ; 1t must be heated gradually, so as to pre-
vent its eracking, by holding it near the flame at first, and
by degrees introducing it. As soon as the edge becomes
faintly red hot, the thing is accomplished, and the tube
ought then to be removed from the flame, otherwise the
opening at the extremity might contract, which, to say the
least, 13 better avoided. If the heat of the lamp be not
sufficient to round the edge, it must be rounded in the
blow-pipe flame. A hot tube must not be laid on any cold
surface, and it must be allowed to cool before inserting it
into a cork. The perforation in the cork must, if any-
thing, be a trifle smaller than the diameter of the tube
which has to be inserted, in order that the connection
may be perfectly air-tight. The best plan of fitting the
tube into the cork, is to serew the tube, holding both it"
and the cork firmly, the first close to the extremity which
has to be inserted ; the tube may be greased very slightly
at the part to be introduced.

484. Glass jets are sometimes required in the combus-
tion of gases; they are made in the following way:—A
hard glass tube of the proper diameter and thickness
is heated in a spirit or gas lamp, at such a distance from
one extremity, that there is sufficient left as a handle for
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the manipulator, and also sufficiently remote from the

art to be heated, that it does not become insupportably

ot. *“The part to be heated is to be brought, not into
the flame, but into the current of hot air which passes off
in the same direction from it, and the tubeis to be turned
so as to become heated all round, and also moved a little
to the right and left, that the temperature of the neigh-
bouring parts may be raised. After a few seconds, when
the glass has become hot, it should be brought towards
the point of the flame, and ultimately into it, bein
turned round all the time, and also moved laterally, thoug
not to the same extent as before.” When sufficiently
goft, 1t is drawn out into a capillary, as shown in Fig. 19,
The two ends are then separated at about the centre of
the portion drawn out. The elongated extremity of the
end to be used is filed down until the orifice is of sufficient
gize; it is then rounded at the edges in the flame of the
spirit lamp.

. P e R L W e et e R L
o i et e

Fig. 19.

485. The flame of a spirit or gas lamp is sufficient for
bending ordinary glass tubing. The tube must be heated
about an inch in length uniformly ; it must be supported
by the hands on each side of the part to be heated: it
must be gradually introduced into the flame, in the way
described in the preceding paragraph, and turned round
continually during the process of heating, as there stated.
Both ends must be turned alike, and in such a way that
the heated part, when soft, shall retain its ecylindrical
shape, ““ being neither twisted, nor bent, nor elongated,
nor thrust up.” When the glass has become sufliciently
soft, H,pgly a gentle pressure with the hands, until it has
assumed the proper form. The bend ought not to become
flat at the convex portion, or in folds at the concave; to
avold these imperfections, the glass ought not to be made
too soft, it ought to be heated uniformly to the length of
about an inch, and the bend ought to be made very round.

486. INDIAN-RUBBER TUBING.—(Glass tubes are joined
together by means of Indian-rubber tubes ; these (vulcan-
ized) can now be purchased of any size, but as they are
easily made, any one studying Chemistry ought to be able
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to make them himself. They are made in the followin
way :—A piece of sheet Indian-rubber of the require
length is slightly warmed, so as to render it perfectl
flexible ; it is then bent round a moistened glass mg:
which ought, if anything, to be rather smaller than the
tubes to be connected. The superfluous portions are then
pressed together, and subsequently cut off at one stroke
with a pair of clean sharp scissors ; the cut edges are then
pressed closely tﬂgethcrrgy means of the thumb-nails, and
providing they have not been soiled, the joining becomes
almost as perfect as any other part of the tube. In order
to make the tube perfectly air-tight, another piece of
Indian-rubber is then stretched round the first piece, and
cut in the same manner, taking care to place the cut
edges of the inner and outer tube on opposite sides. The
tube 1s now carefully removed from the glass rod, and the
two tubes may be joined at their extremities by cutting
a piece off at each end, not at one cut, as that would close
the end, but by moving the scissors round the tube. In
connecting glass tubes by means of these joints, the ends
of the glass tubes should not]be brought close together
inside the connector, but should be left a littie distance
apart, in order to allow of a certain degree of flexibility.
If the Indian-rubber tubing does not fit the glass tube
air-tight, it must be tied on with a bit of gilk cord.

487. The manipulator having carefully attended to the
preceding instructions, will experience very little difficulty
m fitting up the different apparatus now to be deseribed.

488, APPARATUS FOR GENERATING GASES, HEAT NOT
BEING REQUIRED.—A bottle, with two or three separate
openings, called a WoUuLFE's BoTTLE, 18 a very convenient
vessel for generating gases when heat is not required. It
need only have two openings; one for the funnel tube,
which serves for the introduction of the liquid, and which
must pass down nearly to the bottom of the vessel, being
covered by the liquid in the vessel, to the extent, at least,
of half an inch ; the other, for conveying off the gas to the
receiver: this is called the delivery tube; it need only
project into the bottle a trifle beyond the cork. The
delivery tubes are of various shapes. If the bottle is
provided with three openings, the middle one can be
closed with a plain cork, and be used for intreducing any
solid substance into the bottle. Wide-mouthed bottles
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may be used in the place of Woulfe’s bottles; the only
objection to them is the difficulty of making them air-
tight, as large corks, free from pores, can seldom be
obtained. Ifany ofthe corks be porous, 1t will be advisable,
after the cork has been fitted into the apparatus, to paint
the top of the cork with a solution of sealing-wax in spirit
of wine. But if the tube does not fit the perforation in
the cork perfectly air-tight, a paste, made with linseed meal
and water, or, better still, with lime water, ought to be
used for stopping the leakage. Gases should not be
generated too rapidly; if an acid be employed for dis-
engaging the gas, it ought to be added by degrees, com-
mencing with a little, and when the gas begins fo be
slowly disengaged, to add a little more, &e. T{ie delivery
tubes are, as we have said, of various shapes. Fig. 20

Fig. 20,

represents a Woulfe’s bottle fitted up in the way just
described, the delivery tube being made of the shape
required for collecting the gas at the pneumatic trough,
or in the gas-holder. The other (Fig. 21) is fitted up for
collecting the gas by displacement, or for passing it
through a solution. Sometimes it is necessary to wash the
gas, which is done in the following way :—A wide-mouthed
bottle, capable of holding about half a pint, is fitted with
two tubes, as shown in Fig. 22, one of which, a, should
be about half an inch in diameter, straight, and of suffi-
cient length to reach nearly to the bottom of the bottle, the
water in which ought to cover the tube to the depth of
half aninch ; the other (the delivery tube) should only just
pass through the cork, and be bent acccording to the
mode of collecting the gas. The delivery tube of the
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vessel in which the gas is generated, is made to pass
down the tube @, and project a little beyond it in the
bottle ; the gas will then rise up through the liquid and
pass off by the delivery tube & of the washing bottle.

Fig. 21.

489. APPARATUS USED IN THE DISENGAGEMENT OF
GASES, HEAT BEING REQUIRED.—The common Florence
oil flasks, test-tubes, and retorts are the ordinary kinds of
apparatus used for this purpose. Figures 23 and 24 re-

resent the two first, with their different fittings and con-
nections. The first are used in preference to retorts on

Fig. 23. Fig. 24.

account of their cheapness, and the second are the most
convenient when only a small quantity of gas is required.
The materials used in the production of a gas ought only
to occupy, at the most, one-third of the space in the gene-

- WP

e
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rating vessel, whether heat be employed or not. When
the materials for the production of the gas consist of a
liquid and a powder, the liquid ought to be put into the
vessel first, and after the powder has been added, they
ought to be well mixed by leaking the vessel, before heat
i8 aipheq. _ Heat is applied most conveniently by means
of the spirit lamp (Fig. 25) or gas flame (Fig. 3).” Wood

Fig. 25. Fig. 26,

naptha is the cheapest fuel for spirit lamps; it ought not
to deposit any soot on the vessels. When the lamp is
finished with, the cap ought to be placed over the wick, in
order to prevent the loss of naptha by evaporation. The
cap ought not to be used as an extinguisher, because the
air in the cap becomes, if it is so used, so rarified that it
is afterwards difficult to remove it, but the flame ought to
be blown out before the capis replaced. The heat ought to
be applied gradnally for two reasons ;—1st, in order to pre-
vent the breaking of the vessel, which is almost sure to be
the case if the heat be applied suddenly ; 2ndly, to prevent
a tumultuous disengagement of the gas: when the evolu-
tion of the gas diminishes in rapidity, the heat ought then
to be increased. A retort or flask is supported on one of
the rings of a retort stand (Fig. 26), a test-tube is held
over the lamp by means of a test-tube holder.

490. APPARATUS FOR COLLECTING GASES.—Gases much
heavier or lighter than air are collected by displacement,
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but as all gases are collected by displacing some fluid or
aériform body, this mode of collecting gases ought to be
called, by displacement of air. Wide-mouthed stoppered
bottles are employed for collecting gases in this way.
When the gas is heavier than air, the delivery tube must
pass down to the bottom of the vessel, a piece of paper or
glass plate partially covering the mouth of it during the
time it is being filled with the gas; when it is filled, the
delivery tube must be removed, and the bottle closed as
sEeedi]y as possible with the stopper: carbonic acid and
chlorine are generally collected m this manner. When
the gas is lighter than air, the extremity of the delivery
tube must pass upwards instead of downwards, and the
vessel in which the gas has to be collected must be inverted
over the extremity of the tube, the latter passing up to
the bottom of the vessel ; hydrochloric acid gas and am-
moniacal gas are frequently collected in this manner.
491. By the other methods for collecting gases, the
vessels in which they have to be received are first filled
either with water or mercury ; we confine our deseription
to the mode of collecting over water, as the latter method
is not required for any experiments given in this work.
Every one is aware, that if a vessel, say a glass jar, open
only at one end, be immersed in a vessel of water, with its
open end upwards, yet covered with water, the air with
which it was filled will escape, and it will become filled
with water. 1f it be now inverted (open end downwards),
it may be raised out of the water contained in the outer
vessel (the one in which it is immersed) to such an extent
that the water only just covers the open end, yet so lon
as this keeps covered, it will remain filled with water. If
a delivery tube, from which gas is issuing, be placed
underneath the open end of the jar, when in this position,
the gas of course will ascend into the jar and displace an
equal bulk of the water, and in this way 1t may become filled
with gas. It is in this way that gases are collected over
water ; the vessel containing the water is called a pneu-
matic trough, which is a box made of wood or tin plate,
generally about two feet long, a foot and a half in breadth,
and a foot in depth ; but it may be made of any size. It
is provided with a shelf, fixed about three inches below the
edge of the box. Holes are bored in this shelf at short
distances, in order to allow gas to be passed into jars
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standing on the shelf with their open ends over the aper-
tures. When a jar has to be filled with gas, it is first

Fig. 27.

filled with water in that part of the trough not covered
with the shelf'; it 1s then placed on the shelf, in an inverted

osition, over one of the holes; the operator then directs
the point of the delivery tube (which is bent a little up-
wards) whenece the gas is to issue into or underneath the
hole in the shelf. The water in the trough must always
stand an inch or so above the shelf. A spout ought to
project from one extremity of the tr-::mg]i, about two
inches above the level of the shelf. It serves to carry off
the water discharged from the jars when they are being
filled with gas.

492. * Besides the pneumatie trough with its glass jars,
it is desirable to have vessels of larger capacity, in which
considerable quantities of gas can be collected, and from
which it can be drawn off at pleasure. Such vessels are
called gas-holders, or gasometers, and are constructed of
tin plate, or better, of zine or copper. The figure (28)
represents one of the most convenient, distinguished by
it inventor’s name, as Pepys’ gas-holder. A is a metallic
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drum or cylinder; B a large funnel, communicating with
A by a small tube ¢, which terminates in the roof of the
cylinder, and a large one, », which descends to nearly the
bottom ; E is a pillar of support to the funnel ; ¥ is a tube
placed at an angle with the cylinder, and provided with a
nut which serews into its mouth, and fits it air-tight; @ is
a stopeock, projecting laterally from the top of the eylinder.
In the figure the gas-holder is represented in the condition
in which it would ordinarily be called empty—in other
words, full of air, As a preliminary step to filling it with
gas, water is poured into the funnel 8. It descends by
the tube », and partly by c, whilst the air escapes by ¢
and . When the water runs out at G, the eylinder is full,
and all the stopcocks are shut. The nut of the oblique
tube ¥ is then unserewed, and the beak of the retort, or
exit tube of the flask, from which the gas is issuing, is
inserted through ¥, and pushed in till its end is fairly
within the eylinder. The gas rising vertically, accumulates

Fig. 28. Fig. 29,

in A, whilst the water it displaces flows out at ¥, past the
neck of the retort or tube of the flask. jWhan the water
is all expelled, the retort or flask is withdrawn, and P
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closed again with the nut. A glass tube or guage, =,
communicating at each end with the cylinder, and in
which the water stands at the same level as in 4, allows
the amount of gas in the latter to be readily observed.
The gas is drawn off either by ¢ or by e. 1If a jaris to be
filled, water is poured into B, and the jar full of water is
placed, mouth downwards, over ¢. ¢ and p are then
opened, and the water, which descends by b, expels the
gas by c. If a bladder (Fig. 29) has to be filled, or a
current of gas is wished, as for the lime-ball light, or the
oxyhydrogen blow-pipe, the tube to convey it 1s attached
to the end of @. B is kept full of water, and when » and
G are opened, the gas rushes out by the latter. The
stopcocks at p and ¢ admit of the current being very
nicely regulated.”

