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vi ADVERTISEMENT.

Having said thus much of myself, I
will now say a few words of my Book ;
the plan and method of which will be
found very similar to those which I
adopted and pursued in the Scienriyic
Diavocues, and which have been sanc-
tioned by the most decided public ap-
probation. I have, however, rendered
these Volumes more practical, and bet-
ter adapted to the purposes both of the
Preceptor and Pupil, by subjoining at
the end of each volume a Series of
Questions and other Exercises, suited
to the several Conversations.* By the
aid of these the Tutor will be able to
examine his Pupil, and know how far

* The Author has now published, at the ex-
press desire of many persons engaged in the im-
portant business of education, a small work, en-
tiled, ¢ A Oompanion to the Scientific Dia-
logues, or the Tutor’s Assistant and Pupil’s
Manual in Natural and Experimental Philoso-
phy,” by which the ScrentiFic DiaLocuEs are
in every respect adapted to ease the labour of
the Preceptor, and to facilitate the progress of

she Student, who has not the advantage of an in-
~in these Scienccs.
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2 CHEMISTRY.

Tutor. This is an error of very early date :
it was ?ht by Pythagoras, and I believe before
his tlme, or truth ; but modern discoveries have
shown, in the clearest manner, that even the
air, which you breathe, is compounded of two
other, and perhaps simple gases. :

Charles. What do you mean by gases ?

Tutor. Formerly there was but one species |
of air known, namely, the atmospheric ;. but,
since the discovery of several other kinds, che-
mists call all the permanently elastic aeriform
fluids by the general name of gases; thus we
have oxygen gas, hydrogen gas, azotic gas, and
many others, with which I hope you will short
ly be acquainted.

James. Do you call the common air atmos-
pheric gas?

Tutor. In general chemists do not alter that
name, but call it the air, leaving the term gas to
be applied to the factitious airs.

James. Have these gases the same proper-
ties as the atmospheric air ?

Tutor. Yes; they are transparent, elastic,
ponderous, invisible, and not condensable into a
liquid or solid state, by any degree of cold bi-
therto known.

Charles. Are there no substances, whnch may
be called elements ?

Tutor. As the elements of things, or, to speak
more properly, simple bodies, are those which
. cannot be separated into others more simple, nor
'reproduced by artificial means ; it would, per-
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James. How many of these simple bodies do
chemists now enumerate ?

Tutor. It is not easy to say. Sir Humphrey
Davy says, there is no reason to suppose, that
any real indestructible principle has been yet dis-
covered. Matter, he says, may ultimately be
found to be the same in essence, differing only
in the arrangement of its particles ;. or two or
three simple substances may produce all the va-
yieties of compound bodies. .
.~ The following is a list of the simple bodies,

given by Dr. Thompson, in his work on Che-
mistry, a few years since. He divides them intg
two classes : Frrar, those which can be confin-
&d in proper vessels, and exhibited in a separate
gtate ; these he calls confinable bodies. Skcoxp-
Ly, those that cannot be confined by vessels, and
which cannot be exhibited in a separate state ;
these are denominated unconfinable bodies.

TABLE OF SIMPLE SUBSTANCES.
1. CONFINABLE BODIES.

O:‘yien. Hydrogen.
Sulphur. Azote, or Nitrogen.
Phosphorus. Muriatic Acid.
Carbon, or Diamond.
METALS,

Gold. Cobalt.

Platinum, Manganese,

Silver. Tungsten,

Mercury. Bismuth.
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€opper. Antimon;
Iron, MolybdeZum.
Tin. . Uranlum.
Lead. Titanium.
Nickel. Chromium.
Zinc, Columbium.
Tellurium. Tanhllum, and perhaps
Arsenic. others.
ALKALIES.
Potass, Soda.
EARTHS.
es. Yitria.
Strontian, Glucina.
- Lime. Zirconia.
Magnesia. Silica.
Alumine.

II. UNCONFINABLE BODIES.

Light. Electricity.
Caloric. Magnetism.

Charles. Have any of these been decomposed
ince ?

Tutor. Yes, they have, and other substances
have been added, that were at that time not
known; so that a different classification has
since been made out. Thus, potass and soda,
which, by Dr. Thompson, were given as simple

ies, are now found to cousist of metallic. sab-
stances, called potasssum and sodium, voited Witn
ygen.
1*
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James. Are the alkalies, then, no longer
be ranked with simple bodies ?

Tutor. They are not : they are compound
of metals and oxygen. The same may be s
of the earths, as lime, magnesia, &c.

Charles. Of what are these compounded ?

Tutor. They are composed of metallic su
stances, named, by Sir Humphrey Davy, calcs
and magnium, and oxygen. Independently, the:
fore, of the unconfinable or imponderable bodi
light, caloric, and electricity, (for we have nothi
to do with magnetism in Chemistry,) we hav
classification, which places ozygen at the top,
account of its great importance as an agent
Chemistry. h

James. Is oxygen then a simple body ?

Tutor. At present it has not been decomj
sed ; and, therefore, it may be considered
such. This arrangement is as follows :—
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NEW ARRANGEMENT OF
SIMPLE SUBSTANCES.

I. OxvaEen.

IL. Bodies capable of uniting with oxygen,
nd forming, with it, various compounds :

1. Hydrogen, with oxygen, forms Warzr.
2. Bodies forming, with oxygen, Acips.
Nitrogen, wn.h oxygen, forms nitric acid.

g'll:lphh sl;lphul:-lc acid. .

osphoras . . . . . . ori¢ aci

Carl:g c e e e e mmc acid.
Boracium . . . . . . boracic acid.

(o) Fluorium ~ . . . . fluoric acid.

(o) Muriatum . . . . . . moriaticaeid.

3. Mzraciic bodies forming ALgarixs.
Potassium, wnth oxygon forms potass.
) ) t]

Sodium .
Ammonium . . . . . ammonu.

4. Mzracuic hodies forming Emus.

Calcium, with oxygen, forms lime.

M mm . . magnesia.
B -« « « . . barytes
Strontium « + + « .« . strontites,
Silicum . . . . . . silex.

Alomiom . . . . . . alumioa.



Yttrium S e e e e e yitria.
Glucium . . . . . . ., . glucina.
s sirconia.

6. MxTaLs naturally metallic, or which yield their oxygen

to carbon, or heat, alone.
(1.) Malleable Metals.
Gold. Mercury. Lead.
Platina. Tin. Nickel.
Silver. Iron.
(2) Brittle Melals.
Arsenic. Cobalt. Uranium.
Bismath. Tungsten. Columbium.
Antimony.  Molybdenum.  Iridium.
Manganese. Titanium. Osmium.
Tellurium.  Chrome. Rhodium.

Charles. Is it from simple bodies that other
substances are compounded ?

Tutor. Certainly : what takes place in the
combustion of a piece of wood, or coal ?

Charles. 1t gives out light and heat.

Tutor. Then light and heat, or, as chemists
say, light and caloric, enter into the combination
of wood and coal ; and these may be extricated,
or set free, from them, if they arc raised to a
certain degree of temperature. (¢) Again : lead
is a simple body ; but common red lead, which -
chemists call oxide of lead, is compounded of
Jead and oxygen, and these may be separated

%rom oge another, by a proper degree of hea,
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James. Will all the simple substances com-
bine and form compounds ?

Tutor. Certainly ; and from these, combined
in different ways, an indefinite number of sub-
stances are produced.

Charles. Among the simple substances, I see
carbon, or diamond ; are they the same thing ?
I thought by carbon was meant charcoal. .

Futor. It has been proved, as we shall show
hereafter, that the diamond is pure carbon, and
that charcoal is an oxide of carbon, that is, a
combination of carbon and oxygen.(a)
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This glass contains half an ounce of Epsom
salt (sulphate of magnesia) dissolved in water;
.1 pour into it some solution of carbonate ofsoda,
which is likewise very clear.

James. The mixture is quite white.

Tutor. A powder will, in a short time, sub-
side, which is carbonate of magnesia ; the fluid -
above it, though transparent, contains sulphate
of soda.

Charles. How is that known ?

Tutor. I willdraw it off, and evaporate it over
a slow but clear fire, till a skin rises on its sur-
face, and, when it becomes cool, it will crystal-
lize ; the crystals are sulphate of soda, or Glau-
ber's salt. Here then is a complete decomposi-
tion ; the sulphuric acid, which was united to
the magnesia, combines with the soda, and the
carbonic acid, which was united to the soda, is
now combined to the magnesia. By the ana-
lysis, I find, that Epsom salt is a compound of
sulphuric acid and magnesia ; and, from the new
substance, it appears, that Glauber’s saltis.a com-
pound of sulphuric acid and soda. (a)

James. Is not an expensive apparatus neces-
sary to perform chemical experiments ?

Tutor. The most important and luminous
facts in this science may be exhibited with the
aid of Florence flasks, common phials, and a few
wine or ale glasses. But, in conducting your
experiments, I shall recommend a strict attention
e order and neatness. Let every phial and jar
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have a label, denoting the substance it contains ;
and, where it is convenient, let the same expe-
riment be diversified by using different sub-
stances, or different proportions of the same sub-
stance. .

Charles. Shall we be able to repeat the ex-
periments ourselves ?

Tutor. You will, if you have attained to ha-
bits of caution and accuracy ; but, without these
qualities, you ought not to meddle with the mi-
neral acids, a very small portion of which, drop-
ped on your clothes, would burn them into holes.

~James. How does it appear, that Chemistry
is of so much importance in the arts of life ?

Tutor. This I might demonstrate in a thou-
sand instances, but I will mention only one, by
way of illustration. By an attentive examination
of vegetable substances, it is known, that some
abound with resin, some with gum, some contain
sweet juices, from which sugar is produced, and
others contain astringent, or bitter, or acid mat-
ter. In some, we find oils of different kinds ;
and, in others, colouring materials, which can be
transferred to wool, linen, &c. ; and many con-
tain substances, which have medical eﬂicacy
Now all these are extracted or prepared by che-
mical operations, which may, therefore, be con-
sidered as the foundation of a great variety of
useful arts.

Charles. 1 see, then, that the business of &y-
ing cloth, and making sugar, dependa on Chemw-
try.

VOL. T.s )
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Tutor. So also do bleaching, glass-makin
the working of metals, printing, &c.

James. How does printing make one of tl
number ? o

Tutor. In ascertaining the best materials f
making the types, or letters, and in investigati
the most proper substances, and in due propo
tions, for the ink. Agriculture, gardening, tl
arts of cookery and of making wine, beer, a
other fermented liquors ; the knowledge of pha
macy and medicine, all depend on the principl
of Chemistry.

This science, however, not only supplies m
ny of our wants, comforts, and luxuries ; but
excites a laudable curiosity, which characteriz
the minds of those young persons, who are of
scientific turn ; and it is admirably calculated
serve as an instructive, rational, and almost pe
petual fund of amusement.

[Chemistry is nota science of parade. It :
fords occupation and infinite variety. 1t deman
no bodily strength. It can be pursued in retir
ment. There 1s no danger of its inflaming tl
imagination, because the mind is intent upon r
alities. The knowledge that is acquired is e
act, and the pleasure of the pursuit is a sullicie
reward for the labour.—Maria Edgeworth’s L
ters to Literary Ladies.]
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CONVERSATION III.
——— .

Of the Attraction of Aggregation.

TUTOR. 1 must now desire your attention,
while I endeavour familiarly to illustrate the
several sorts of attraction, or affinity, which are
noticed by chemists.

James. Do the words attraction and affinity
mean the same thing ? : )

Tutor. Attraction is the term commonly used
by writers in natural philosophy ; but affinity is
that which is more appropriate to Chemistry.
However, they both are used indiscriminately
by the best authors on this subject.

Attraction, or affinity of aggregation, is that
which takes place between parts of the same
substance, or between bodies of the same kind.
Thus the parts of an iron bar adhere by the at-
traction of aggregation. When two or more
drops of water, or two globules of mercury,
unite in one larger body, it is by aggregation.
Two pieces of lead, melted together in a cruci-
ble, form a uniform mass, the particles of which
are held together by the attraction of aggregp-
Hon.
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_ Charles. In what does this differ from attrac
tion of cohesion ?
Tutor. They are frequently used for one
another ; but accuracy of definition would re-
“quire, perhaps, that attraction of cohesion should
be only used when it is merely superficial, as
between the surfaces of marble, lead, &c.
The aggregate is, in fact, a coherent body,
and must be distinguished from a heap : for
though a heap, as of wheat, sand, &c. consists of
parts all of a similar nature, yet those parts
have no cohesion with each other.
The aggregate and the heap must be distin-
guished from a mixture, as is the case of gun-
powder, before it is formed into grains, and
which consists of a mixture of charcoal, sulphur,
and nitre. .
James. 1 shall, from these instances, know
how to distinguish between an aggregate, a heap,
and a mizture.
Tutor. 1 wish you also to hear in mind the
several kinds of aggregation, viz. (1.) the solid,
as is exhibited in wood, metal, sulphur, &c.;
2.) the soft, as in glue, meat, jellies, &ec.;
3.) the liguid, as in water, oil, mercury, &c. ;

and (4.) the aeriform, as in air, and all the
ses. :

Charles. Will not water, in its several states,
exhibit the solid aggregation, as in ice, the fluid
in water, and the aeriform in a state of vapour,
or steam !

Zutor. 1t will; and, according to M. Four-
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oy and others, ice will, when exposed to a

:mperature of 32°, assume a soft state.

James. Wax and tallow will also exhibit the
lid; the soft, and the fluid states.

Tutor. They will: and the aeriform too;
T, by a stronger heat, they may be made to fly
T in a state of vapour. Metals may, in the
me manner, be caused to pass through these
weral states of aggregation.

Charles. Is not this kind of attraction easily
sstroyed. .

Tutor. Every effort, that tends to separate
e particles of bodies, tends also to destroy the
traction of aggregation ; such as grinding, cut-
ag, filing, pounding, &c. In all these cases,
« force applied must be more than equal to the
rce of attraction. If the aggregation of a body
diminished, it exhibits a greater surface. -
James. Yes, a lump of sugar, or salt, when
roken into bits, will present more surface than
did when whole

Tutor. By this means the energy of chemical
rents is increased : thus, fluate of lime (Derby-
ire spar) is scarcely affected by sulphuric acid

. the lump ; but let it be first ground into pow-
:r, and a rapid decomposition takes place, as
»u shall see.

Charles. What is the vapour that escapes ?

Tutor. It is called fluoric acid : the spar is a
ympound of this acid and lime; hence it is
dled ¢ fluate of lime,” and, in the decomyposi=

Q%
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18 GHEMISTRY.

tion, the sulphuric acid combines with the lime
forming what is called a sulphate of lime.

James. May we estimate the force of thi
kind of attraction by the power required to over
come it ?

Tutor. Yes, you may; hence the difficult
of cutting marble, flint, and the diamond ; hene
also the different degrees of exertion required t
separate the several kinds of timber.

James. s there any method of measuring th
force of this kind of attraction ?

Tutor. There is: thus, if rods of meta
glass, wood, whalebone, &c., of the same thick
ness, be suspended in a perpendicular directior
and weights be attached to the lower extremit
of each, till the rods are broken, then the weigh!
required to break them is the measure of thi
attraction. It has been found, for instance, tha
to separate the parts of beech, and ash, and oal
requires twice as much force as is necessary i
the case of common fir, or deal. In some cas¢
the attraction of aggregation is overcome b
heat.

Charles. Different degrees of heat are,
imagine, required to overcome the diflerer
kinds of aggregation.

Tutor. You are right ; a small degree of he:
will reduce some bodies from the solid to th
soft state ; a greater heat is required to brir
them to the fluid state, and a still greater to r«
duce them to the state of vapour. The sam
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CONVERSATION 1V. '

7

Of the Attraction of Composition, or. Chemical
- Affinty.

TUTOR. JAttraction of compositionis that pow-
er, by means of which the particles of bodies at-
tract each other so intimately as to prodace a
uniform whole, that cannot be separated by any
mechanical efforts, and the characteristic pro-
perties of which are often different, and some-~
times quite contrary to those of the constituent

arts.

Charles. Will you give us an example to il-
lustrate this definition ?

Tutor. 1will. Sand and salt, exposed to a |

strong heat, combine by this law of attraction,
and make glass. In this state it is a uniform

whole, which no mechanical efforts can again
separate into sand and salt; and the properties
of glass are not only different from those of sand
#nd salt, but in many respects contrary to them.
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James. True: glass is transparent, at least
some sorts of it ; but that cannet be said of sand,
or salt.

Tutor. Glass is insipid to the tongue, but the
salt, that enters into the composition, has a very
acrid taste.

I will put a small quantity of mercury and sul-
phurinto a crucible, an ounce of each, and stir .
them together over a fire till the sulphur is com-
pletely melted, when I will pour the mixture on
a piece of glass, or marble, previously greased
and warmed. Now the substance, obtained from
this composition, is called sulphuret of mercury,
and hes, as you see, neither the colour, nor bril-
Kancy, nor mﬂammabnhty, nor volatility of either
of its component parts.

Charles. As the mercury cannot be separated
from the sulphur by any mechanical means, do

0w, on that account, say, that they are chemical-
{y united ?

Tutor. Yes: the union of salt and water ;
of alcohol and camphor ; of sulphuric acid and
alumina ; of nitric acid and potass ; of silver and
ﬁld or of any of the metals, &c., is formed by

is same law.

James. What is alcohol ?

Tutor. 1Itis pure spirit; and, when mixed
with an equal quantity of water, it is sold in the
shops as spirit of wine. But I will show you
more experiments, in order to fix this definition
in your memory. You know the acrid burnwng
nature of sulphuric acid, and quick \ime
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Charles. Yes, 1 know they will, ei
them, destroy my clothes, and injure w!
they happen to fall on.

Tutor. Well, 1 will mix a small qua
each together ; now the pungent and co
nature of both is destroyed; and the su
produced by this chemical union is called
of Paris, or gypsum, or, more properly
phate of lime.”

Put adessert-spoonful of the tincture of 1
bage into a wine-glass of water, mix the;
and put half of it into another glass. Adc
of the glasses a few drops of sulphuric ac
the blue colour will be changed to a fin
son ; to the other add an alkali, as a soh
potass, and the blue will be changed into
Now reverse the experiment, and drop «
ly down the sides of the glass, in which th
is, a few drops of sulphuric acid; and th
crimson colour at the bottom, purple in tl
dle, and green atthe top. To the other g
some alkali, and you see the colours are in

James. How is the tincture of cabbage

Tutor. By infusing red-cabbage leaves
tilled water. The infusion of violets wo
swer the same purpose, and is obtained
same way.

Here 1s a piece of muriate of ammonia ‘§
moniac) and some unslacked lime.
try ifthey have any smell ?

- -Charles. Very little, if any.
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»r. Pound them together in the marble
+; but do not keep your head over the
> while you do it.

rles. The scent is so pungent, I cannot °
1ear it.

es. It is a perfect smelling-bottle ; did
1t equal parts of each substance ?

w. 1did; that is the best proportion ;
"the compound be quickly put into a bottle,
glass stopple, it will serve as a smelling-
for a considerable length of time.

rles. In this case, two bodies without-
by chemical affinity, have produced a com-
substance, that yields a most pungent scent.
»w. In this phial is water impregnated with
ia, or, what will do as well, common spi-
hartshorn and water ; in the other is con-
ted muriatic acid ; smell them both, but
) near. '
es. That caution is almost useless, as I
: bring them near my nose.

. 1 will mix a little of each in a glass.
ies. The smell is completely gone, and
lour changed ; so that two very pungent
, by chemical union, produce a third sub-
without smell.

»r. Let it stand a little, and it will under-
ther change in its colour.

' a saturated solution of muriate of lime, I
» gradually, concentrated sulphuric acid,
e two Auids will produce a sohid compoud.
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Charles. The disengaged vapour is very pis-
gent to the smell.

" Tutor. This vapour, when collected, is called
muriatic acid gas. Here two fluids have, by
chemical action, formed a solid. You obserre,
also, that a great deal of heat is disengaged! -

James. Yes, the glass is very hot. Wik
two solid substances can you produce a fluid?