493. In collecting gas over water, the extremity of the
delivery tube ought not to be immersed in the liquid as
soon as heat is applied to evolve the gas, because the
atmosphere in the gas vessel becomes expanded by the
heat, and therefore a portion of it escapes ; if after this
escape of air, and before the gas begins to be evolved, the
intensity of the heat becomes in the least diminished, the
atmosphere within the vessel contracts, the cold water
rushes up the delivery tube (we are supposing that the
delivery tube has been placed in water) into the gas
‘genera,ting vessel, causing it to crack and fall to pieces.
The gas ought to have been freely issuing from the exit
of the delivery tube for a few seconds before immersing it
in water ; and before collecting any of the gas, sufficient
should be allowed to escape to insure the expulsion of all the
common air. When the gas ceases to be evolved, the exit
tube ought to be removed out of the water instantly, in
order to prevent the water rushing up through the tube
into the generating vessel.

494. ng-m jars or receivers are of various kinds. Plain
Jars should be from twelve to sixteen inches in length,
two and a half or three inches in diameter, and of such
thickness as to withstand the general liabilities of use
(about one-eighth or one-tenth of an inch), and ground at
the edges, so as, when moistened or greased, to be closed
accurately by a flat glass plate. Stoppered jars have an
aperture above, fitted air-tight with a ground glass sto E‘er.
and resemble stoppered bottles without bottoms. IE ey
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are transferred from the pneumatic trough to the lecture
table, upon a common plate or saucer containing water, in
order to prevent the air having access to the gas con-
tained in the jar. When substances have to be burned in
gases, they are introduced through the mouth of the jar
to the gaseous atmosphere within by means of a deflagrat-
ing spoon (Kig. 30), which consists of an iron cup about

Fig. 30.

the size of a shilling, to which is attached a long handle of
iron wire passing through a stuffing-box, which serves to
cover the mouth of the jar. A cork or piece of flat metal
may be substituted for the stuffing-box ; if a cork be em-
ployed, it must not be fixed firmly into the mouth of the
jar, because gas, when heated, expands, and the cork
must, therefore, be sufficiently loose to allow for the
necessary quantity of the expanded gas to escape, other-
wise the glass vessel will most probably be shattered.
495. SorutioN.—Many so]ig bodies, when placed in
contact with a liquid, disappear by dissolving in the liguid.
(Ex.—A lump nc%' sugar ]Haced in water dissolves.) The
solid is said to be soluble in the liquid in which it dissolves,
insoluble in that in which it does not dissolve. (Ex.—
Sugar is soluble in water, but insoluble in aleohol.) The
liquid in which the solid dissolves is called the solvent
or menstruum. The more minutely any substance is
powdered, the more its solution is facilitated. Solid sub-
stances are generally reduced to powder in mortars.
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496. Solutions are of two kinds, simple and chemical.
. A simple or mechanical solution is the mere dissolving of
a solid in a liquid, no chemical change occurring in either ;
on the removal, therefore, of the liquid bjr evaporation,
the solid is obtained in its original condition. %Gmmon
salt dissolved in water affords an illustration of a simple
solution. In a chemieal solution, the solid and fluid com-
bine together, forming an entirely new substance, from
which &13 original solid and fluid can no longer be ex-
tracted by mere mechanical operations. Chalk dissolved
in hydrochloric acid affords an example of a chemical
solution.

497. The solvent, in a simple solution, cannot dissolve
unlimited quantities of the substance to be dissolved,
it can only dissolve certain fixed quantities of the solid,
the amount varying with the kind of solid, and the amount
of any particular solid varying with the solvent. When
the solution contains as great a quantity of the solid
matter as it is capable of dissolving, it is said to be
saturated. A solution is known to be saturated when
fresh solid matter of the same sort, on being put into it,
remains undissolved. ¢ But as fluids dissolve generally
larger quantities of a substance, the higher their tempera-
ture, the term saturated, as applied to simple solutions, is
only relative, and refers invariably to a certain tempera-
ture.” ‘ From the tendency of heat to diminish the force
of cohesion, it naturally results, that the solubility of most
bodies is increased by heat ; thus, 100 parts of water, at
60° F., dissolve 11 of sulphate of potash, and at 212°
dissolve 25. At 60°F., 32 parts of dry sulphate of mag-
nesia are dissolved by 100 of water, but 74 at 212°. This,
however, is not always the case; some bodies, as common
galt, are equally soluble in water at all temperatures,
whilst in other cases, the solubility is greater at particular
temperatures than either above or below them. Of this

eculiarity, the sulphate and nitrate of soda are examples.

hus, 100 parts of water dissolve of dry sulphate of soda,
at 32°, 502; at 52°, 10-22; at 76° 28; at 93° 63 ; at
122°, 47 ; and at 212° 42; the solubility increasing up
to 93, and from thence diminishing. 100 parts of water
dissolve of nitrate of soda, at 21°, 63 : at 32° 80; at 50°,
23; 60°, 55; and at 246°, 218 parts. Here the pecu-
liarity is of the opposite kind to what occurs with sulphate
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of soda; the solubility diminishing np to 50° and from
thence progressively increasing.” The liquids employed
as solvents in simple solutions are water, aleohol, ether,
oils, &e. The most important solvent is water ; the others
are only resorted to when the substance to be dissolved
18 insoluble in that liquid.

498. ““ A chemical solution may be accelerated by eleva-
tion of temperature, and this is indeed usually the case,
since heat generally promotes the action of bodies upon
each other. But the quantity of the dissolved body re-
mains always the same in proportion to a given quantity
of the solvent, whatever may be the difference of tempera-
ture— the combining proportions of substances being
invariable, and altogether independent of the gradations
of temperature.” The liquids which produce chemical solu-
tions are, in most cases, either acids or alkalies.

499. The process of solution is conducted either in
evaporating dishes, Florence flasks, or test-tubes. The
latter are generally employed when the quantity of the
solid operated upon is amal{

EXERCISES,

564, Make a saturated solution of nitrate of potash in
cold water, by triturating (rubbing) in a mortar an excess,
say 1,000 grains, of this powdered salt, with 2,000 grains
of water; after the liquid has become saturated, pour
1,000 grains of the clear solution into a Florence flask ;
heat the solution in the flask until it boils, but in such a
way that the temperature of the solution increases slowly ;
add from time to time (that is to say, as fast as the salt dis-
solves) weighed quantities (twenty grains at a time) of the
nitrate of potash, until the solution is saturated at the
boiling point.

565. Make a saturated solution of chlorate of potash in
cold water, in the way previously described, employing
400 grains of the salt for 2,000 of the water. Take 1,000
gramms of the clear saturated solution, and apply heat
until it boils, in the way previously described, adding,
during the time the solution is being heated, weighed
quantities of the salt, twenty grains at a time, until the
solution is saturated at the boiling point.

566. Make a saturated solution of common salt in cold
water ; employ 1,000 grains of salt for every 2,000 grains
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of water. Take 1,000 grains of the clean saturated solu-
tion, and heat it until it boils, adding during the time the
solution is being heated, ten grainsof the salt ; this ought
not to dissolve, as common salt is equally soluble at all
temperatures.

567. Make a saturated solution of lime in cold water;
employ five grains of quick lime for 2,000 grains of water.
Take 1,000 grains of the clear saturated solution and boil
1t, which will cause the liquid to become turbid, as lime 18
less soluble in hot than cold water.

500. Some substances are rendered more soluble in
water, if the water contains in solution some particular
substance ; thus the alkaline earths are much more soluble
in solutions of sugar than in pure water, and chloride of
mercury is more soluble in solutions of the alkaline chlo-
rides than in pure water, as the mercury salt forms with
the latter &{}ugle salts, which are very soluble.

568. Dissolve some chalk in dilute (one part of strong
acid to two of water) hydrochloric acid.

569. Mix equal parts of common salt, carbonate of lime
(chalk), and sand together. The first is soluble in water,
the second is insoluble in water, but soluble in hydro-
chloriec acid ; the last is insoluble both in water and acids,
Take a few grains of the mixture, and separate the three
substances from each other by dissolving out the salt by
means of water,—then the chalk, by means of dilute hydro-
chloric acid, so that finally no other substance but the
sand remains undissolved.

501. When a saturated solution of a substance, which
i8 more soluble in a hot than a cold liquid, is made at the
boiling point, the proportion which has been dissolved by
reason of the temperature, separates from the solution
when it becomes cold. ¢ Thus, if 151 parts of sulphate of
magnesia be dissolved in 100 parts of boiling water, an:l
allowed to cool to 60° a quantity of the salt in a crystal-
line form will be obtained, weighing 86 parts, for at 60°
the 100 of water can only dissolve 65 parts of the salt,
and the difference between that and the 151, which had
been dissolved by the boiling water, must separate from
the solution in the solid state. If the body be, like com-
mon salt, equally soluble in water at all temperatures, the

8
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above process cannof be applied, and a quantity of the
liquid must be evaporated,” an operation now to be
explained.

502. EvaroratioN. This process is used for the pur-
pose of separating volatile fluids from less volatile or from
solid bodies, the former passing off in the form of vapour
into the atmosphere, whilst the latter, that is, the less or
non-volatile matter, remains behind.

503. The passage from the lignid condition to a state
of vapour occurs at all temperatures, but of course the
higher the temperature the quicker the evaporation.
When a liquid evaporates at common temperatures, it is
said to undergo spontaneous evaporation. If the evapo-
ration be conducted slowly, the solid matrer will fre-

uently, on being deposited, assume a erystalline form.
The operation is then termed crystallization.

504. Evaporation is frequently performed for the pur-
pose of obtaining a more concentrated solution of the dis-
solved body ; this is effected by volatilizing a portion of
the solvent. Thus, if we had a weak solution of sulphate
of magnesia, and we required it in a more concentrated
state, we should evaporate so much of the water as would
render the solution of the necessary degree of concen-
tration. :

505. Evaporation is also had recourse to for the purpose
of obtaining a solid back from its solution ; this is effected
of course by vaporizing the solvent. Thus, if we desired
to obtain chloride of sodium from a solution of this salt
in water, we should evaporate the water, and thus obtain
the salt in the solid state.

506. We can frequently separate two or more solid
bodies from one another, by taking advantage of the dif-
ferent degrees of solubility which different substances
possess. Ex.—Commercial nitrate of potash (saltpetre)
always contains variable quantities of chloride of potas-
sium and chloride of sodium, and from these substances 1t
must be entirely free when used in the manufacture of
gunpowder. Now 100 parts of water at 70° F. dissolves
the same quantity (35 parts) of each of these salts; but
100 parts of water at 212° F. dissolves 240 parts of nitrate
of potash, 35 parts of chloride of sodium, and 55 of
chloride of potassium. Suppose we had some saltpetre
containing, {gr every 240 parts of that salt, 30 parts of
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chloride of sodium, and the like quantity of chloride of
potassium ; if we were to dissolve it in the proportion of
300 parts of the salt to 100 of boiling water, aud let this
solution become cold, about 200 parts of the nitrate of
otash would crystallize out, whilst the whole amount of
the other two salts would remain in solution. These 200
parts of nitrate of potash would be perfectly pure, with
the exception of the small quantity of mother liquor, *
with which they would be moistened ; to free the crystals
from this contamination they may be washed with a small
quantity of eold water, or better, with a saturated solution
of pure nitrate of potash.+ If the mother liquor, which
would contain nearly equal quantities of each of the three
salts, were evaporated at 212° 84 parts of water out of
every 100 could be evaporated, without any of the nitrate
of potash being deposited, whereas the expulsion of so
much water would cause 25 parts of t.:hlﬂrifﬂz of sodium,
and 22 of chloride of potassium, to separate. If the clear
solution (that is, free from the chlorides which have erys-
tallized out), when it has reached this degree of concentra-
tion, were drawn ofl into another vessel and allowed to
cool, a further crop of erystals of nitrate of potash, nearly
pure, would be obtained ; they might easily be rendered
perfectly pure by washing them in the way just stated.