Tutor. 1 can: a solid composed of mercury
and bismuth, and another composed of lead snd
mercury, being well rubbed together in a mor~
tar, quickly become fluid. Again, equal parts of
crystallized nitrate of ammonia, and sulphate
soda (Glauber’s salt) rubbed together, will pre-
duce a fluid. :

Two malleable and ductile metals form a brit:
tle alloy. lron and tin will bear the hammer,
and may be drawn into wires ; but, being mixed
together by fusion, the compound substance ¥
very brittle, and will easily break by the blow o
a hammer.

Charles. What do you mean by the word sa
turated, which you used a few minutes ago ?

Tutor. When a substance, which has an affi
nity to another substance, is mixed with as mucl
of it as it can hold in combination, then thi
former substance is said to be saturated, or the
mixture is said to have attained the point of satu
ration. In the instance-above reterred to, the
muriatic acid is combined with as much lime a
it will hold. When you have dissolved as mucl
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* ugar in water as it will contain, the water
. to be saturated with salt, or sugar.

wes. Is it only a certain quantity of a solid
tice that can be dissolved in a fluid ?

or. Certainly : and, if you attempt to add
by raising the temperature, that is, by
g the fluid, it will, as it grows cold, fall
bottom in a solid form.

rles. 1 remember I was to take some
e morning, and dissolved them in warm
the preceding evening, and, to my astonish-
when I was going to drink the dose off, I
the salts at the bottom, in the same shnpe
an I first put them into the water.

or. But not in the same quantity: for
ater had taken up, or held in solution, a
nd, baving attained the point of saturation,
st fell down, and assumed their former
lline shape.

es. Would the same thing bappen in a
'e of common salt, or sugar ?

»r. It would; but, when water is satura-
th sugar, it will take up salt; and, when
ted with salt, it will still hold a certain
ty of sugar in solution.

‘e an ounce of Glauber’s salt, and dissolve
ttle more than double its weight of boiling
; pour it hot into a phial, and cork it up.
cold, the crystals will not fall down, though
ater is much more than saturated s ‘ou\,
itant the cork is removed, cws.\a\\\m.\m\
7n and coatinue.

1. 3
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~ This principle of attraction of compositio
so important in Chemistry, that it has been ut
to divide it into several distinct heads: to-d:
have only illustrated the definition, which I
you to commit to your memory, and to-mori
we shall resume the subject.
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CONVERSATION V.

Of the General Laws of the ArTracTiON 0P CoM-
' PosITION, or Chemical Affinity.

LAW I.

TUTOR. ¢ Attraction of composition cannot
act but between bodies of different natures.”

Here are soda and sulphuric acid, which are
both highly acrid substances, bus of a very differ-
ent nature ; by chemical affinity they will com-
bine, and we get, instead of the original sub-
stances, a compound called ¢ sulphate of soda,” ’
which is the Glauber’s salt. The union is ve
complete, for the salt produced is readily
solved, and the solution is quite clear.

Charles. 1 understand this: because th
traction, which takes place between bodie
the same kind, as in the instance of two dr.
of quicksilver, or two drops of water. ~
pieces of wax, &c., does not change
the body, but only increasés it
therefore the attraction of aggre
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Tutor. This law is so invariable, that the al-
raction is never stronger than when the bodies
etween which it acts are, in nature, the most
ssentially different from one another. No sub
tances are more completely opposite to each
ther than acids and alkalies ; yet they form the

20st perfect union : thus common vin “th
eadily unite with spirits of hartshorn; so will . -
cetous acid (which is highly concentrated vine- = |

ar) with pure volatile alkali ; and mineral or @

‘egetable alkali with any of the mineral acids,
" James. What do you mean by the word con-
entrated ?

Tutor. Vinegar consists of an acid and water;
he acid is said to be concentrated, when it is se-
rarated from the water ; and, in proportion as the
cid is free from water, it is said to be more
ess concentrated. Thus acetous acid may be
'btained from vinegar, and alcohol from brandy ;
ither by distillation, or by exposing the vinegar
nd spirit to severe frost ; for the water will be '
rozen, and the acid and alcohol will be found in
he middle of the ice.

[‘L[‘T‘wﬁ

LAW II.

Tutor. ¢ The attraction of composition acts
nly between the minutest particles of bodies.”

If a piece of sulphur be put into alcohol, there
7ill be no action ; but if the sulphur be first
>anded very fine, a union will take place.—
Us experiment is not very easy,but 1 will dhwm ©

1111810

A
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have been completed, had not the particles been
exceedingly minute ; but alcohol will readily
dissolve the camphor, when in lumps.

LAW III.

Tutor. < This attraction may take place be-
tween several bodies.” '

It frequently happens, that various separate
bodies, presented to each otherin a fluid state,
unite and form a single mass, which possesses all
the properties of a perfect compound. Some
salts consist of three different substances : com-
mon alum, for instance, is formed of sulphuaric
acid, alumina, and potass, or soda.

Two, three, or more metals may be fused to-
gether, so as to produce compounds ; the pro-
perties of which are widely different from those
of the constituent parts.

Experiment 1. Melt eight parts of bismuth,
five of lead, and three of tin together. The fu-
sibility of the mixture iz so altered, that a spoon
or other vessel made of it will melt in boiling
water.

Ex. 2. If lead, tin, bismuth, and mercury be
corabined by fusion, in the proportions of 2, 3,
5, and 1, the compound produced melts at a heat
even less than that of boiling water.

Ex. 3. A composition of lead, zinc, and bis-
muth, in equal parts, may be kept in fusion
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;p:n a paper held over the flame of a candle or
p- 4

LAW 1V,

Tutor. < In order that bodies may unite
chemically, one of them must be in a fluid state.”
Sugar, or salt, cannot be united with ice, but
most readily with water. In glass-making like-
wise, if one of the substances, which enters into
the composition, be not rendered fluid, by an in-
:hrease of heat, no action could take place among
em. :

Charles. 1Is it the heat in the furnace that
melts the alkali ?

Tutor. Itis: the sand afterwards melts, and
the compound is glass. There are numerous
cases in which an increase of temperature is es-
sentially necessary to determine bodies to unite.
Mercury, for instance, will not cembine with sul-
phur, unless heat be applied ; then they unite
readily.(a) _

LAW V.

Tutor. ‘Whentwo or more bodies are unit-
ed by this affinity, their temperature suffers a
change at the instant of union.” '

James. 1 perceived this when you mixed the
acids and alkalies together ; for, although both
were in a cold state, yet, when brought into
contact with one another, a considerabie ek
was occasioned.
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Tutor. What bappened then is the result, imcy
a greater or less degree, in all cases where there .
is a chemical union. ’

Experiment 1. Mix equal parts of concentrat-
ed sulphuric acid and alcohol together, and, in s
few minutes, the mixture becomes so hot s to
render the vessel almost insupportable to the
hands. . .

Ex. 2. If four parts, by weight, of common sul-
phuric acid, and one part of water, be mixed,
each at the temperature of 50°, the compound
immediately acquires a temperature much higher
than that of boiling water. :

Charles. s this the reason why a violent heat
is perceived in the slacking of lime ?

Tutor. Itis. All dense acids, ammonia, and
alcohol, when mixed with water, have the pro-
perty of raising its temperature considerably:
the same is the case when alkalies are introduc-
ed into concentrated acids.

The temperature is not always raised by che-
mical attraction ; it is sometimes lowered.

Experiment 1. If muriate of ammonia be dis-
solved in water, and a thermometer be plunged
into it, the mercury will fall.

Ex. 2. If an ounce and a half of muriate of
ammonia, and an equal quantity of nitrate of pot-
ass (common nitre) be first reduced separately to
fine powder, then blended together, and after-
wards mixed gradually with four ounces of water
at 50°, a degree of cold will be produced suffi-
<sent to sink the thermometer to 36°. Ancther
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of the same quantity of salts, will cool it
relow the freezing point.

t. Will not a more considerable effect
uced if i lce, just melted be used instead
10n water ?

. Certainly ; and stlll greater if snow is
« of : buat this subject we shall hereafter
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CONVERSATION VI.

Of the General Laws of the Attraction of Comps
sition, or Chemical Affinity, contmued.

LAW VI.

TUTOR. < Bodies, between which the at-
traction of composition takes place, -acquire
qualities different from those which the com-
pounding bodies had before.” This may be ve-
ritied in taste, smell, colour, &c.

Sulphate of potass, Epsom salts, is an exam-
ple : as a compound it is bitter, and a purgative;
but the constituent parts, namely, the sulphuric’
acid and the potass, have neither of these pro-
perties.

Muriate of ammonia (sal-ammoniac) has no
smell, but it is compounded of muriatic acid and
ammonia. :

Charles. These, indeed, have both very pow-

erful and pungent scents.
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tor. Take a little sulphuret of potass, and
en it with a few drops of water.

nes. It emits a very fetid odour.

‘or. Butitis formed of sulphur and potass,
1, taken separately, are without smell. The
happens with regard to colour. How dif-
.is the red oxide of lead (red lead) from
ad of which it is formed.

irles. Is that powder, which we call red
made of the metal of that name ?

or. It is lead united with oxygen gas,gg)
1 will see hereafter. Again.! what can be
different in colour than the green oxide of
r (green vitriol) and the copper of which
srmed. Cobalt, also, which is of a gray
*, when combined with oxygen becomes of
blue. '

il mention another very striking instance ;
grains of oxygenated muriatic acid, or a few
of pure mercury, may be taken in water
1t producing any bad effect; but if these
ibstances are so combined as to form oxyge-
mercurial ‘muriate, they become, in that
a most dreadful poison, which is known
the name of corrostve sublimate. :
this principle bodies frequently change
‘orm : thus muriatic acid gas, and alkaline
hen combined, form crystals of ammoniacal

te. .
o fluids will produce a solid, as sulphuvic
nd a solution of potass. Or MIX AOWME ™
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trate of lime with a solution of potass, and you
have a complete jelly-like solid.

James. Is not the solid substance the potes,
that was dissolved in one of the fluids ?

Tutor. Yes, itis. I proceed now to

LAW VII. !

¢¢ The energy of chemical affinity, acting be-
tween various bodies, is different in different
substances.” .

James. Pray explain what you mean by this
law.

Tutor. You will learn, by a thousand experi-
ments, that, when two substances, of different
kinds, are combined, and unite into one whole, if
a third body be presented, which has an attrac-
tion to one of the constituent parts of the com-
pound, superior to that attraction by which they
were held together, the two bodies, between
which the strongest attraction prevails, will com-
bine, and the other will be disengaged.

Experiment. Here is a little muriate of bary-
tes, to which I will add a few drops of sulphuric
acid ; and now observe the change.

Charles. Those two clear fluids have formed
one very similar in appearance to cream. Of
what does the muriate of barytes consist ?

Tutor. It is formed of pure barytes and mu-
riatic acid.

Cliarles. Was there an atiraction between
those substances ?
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will be dissolved, the copper precipitated, and
the fluid is now asolation ofiron in nitric acid.—
In the same manner, a piece of zinc will precipi-.
tate the iron : and ammonia will join the acid and
throw down the zinc, when the solution will be
nitrate of ammonia. Ifto this solution of nitrate
of ammonia, some lime-water be added, the am-
monia will be disengaged, as may be known b;
the pungent odour, and the solution will be -
trate of lime. Lastly, add some oxalic acid to
the solution of nitrate of lime ; the lime will join
the oxalic acid, and the nitric acid will remain.

Charles. From these several experiments |
clearly perceive, that different bodies have dif-
ferent degrees of affinity for one and the samé sub-
stance.(a)

LAW VIII.

Tutor. ¢ Chemical affinity is capable of unit-
ing bodies in definite or indefinite proportions.”

Experiment. If water and alcohol be mixed
ih any proportion, a chemical combination en-
sues. The compound has always a specific gra-
vity different from the mean specific gravity of
the fluids combined. Its bulk is likewise not the
arithmetical mean of the fluids in a separate state.

James. | remember you told us before,* that
a pint of alcohol and a pint of water, mixed to-
gether, would not make exactly twa pints of the .
compound. . :

” See Sclentific Dialogues. vol.iit, p. 115, 6.
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ice no further effervescence, and the lime falls
. the bottom. .
Charles. There ceases, then, to be any further
1emical union. Does this experiment explain
ie reason why water can dissolve only a certain
aantity of sugar or salt ?

Tutor. Yes, it does ; and also why alcohol’ can

aly dissolve a certain quantity of camphor ; and,
Yer it has dissolved this quantity, if more be
1ded, it will fall to the bottom.(a)
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CONVERSATION VIi.
A

P —.

Of Chenical Affinity.

CHARLES. 1 do not think we quite cew-
prehend the subject of chemical affinity ; will
you ilJustrate it still farther ?

Tutor. I will, though there should be some
risk of repetition. When two substances unite,
in consequence of their mutual attraction, they
wre said to combine by virtue of simple chemical
ffinity. Here is some muriate of soda, that
s, a combination of muriatic acid and soda, form-
u by single aflinity.

James. Do you mean, that these substances
1ave an attraction for each other?

Tutor. 1 do; but nitric acid has a stronger at-
raction for the soda than the muriatic acid. I
vill pour into the muriate of ¢oda some bitric
«cid ; the muriatic acid is disengaged, and the
itric acid combines with the soda.

Charles, Is this new combination mirale o\
oda?

4%
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Tutor. It is. Now I will add to this some sul-
phuric acid, which has a still stronger attraction
for the soda than the nitric acid; the conse-
quence of which will be, that the nitric acid will
be expelled, and a sulphate of soda will be form-
ed of the sulphuric acid and soda.

James. Was it owing to chepical affinity, that
the muriate of soda was first formed, and then-
that the nitrate, and afterwards the sulphate of
soda were combined ?

Tutor. It was; for each of the acids has an
affinity for soda, but the muriatic acid has the
Jeast or weakest attraction for it, the nitric the
next stronger, and the sulphuric the strongest.
In almost all chemical books, there are what are
called tables of affinity.

Charles. Yes, I have seen them, but do not
understand their structure or use.

Tutor. I will make the matter clear by a short
specimen, which exhibits some of the affinities
of the alkalies, sulphuric acid, and nitric acid.

P ozf:(’ms&?" SurpHURIC Acip.| NITRIC AcID. |
Sulphuric acid. Barytes. Potass. '
Nitric acid. Strontian, Soda.

Muriatic acid. Potass. Barytes.
Sebacic acid. Soda. Stroutian.
Fluoric acid. Lime, Lime.
Phosphoric acid. Magnesia. Magnesin,
Oxalic acid. Ammonia. Ammonia
Tartarous acid, &c.| Alumina, &c, Alumgina, &
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Tutor. You are right., In the third column
you see, that potass stands highest under nitric
acid, and ammonia almost the last. 1 therefore
add to the sulphate of ammonia a solution of the
nitrate of potass. L

Charles. Now there is an evident decompasi-
tion going forward.

Tutor. The sulphuric acid of the sulphate of
ammonia attracts the potass of the nitrate of pot-
ass ; for potass stands higher in the table thas
ammonia, and has therefore a greater affinity for
it: at the same time, the ammonia unites with
the nitric acid.

James. Are the new compounds sulphate of
potass and nitrate of ammonia ?

Tutor. They are : this kind of attraction has
been explained or expressed by Dr. Black, and-
other chemists, in the following manner. By
the table, page 44, the attraction of sulphuric

Poss. 117 N.acid acid for potass and am-

tass. - 816 monia is as 121 and 26,

¢ and of the nitric acid for
the same substances is

as 117 and 40. Nowit

40 is evident, if the cross
bars @ b and ¢ d be
moveable about the point

b =z, and :;re dr%wn bytlz.

. ! ia. contending forces

Sulph. acid. 26 Ammonia 121 * 40 and 117 # 26,
that the former, being equal to 161, must over-

cefne the latter force, which is equal only o \4Y,
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In this glass T have a solution of nitrate of
silver, to which I will add a solution of. muriate:
of lime ; two new substances will be formed,
nitrate of lime, and muriate of silver; the lat-
ter, being insoluble in water, will be precipitated
in a solid form.

James. Is the white substance the muriate
of silver?

Tutor. Itis. You will find tables of chemi-
cal affinities in almost every work, and, from
the little that I have explained, you will readily
understand their uses, and the practical advan-
tages to be derived from them. I beg you will
look to Dr. Henry’s table, No. V1. of the Ap-
pendix, page 530, seventh edition, 1815.

Charles. In that work there is a different
kind of diagram, explanatory of chemical affinity,
which 1 do not comprehend.

Tutor. Diagrams of that kind were invented
by Bergman, as a sort of register of any expe-
riments in affinity.

James. What should a complete register of
an experiment express ?

Tutor. It should show (1.) the result; (2.
the menstruum, such as water, alcohol, &c.; (8.
the temperature of the substances when the ex-
periment is made ; (4.) the state of the new
combinations, whether they are precipitated
from the menstruum, or remain dissolved, or
are sublimed.

Charles. Can all these things be expressed

"a mere figure?













52 CHEMISTRY.

James. Yes: the original compounds are the
sulphate of zinc and acetate of lead ; these be-
ing mixed, the lead goes over to the sulphuric
acid, and the zinc passes.to the acetous acid,
the sulphate of lead is precipitated, because the
bracket points downwards, but the acetate of
zinc is held in solution, because the point of the
bracket turns upwards.
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is found te exist in all bodies whatever, in 2
greater or lesser degree.

Charles. 1Is there, then, a general law, which
tends to bring bodies, or the parts of bodies to-
gether, and another, which tends to remove
them from each other ?

Tutor. There are ; and upon these a|
opposite principles the consistence of all bodies
depends.

James. That is, as the one or the other pre.
vails, a body is more or less compact and solid.

Tutor. True; when the attraction prevails,
bodies are in a solid state ; when the heat, or
caloric, is most powerful, they are in a state of
gas : and the liquid form ie, perhaps, the mean
state, or the point of equilibrium between the.
two. Water, in what we call its usual state, is
in a liquid form ; when part of its heat is taken
away, it assumes the character of ice, and whea
more heat is added, it flies off in the shape of
steam.

Charles. Are all substances capable of exist-
ing in these several states ?

Twtor. All bodies in nature are either solid
or liquid, or in astate of aeriform gas, or vapour,
according to the degree of heat to which they
ure exposed. To aperson who never lived out
of the Torrid Zone, nor conversed with those
who had, it would seem scarcely credible, that
water should become sohd, or ice ; to us, how-

ever, the phenomenon is common enough. Mer-
cury also may be made solid, by taking away 2
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Tutor. No: it only announces a change of
place of the caloric, and indicates the portion of
it received, without being the measure of the
whole quantity displaced. ]

James. 1 now understand what is meant by
free and combined caloric. The heat was in the
wood and the coals before the light was applied
to them, but by the application of the candle it
was set at liberty.

Tutor. You are right; we will resume the
subject to-morrow. In the mean time, remem-
ber. that caloric exists in every body, and in
every place with which we are acquainted. It
combines most readily with every species and
Eﬁcle of matter. On this subject, Dr. Black

given the following as a general law :—
“ Whenever a body changes its state, it exther
combines with or is separated from caloric.”
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CONVERSATION IX.

Of Heat.

JAMES. 1 do not comprehend what calorie’

Tutor. Perhaps you may never know what
is, but from its effects. It has been defined:
impenetrable fluid, highly elastic, and so subl
that its gravity has not been yet ascertained.

Charles. 1f it be a substance, it must neve
theless have gravity.

Tutor. Certainly ; according to the definiti
formerly given to matter ;* and means may her
after be found to ascertain its gravity; but
present we know it is diffused through, and cot
bined with all bodies ; nor can it be entirely s
parated from any of them.

James. Then caloric is not to be had in a pu
and separate state ?

Tutor. It cannot: and chemists, in reasonii
upon bodies, take no notice of the caloric
them, but consider it as essential to their e

Iaterice.

* Scienflfic Dialogues, vo.1, p. \0.
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on which it lies, and the table is less cold thaw
the marble slab : how, therefore, do these facts,
which cannot, I think, be denied, be made to.
accord with the theory of this universal equili-
brium, with regard to heat ?

Tutor. The difficulty which you feel, depends
partly on your own sensations, and pnrtl upon
the nature of the substances to which you refer,
some of which are better conductors of heat than
others. If you try the cloth, the table, dnd the
slab, under the circumstances which you have
descnbed by the thermometer, you will ﬁnd
they are all of the same temperature.

Charles. Is the thermometer, then, as its name-
imports, a true measure of the heat of bodies ?