EXERCISES.

570. Allow the boiling saturated solutions obtained in
Ex. 564, 565, to become cold ; as these solutions cool, the
salt they contain will begin to crystallize out, and when
the solutions have become guite cold, all the salt dissolved
by warming the solution will in both cases erystallize out.

571. Evaporate the solution of nitrate of copper ob-
tained in Expt. 73 until the solution reaches the crystal-
lizing point, then place it aside to cool ; when it has ceased
to deposit erystals, pour the liquor from them, and then
dry them between blotting paper, and afterwards place
them in a bottle. Evaporate the solution again, and so
obtain a further crop of erystals. To ascertain when a
solution has reached the crystallizing point, that is to say,

* The liquor from which the crystals have separated.
+ After water has been saturated with one substance, although it cannot
dissolve a further quantity of that one, it can still dissolve other substances.
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when a hot solution has reached such a degree of concen-
tration that it will deposit erystals when cold, transfer a
drop of it by a rod upon a cold glass plate, and observe
whether 1t deposits erystals as it cools; if it does, then
the evaporation must be discontinued, but if not, it must
go on until such a result is obtained.

572. * Let equal parts of nitrate of potash and sulphate
of soda be mixed and dissolved in five parts of water, and
the solution divided between two similar dishes; on a
crystal of nitrate of potash being laid in one dish, and a
crystal of sulphate of soda being laid in the other, a crys-
tallization of pure nitrate of potash will occur in the
former, w hilst nothing but sulphate of soda will erystallize
in the latter dish.” A little erystal of the same kind of
salt which 1t 1s intended to erystallize, is often introduced
into the solution about to erystallize, in order to serve as
a nucleus round which the new crystals may gather ; and
in a solution containing many salts, the nature of the salt
which shall erystallize may be determined by the nature
of the little erystal introduced.

507. PreciriratioNn.—It is frequently necessary to
remove a constituent ; it may be either the metal or metal-
loid of some binary compound, or the acid or base of some
ternary one, from the liquid in which the compound is
dissolved. This is effected by making it a constituent of
some new compound which is insoluble in the liquid in
which the original compound was dissolved. This opera-
tion, which is called precipitation, is owing, therefore, to
the formation of a new substance, which 18 insoluble in
the liquid in which its elements were dissolved, and which
falls or is precipitated to the bottom in the solid state,
owing to the solid being specifically heavier than the
liquid. Occasionally, however, it is lighter, and floats
upon the surface. In both cases the insoluble substance
is called the precipitate, and the substance producing the
precipitation 1s termed the precipitant. :

508. Precipitates are classified, according to their ap-
pearances, into crystalline, pulverulent, flocculent, curdy,
and gelatinous. The terms furbid and turbidity are
applied when the precipitate is so small that it cannot be
distinguished, except by impairing the transparency of the
fluid.

S s



FILTRATION AND DECANTATION. 261

509. Precipitation is an operation which is constantly

ractised in the preparation of substances in the manu-
Paetur}' as well as in the laboratory. We also resort to it
in the laboratory, for the purpose of detecting and sepa-
rating substances from one another. Thus, if we had a
solution which might contain some compound of baryta
and lime,—to ascertain whether baryta was present, and
if it was, to separate it from the solution, before ascer-
taining whether lime was likewise present, we might add
a soluble chromate,—if baryta was present, the chromie
acid would ecombine with it, and as c%mmate of baryta is
insoluble in water, it would precipitate, whilst chromate
of lime, being soluble, would remain in solution. If we
were now to add to the clear filtered solution some soluble
oxalate—oxalate of lime, being insoluble in water, would
precipitate. If the chromate produced no precipitate,
there could be no baryta; if the oxalate produced no pre-
cipitate, after having separated the baryta, if present,
lime must be absent.

510. The separation of precipitates from the liquid is,
with a few exceptions, much assisted by the application of
heat and agitation. The operation is conducted in test-

 tubes, if used as an analytical process: at the lecture
- table it must be performed in Florence flasks, if heat has
' to be applied ; if not, in vessels of the description illus-

trated in Fig. 32,

Fig 32.

511. FivtraTioN AND DEcANTATION.—These terms are
applied to a modification of the same operation, viz., the
mechanical separation of fluids from solid matter mixed
with them.

512. In filtration, the separation of the fluid from the
solid matter is accomplished by passing it through filtering
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paper (white blotting paper) of a proper size and shape,
supported in a funnel. The pores of the paper permit the
fluid to pass through, whilst the solid matter, being pre-
vented, remains behind.

513. “To prepare a filter, take a small piece of filtering
paper, and ﬂHd it twice from side to side, then round off
with scissors the projecting corners, so that the paper
may fall wholly within the funnel (Fig 33). Moisten the
paper when placed within the funnel with water, and then
carefully pour in the liquid to be filtered.” The funnel

18 supported in one of the rings of the retort stand
(Fig. 34).

5" A
Fig. 33. Fig. 34,

514. The liquid which passes through the filter is
called the filtrate. When the solid particles are very
heavy, the supernatant liquid can be perfectly separated
without passing it through a filter, by simply inclining the
vessel, so as to allow the fluid to pass away unattended
by the precipitate,—this is called decantation ; or the fluid
may be removed by a syphon.*

515. The following chemicals and apparatus are required
for the illustration of this work :—

CHEMICALS.
2 1bs. Common sulphuric | 11b. Commercial ammonia
acid 1 1b. Solution of caustic
2 1bs. ,, hydrochloric acid soda .
11b. ,, nitrie acid 4 oz. Nitrate of ammonia

* (Chapter vi, must be studied next.



4 oz. Carbonate of ammonia
2 0z.Chloride of ammonium
4 oz. Sulphude of ammo-
nium
1 oz. Oxalate of ammonia
% dram Potassium
4 oz. Todide of potassium
3 1b. Chlorate of potash
2 oz. Carbonate of potash
% oz. Permanganate of pot-
ash
2 oz. Nitrate potash
2 oz. Bichromate of potash
1 oz. Chromate of potash
3 dram Sodium
4 oz. Carbonate of soda
' 1 oz. Phosphate of soda
1 oz. Hyposulphite of soda
4 oz. Sulphate of soda
1 oz. Biborate of soda
2 oz. Chloride of barium
1 oz. Nitrave of baryta
1 oz. Carbonate of baryta
+ 0z. Peroxide of barium
1 Ib. Marble
1 oz. Phosphuret of caleium
4 oz. Sulphate of magnesia
4 0z. Alum
1 oz. Sesquichloride of
chromium
Iron wire
4 0z. Sulphide of iron
4 oz. Sulphate of iron
Zine turnings
2 oz. Sulphate of zine

APPARATUS, 263

Copper turnings

Copper leaf

Copper wire

4 oz. Sulphate of copper

1 1b. Peroxideof manganese

% 0z.Chloride of manganese

3 1b. Bleaching powder

Tin-foil

Metallic antimony

— lead

4 oz. Red lead

4 oz. Nitrate of lead

1 0z. Vermillion

1 oz. Mercury

1 oz. Chloride of mereury

1 oz. Red oxide of mercury

1 oz. Nitrate of mercury

1 oz. Subnitrate of mercury

1 oz. Nitrate of silver

1 oz. Oxalic acid

4 oz. Acetic acid

2 oz. Absolute aleohol

1 oz. lodine

3 oz. Phosphorus

1 oz. Camphor

Charcoal

1 oz. Bisulphide of carbon

Roll Sulphur

Flowers of sulphur

1 oz. Ultramarine (artifi-
cial)

1 oz. Solution of indigo

Litmus paper

4 oz. Ether

APPARATUS,.

4 oz. Graduated measure

8 0z. Mortar and pestle

Glass spirit lamp and
cotton wick

Gas lamp (Fig. 3)

Retort stand

Two pint glass funnels

Two 4 oz. ditto ditte

Filtering paper

(Hass tubing and rod

One pint and half pint
evaporating dish
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1 doz. Precipitating vessels

4 doz. Florence flasks

Pneumatic trough

Gas-holder

Bladder, withstop-cock, &e.

Three gas-jars

Deflagrating spoon

Doberiner’s lamp

Corks (assorted)

Two pint beakers

Two 1-quart wide-mouthed
stoppered bottles

Three pintnarrow-mouthed
stoppered bottles

One Woulfe’s hottle

Funnel tube

Four hard glass test-tubes

Vuleanized caoutchoue tube

One pint glass retort

Two 4 0z. hard glass retorts

Wide glass tube for holding
over a jet of hydrogen

SPECIAL PROPERTIES OF METALLOIDS.

| Balloon (goldbeater’s skin)

Ure’s eudiometer

Davy’s safety lamp

Piece of fine wire gauze

Mouth blow-pipe

Specifiec gravity bottle
(1000 grs.)

Common balance and
weights for taking spe-
cific gravities

Smee’s battery, for decom-

osing water

Faraday’s b tube, for de-
composing salts

Apparatus for decomposing
water, and collecting the
gases separately

Two round files

One three-cornered ditto

1 doz. Tesi-tubes and stand

Gas diffusion tube

| 2 Collodion balloons

CHAPTER XXII.

SPECIAL PROFERTIES OF THE METALLOIDS AND OF THEIR
MOST IMPORTANT COMFOUNDS.

OXYGEN.
Symbol, O ; Equivalent, 8; Specific gravity, 1'1057.

516. Hisrory.—Discovered by Priestly

in 1774, and

by Scheele a year or two after, without previous know-

ledge of Priestly’s discovery; it was termed by Priestly

dephlogisticated air, by others wital air, and pure air.
Pravysicar ProrPeERTIES.—A non-condensible, colourless,

inodorous and tasteless gas.

It forms a larger proportion of the material world than

any other element; it 18 su
a third of the total weight

pFased to constitute at least
0

the mineral erust of the

globe ; it forms 89 per cent. of all the water, and 23 per

cent. of the atmosphere.
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CrEMICAL PROPERTIES.—It has a very wide range of
affinity—it has been combined with every known element
but fluorine, and from analogy, we may conclude that
it would combine with this latter element if they were
brought together under proper conditions. All substances
which burn in common air, burn with increased splendour
in an atmosphere of pure oxygen; but some substances
which burn vividly in an atmosphere of pure oxygen,
cannot burn in atmospheric air, because the nitrogen in
the air absorbs so much of the heat generated as to reduce
the temperature below that required for the combination.

The element which most frequently develops light and
heat in combining with others, is oxygen ; and the act of
1ts combination with other bodies is pre-eminently deno-
minated combustion. It is essential to the support of
animal life. It is only slightly soluble in water, which
takes up about 3 of its bulk.

PrEPARATION.—First method.—Oxygen is most con-
veniently prepared from chlorate of potash (K O, Cl10O,).
For this purpose, powdered chlorate of potash is inti-
mately mixed with one-fifth its weight of peroxide of man-
ganese (Mn O,), and then introduced into a Florence
flask, or large test-tube, with a bent tube, as shown in Figs.
23 and 24. The flask, or test-tube, may be heated by a
spirit lamp,—at first moderately, as the gas, on the first
application of heat, comes off very abundantly and rapidly;
it (the heat) is gradually increased as the evolution of gas
decreases : the gas may be collected over water in the
pneumatic trough. The peroxide of manganese under-
goes no chemical change, but it causes the complete de-
composition of the chlorate of potash to be effected at
a much lower temperature than would be the case if the
chlorate were heated by itself. The following is the
decomposition expressed in symbols :—

KO, Clo, = K€l460.

Second Method.—Decompose the black oxide (peroxide)

of manganese (Mn O,) at a red heat ; the following change

takes place :—
3Mﬂ DHZMn304+2D.

Third Method.—Decompose by heat the red oxide of
mercury (Hg O); the following decomposition takes place:

Hg O = Hg + O.
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OzoNe.—Under the influence of electricity, oxygen

acquires new properties, and bears then the name of ozone.

In this new state *‘it possesses comsiderable bleachin
powers, acts rapidly as a powerful oxidizing agent, an
corrodes organic matters, such as the cork or ecaoutchoue
used in connecting the different parts of the apparatus
together. Fragments of iron, of copper, and even of silver,
when moistened, rapidly absorb ozeone and become con-
verted on their surface into oxides ; silver even becomes
a peroxide, though this metal is wholly unchanged by
ordinary oxygen.”

A mixture of iodide of potassium and starch furnishes
the readiest and most delicate method of detecting ozone.
A slip of paper moistened with stareh and iodide of potas-
sium, and inserted into a vessel containing the smallest
admixture of ozone, becomes blue from the action of the
liberated iodine upon starch ; blue iodide of starch, which
is so characteristic of iodine, being formed.

“QOzone may be obtained without the aid of electricity.
If a stick of clean phosphorus, moistened with a few drops
of water, be placed in a bottle of atmospherie air, the slow
oxidation of the phosphorus is attended with the produe.
tion of ozone : in an hour or two this attains its maximum.”

HYDROGEN.
Symbol, H ; Equivalent, 1; Specific gravity, 0-0692.

517. History.—First correctly deseribed in 1766 by
Cavendish under the name of i flammable air.

Puysicar ProrERTIES.—A non-condensible, eolourless,
inodorous, and tasteless gas. It is the lightest body in
nature.

It occurs in nature only in combination; it is one of
the constituents of water.

Cuemicar Prorerties.—It has a very great affinity
for oxygen ; the most intense heat which can be obtained
by artificial means is produced by the combustion of these
two gases ; water is the compound C{Jrﬂdueed by their union.
Hydrogen does not combine directly with mnitrogen.
Tallow, wax, oil, coal-gas, and all compound substances
which are burned either for heat or illumination, consist
essentially of hydrogen and carbon. A mixture of hydro-
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gen and oxygen or air is dangerously explosive on being
inflamed.

PrEPARATION.— First method.—Decompose water in the
cold by zine or iron, in the presence of sulphuric acid,

thus : —
/n+HO,80,=7n0, SO,+ H.

The best apparatus for the purpose of preparing by this
method is a Woulfe’s bottle (Fig. 20). Clippings of the
metal being introduced into the bottle, suflicient dilute
acid 1s poured in through the funnel tube until the metal
18 covered to the depth of an inch or so with it; at all
events, enough acid should be added to produce a brisk
but not violent effervescence, and as the end of the funnel
tube is covered with liquid, the gas evolved can only
escape through the other tube. The gas must not be
collected until the whole of the air in the different parts
of the apparatus has been expelled, as a mixture of this
gas and air or oxygen is dangerously explosive. To guard
against this, as much of the newly-formed hydrogen ought
to be allowed to escape uncollected, as would {ill the gas
apparatus two or three times; after this, it may be
collected with perfect safety. When the gas beuvins to be
slowly evolved, the addition of a little more acid through
the funnel tube causes it to be evoived again as briskly as
at the first.

Hydrochloric acid can be employed in place of the
sulphuric acid; in this case the acid, and not the water,
furnishes the hydrogen.

Second method.—Decompose a current of steam by iron
heated to redness, thus :—

4HO +3Fe=Te, 0, + 4.

e

WATER.

Symbol (H O) ; Equivalent, 9 ; Specifie gravity as vapour,
0622 ; as liqued, 1:000,
518. PrysicaL ProPERTIES.—A liquid body at the ordi-
nary temperature; solidifies at 32° F.; boils at 212° K.
under the ordinary pressure. "When free from admixture,
water is a clear, colourless, transparent liquid, destitute of
taste or smell.



268 NITROGEN, OR AZOTE.

Composition.—100 parts of water contain—

Hgdrogen . i e 11-11
U450 Lo IREPORTRNR PR T 88-89
10000

Or in volume—
1 volume of oxygen............... 1:1056
2 = hydrogen ......... 01384
2 T WALEE ..covivevonnans 12440

Sy~THESIS OF WATER.—First method.—Combustion of
hydrogen in air or oxygen gas. Second method.—Ix-
plosion of a mixture of hydrogen and oxygen by electricity
in the eudiometer. (Ex. 250.)

Axarysis oF WATER.— First method.—Decomposition
of water by voltaic electricity (par. 254, page 170). Second
method.—Decomposition of the vapour of water by iron
heated to redness.

NITROGEN, OR AZOTE.

Symbol, N ; Equivalent, 14; Specific gravity, 0°9713.

519. History.—First noticed by Rutherford in 1772.
Discovered to be a constituent of the atmosphere by
Lavoisier in 1775, and by Scheele about the same time.

Prysicar ProrERTIES. — It is a non-condensible, eolour-
less, inodorous, and tasteless gas.

CreMicat PropeErTIES.—It is incapable of supporting
the combustion of burning bodies, and the respiration of
animals. It does not, in fact, possess any of the marked
characters of the other elements, but is chiefly distinguished
by the absence of all active properties. It cannot (except
with very great difficulty) be made to unite directly with
any element; but requires for its combination that one
or both the elements should be in the nascent state.
It occurs principally in the atmosphere, forming about
77 per cent. hy weight of the whole mass. Water dissolves
not more than Jth of its bulk of this gas at ordinary
temperatures.

PrEPARATION.— First method.— By inverting a glass jar
in water and burning phosphorus in the confined air con-
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tained in the jar. The phus];hm*us and oxygen combine
together, and produce phosphoric acid (P O;). which 1s
dissolved by the water, whilst the nitrogen remains behind
almost pure. Second method.—Make to pass a current
of air over copper scales heated to redness; the oxygen
combines with the ecopper, forming oxide of copper (Cu O),
and the nitrogen 1s cnﬁected.

ATMOSPHERIC AIKR.

520. Prvsical PropPERTIES.—Its pressure is equal to
15 Ibs. on the square inch; it is capable of supporting a
column of water 34 feet high, and one of mercury 30
inches. 100 cubic inches of dry air weigh, at 60° F. and
30 inches barometer, 30°935 grs.

Cueumican ProrerTiEs.—The air is a mixture of oxygen
and nitrogen ; it also contains minute quantities of earbonic
acid, watery vapour, nitric acid, and ammonia. That the
nitrogen and oxygen in the air are not chemically united,
but only mixed, is demonstrated—I1st. The most convineing
proof that the air is a mixture of these gases, i3 in the
manner in which air behaves with water. If the air were
a compound, the oxygen and nitrogen would be dissolved
by the water in the same proportion as they exist in air—
which 1s not the case. If on the contrary, air is only a
simple mixture of these two gases, and as they are not
equally soluble in water, the composition of the dissolved
gases 1n the water will be different from that of the air—
which is the case. 2nd. Nitrie oxide (N O.) cannot take
oxygen if in a state of combination, but 1t can take oxygen
from the air (par. 66, page 37). 3rd. If oxygen and
nitrogen are mixed in the proportion constituting the
air, we obtain a gaseous mixture absolutely identical with
our atmosphere.

Anarysis oF Air.—Introduce into a endiometer placed
over mercury a certain volume of air, which is carefull
measured ; then introduce a ball of phosphorus attached
to a platinum wire into the air. When the gas ceases to
diminish in bulk, remove the phosphorus, and carefully
read the volume. The diminution in bulk caused by the
phosphorus is the quantity of oxygen, and the gas which
remains 18 the nitrogen.



270 COMFOUXDS OF NITROGEN AND OXYGEN.

Atmospherie air contains, on an average,
In volume: 100 of air =209 of oxygen and 79-1 of nitrogen.
Inweight: 100 ,, =231 ,, PR i

It contains in 100 parts by volume 0°04 of earbonie
acid ; 1'4 of watery vapour, and traces of nitrie acid and
ammonia.

COMPOUNDS OF NITROGEN AND OXYGEN.

521. We are acquainted with five definite combinations
of nitrogen :a,_nd oxygen, to which the following formulse

have been assigned :—
Composed by weight of
=

1. Protoxide of nitrogen ......... NO 14N + 80
2. Deutoxide of nitrogen......... NO,14 N 4+ 16 O
3. Nit't'm.lﬁ ﬂﬁid ..................... NO:; 14 N + 24 0
4. Peroxide of nitrogen ........ . NO,14N 4+ 320
B NI HeR ., L e e NO,14N + 40 O

522. Nitric Acip; Aqua Fortis (H O, N Oy).—This,
which is the highest oxide of nitrogen known to exist, is
the most important. It oceurs in small quantities in the
atmosphere ; but it is found most abundantly in combina-
tion with potash or soda in the form of an efflorescence on
the soil, especially in tropical elimates, as in some parts
of India and Peru. The compound formed with potash
constitutes the nitre or saltpetre of commerce.

Prysicat ProprertiEs.—The anhydride (N O,) 1s a
white erystalline solid, which melts at 86° F., and boils
at 112. The hydrate (H O, N O,) 1s a colourless fuming
liquid, which acquires a yellow colour in time. It freezes
about 40° F, and boils at 184° F. Its sp. gr. is 1'52.

CrEmicAL PropErTIES.—It i8 very easily decomposed.
If passed through a red-hot poreelain tube, it is resolved
into oxygen anf nitrogen. All oxidizable bodies deprive
it of oxygen, reducing it to peroxide of nitrogen, nitrous
acid, or deutoxide of nitrogen ; and even, in some cases,
removing all the oxygen and leaving only nitrogen.
It is therefore a powerful oxidizing agent, and is much
used for oxidizing and dissolving metals. It turns all
animal matter, containing albumen, of a bright yellow
ecolour. -

Every 100 parts of N O, by weight contain 23:93 by
weight of nitrogen, and 7407 of oxygen; or in volume,—

S
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1 volume of nitrogen, which weighs...... 09713
S i (OXTEeR |y, AN 27640

37353

The volume of gaseous acid produced is unknown, because
this acid has not yet been obfained isolated.

PrEPARATION of the liquid acid. Decompose by heat,
nitrate of soda or nitrate of potash by sulphuric acid,
thus :—

NaO,NO;, +2(HO,80,)=HO,NO, +
: (NaO, SO, + H'O, 5 Oy)

523. Perox1pE oF NITROGEN ; Nitrous Acid; Hypo-
nitrie Acid (N O,).

Prysicat PropERTIES.—This body freezes at 40° F.,
and boils at 82° F. In the liquid state it is colourless at
0° F., becomes yellow at 14° F., and at ordinary tempera-
tures is red. Its sp. gr. is 1"451.

CreEMIcAL PrROPERTIES.—In contact with water it is
destroyed, giving rise to nitric acid and deutoxide of
nitrogen, thus : —

3SNO,=2NO, + NO,.

Every 100 parts by weight contain 3043 parts by
weight of nitrogen, and 69°57 of oxygen ; or in volume,—

%+ volume of nitrogen .............c.coceenne. 04856
i i n T ) e SIS e 1:1056

2 [Si »» peroxide of nitrogen ......... 15912

The red fumes which appear in mixing the deutoxide
with air consist mainly of this compound.

PrEPsrRATION.—Obtained by distilling dry nitrate of
lead, thus :—

PbO,NO;=PbO + O + NO..

524. Nitrous Acip; Hyponitrous Acid (N O,;).—In 1ts
uncombined form it is decomposed very readily. At a
temperature of 0° F. it condenses to a blue very volatile
liquid ; it is immediately decomposed by water, like the
peroxide, and into the same eompounds. KEvery 100 parts
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by weight contain 36-84 parts by weight of nitrogen,
and 63°16 of oxygen; or in volume,—

1 volume of nitrogen ......... SR PO s T < L
15 52 o OXYEBN.:.cecmiininisugant ol o 16584
26297

The volume of nitrous acid in the gaseous state is not
known.

PrEPARATION.—Best obtained by heating 1 part of
starch in 8 parts of nitric acid. Sp. gr., 1-25.

525. DEvroxipk orF Ni1TRoGEN ; Binoxide of Nitrogen ;
Nitric Oxide; Nitrous Gas (N O,).

Prysicar Propurries.—A transparent colourless gas.
Its sp. gr. is 1-039.