Tutor. Of the temperature, or degree of heat
it is, but not of the quantity of caloric which
they contain; because, in bodies of different
kinds, the quantities of absolute heat may be un-
equal, though the temperatures be the same.

Experiment. Let a piece of iron, and another
of wood, be heated in an oven till they both ex-
hibit the same degree of temperature by the
thermbmeter. To the hand, the iron will feel
the hotter body ; that is, the iron will communi-
cate more heat to the hand, and will continue.
longer to communicate heat, before it assumes
the temperature of the hand, than the wood will
do.

James. Do you infer from this, that the iron

contains the greater quantity of caloric, although,
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from this circumstance, inferred, that the ca)
city of  different bodies for heat can only
known from actual experiment. )

Charles. What do you mean by the wc
capacity in this connexion ?

Tutor. The meaning is pretty nearly .t
same as when the term is applied to vessel
in these, the capacity is greatest, in" that whi
will contain the most ; so it is with regard
caloric ; that substance is gaid to have the gre
est capacity for it, that contains the most to
brought to a given degree of temperatare,
measured by the thermometer.

Charles. Then iron has a greater capac
for caloric than wood. :

James. And quicksilver has a less capaci
for it than water ; because it requires a small
quantity of it to raise its temperature to a giv
degree on the thermometer.

Tutor. Certainly. On this subject, Dr. Bla
drew three inferences, which, if not absolute
true, are near enough the truth to answer o
purposes. The first is, that caloric, or the m
ter of heat, is disposed to enter into, and to lea
the different kinds of inatter with equal celerity.(u

Charles. If that be the case, it is certai
that iron, whigh is longer in heating and coi
ing, must have a greater capacity for caloric th
wood, because it receives or throws it out
fast, but is longer in coming to the same degr
of temperature.















OF HEAT.

Tutor. No: it only announces a change
place of the caloric, and indicates the portion
it received, without being the measure of th
whole quantity displaced.

James. 1 now understand what is meant by
free and combined caloric. The heat was in the
wood and the coals before the light was applied
to them, but by the application of the candle it
was set at liberty.

Tutor. You are right; we will resume the
subject to-morrow. In the mean time, remem-
per. that caloric exists in every body, and in
every place with which we are acquainted. It
combines most readily with every species and
particle of matter. On this subject, Dr. Black
1as given the following as a general law :—
* Whenever a body changes its state, it either

ombines with or is separated from caloric.”
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CONVERSATION IX.

Of Hea.

JAMES. 1 do not comprehend what caloric is.

Tutor. Perhaps you may never know what it
is, but from its effects. It has been defined an
impenetrable fluid, highly elastic, and so subtle
that its gravity has not been yet ascertained. -

Chagrles. 1f it be a substance, it must never-
theless have gravity. .

Tutor. Certainly ; according to the definition
formerly given to matter ;* and means may here-
after be found to ascertain its gravity ; but at
present we know it is diffused through, and com-
bined with all bodies ; nor can it be entirely se-
parated from any of them.

James. Then caloric is not to be had in a pure
and separate state ?

Tutor. It cannot: and chemists, in reasoning
upon bodies, take no notice of the caloric in
them, but consider it as essential to their ex-
Istence.

# Scienfific Dialogues, vol.Y, p. 0.
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on which it lies, and the table is less cold thum
the marble slab : how, therefore, do these facts,
which canuot, I think, be denied, be made to.
accord with the theory of this universal equili-
brium, with regard to heat ?

Tutor. The difficulty which you feel, depends
partly on your own sensations, and partly apon
the nature of the substances to which you refer,
some of which are better conductors of heat than
others. If you try the cloth, the table, dnd the
slab, under the circumstances which' you have
descrnbed by the thermometer, you will ﬁnd
they are all of the same temperature.

Charles. Is the thermometer, then, as its name-
imports, a true measure of the heat of bodies ?

Tutor. Of the temperature, or degree of heat
it is, but pot of the quantity of caloric which
they contain; because, in bodies of different
kinds, the quantities of absolute heat may be un-
equal, though the temperatures be the same.

Experiment. Let a piece of iron, and another
of wood, be heated in an oven till they both ex-.
hibit the same degree of temperature by the
thermometer. To the hand, the iron will feel
the hotter body ; that is, the iron will communi-
cate more heat to the hand, and will continue.
longer to communicate heat, before it assumes
the temperature of the hand, than the wood will
do.

James. Do you infer from this, that the iron

contains the greater quantity of caloric, although,
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from this circumstance, inferred, that the capa-
city of different bodies for heat can only be
known from actual experiment. )

Charles. What do you mean by the word
capacity in this connexion ?

Tutor. The meaning is pretty nearly the
same as when the term is applied to vessels;
in these, the capacity is greatest, in that which
will contain the most ; so it is with regard to
caloric ; that substance is said to have the great-
est capacity for it, that contains the most to be
bronght to a given degree of temperatare, as
measured by the thermometer.

Charles. Then iron has a greater capacity
for caloric than wood.

James. And guicksilver has a less capacity
for it than water ; because it requires a smaller
quantity of it to raise its temperature to a given
degree on the thermometer.

Tutor. Certainly. On this subject, Dr. Black
drew three inferences, which, if not absolately
true, are near enough the truth to answer our
prposes. The first is, that caloric, or the mat-
ler of acat, is disposed to enter into, and to leave
the different kinds of matter with equal celerity.(a)

Charles. If that be the case, it is certain,
~hnt iron, whigh is longer in heating and cool-
ing, must have a greater capacity for caloric than
ewoud, becanse it receives or throws it out as
:+st, but is longer in coming to the same degree
[ teperature.
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James. Is not the thermometer affected
the wind ?

Twtor. In general. not mall The merct
of a thermometer. suspended in a large roo
did not fall in the least when a stream of air v
directed :gainst the buldb : bui, if that air }
been directed against you and me, we sho
have felt colder certainly.

Charles. Then the air is not made cok
by ;gitation ? fs

wior. Itis not. A piece of ice suspend
in the air of a warm moplm and blown upon
bellows, instead of being kept more cool, as ¢
bodies would, and preserved the longer from |
ing totally melted. would be melted faster th
when the air is allowed to be quiet around it.

Charles. From this account of the matter
see the reason why we are in danger of taki
cold, by being exposed to a carrent air, wh
we are very warm from exercise.

Tutor. 1 hope. then. you will in future pr
by this knowledge. The third inference
that the celerity with which caloric is communic
ed from hotter bodies to colder ones is proportii
able to the extent of contact, and the closeness
communication betzeen the bodies.

James. That is the reason why the water
broad and shallow kettles, called conjurors, v
boil so soon. Because the extent of surface
8o great, in comparison of others that cont:
equal guantities of water.
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James. Is it for a similar reason, thet. the
g:undunemverymuc‘l; aﬁsctedbyﬁon,lf
mwnwng preity eep o
nothing can’ be
Sohing proserves egetables end

vegetables
long severe frosts. In col
wool and hair of the wild anim

Charles. The earth must, however, ‘!‘ eool—
ed down to the freezing point; because§
can never be preserved ata higher ¥
than this. B

Tutor. True: but this is a great degree- of
heat, compared with the cold in the high
northern climates. In many of Laphind
the thermometer frequently 32 degrees be-
low the freezing point : which is just as much -
colder than simple frost as frost is colder than the
usual warmth of our summer weather. In some
parts of Siberia, the cold has been so severe'ss
to freeze the mercury in the thermometer, or st
Jeast 72(a) degrees below the freezing point.
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CONVERSATION X,

Of the Action of Heat upon Bodies.

TUTGR. You know that heat, or caloric, ex-
pands bodies ?
Charles. Yes : I remember the experiments

on the pyrometer,* which showed this very
clearly.

James. But those experiments related only
to solid substances.

Tutor. They did ; bodies, however, are ex-
panded least in the solid state ; more in a liquid
itate ; and most of all in an aeriform state.
{ere is a tube about twelve inches long, and on-
v one third of an inch in diameter ; I will fill it
p to this mark, about eleven inches, with cold

ater : and then plunge it into boiling water, and
wu will see, after a few minutes, that the water
the tube has risen above the mark.

Charles. The expansion of air, too, is very

nifest by tying up a small quantity of Wina

ider, and bringing the bladder near the Hre.

* See Scientific Dialogues, vol. iv,p. 2V«
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Tutor. In certain fluids, as qmcksllver, lin-
seed oil, and alcohol, the expansions, withia
eertain hmlts are proportloml to the quantities
of heat communicated to them.

James. Do you mean, that the quantity of
heat, required to raise the mercury in the ther-
mometer four degrees, is double that which is
required to raise it two degrees, four times that
required to raise it one degree, and so in pro-
portion ?

Tutor. Ido: and upon this principle, mer-
cury, oil, and alcohol, have been, and are still
used in the construction of thermometers.

James. You suid there were limits to the re-
gularity of these expansions.

Tutor. Yes : these are near the points of con-
gelation and evaporation, and then they cannot
be depended on as thermometers.

Charles. 1f fluids expand by heat, and con-
tract by cold, what made the pipe belonging to
the cistern burst in the frost? -

Tutor. That is a proper question ; it leads
to the mention of some objections to the general
rule. Water cortracts, till it has sunk to with- -
in 8 degrees of the freezing point; and then,
strange as it may appear, it expands; and this
expansion is the cause of the bursting of vessels,
in which water or other fluids are suffered to
freeze.

Charles: How is this expansion accounted
for ?
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is not sensible to the thermometer, and is, there-

fore, called latent or concealed heat.
Experiment 1. If a pound of water, at 32°,
be mixed with an equal quantity of the same
fluid, at 172°, the temperature of the mixture
will be 102°, which isthe arithmetical mean of
the two temperatures, because 32° + 172
: — =102

2

James. Here a quantity of heat, that raised
the thermometer 70°, passed from the warm
water into the cold, by which the temperature
of the latter wus increased 70°.

Tutor. If a pound of ice, at 32°, be mixed
with an equal quantity of water, at 172°, the
temperature of the mixture will be still 32° only.

Charles. Has the hot water no other effect
than that of dissolving the ice ?

Tutor.. No: whence it follows that 140° of
heat or caloric are absorbed, which produce no
change in the thermometer.

Experiment 1. The mercury of a thermome
ter, plunged into a vessel filled with pounded
ice, will immediately.descend to 32°. If then,
the vessel be immersed in boiling water, the mer-
cury will not rise during the whole time that the
ice is liquefying.