CuEmicar Prorerries.—It is an indifferent body. It
is insoluble in water. When brought in contact with
oxygen, in its free state, it combines with it, forming red
fumes (N O,). Bodies will not burn in if, except at very
high temperatures. Every 100 parts by weight contain
46'66 parts by weight of nitrogen, and 53-34 of oxygen ;
or 1n volume,—

E volome of nitrogen = .. ... e 0486
- gk 5 DEVEOH ,.linin . Bl Erteara 0552
| A ,»» deutoxide of nitrogen ......... 1:038

526. Proroxipe oF N1TROGEN ; Nitrous Oxide ; Laugh-

ing Guas.

l?PHYSICAL ProrErTIES.—A colourless, inodorous gas,
of a slightly sweetish taste. Under a pressure of fifty
atmospheres, at 45° F. it 1s reduced to aliquid, which may
be frozen into a transparent solid about 150° F. Its
density is 1'527.

CrEMicaL ProrperTiEs.—It is an indifferent body.
Some combustible bodies, as phosphorus, if introduced
into an atmosphere of this gas, decompose and combine
with its oxygen. Itissoluble in water. When breathed,
it possesses 1ntoxicating effects ; but different individuals
are affected in different degrees, and in various ways,
according to the temperament of each. Every 100 parts
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by weight contain 63'77 parts by weight of nitrogen,
and 3623 of oxygen; or in volume,—

] volnme of NIEPOZEIL  .....cecccsmsisisssanns 0972
T S SRR R 0552
| R ,» protoxide of nitrogen ......... 1524

| PreparaTIiON.—Decompose by heat nitrate of ammo-
' nia (N H,O, N O,), thus :—

NHO,NO,=2NO+4HO.

COMBINATIONS OF NITROGEN WITH HYDROGEN.

527. Ammonia. Volatile Alkali. Hartshorn (N H,).
Equivalent, 17.

Prvysicar ProperTIES.—A colourless gas, of a very
pungent and peculiar smell and taste. It is liquefied by

" a pressure of about 6} atmospheres ; it is also liquefied by

. exposure to a cold of 40° F., and by a cold of 103° F. 1t 18

 frozen to a white translucent crystalline solid. Its density
is 0°597.

CrEMIcAL ProPErTIES.—It is a strong base. It is
very soluble in water; the aqueous solution is called
aqua, or liquor, ammonia. A red heat decomposes it. It
burns with difficulty in oxygen, and with great difficulty
in air. It does not support respiration; it 1s even delete-
rious. If it is brought in contact with any volatile acid,
as hydrochlorie, dense white clouds are formed, which are
the solid salt; by this property, and its smell, it is easily
distinguished. ]g_.ver]r 100 parts by weight contain 17-61
parts by weight of hydrogen, and 82:39 of nitrogen; or
by volume,—

1} volumes of hydrogen.......c.ceerennnnns 0-1038
N S T 0-4856
1 " TS (1], e e A 05849

PrEPaRATION.—When organic substances, containing
nitrogen, decay and putrefy, or when they are submitted
to destructive distillation, earbonate of ammonia (N H,O,

T
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C O,) is produced ; this salt is converted into sulphate or
muriate ; and by heating these salts with lime, the ammo-
nia is liberated and collected in water, which forms the
liquid ammonia of commerce.

NH,Cl4+ CaO=CaCl+ HO + N H..

It is considered that there are two other compounds of
nitrogen and hydrogen—amidogen (N H,) and ammonium
(N H,)—but they have not yet been isolated.

CHLORINE.

Symbol, Cl ; Equivalent, 35'5; Specific gravity, 2-47.

528. Hlﬂ'rmr&' —Discovered by Scheele in 1774; he
named it dephlogisticated marine air.

Prysican Properties.—It is a gas of a transparent
greenish-yellow colour, possessing a powerful suffocating
odour; if respired pure, it causes instant death. It is
liquefied under a pressure of 4 atmospheres at 60° F.,
which remains unfrozen even at 220° F. It is much heavier
than the air, as shown by its sp. gr

CaeMIicar. ProrrrrtieEs.—It does not exist naturally
uncombined, its prineipal natural compound is ecommon
kitchen salt (NaCl). It is soluble in I]jla,lf' its weight of
cold water,—it cannot, therefore, be collected over cold
water ; and as it readily aects upon mereury, it cannot be
collected over that metal: it must either be collected over
hot water, in which it is less soluble, or by displacement.
1t supports the combustion of many substances; some of
them take fire spontaneously in if, as antimony, phos-
phorus, &e. The affinity of chlorine for the metals 1s very
E‘vaerf’ul it is frequently stronger than that of oxygen.

he distinguishing property of chlorine is its affinity for
hydrogen. A mixture of chlorine and hydrogen detonate
if exposed to the direct rays of the sun; they combine
without detonation if exposed to diffuse daylight. Moist

chlorine possesses the property of destroying or bleaching
most vegetable colours; it also destroys feetid or noxious
effluvia, and is, on that account, much emplc-jred as a
disinfectant, in checking the spread of contagions disease.
The chlorine acts as a bleaching and disinfectant agent,
by removing the hydrogen of the colouring or fetid body.

PrEPARATION.—From its great prautmﬁ importance to

B i, -
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the bleacher and dyer, it is prepared on an enormous

scale by heating peroxide of manganese (Mn O,) with
hydrochlorie acid (H Cl), thus :—

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

The operation is conducted in the laboratory in the
following way :—One part of finely-powdered peroxide
of manganese is placed in a capacious flask, and four parts
of hydrochloric acid added ; the flask is fitt-d with a tube,
bent at right angles,—the shorter limb i1s fitted into the
neck of the bottle by means of a perforated cork, and a
longer one is conducted to the bottom of a dry wide-
mouthed stoppered hottle. The flask is gently warmed,
and as soon as the gas begins to be evolved. the heat is
removed until it commences to be slowly evolved, when it
is again applied. The gas, being much heavier than air,
collects in the bottle by displacing the air ; as soon as the
bottle is filled, which is easily seen, it is removed, and
another substituted ; the full bottle is immediately stop-
pered, the stopper being first well greased.

COMBINATIONS OF CHLORINE WITH OXYGEN.

| 529. These combinations are very numerous, five of
| them being well ascertained, and others more complex
. exist, which may be regarded as resulting from the union
of the former with each other.

The five most important compounds are—

I Hymoehlamons Acid | ......... .o ioisisnes ClO
LE R R s S EAR S O Ci O,
e EiennrEhlome Weld . oo ibeasrssmissis aa L0,
V] B YT i T s ol et S oI Ci O,
B Perehlorie el ol i i s i Cl O,

530. Hyrocavorous Acip (C10). Prysican ProPER-
TiES.—Is a gas of a strong yellow colour, and a peculiar
penetrating smell. 1ts density is 2:977.

CuEMIcAL ProOPERTIES.—It is very easily decomposed
by substances which have anaffinity for chlorine or oxygen :
it therefore bleaches powerfully ; it is even decomposed
by a gentle heat. Water absorbs 100 times its volume of
this gas, and acquires a pale yellow colour. It contains
in every 100 parts by weight, 81-61 of chlorine and 1839
of oxygen; or in volume,—
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1 yolume of chlorine.... ... ;. St s 2440
£ (58 1oy OXFERIL G ass wadibanss et 552
1 . s ey hypochlorous aelda st s ons 2:992

PrEPARATION.—DPassing perfectly dry chlorine over
oxide of mercury.

Hz O + 2Cl= Hg Cl + CLO.

Brracuineg Comprounps.—If the base over which the
chlorine is passed is a powerful one, like the alkalies or
alkaline earths. the gas is absorbed,and peculiar compounds,
possessed of bleaching properties, are produced. It isin
this way that the bleaching compounds so extensively
used in the arts under the names of chloride of lime,
chloride of potash, &e., are produced ; of these bleaching
compounds the chloride of lime is most important. There
are different views as regards the constitution of these
bleaching compounds; some chemists regard them as
simply a combination of chlorine with the base (Ex.—
Ca O Cl); others regard them as a double compound of
a chloride and hypochlorite (Ex.—CaCl 4 CaO, C10).
All the chlorine 18 set free from these compounds on the
addition of an acid in excess, thus:—

CaOCl+HOSO0;,=Ca080,+ HO + ClL

531. Crrorovus, HYPoCHLORIC, AND PERCHLORIC ACIDS

are unimportant, we shall therefore pass them over without
further notice.

532. Curoric Acio (HO,Cl10,). Prysican PropPEr-
TIEs.—It is a Jimpid liquid, having a faint chlorous smell,
and a powerful acid taste. It has never been obtained
in its anhydrous state.

Cuemicar Prorertres.—In diffused daylight, it gradu-
ally undergoes spontaneous decomposition. By a heat
of a little above 100° F. it is decomposed into oxygen gas,
chlorine and perchlorie acid (2 Cl1 0, = C1 O, + O; + Cl).
It i1s instantly decomposed by contact with organic matter,
and in its concentrated state it chars and even sets paper
on fire.

PreparaTION.—If chlorine be passed through a solus
tion of potash, it is absorbed, and the bleaching compound
(K O Cl) is formed, which on the application of heat is
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' decomposed into chloride of potassium (K Cl) and chlorate
| of potash, thus :—

6 KOCl=5KCl 4 KO, ClO,.

The chlorate, being more insoluble than the chloride,
can be separated from it by erystallization. In order to
obtain chloric acid, the chlorate of potash is decomposed
by the addition of hydro-fluo-siliciec acid (3 HF, 2 Si F,;),
which forms an insoluble compound with the potash, and
the chlorie acid is liberated.

COMBINATION OF CHLORINE WITH HYDROGEN. .

533. HyprocHLORIC Acip; Muriatie Acid (H Cl).
Equivalent, 36'5.—A concentrated solution of this acid
has been long known, under the names of spirit of salt,
and marine, or muriatie, acid.

PrysicaL PropPErTIES.—A colourless gas, of a pecu-
liar pungent odour and an intensely acid taste. Under a
pressure of 40 atmospheres at 50° F. it condenses to a
colourless liquid of sp. gr.1-27, which has never beenfrozen.
The sp. gr. of the acid in its gaseous state is 1'2474.

CrEMICcAL ProOPERTIES.—It is very soluble in water;
the ordinary liquid hydrochloric acid is merely a solution
of the gas in water; its solution reddens, but does not
bleach, vegetable blue colours. The acid forms with
basic bodies a class of salts called chlorides.

PrEpPArRATION OF THE Gastous Acip.—Heat gently
chloride sodium (Na Cl) with concentrated sulphurie acid,
thus : —

NaCl+ HO, SO,— Na0,SO, + HCl+ HO.

534. Nitro-MuriaTic Acip; Aqua Regia. — *“The
name of aqua regia was given by the alchemists to a
mixture of nitric with hydrochloric acid, from the power
that it possesses of dissolving gold, *the king of metals.’
Platinum and gold are insoluble in either acid separately ;
but when the two acids are mixed, they mutually decom-
F{JEE each other; free chlorine, and abundant ruddy fumes,

ong mistaken for peroxide of nitrogen, being hiberated.
The chlorine in the moment of its extraction acts upon
the metals and dissolves them.”—Miller.
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BROMINE.

Symbol, Br ; Equivalent, 80; Specific gravity'of the vapour,
5-34; of the liquid at 32° K., 3-187.

535. PrvysicanL PropErTIES.—This element exists at
ordinary temperatures as a deep brownish-red liquid.
It possesses a very pungent and peculiar smell—hence ils
name, which 1s derived from a Greek word, bromos,
signifying a disagreeable smell. It boils at 1455° F., and
when exposed to a cold of 9-5° F. it forms a red erystalline
solid. It is very volatile; it even volatilizes at common
temperatures, and has therefore to be kept under water
in stoppered bottles.

It 1s found in very minute quantities in sea water and
gome saline springs, in combination with the metals potas-
sium, sodium, and magnesium. Bromine and mereury
are the only elements which are liquid at ordinary tem-
peratures.

Cueymicar ProrerTiEs.—It resembles chlorine very
closely in all its chemical relations and properties; its
affinities are, however, less powerful, so that chlorine
always disengages bromine from its compounds. It
bleaches many vegetable colours. A candle will not burn
in its vapour. It is slightly soluble in water; it is very
soluble in alcohol, and still more so in ether. Bromine
combines directly with many of the metals, forming a
class of salts called bromides.

PrepraratioN.—Bromine is obtained by treating the
mother liquor of salt springs, which are rich in bro-
mides, with eblorine, after the sea salt has been erys-
tallized out. The liquid is then agitated with ether,
which dissolves out the bromine which has been set free.
The etherial solution is treated with an excess of potash,
which produces a mixture of bromate of potash (K O,
Br O;) and bromide of potassium, thus :—

6 KO+ 6Br=5KBr + KO, BrO;

This mixture is then dried and ignited, when all the
bromate is converted into bromide, on account of the ex-
pulsion of its oxygen by the heat. The bromide 1s then
mixed with rather more than half its weight of peroxide
of manganese (Mn O,), and then distilled along with its

e
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own weight of sulphuric acid ; the bromine is volatilized,
and 1s collected in a receiver containing water kept cool
by ice. The following is the reaction : —

K BrMn0) 49 (H0;80)=KO0, 80, + MnO,
SO;-I—EHO"I‘BI’.

COMBINATION OF BROMINE WITH OXYGEN.

536. Only one compound of bromine and oxygen is
known, viz., bromic acid (Br O;). Its properties are quite
analogous to those of chlorie acid.

COMEBINATION OF BROMINE WITH HYDROGEN.

537. Hyprosromic Acip (H Br).—It is a gas, trans-
parent and colourless, fuming strongly when mixed with
air, Its sp. gr. 18 2°73. It resembles hydrochloric acid
go closely in all its properties, that it is hardly to be
distinguished from it. Chlorine, however, decomposes it,
- setfing bromine free. It combines with bases, bromides
| and water being formed.

PrEPARATION. — It may be procured abundantly by
decomposing bromide of potassium with a concentrated
solution of phosphoric acid.

IODINE.
Symbol, 1 ; Equivalent, 126'8 ; Specific gravity of vapour,
87 16.

538. PrysicaL ProrerTiEs.—This element, at ordinary
temperatures, is a grayish black-coloured solid, possessing
a metallic lustre. 1t generally occurs in scales ; it melts
at 220° ¥., and is converted into vapour at 347° K. ; the
colour of its vapour is a magnificent purple. Its sp. gr.
in the solid state is 4-947.

It is found eombined with potassium, sodium, and mag-
nesium, in the ashes of most sea-plants; and it also exists,
in combination with these substances, in sea water.

CHeEMIcAL PrOPERTIES. — It resembles ehlorine and
bromine in its chemical properties and relations; its affini-
ties are, however, less powerful. It is slightly soluble in
water; it is very soluble in aleohol, ether, and solutions
of the iodides. Iis bleaching properties are very shght.
It ecombines directly with the metals, forming a class of
salts called iodides. The most delicate test for iodine in
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its uncombined state is starch ; the compound it produces
with this substance possesses a most intense blue eolour.

PrEraraTION.—It is extracted from kelp (the ash of
sea-weeds). The soluble salts of the ash are dissolved in
water, the carbonate of soda and other salts are erystallized
out ; the mother liquor is then treated with one-eighth of
its bulk of sulphuric acid, and allowed to stand twenty-
four hours; it is then introduced into a leaden still, and
heated to 140° F., a quantity of binoxide of manganese
(Mn O,) in powder is then added, and the temperature is
gradually raised to 212° F., but not higher; the iodine
distils over, and 1s condensed in the receiver. The follow-
ing is the reaction :—

NaI+MnO, + 2 (HO,S0,) = NaO, SO, + MnO,
50,42 HO & H
COMBINATIONS OF 10DINE WITH OXYGEN.

539. “Todine has a more powerful affinity for oxygen
than either chlorine or bromine. and forms with it two
well defined aeids, viz., the iodie aeid (I0O;), and the
periodic acid (I 0O;), besides some other oxides but imper-
teetly known.”

COMBINATION OF IODINE WITH HYDROGEN.

540. Hypriopic Acip (HI). Puysicar ProPERTIES.
—It is a gas, transparent and colourless, with a suffocating
smell. It fumes strongly in the air. Its sp. gr. is 4:385.

CueEmican ProreErTiES.—It i8 exactly similar to hydro-
chlorie and hydrobromie acids in its chemieal relations
and properties; it cannot easily be distinguished from
them, except that chlorine or bromine decomposes if, dis-
engaging the purple vapours of iodine. It is very soluble
in water. ‘With metallic oxides it forms water and a class
of salts called iodides.

PrEraratioN.—The gaseous acid is best obtained b
gently heating a mixture of one part of phosphorus an
sixteen of 1odine, stratified with moistened sand or pow-
dered glass, in a small tube. A solution of the aeid is
easily prepared by suspending iodine in water, and passing
sulphuretted II_YC%;'IJ}_{EIL through it until all the iodine 1s
combined with hydrogen, which 1s accomplished when the
brown colour has disappeared. The following is the

reaction :—
HS 4+1=HI+ S.
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FLUORINE.

Symbol, ¥ ; Equivalent, 19; Theoretical density, 1:31.

541. This element, owing to its powerful affinities, has
never yet been isolated, for as soon as it is seprated from
one substance, it instantly combines with another. Ves-
sels of fluor spar (CaF) are the only ones which have yet
been found capable of withstanding its action. It is
found in the mineral kingdom, principally combined with
caleium, as fluor or Derﬁpsllire spar. The bones of ani-
mals, especially the enamel of teeth, contain small quanti-
ties of fluoride of calcium.

Fluorine is the only element which has not been com-
bined with oxygen.

COMBINATION OF FLUORINE WITH HYDROGEN.

542. Hyprorrvoric Acip (HF). Pavsicar PropEr-
TiES.—This acid is a colourless gas, strongly acid and
corrosive ; a drop on the skin burns it like red-hot iron,
and causes a painful sore, not easily healed.

CrEMicAL ProPERTIES.—This acid is distinguished from
all others by dissolving insoluble silicic acid, and the sili-
cales, which are insoluble in other acids; on this account
it cannot be prepared or kept in glass vessels. The silicie
acid and the hydrofluoric acid are mutually decomposed,
fluoride of silicon (SiF,) and water being formed. With
metallic oxides it forms water and a class of salts called
fluorides. It is frequently employed to etch glass.

PreParRATION.—It i8 obtained by acting on fluoride of
calcium with sulphuric acid; it must be prepared in
metallic vessels.

SULPHUR.

Symbol, 8; Equivalent, 16 ; xgpec{ﬁﬂ gravity of vapour,
6:6117.

543. Puysicar ProperTizs.—Itis a pale yellow-coloured
solid, with a slight peculiar odour. It melts at 239° F. ;
in close vessels 1t may, by increasing the heat, be distilled.
its boiling point being about 824” F.; when heated to
between 450% and 500° F., in contact with the air it takes
fire, burning with a blue flame. < It ecrystallizes into
two distinet and irreconcileable forms: it 1s thus dimor-
phous ; and it occurs besides in an altogether amorphous
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state when heated to 500° F., and thrown into cold water.
These three states of sulphur are called different allo-
tropic modifications of that element.” In its elementary
state, 1t is met with in large quantities in volcanie districts.
It exists in combination with silver, lead, antimony, zine,
iron, &e., in considerable quantities,—the principal ores of
the first four being their sulphides, whilst iron forms with
sulphur the well-known mineral, iron pyrites (bisulphide
of iron, Fe S,). As sulphurie acid, it is met with in eom-
bination with baryta, lime, magnesia, and other metallic
oxides. It is also an important constituent of many
animal and vegetable substances. It occurs in commerce
in two states—roll sulphur, which has been melted and
run into moulds, and flowers of sulphur, which is a crys-
talline powder, formed by the sudden condensation of
sulphur vapour. There is also another form, called milk
of sulphur, or precipitated sulphur, which is employed
exclusively in medicine. It is a very light powder, nearly
white, and 1s prepared by decomposing an alkaline sul-
phide by an aeid.

CreEMicaL ProperTiEs.—It is insoluble in water, solu-
ble in alcohol, ether, oils, bisulphide of earbon, &e. The
aflinities of sulphur are powerful; it combines direetly
with carbon at a red heat, sulphide of carbon being pro-
duced. It combines indirectly with hydrogen. Its com-
bustion in air is due to its combination with oxygen,
sulphurous acid (S O,) being produced. Most metals,
when heated along with sulphur, combine with it, the
combination being accompanied with a development of
beat and light; sulphur, like oxygen, frequently forms
several compounds with the same metal, so that we may
have monosulphides, bisulphides, tersulphides, &c. Some
of the metallic sulphides possess basic properties, others
possess acid properties; the two combine together and
form sulphur salts.

COMBINATIONS OF SULPHUR WITH OXYGEN.

544.. Sulphur forms a great number of compounds with
oxygen. Scven of these are now well ascertained, and
they are all acid bodies, viz. :—

1. Hyposulphurous, or dithionous acid ............ 8,0,
2. Trisulpho-hyposulphurie, or pentathionic acid 8,0,
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3. Bisulpho-hyposulphurie, or tetrathionic acid...  8,0;
4. M{}nusulphﬂ-h};lpﬁsulphurie, or trithionic acid S; O
g g saen LT [ AR P S ! S O,
6. Hyposulphuric or dithionic acid .................. S, 0,
7. Sulphuric aeid (oil of vitriol) .......c..ccuevvennns HO,; 80,

545. SvrnpaUROUS AcID (S O.). PrysicAL PRoPERTIES.
—A colourless gas, which has a smell of burning sulphur.
It is liquefied by surrounding the vessel containing it
with a mixture of snow and salt; at 105° F. it freezes,
forming a transparent, colourless, crystallized solid. Its
8p. gr. 18 2:247.

CrEMIcAL ProPERTIES.—It 18 very soluble in water.
It is not decomposed by heat. It will not combine with
dry oxygen, therefore it will not burn in the air; it does
not support rcs&)iratiﬂn. Dissolved in water it becomes
slowly converted into sulphuric acid ; it is also converted
into this body by chromic acid and other oxidizing bodies,
and also in the presence of porous substances. It possesses
weak acid properties. It combines with the bases, forming
a class of salts called sulphites. It possesses considerable
bleaching properties, and is much used for bleaching straw
and wool.

PREPARATION.— First method.—DBurn sulphur in the
air or oxygen gas. Second method.—Heat copper or
mercury with sulphuric acid in excess.

Ca+HO, S0, =Cu0,80,+ HO 4+ SO,

Charcoal can be substituted for the copper or mercury,
but in this case the sulphurous acid is accompanied by
one-half its volume of carbonic acid.

546. Svreauric Acip (HO, SO,). Pavsicarn Pro-
PERTIES.—The anhydride (SO;) is a white crystalline
solid ; 1t melts at 656° F., and boils at about 110° F. The
hydrate (H O, S O,) is a colourless, oily, odourless liquid ;
it boils at 640° F., and freezes at about 30° F. The
density of ordinary sulphuric acid of commerce is 1'842,

CuemicAr ProperTiES.—The anhydride possesses no
acid properties; it fumes in the air, and is very deliques-
cent ; when thrown into water it hisses as a hot iron
would do from the heat emitted. The hydrate is a
powerful acid ; it chars almost all organic substances, from
its powerful affinity for moisture. With water it mixes
completely in all proportions: great heat is given out the
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moment the mixture is made, and the mixture, when col
occupies less bulk than the two liquids did separately.
1t does not evaporate at the ordinary temperature of the
air. The acid of commerce is often of a dark brown
colour, occasioned by its charring action on fragments
of organic matter, such as straw or wood, which have
accidentally fallen into it. It combines with bases, form-
ing a class of salts called sulphates.

PrEPARATION OF THE ORDINARY AciD.—Sulphurous acid
(S O,), deutoxide of nitrogen (N O.), and air, are brought
together in a proper chamber, the bottom of which 1is
covered with water ; peroxide of nitrogen (N O,) 18 formed
by the deutoxide combining with the oxygen of the air;
a white crystalline substance is then formed, into the
composition of which sulphurous acid, peroxide of nitro-
gen, and water enter. Water decomposes this erystalline
substance into deutoxide of nitrogen and sulphuric acid ;
the liberated deutoxide of nitrogen passes into the atmo-
sphere, and goes through the same round of combinations
and decompositions, till the whole of the oxygen in the
air has been consumed.

547. The hyposulphurous acid is the only other oxygen
compound of sulphur which has any practical importance.
In combination with soda, it has been largely employed
in fixing photographie pictures, owing to the property it
possesses of dissolving the insoluble salts of silver.

COMBINATIONS OF SULPHUR WITH HYDROGEN.

Sulphuretted hydrogen, or sulphide of hydrogen... HS
Bisulphide of hydrogen.................. R, P HS,

548. SvLrrURETTED HYDROGEN ; Hydrosulphuric Aeid
(H S). Puysican PropErTIES.—A colourless gas, of an
intolerable odour, resembling that of rotten eggs. It
liquefies under a pressure of 16 atmospheres, and the
liquid freezes at a temperature of 122° F. The sp. gr. of
the gas 18 1°1912.