Ex. 2. Dr. Black found that a lump of ice, sus-
pended in a warm room, took upwards of five
hours to liquefy ; during which time, a stream of
€old air continued to flow fromit. He says,
CMhat if the caloric, which was commuricated \s
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ead of .having been absorbed, had been
red in making the ice sensibly hotter, its
‘ature, at the end of the time, would have
ed that of red hot iron.
es. Is heat, then, the cause of fluidity ?
r. It is: ice and snow require large por-
f it to bring them into a state of fluidity.
des. Is that the reason why ‘ice and snow
long in melting, after a change of wea-
om a severe frost ?
r. When a thaw succeeds to frost, the
nd ice are very soon brought up to 32°,
1y begin to be changed at the surface into
if now it required only the addition of a
uantity of heat, to effect the ehange com-
, the ice and snow must be melted in a
hort time, whereas it takes sometimes
lays, or even weeks, to liquefy, although
sric continues to be communicated inces-
from the surrounding air.
's. This seems to be a very fortunate cir-
ace ; since, as it is, we often have floods
ie breaking up of a frost, though the snow
> gradually.
r. It is, indeed : for in some countries,
the snow lies very thick on the ground, if
ting were instantaneous, the torrents and
ions would be absolutely irresistible ;
ould carry every thing away in their

les. Is it the slowness with which ce w

‘hat enables confectioners and othexs \s

n ice-houses so long ?

o S Il

RO PIRAPRT THLSE SIS s TR T S
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Tutor. Yes: it begins to melt, perhaps, iy
dintely, -but, as the building is exposed as ¥
as possible to the ‘external air, and is either.
der ground or in a shady place, and covered 1
a thick covering of thatch, theheatpeneh
very slowly ; ‘and there are always draia
carry offthe water that runs from it. -

James. They have-double doors ; one at
distance of several feet or yards ‘within anot

Tutor. This is in order that the person -
fetches away the ice may go in and sbut
outer door before he opens that which is. 1
the ice. By this precaution, a very small |
tlonoftheex air gains access to the is

: of ‘the ice-house ; and thus ice is ']
uring the whole summer. For the same :
son, snow on the tops of lofty mountains cox
ues in a melting state through the summer,
melting so slowly, that the whole season is in
ficient for ity complete liquefaction.

Charles. Instead of the ice absorbing the
loric, may it not be dispersed ?

Tutor. Take a piece in your hand :—wh
the consequence ?

Charles. It makes my hand very cold.

Tutor. That is, it absorbs, or draws the ¢
ric very rapidly from you. I have suspen
on the beam, a lump of ice by a string, b
your hand just under it.

Charles. A stream of cold air seems to desc
from the ice.

Zutor, The air in contact with the ice v
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ived partly of its caloric, and, on that account,
becomes heavier than the warmer air in the
om, and falls downwards. Its place is imme-
ttely supplied by other portions of warmer air,
tich, in their turn, lose their caloric and de-
end. Thus, there is a constant flow of warm
r to the sides of the ice, and a descent of the
me in a cold state, from the lower part of the
us ; during which operation the ice must ne-
ssarily receive a great quantity of caloric.
James. If I understand you, the only effect
'oduced by this caloric is to change the ice in-
water, without making it sensibly warmer than
e ice was before.
Tutor. Right : the caloric changes the ice at
° to water at 32° ; it must itself, therefore,
absorbed or concealed within the water. To
w more effectually the absorption of caloric
he ice, Dr. Black suspended equal quantities
e and water, at the same temperature, in
vessels of the same size and shape, ina
i, the heat of the air of which was 47°. At
nd of half an hour, the temperature of the
- had risen 7 degrees ; but, 1n ten hours and
. some of the ice was left in the middle of
her glass undissolved ; but the water near
les of the glass had also gained & degrees of

les. That is, in one caze, the 7 degrees
ned in half an hour, and_in the otherx, &
in 21 half hours.

Yes: and the doctor adds, thak Woe..

T
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whole quantity of caloric received by t

, must have been 21+ 7°=147°; v
no part of this caloric appeared in the ice
except 3 degrees, the remaining 139 ha
absorbed by the ice in melting, and we:
cealed in the water into which it was cl
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CONVERSATION XI.

e—i—

Of the Action of Heat on Bodies.

"HARLES. Is the caloric, of which we con-
sed yesterday, separated from the liquids
en they return to a solid state ?
"utor. Yes, as the following experiment will
ve : if a pound of water, at 32°, be quickly
»d with an equal quantity of ice, at 4°, about
fifth part of the water will be frozen, and
temperature of the mixture will be 32°,
the ice is raised from 4° to-32° ; there-
by the congelation of one fifth of a pound
ter, a quantity of caloric is given out from
ater, sufficient to raise a pound of ice 28°.
es. Do bodies, by passing from the fluid
o the aeriform, absorb heat ?
r. They do; which is again given out
hey recover their liquid state, as the fol-
experiments will prove :—
riment 1. If a vessel of water be placed
fire, it will, in a few minutes, reach Xne
rint; but it will take a considerad\e
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time before all the water is reduced to a-glatael
. Vapour. ", b
Ex. 2. A vessel, containing a few
. water, was exposed to such a heat as
“boil in four minutes, but it took twenty, “’
wholly to go off in the shnpe of steam .
pour. The heat was equ ‘ygreat duzing
whole time ; consequently, four times u“ |
caloric was necessary to bring the water injp s
state of vapour, as was required to make it beil; ;
But this extra quantity of caloric was neither
sensible in the water, the vessel, or the vqur;
" it was undoubtedly absorbed in the. lteulh
-, Charles. You mentioned the ** boiling p
is the heat of boiling water always the lm!a »
Tutor. No: it is liable to some varistionjes
account of the state of the atmosphere. - When
the barometer stands at 30.4, water, whea it
boils, will be found hotterthan it is to-day, whenit
sta.nds only at 28.8.
James. What-is the reason of this ?
Tutor. It depends on the pressure of the at-
mosphere : hot water, much below the boiling
- heat, will boil in vacuo, as you saw in the ex-
periment on the air-pump ; as the pressure is in-
creased, it requires a greater degree of hest
before it boils.
Charles. Then the heat of the water will be
eater under a greater pressure.
Tutor. Yes : but the moment the extra
soure is taken away, the extra_heat will Jy off
~apour. Waler, in Papin’s Digester, way b
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ot enough to melt lead ; but the instant the
:moved, it sinks down to the heat of boiling
and all the caloric above this goes off in

ottle closely corked, was raised several
3 above the boiling point, but the instant
opened, a small portion of it went off in
, and the rest sunk to the boiling point.
3. From these experiments, it is clear
dies, by passing from the fluid state to the
m, absorb heat.

r. Water, or wine, or other liquids, in
nates are put into porous vessels; then
'«d in wet cloths, and exposed to the sun,
arrent of warm air, for the purpose of
‘them.

les. How is that accounted for ?

r. The water in the cloths evaporating,
ing into vapour, absorbs the heat from the
and whatever it may contain. For the
:ason, the mercury of a thermometer, ta-
. of water, and hung in the ajr, always de-
the evaporation of the moisture carries
ie caloric. The same thing happens to
rometer, placed under the receiver of an
1p ; in this case, the caloric is carried off
expansion of common air into that which
: rare.

's. I have seen the wet linen hanging on
es in the garden, frozen at a time when
rcury in the thermometer was much 3oove
'zing point.

7*
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time before all the water is reduced to a state of
vapour.

Ex. 2. A vessel, containing a few ounces of
water, was exposed to such a heat as made it
boil in four minutes, but it took twenty minutes,
wholly to go off in the shape of steam and va-
pour. The heat was equally great during the
whole time ; consequently, four times as much
caloric was necessary to bring the water into a
state of vapour, as was required to make it boil :
But this extra quantity of caloric was neither
sensible in the water, the vessel, or the vapour;
it was undoubtedly absorbed in the steam.

Charles. You mentioned the ‘¢ boiling point :”
is the heat of boiling water always the same ?

Tutor. No: it is liable to some variation, en
account of the state of the atmosphere. When
the barometer stands at 30.4, water, when it
boils, will be found hotter than it is to-day, when it
stands only at 28.8.

Jumes. What is the reason of this?

Tutor. It depends on the pressure of the at-
mosphere : hot water, much below the boiling
heat, will boil in vacuo, as you saw in the ex-
periment on the air-pump ; as the pressure is in-
creased, it requires a greater degree of heat
before it boils.

Charles. 'T'hen the heat of the water will be
greater under a greater pressure.

Tutor. Yes: but the moment the extra pres-
sure is taken away, the extra heat will fly off

4 vapour. Water, in Papin’s Digester, may be
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Tutor. Though the temper
was not 80 low as the freezing
had-tried the linen itself, you 1
that this was cooled to 32" wi
ed by a bmkmrcnwngthe\
to enponte, and off the

~ This will dccount for the.

rspiration, without which w:
m glass-houses und' iron-four
exist ; the heat of those place
than that of the human body, &

I -
T

ric is caried off by: perspiration- or evaporation.
Charles. 1s that the reason why medicines are

used in fevers to create or promote perspiration !
Y Tutor. Yes, these are prescribed as one of the

means to carry off the extra caloric, and:te bnl;

the body to its usual temperature.

James. Is the steam of boiling water of the
same temperature with the water from whlch it

proceeds. ?

I
|

|

Tutor. Yes, it is : if a thermometer be adlmt- |
ted through the lid of a vessel in which water is
boiling, but so as not to touch the water, the
mercury will rise to 212°, which is precisely the
temperature of the water beneath. The water
is, however, receiving continually new acces-
sions of heat, which of course exists in the steam
in a state of chemical union. Experiments have
been made on this subject, which show that a
Pound of water in a state of steam, contains more
Calorjc than a pound of bolhng water, in the pro-

Portion of full 4} to 1.
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TABLE ~ )
OF

FREEZING MIXTURES.

Miztures. Thermomeler sinks.

Muriate of ammonia 5 parts

Nitrate of potass ....... 5 From 50° to 10°.
Water ....ceecsenenne 16

Sulphate of soda From 50° to 0°
Muriatic acid ...... .
Snow or pounded ice 2 parts -
Muriate of soda ......... 1 From 0°to — 5°.