CrEMICAL ProPERTIES.—Water dissolves two or three
times its bulk of this gas. The solution is decomposed by
keeping ; the oxygen of the air combining with the hydro-
gen, the sulphur %eing set free. It is decomposed ElﬂWIi
in the air in the cold, but at a high temperature wit
combustion, water and sulphurous acid being formed.
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Sulphurous acid and this gas mutually decompose one
another. It is exceedingly poisonous. It is a feeble
acid ; with metallic oxides 1t forms water, and a class of
salts called sulphurets or sulphides.

PrEPARATION.—Decompose sulphide of iron (Fe S) with
dilute sulphuric acid in the cold; the following is the
reaction :—

FeS+HO, SO,=HS + FeO, S0O,.

PHOSPHORUS.
Symbol, P ; Equivalent, 31 ; Specific gravity of the vapour,
4355.

549. PaysicAL ProrERTIES.—This element at ordinary
temperatures is a solid substance resembling that of
wax. It fuses at 111'5° F.; in close vessels it boils at
550° F., giving off a colourless gas. Its sp. gr. is 1'83.

It i1s found both in the animal, vegetal}"?le, and mineral
kingdom, principally as phosphoric acid, and in union
chiefly with lime and magnesia. It is always prepared
from bones, which consist almost entirely of phosphate of
lime ; it is used in large quantities in the manufacture of
lucifer matches.

Cremican PropPERrTIES.—It has a very great affinity
for oxygen. When exposed to the air it undergoes a
slow combustion, which is attended with a pale greenish
light, and with the production of white fumes and a
garlic odour ; it is therefore always preserved under water,
m which liquid it is insoluble. It takes fire in the open
air at a temperature little above its fusing point. It is
easily soluble in bisulphide of carbon.

PrEPARATION.— Superphosphate of lime (Ca O, 2 H O,
P O,) is mixed with carbon and distilled ; phosphate of
lime (3 Ca O, P O,) is formed, which remains 1n the retort ;
the rest of the phosphorus is deprived of its oxygen by
the carbon, and the phosphorus thus set free distils over,
and 1s collected in appropriate receivers.

COMBINATIONS OF FPHOSPHORUS WITH OXYGEN.

550. Phosphorus forms four compounds with oxygen,
three of which are acids, viz.:—

Lo JBior Fud el B I S P O,
S NORIDOTONE ACIH L., uecisvensnisnonconniss PO,
3. Hypophosphorous acid...................... PO

4. Oxide of phosphorus
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551. Pmosrmoric Acip.—The anhydride (P O;) does
not possess acid properties; it is a snow-white solid ; it
has a very great affinity for water, and passes by degrees
into the hydrated state. There are three different hydrates
of phosphoric acid, each of which possesses the properties
of a distinct acid, forming a distinet class of salts, viz. :(—

Tribasic phosphoric acid ............ 3HO, PO,
Bibasie phosp]ijmriﬁ aid | oo 2HO,PO,
Monobasic phosphoric acid ......... HO, PO,

For a description of them, we must refer the student to
the larger works on Chemistry.

552. ProsraipEs oF Hyproaen.—The compounds of
phosphorus with hydrogen are not possessed of acid
characters; they are three in number, viz., H; P; H, P;
and H P,. The first i1s gaseous, the second liquid, and the
third solid, at ordinary temperatures. The gaseous com-

ound has been proved recently, by Hoffman, to be a
ase, allied to ammonia.

CARBON.

Symbol, C; Equivalent, 6; Specific gravity as diamond,
333 fo 353,

553. PrvsicanL PropErTIES.—An infusible non-volatile
solid. It does not alter at common temperatures in con-
tact with air. It is met with in nature both crystallized
and uncrystallized. In its erystallized state it constitutes
the diamond; and when uncrystallized, the black lead
used in the manufacture of pencils. It is also obtained as
an article of commerce from several of its compounds ;
and according to the source and mode of preparation, passes
under the names of lamp black, bone or ivory black, soot,
charcoal, &e. As diamond, it is quite infusible, and is
the hardest body known.

CrEMIcAL PRroPERTIES.—It is insoluble in water, and
all other liquids. TIts affinity for oxygen, at a red heat,
exceeds that of almost all other bodies; hence, when
heated in the open air, it takes fire by combining with
the oxygen, carbonic acid (CO,) being produced. It is
one of the chief elementary constituents of all animal
and vegetable substances. Prepared from animal sub-
stances, it possesses the property of rendering coloured
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liquids colourless; on this account large quantities of
bone black are employed in sugar refining. Animal and
wood charcoal possess the power of destroying offensive
odours, they are therefore employed to purify tainted
meat, water, &ec.

COMBINATIONS OF CARBON WITH OXYGEN.

554. Carbon forms several compounds with oxygen, of
which we shall notice only the three most important :—

3P T e T, (s AU e N N A A CO,
2. Carbonic oxide ,............. s B coO
o | e T e A P Dt C. 0,

The first two are gaseous at ordinary temperatures;
and the third has not been isolated, being only known in
| combination with water or bases.

555. CarBonic Acip; Fized Air; Mephitic Acid (C O,).
. Prysican ProperTiEs.—Itis a non-permanent, colourless,
' inodorous gas. It is liquefied at 32° F., under a pressure
. of 36 atmospheres. The evaporation of the liquid acid
. produces so much cold as to freeze a part of the acid into
a white solid like snow. Its density is 1:529.

CaEMicAL Properties.—It is incombustible and irre-
spirable ; it will not support combustion. It is produced
in the combustion of fuel, and the respiration of animals,
It 1s absorbed and decomposed by plants, under the
influence of light. It is always produced when carbon is
burnt in a sufficient quantity of air or oxygen. It is
soluble in water at the ordinary temperature ; water takes
up about two-thirds of its bulk of the acid, and if the
pressure be increased, its solubility inereases (Ex.—Soda
water). It is a feeble acid, so that it is expelled from its
compounds by almost every other acid ; 1t combines with
bases, forming a class of salts called carbonates.

PrEPARATION.—Decompose carbonate of lime (Ca O,
C O,) by hydrochloric acid ; the following reaction takes
places :—

Ca0,CO,4+ HCl=CO, + CaCl + HO.
556. CarBoxic OxipE (CO). Puvsicar. PROPERTIES.

—It is a permanent, colourless, inodorous, and insipid
gas. Its density is 0°967.
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CrEMicAL ProperTIiEs.—It is very slightly soluble in
water. It is neutral to test. It is very poisonous. It
neither supports combustion nor respiration. It burns in
the air or oxygen with a blue flame, carbonic acid being

roduced. Iv is formed whenever carbon is burnt in a

eficiency of air or oxygen. It unites with chlorine on
exposing a mixture of these two gases to sunlight, a
compound chloro-carbonic acid (C O Cl) being formed.

PreparaTioNn.—Heat oxalic acid with auﬁ)huric acid,
the following is the reaction :—

HO,C,0,+HO,850,=C0+4+C0,+2HO0,80,

557. Oxatic Acip (H O, C, O,;).—This acid exists in a

eat number of vegetables. 1t is prepared artificially by
ggiling sugar with slightly dilute nitric acid, which, by
yielding a portion of its oxygen, evolves deutoxide of
nitrogen and carbonic acid, while oxalic acid remains in
the liquid. from which it erystallizes on cooling. The
formula of the crystallized acid is C: O,, 3 H O.

COMBINATIONS OF CARBON WITH HYDROGEN.

558. The compounds of carbon and hydrogen are very
numerous. We shall describe two.

559. LiceT CArRBURETTED HYDROGEN ; Marsh Gas;
Fire Damp (CH, or C,H,). PaysicAL PROPERTIES.—
A permanent, colourless, inodorous gas. Its density is
0-556.

Cremicart PropertiES.—It neither supports combus-
tion nor respiration. It burns in the air and oxygen,
forming water and carbonic acid., It forms an explosive
mixture with air and oxygen (see par. 41, page 20). It is
disengaged in stagnant pools, and 1t is one of tha&)rincipal
constituents of coal-gas. It also occurs abundantly in
many coal mines.

PreraraTION.—It may be formed artificially by heating
an acetate (M O, C, H; O,) with an excess of hydrate of
baryta. The following is the reaction :—

MO,C H,O;,+BaO, HO=2CH;+ BaO, CO;
+ MO, CO..
560. OLer1aNT Gas (C; H, or C, H,). PrYsicAL PRO-
PERTIES.—1t is a transparent, colourless gas, of an etherial
odour. Its density is 0-978.

=l e il o el i e
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CHEMICAL PROPERTIES.—It does not support combus-
tion nor respiration. It burns in air and oxygen, forming
water and carbonic acid. It forms, with air and oxygen,
explosive mixtures. It is decomposed at high tempera-
tures. It isinsoluble in water, and it is a neutral body. It
occurs in the gaseous mixture of coal mines, and is one of
the prineipal gases in the common street gas.

PreparaTiON.—It is prepared by heating 1 part of
strong aleohol with 4 parts of oil of vitriol.

COMBINATION OF SULPHUR WITH CARBON.

561. SurnrHIDE oF CARBON, or SULPHOCARBONIC ACID
(CS,). Pnysica ProrERTIES.— It is a very mobile,
colourless liquid, of a disagreeable odour. It does not
solidify. It 1s exceedingly volatile. It boils at 118:5° F.
I'ts density is 1-29.

, CaEMICAL PropPERTIES.—It is insoluble in water, but
very soluble in alcohol and ether. It burns in air and
| oxygen, forming carbonic acid and sulphurous acid. It is
. neutral to vegetable colours. It has certain analogies
- with carbonie acid. It dissolves sulphur and phosphorus.

These substances can be obtained crystallized, ]i;y allowin
the solution to evaporate spontaneously. It is employe
for vulcanizing caoutchoue and gutta percha.

COMBINATION OF CARBON WITH NITROGEN.

562. CvarvoGeEN (C; N =Cy). Pnysican PrOPERTIES.
—A colourless gas, of a penetrating odour. It is lique-
fied by a pressure of about 4 atmospheres. It freezes at
30° . Its density is 1'86.

CaEMIcAL ProPERTIES. — It dissolves in water, and
still more freely in alecohol. It has no action upon
vegetable colours. It burns in the air and oxygen witIL a
characteristic purple flame. It is poisonous if respired.
It l];lays the part of a simple body analogous to chlorine.

REPARATION.—Prepared by decomposing cyanide of
mercury (Hg Cy) by heat.

- 563. Hyprocyanic Acip; Prussic deid (H, C, N =
H Cy). Prysicar ProreErTiES.—I1t is 2 colourless, trans-
parent, and very volatile liquid; it boils at 80° F., and

U
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freezes at 5°F. It evaporates so rapidly, that if a drop
be allowed to fall upon a glass plate, part of it becomes
frozen by the cold produced by its own evaporation. It
has the smell of peach blossoms, and is intensely poison-
ous. Its sp. gr., 0'9476.

CueEmicaL ProPErTIES.—It speedily decomposes into
formiate of ammonia (N H, O, C, HO,) if exposed to
diffuse daylight. It i1s a feeble acid ; it combines with
bases, forming a class of salts called cyanides.

564. The student is referred to the larger works on
Chemistry for a description of boron and silicon, and
their compounds.

CHAPTER XXIII.

GENERAL PROPERTIES OF THE METALS.%*

It will be seen, by consulting the Table of Elements,
that the metals are much more numerous than the non-
metallic elements, from which class they are separated by
being good conductors of heat and electricity, and possess-
ing what is termed metallic lustre. In their other physical
characters and chemical pm]ilerties the metals exhibit
great variety, by reason of which their applications are
various. We may subdivide the metals, from their appli-
cations, into the following classes:—1. Metals which
cannot be employed in the arts in the metallic state.
2. Metals which admit of being employed in the metallic
state.