Snow or pounded ice 1 part
Muriate of soda ......... 5
Mur. of ammonia &
Nitrate of potass ....... 5

From — 6° to — 18°.

Snow or pounded ice 12 parts
Muriate of soda .. From — 18° to — 25°.
litrate of ammoma 6

*£ Y
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care to stir the mixture with a glass or
rod during the operation. The subject
susTION we shall discuss hereafter.
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CONVERSATION XII.
—ace

Of the Apparatus used in Chemistry.

TOR. 1 will now explain the nature and
rties of some of the apparatus, which we
nake use of in our experiments on this sub-
This vessel (Plate 1, Fig. 1) is a refort ;
1sed for distilling a small quantity of any
nce. .
es. What is it made of ?
or. This is made of baked clay, but glass
s are very useful in Chemistry : they are
»metimes made of iron. Fig. 2 is called a
ted retort; from the circumstance of its
made with the small neck or tube =z,
th which the materials may be introduced
the experiment is going on, as in Fig. 3.
ubstance to be distilled is putin at a; and,
istils, it passes over to the receiver B, which
d to the retort at b. )
rles. Distillation cannot, I suppose, be per-
d without heat: how is that applied to &
retort ?
. The best means is by an Argaads
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lamp, or any other of 3 similap
Fig. 4 is the repmenhtmnofvdllu.'
ne apparatus, such a one as'is
f.ecturea at the Royal I:;htuhon. AN :l:k "
tin vessel neatly japanned, n Glled -
ter; suaahel%‘Jsophced utoieﬂwntnﬁ
under the water, having several hdlq
through it. B is a glass receiver, w
filled with water, and then placed on uu:ld
with. its open part downwards ; the -water, ,Ol
know, will not run out. .

James, Certainly : the preunre ‘of ﬁe l-
mosphere on the water, in the vessel.ax, will
sustain the water in the jar, provnded it be ast
elevated above its surface.*

Tutor. In the retort c is some water while
in its present porition, I light the lamp x. What
will be the result ?

Charles. The water will boil, and be convert-
ed into steam, which must pass along ce

Tutor. The end of c ¢ is brought under 8
hole in the shelf over which the jar g stands.

James. Then steam being so much lighter
than water, it will ascend through it to the tep
of 8, and force aut a part of the water that is is
the jar.

Tutor. I withdraw the lamp, and you neeibc
part a B of the jar is filled with steam.

Charles. But, as the apparatus cools, the ws-
ter in the jar ascends again.

* Scientific Dislogues, vol.iil,
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unduthholuofthe-hdﬂuﬂy dopatiing
the hroln,the m&of*tbept’mﬂh“

and ‘rise
tlebohwer&ht:?e otétuﬂlb?mw
sel wu placed, lndtvnllﬁllh\by ﬁlm*'

a.arze. Are you not liable to !ou nnsif.l

this operation ? - - N
g.T::tyor When once you have acqmrd alﬂk
dexterity in managing the business, -thére 'is lit:

tle risk to' be apprehended ; and then,.indeed,

you will have no need. to take the precaution o
placing the vessel, to be filled with gus;od %
shelf ; but, by lloldmg both that and ihe" jar ue-
der water, the gas is readily transfetrbd hb
one vessel to another. -

James. How would you get it into a mmw
mouth vessel, as a common phial ?

Tutor. In that case, a glass funnel, as a, Fig, 5,
is useful ; the phial must be ﬁlled with .water,
and holdmg its mouth downwards, still under
water, introduce the funnel, and then transfer
the gas from the j jar, tbrouvb the funnel into the
phial.

Charles. Then it may be corked and camed
any where, I suppose ?

Tutor. True. Dr. Ingenhouz, who dlscover-
ed the method of burning iron wire in oxygen
gas, used always to carry about with him a phial
filled with gas, to amuse his friends vnth the ex-

' periment.
ames. Ishould like to see how thok s dsne.
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Tutor. 1 take a piece of very fine iron wire,
twisted into a spiral form, as a c, Fig. 6 ; one of
its extremities, 4, is fixed into a cork, adapted to
the phial, and to the other extremity is put a
small piece of tinder ; a morsel of phosphorus
would be better ; then I light the tinder, and
introduce it into the phial already filled with ox-
ygen gas. You will see the iron burns with
more brilliancy than you ever saw any other
body, however combustible, in common air.

Charles. The sparks that fly off resemble those
that fly from a cat and wheel, as we call it, in
fire works,

Tutor. They do; and you will find them in
the shape of little globules of iron at the bottom
of the phial.

James. Is not its nature changed ?

Tutor. Yes : it is now an oxyde of iron ; that
is, iron combined with oxygen. .

Charles. This is a beautiful experiment: I
should not have supposed that iron would burn.

Tutor. There are few of the metals that may
not, by means of Chemistry, be made to burn.
Thus, in our experiments on Galvanism, we saw
gold and silver leaf burn with as much brilliancy
as the iron in this.*

James. What is the tube ¢ for, in Fig. 4 ?

Tutor. 1t is intended to receive gases that are
to be exploded by means of Galvanism, or the
:Rectric spark. It is a strong glass tube, closed

* Scientific Dialogues, vol. vi.
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Charles. What are the
hy this methed ?

Tuter. They are the axygea and hydm
gases, mixed in in certain proportions, as we shall
show 'henwecmhmuoftheeomposm !
of water.

James. Is it necessary to hvethepneuw j
made of tin, or iron ? |

No: a common small walnng-tnb.
mtba shelfplaced in it, will answer the seme |
end ; it should be 12 or 14 inches deep, in or-
der to fill the glass receivers conveniently.
There are some gases which are absorbed by
water ; in experiments with these, mercury
must be used instead of water.

Charles. Do you fill the trough with qnlck
;' silver ?

Zwtor. The expense of mercury is too great
%0 be used in this manner: a sma\er \rongha
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aceordingly used, such as in Fig. 7, Plate u1,
this is usually made of wood, or stone ; the cavi-
ty B, and grodve, are filled with the fluid metal,
and so also is the receiving vessel ; Fig. 8 isa
section of this trough, supposed to be cut through
the middle, and from this we learn the method
of placing the glass receiver x and the retort s.

James. The experiments that require a mer»
curial apparatus, seem to be done on a smaller
scale.

Tutor. They are, to avoid the great ex-
pense of the metal. 4, Fig. 9, is called a ma-
trass, which may be placed in a sand-bath ; B is
an alembic, fitted to the head of the matrass.
The heated liquid, that flies off in vapour, is
condensed in B, and falls into a groove round its
inside, and runs from it, by the tube c, into the
receiver p.

Charles. What do you mean by a sand-bath ?

Tutor. It is a vessel containing a quantity of .
sand, and so placed over a charcoal fire, or fur-
nace, as to be capable of being raised to any de-
gree of heat. The sand will communicate a
more equal and regular heat to glass or earthen
vessels, than can be obtained when exposed to
the fire itself.

James. What does Fig. 10 represent ?

Tutor. A phial, with a bent tube fitted into it :
which, by the bend at x, will hang on the side of
any tub, or other vessel, as Fig. 4, and the bend-
€4 part, 2, will come under one of the holes ™
€k shelf: Or the jar B, in Fig, 4, may be Droud:s

Q% :
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into such a position to the odgeoftheshlf,
the part z may be introduced under it.
will supersede the necessity of having the
pierced with holes.

1
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CONVERSATION XIII.

——t—

Of Ozygen—Ozygen Gas.

YARLES. You have mentioned oxygen gas,
what is oxygen itself?

stor. It is one of the most important agents
ature ; there is scarcely a single process,
»r natural or artificial, in which oxygen has
share ; but it is known only in combination
other bodies. It is absorbed by some com-
ble bodies, and converts them into acids.
hur, for instance, burnt in oxygen gas, forms
huric acid ; phosphorus, by the same pro-
. yields phosphoric acid; and charcoal will
| what is denominated carbonic acid .gas, so
d from possessing real acid properties,
gh in a state of gas.

unes, By what means are these operations
ormed ?

utor. Let the receiver a r (Fig. 12) be fill-
rith oxygen gas ; and upon the small stand F
piece of phosphorus ; if this be inflamed oy
ns of a2 hot iron wire introduced through the-
ury, or by a burning glass, ¢, \\ eXMOVR ¥
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brilliant a combustion s can be imagined -8

gas disappears, and a concrete substance is fouil

" on the inner surface of the glass recervel',q

is phosphoric acid. °
Gwrle:. Does the phosphorus unite WM
gen of the gas

. It does, and the caloric escapes’ ﬁ

oxygen gas is composed of oxygen and calorié

and, being decomposed, the former unites wi!
the phosphoms, and the latter

Oxygen is necessary for combustion; it Iﬂh
itself alwa: Xs in bodies that burn, mt:runig“
we.tght and changing their properties. -~ . .

James. ‘Does the phosphoric acid wei ‘g
than the phosphorus did prevmuly to-the com
bustion ? it

Tutor. It does, and the rule holds umverllw
When oxygen combines with metallic substay
ces, the results are oxydes, which have la
their metallic properties, but which are
heavier than the metals were from which:the
are formed. The combination of oxygen wil
any body, is called oxygenation.

Charles. As you cannot get the oxygem b
itself, are there any other means of procutin
oxygen gas than from the manganese, as yo
showed us yesterday ?

Tutor. It may be obtained from many substas
ces. If I put pure oxygenated muriate of pots
into the retort, as in Fig. 4, and apply the het

of the lamp, the salt will melt, and the gas be o
! in abundapce, and collected in the jar






94 * CHEMISTRY.

James. Can you show us any other «
ment like the combustion of the iron wire

Tutor. A very fine watch spring may b
in the same manner ; and, if it be first w
and likewise the gas, which is used in the
&on, it will be found that the result, or the
of iron, will weigh nearly as much as the
and the gas together.