The metals in the first class possess a very great
affinity for oxygen, speedily uniting with that element
when exposed to the air; in consequence of this property
they cannot be employed in the arts in the metallic state,
but only in combination with the metalloids. The metals
in this class are,—

Potassium Barium Caleium
Sodium Strontium Magnesium

* The principal ;part of the general properties of the metals has been ex.
tracted from the ¢ Cours Elémentaire de Chemie,” par M. V. Regnault.
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The metals in the second class do not alter by exposure
to the air at ordinary temperatures. These are,—

Manganese Cadmium Tin

Iron Copper Antimony
Cobalt Lead Silver
Nickel Bismuth Gold
Chromium Mercury Platinum
Zine Arsenic Palladium

The metals in the second class are numerous, but they
cannot receive any extended apg?licatian in the arts, unless
they possess a certain degree of malleability and ductility,
for without these properties it would be impossible to
work them and give them the desired shapes. And it is
likewise necessary that the natural material from which
the metal is extracted is not too rare or too difficult to treat;
otherwise the metal becomes costly, and is therefore not
employed, excepting in those cases where it cannot be
replaced by a cheaper metal. Thus, the metals iron,
manganese, nickel, and cobalt, EGSESS similar properties ;
but the ores of iron being much more abundant than the
ores of the other metals, and the metal being likewise
more easily extracted, the iron is naturally preferred
to the other three, when it can be used for the same
purposes. Manganese is likewise a more oxidizable metal
than iron, and is therefore altered more rapidly in contact
with air, which also renders it incapable of being sub-
stituted for that metal. But nickel is less oxidizable, and
as it possesses a malleability nearly equal to that of iron,
it would on these accounts replace that metal in a number
of its applications if it could be extracted from its ores at
less cost. At present, nickel is especially employed when a
metal resembling silver in colour is required,as it rivals that
metal in whiteness and brillianey. Antimony and bis-
' muth cannot be employed by themselves in their metallic
. state, for they are so brittle that they can be powdered in
a mortar. But combined with the malleable metals they
can be rendered useful, the mixed metals possessing par-
ticular physical properties.

The metals exist in nature in different states. Some are
met with in their pure metallic state, which is called their
native state. All those metals which have a feeble affinity
for oxygen, and are not altered by atmospheric agents,
are found in this state. Such are gold, platinum, palla-
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dium, silver, mercury, and bismuth. Many of the others,
as well as silver, mercury, and bismuth, are found in com-
bination with oxgen, sulphur, or arsenic. These are,
manganese, iron, cobalt, nickel, chromium, zine, cadmium,
copper, lead, tin, and antimony. Some of these last are
found in the state of insoluble salts, principally in the
state of silicates and carbonates. The metals in the first
class are never met with in their metallic state, but always
in the form of salts, which are frequently insoluble.

PHYSICAL CHARACTERS OF THE METALS.

The physical characters of the metals we shall notice
are, their colour, specific gravity, malleability, duectility,
fusibility, and volatility.

Corovr.—The metals exhibit great difference in colour ;
the majority are of various shades of bluish-white or grey,
whilst gold is yellow and copper red.

SreciFIc GRAVITY.—The metals vary much as regards
density, platinum being 21 times heavier, and gold being
19 times heavier, than an equal bulk of water; whilst
others, as potassium and sodium, are lighter than that
liquid.

TarreaBiniTY AND Ducriniry.— Malleability is that
property which renders metals capable of being rolled or
beaten out into thin sheets, and ductility that by which
they can be drawn out into fine wires. Gold is the most
malleable of metals; one grain of it may be extended so
as to cover about 52 square inches of surface, and to have
a thickness not exceeding 5mnd of an inch. Silver, copper,
and tin rank next in malleability. A metal which is not
malleable cannot be ductile, but the most malleable metals
are not always the most ductile ; platinum and even iron
can be obtained in finer wire than gold. Wollaston ob-
tained a platinum wire so small that in diameter it did
not exceed 55pth of an inch.  The malleability and duetilit
of metals vary with the temperature. Thus zine, whi
is malleable and ductile at 300° loses this power but
remains tough at 60°, whilst at 600° it becomes so brittle
that it powders as easily as bismuth.

Fusisivity.—* All the metals, with the exception of
mercury, are solid at common temperatures; but they
may be all liquefied by heat. The degree at which they

pea—-
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fuse, or their point of fusion, is very different for different
metals, as appears from the following table :—

TABLE OF THE FUSIBILITY OF DIFFERENT METALS,

PEEnenmy. oL, Sl el vt i b 39° IF,
IEOEAEEIIN L i s ase o B8
Sodiama sl e i 190
£l R AL T e 442
Fusible:| Bismuth ...... cc0iiecansusss L PR i 497
helow: sl Fend ¥ il e venas e 612
red heat. | Arsenic

Antimony—a little below red heat.
| Aluminum—above a red heat.

EElyar et e Tl e T 1873°F.
Copper . e s RIS LSO [0 o
Bk e e SRS S 2016
T Tt ol T S S PR AT M YT 2786

Iron, malleable ) Requiring the highest heat
Manganese § of a smith’s forge.
Tnfusible | Cobalt—rather less fusible than iron.

below a< Nickel—nearly same as cobalt.

almost infusible,
o Palladium | 22d not to be [ Fusible before
Chr omlium procured in but- - the oxy-hydro-
tons by the heat | gen blowpipe.

of smith’s forge.
Platinum—infusible in the heat of a smith’s
forge, but fusible before the oxy-hydrogen

~ blowpipe.*

. VorATiLitY. Many of the metals admit of being vola-
tilized without difficulty. KEven those metals which are
generaﬂ¥ considered fixed in the fire are likewise found
to be volatilizable to a certain extent when exposed to the
greatest heat of our furnaces.

CHEMICAL PROPERTIES OF THE METALS.

AcrroN oF OXYGEN UPON THE METALS.—All the metals,
without a single exception, combine with oxygen; but

—

* Turner’s ‘* Chemistry,” p. 347.
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their affinities for that body are very different. Thus,
potassium, sodium, and some other metals, combine
directly with that metalloid at the lowest temperature ;
whilst gold, platinum, and some others, possess such a
feeble affinity for it, that they do not combine directly
with 1t under any circumstances. The oxides of these
metals can only be obtained, therefore, by indirect pro-
cesses. The first retain oxygen at the most elevated
temperatures, whilst the second abandon it easily when
their oxides are heated.

The affinity of metals for oxygen can be ascertained in
several ways :—

1. By their behaviour with oxygen gas at different
temperatures.

2. By the greater or less difficulty with which their
oxides are reduced to the metallic state.

3. By the decom nsin%&ctian which they exercise upon
the same oxide under different circumstances. Water is
the oxide upon which they are ordinarily made to act.
Certain metals decompose water even at the temperature
of 32° F.; others do not decompose it in appreciable
quantity below 120°; some require even a temperature of
212°; others only decompose the vapour of water at a red
heat, or at still more elevated temperatures ; whilst others,
again, do not decompose it at any temperature which can
be obtained in laboratory furnaces.

4. By the decomposing action which the metals exercise
upon water in the presence of powerful acids. A great
number of metals decompose water in the cold in the pre-
gence of sulphuric acid ; others, on the contrary, do not
decompose it at all under these circumstances, even when
the temperature is raised. This property does not depend
solely upon the more or less powertul aflinity which metals.
possess for oxygen ; it depends especially upon the affinity
which the metallic oxide has for the acig.

The metals can, in this point of view, be divided into
gix sections.

First Division.—Metals which possess the property of
absorbing oxygen at all temperatures, even at the highest,
and of decomposing water at the lowest, the decomposi-
tion being attended with an abundant disengagement of
hydrogen gas. These are,—

Potassium, sodium, barium, strontium, ealeium,
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The first two are called alkaline metals; the last three,
metals of the alkaline earths.

Second Division.—Metals which absorb oxygen at the
highest temperatures, and whose oxides are not decom-
posed by heat alone, do not decompose water to any
appreciable extent at very low temperatures, but easily
agﬂve 122°. These are,—

Magnesium, manghanese.

Third Division.—Metals which absorb oxygen at a red
heat, whose oxides are not decomposed by heat alone, and
which decompose water only at temperatures superior to
212°, but inferior to a red heat. These metals decompose
water in the cold in the presence of strong acids. These
are,—

Iron, nickel, eobalt, chromium, zine, cadmium.

The temperature at which these metals combine with
gaseous oxygen, and that at which they decompose water,
depends much upon their state of division. Iron, even in
the state of filings, does not oxidize in an atmosphere of dry
oxygen unless it be heated to dull redness, whilst in the
very finely divided state in which it is obtained in reducing
the oxides of iron by hydrogen gas at the lowest possible
temperature, it takes fire when brought in contact with
the atmosphere, consequently oxidizing at the ordinary
temperature. Iron in the mass does not decompose the
vapour of water below a red heat, whilst in a finely
divided state it decomposes it at about 392°.

Fourth Division.—Metals absorb oxygen at a red heat,
and their oxides are not decomposed by heat alone. These
| metals decompose the vapour of water with facility at a

red heat, but they do not decompose it in the presence of
energetic acids. This is owing probably to their oxides
possessing more an acid than a basiec character. Thus
they decompose water in the presence of potash with dis-
engagement of hydrogen gas. This division contains,—

Arsenie, tin, antimony.

Fifth Division.—Metals absorb oxygen at a red heat,
but their oxides are not decomposed by heat alone. They
decompose water only at very elevated temperatures, and
even then very feebly. These metals do not decompose
water in the presence of strong acids or bases. These
are,—

Copper, lead, bismuth.
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Sixth Division.—Metals whose oxides are reduced b
heat alone at a temperature more or less elevated, an
which do not decompose water under any circumstances.
These are,—

Mercury, silver, gold, platinum, palladium.

Aection of Sulphur upon the Metals.—All the metals
are capable of combining directly with sulphur when
they are heated with this metalloid, or when the vapour
of it is made to pass over the ignited metal. Copper and
some other metals burn in the vapour of sulphur with
vivid incandescence. Others combine with it even at
ordinary temperatures, if water be present. If a mix-
ture of iron filings and flowers of sulphur be moistened
with a little water, they combine together, the com-
bination being attended with a considerable evolution of
heat. The sulphides of the metals of the alkalies and
alkaline earths are frequently prepared by mixing pow-
dered charcoal with their sulphates, and heating the mix-
ture strongly. The charcoal, at the high temperature to
which the mixed mass is subjected, removes the whole of
the oxygen, leaving the sulphur of the sulphuric acid and
the metal of the oxide in combination.

Aetion of Chlorine upon the Metals.—Chlorine aets
upon the metals more energetically than oxygen, and
transforms them easily and completely into chlorides.
The greater number of the metals combine with this
element, even in the cold. Many of the metals, if in a
state of fine division, take fire when projected into an
atmosphere of chlorine, a chloride of the metal being
furmcg

Combination of Metals with Metals—The compounds
of metals with metals are called alloys, but when mer
is a constituent they are called amalgams. The point of
fusion of an alloy is frequently inferior to that of the most
fusible metal which enters into its composition. Thus:—

Lead melts at ......... 612° F.

®

5 5170 11y ] o O 509
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An alloy formed of 5 parts of lead, 3 of fin, and 8 of

bismuth, melts below 212°, which is far below the meltin
oint of the most fusible metal. This alloy is calle
ewton’s fusible metal.
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ACTION OF ACIDS UPON THE METALS.

The following metals dissolve in hydrochlorie acid and
dilute sulphuric acid with evolution of hydrogen, a chloride
being formed in the one case, and a sulphate in the other.
They dissolve likewise in dilute nitric acid, a nitrate being
formed and hydrogen evolved ; but if concentrated acid be
employed, the gas evolved is binoxide of nitrogen (NO,) :—

Manganese, iron, cobalt, nickel, chromium, zine, cad-
mium.

The following metals dissolve in hydrochloric acid with
| evolution of hydrogen, a chloride of the metal being
. formed. Dilute sulphuric acid converts them slowly into

sulphates, which is attended with a disengagement of
hygrﬂgen. Concentrated sulphuric acid dissolves them
energetically, a sulphate being formed and sulphurous
acid expelled. These are,~—

Antimony, tin, arseniec.

Metals which are not attacked by dilute sulphurie acid,
but the concentrated acid converts them into sulphates,
sulphurous acid being formed. Nitric acid converts them
into nitrates, binoxide of nitrogen being evolved. Boiling
concentrated hydrochloric acid has little or no action upon
them, with the exception of mercury : —

Copper, lead, bismuth, mercury, silver.

Suf]lpplluric, nitrie, and hydrochloric acids are without
action upon the following metals; they are dissolved and
converted into chlorides by a mixture of hydrochlorie and
nitric acids, which mixture is therefore frequently called
aqua regia :—

Gold, platinum, palladium.

J. E. ADLAKD BARTHOLOMEW CLOUSE.