Here are some very fine turnings of 2
the form of a ball; this I will bang to a p
wire,; and insert a morsel of phosphoru
which, being lighted, I introduce into a

oxygen gas. ) .
Charles. The ball burns with a beautif
flame, surrounded by a whitish one.
Tutor. The zinc unites to the oxygen
gas, while the caloric and light escape ; ¢
result is an oxyde of zinc.
This bladder is filled with oxygen gas;
a stop cock, to prevent its escape. Ona
piece of ignited charcoal I have throwr
iron filings, which, in the common air,
no partieular appearance. But, when I pt
into oxygen gas, or cause a current of f
to pass over them from the bladder, th
burn with great brilliancy. The filings o
‘copper, or antimony, would have answi
well.
James. Candles would, I suppose, bum
a great degree of brightness in this k
£as.,
7ufor. You shall see: here is an
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w filled with it ; if I let this lighted taper, which
have fixed on a wire for convenience, with
1e wick bent upwards, down into the jar, you
ill see with what splendour it burns. If I blow
/out, and immerse it again, while the snuff is
ed hot it instantly takes fire. Ifa’ piece of the
ark - of charcoal be fastened to the wire and
mited, and then immersed in the gas, it will
wow out extremely brilliant sparks.  All com-
ustible bodies whatever burn in oxygen gas
ith increased splendour.
| Chgrles. 1f 1 understand the subject discussed
i-day and yesterday, oxygen gas is composed of
certain something, never yet seen by itself,
iled oxygen and caloric.
Twtor. Itis: and the name oxygen, a Greek
wrd, denoting the cause of acidity, is given to
because it is considered as that cause.
fTames. Yes: 1 remember sulphur and phos-
rus united to oxygen gave acids as results.
Wor. And, according to the quantity of
ten absorbed, the acids are stronger or
ter.
he other properties of oxygen gas are, that
10t absorbed by water: it is rather heavier
sommon air ; and, during every combustiom
rgen gas, the gas suffers a considerable di-
on.
bodies, by combustion in oxygen gas, ac-
n addition to their weight.
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CONVERSATION XIV.

——p
Of Ozygen, and its Compounds.

CHARLES. Are there different degr:
oxygenation ?

Tutor. Yes; chemists reckon four suc
grees :—the first degree forms oxydes; ti
- cond forms weak acids ; the third, strong
and those of the fourth degree are call
peroxygenated acids. There are likewis
ferent kinds of oxydes, which assume dif
colours, according to the quantity of oxyg
bibed. This I wish you carefully to reme

James. How are these changes express

Twutor. 1 will give you a short table, v
though confined to a few instances, will pr
in possession of the whole theory for all.
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TABLE
OF DIFFERENT DEGREES OF
* OXYGENATION.
Calorie, forms oxygen gas.
{ydrogen, water. .
“arbon, carbonic acid ges.
Degrees of
. Ozygenation.

1. forms oxyde of sulphur.

ulphur, < 2. sulphurous acid.
3. sulphuric acid.
1 black oxyde

fercury, < 2. yellow oxyde 5 of Mercury.(a)
3 ——- red oxyde

arles, What is the oxyde of sulphur?

tor. If sulphur be kept melted, in an open
1, it becomes soft like wax, by means of the
:n, which it imbibes from the air during
1; it is, therefore, a compound of sulphur
.small portion of oxygen, and is called the
» of sulphur.

mes. Is sulphurous acid formed by the
. of a large portion of oxygen with the sul-
?

tor. Itis: and sulphuric acid is that which
: strongest, or that in which there is the
st portion of oxygen combined.

arles. Do the terminations ous and ic de-
always the smaller and grealer Jesyees 3
nation ? :
L a
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Tutor. They do, whenever they are luel
thus, we say,
Oxyde of pliosphorus,
Phosphorous acid,
Phosphoric acid.

The oxyde is phosphorus changed a httle by
exposure to the air, at a low temperature.

James. Are not the terminations ous and ic
applicable in all cases ?

Tutor. No: for all' substances do not admit
of similar degrees of oxygenation ; thns, we

have,
Oxyde of‘; carbon (charcoal)
an

Carbonic acid ; '
but no carbonous acid. . )
James. Does carbon then admit of two de‘reea
of oxygenation only ?
Tutor. 1t does. Again, we have
Muriatic acid,
Oxymuriatic acid,
and
Hyperoxymuriatic acid.
Tn this case, we have no degree so low a3 an
oxyde, nor any which can be denominated muri-
atous. In some instances, only one degree of
‘oxygenation is admitted, as in the fluoric acid and
boracic acid.
;. Charles. Does the same principle hold with
F d to the metals ?
Zutor. Yes: the black, the yellow, and the
red ~vvdes, denote the differemt degrees of
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no natursl means adapted to create’ new .sup-
plies of it ; but these séem perfectly adw_b
a%lou: wants.  As the cabbage-plants am
ass receiver gave out oxygen gas when exgis
%o the sun’s rays, so we may be auw
is, i every bright day, a perpatual disti i of
oxygen gas, from, or by means of the vegetible
creation. L
Charles. Does this process, which js8o int
portant in itself, only go on in the light of the
sun ? : e
morl:thThohgh thfe organs ofdall W&.
our forth streams of oxygen gas during the pie
Sence of the sun’s Fayg yet it is m
beyond all doubt, that at night they émit s ﬁ
of a contrary and very noxious quality.®
to proceed : water is a compound subetance, s
we shall hereafier show, of oxygen and hydro-
gen ; every decomposition of that fluid, of which
there may be numerous instances that we kmow
nothing of, must afford new supplies of oxygen.

* The effect of light on vegetation is well known to eve-
practical gardener. Many flowers follow the- course of
the sun; and plants that grow in houses, or other confined
situations, press towards- the light ; whereas, plants that
E:w in the shade, or are suffered to remain in darkness,
e, and almost colourless. To blanch their lettuces,
cabbages, &c. gardeners tie up the leaves, to guard them
from the light. The greater the light to which plants are
exposed, the brighter the colour which they acquire. Ve-
getables are not only indebted to the sun’s rays for their
vlour, bt for their taste and odour also ; hence, the hot
Climates are the native countries of pertumes, highly fla-
»and aromatic resins. :
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James. In appearance, this gas does not seem
at all different from common air.

* Tutor. True ; and this brings us to its other

properties ; (2.) it is colourless and invisible,

elastic, and capable of great degrees of expan-

sion and compression.

Charles. You said it'was heavier than atmos- *
pheric air ?

Tutor. It is, in the proportion of 34 op 35 to
31; that is, when a hundred cubic irches of
common air weigh 31 grains, the same quantity
of oxygen gas will weigh 34 or 35 grains.

JYou will remember, also, that oxygen gas is
peculmrly characterized by these two proper-
ties :—First, that of supporting animal life by
respiration ; and, secondly, that of supporting
combustion.

. The nature of combustion will be consldered _
in a few days.
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Of Azote, or Nitrogen.

The next substance I wish

1 with is azote, or, as it is

its,- pitrogen ; because this;
s into the composition of tk
r.:
pitrogen a simple or eleme

has long been suspected to |
and, as the result of numerous
is supposed to be compound:
1 unknown base ; in the propo
f oxygen to 45 of base.

[s nitrogen, like oxygen, t
in combination with other

18t so: combined with caloric,
ogen gas ; it is found in combin;
al and vegetable bodies,(a) in r
immonia. 1t is incapable of
life, or combustion.
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Jomes. How is azotic ges produced seh-
ficially ? : - o
_ Tutor. There are several wa .
(1.) Under this bell-glass (such as 4, Fig. 22;)
which is full of atmospheric air, and standing.i
water, I introduce some sulphuret of
which, in a few days, will absorb all &c@
and leave the azotic gas perfect:¥- pure. ...
Charles. Has the sulphuret of potass a strong
attraction for exygen ? - :
Tutor. It hds, and thus it separates it from
the atmospheric air : during the experiment, the
sulphur, by combining with the bxygen,-is con-
verted i‘t.xto sulphurlilc ncid,lwl;i:: ol;mm to the
tass, forming with it a sulp! ;
ko 2.) Imte:dg of the sulpburet of popl;::"qd
weights of sulphur and iron filings, made into a
paste, will answer the same purpose. The air
in the bell-glass will gradually diminish, as the
ascent of the water will prove, till onl; about
three fourths remain, which is pure azotic gus.
(3.) Any kind of muscular flesh, cut in small
pieces, and put in a retort, with some diluted
nitric acid, will, by the application of heat, pro-
duce azotic gas, which may be preserved by |
means of the pneumatic apparatus, Fig. 4. :
J?ma. Why. do animal substances yield this
gas .
. Tutor. Itis found that they are composed of
".4¥ote, carbon, hydrogen, and oxygen, and, by
"#h~ ~Adjtion of the nitric acid, the wote m vt
-See vol. ii.
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properties, is, that it produces no ehange in the
vegetable colours ; and‘when’ agitnted with lime
water, it does not render it

Charles. Has it been ascertamed whether ni-
trogen is a compound ? -’

Tutor. From some experiments by Mr. Miers,
it would follow, that nitrogen is composed of
oxygen and hydrogen with less oxygen than
exists in water. But their accuracy has been
doubted.

The experiments of Sir Humphrey Davy,. on
the presumption of nitrogen being an oxyde, have
not been attended with success. Hence, says
Dr. Henry, the general tenor of these i

lends no strength to the opinion that mtro;én s

a compound body. .

|
i
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- CONVERSATION XVI.

Of Hydrogen.

UTOR. The nex tsubject is hydrogen, which,
have hinted before, is one of the constituent
ciples of water ; and on that account it has
ame. It possesses so great an affinity for ca-
;, that it cannot be procured but in a state of
bination ; and, united to caloric, it forms hy-
;en gas. :
harles.. Was not hydrogen gas formerly called
mmable air ? ,
utor. It was ; and it is one of the most abun-
. principles in nature ; for, besides making
it the one sixth or one seventh of all the water
exists, it is one of the ingredients of bitu-
8, oils, ardent spirits, ether, and, indeed, of
he component parts of animal and vegetable
es; it is one of the bases of ammonia, as
1ave seen, (p. 141,) and of various compound
s, as we shall see hereafter.
xmes. What are the chief properties of hy-
ten gas ?
utor. 1t is, like the others, invisible and Sw-
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no natural means
plies of it ; but the:
all our wants. As
glass receiver gave
to the sun’s rays, ¢
is, in every bright d
oxygen gas, from, ¢
creation.

Charles. Does tt
portant in itself, o
sun ? .

Tutor. Though
pour forth streams
sence of the sun’s
beyond all doubt,
of a contrary and
to proceed : water
we shall hereafter
gen ; every decom
there may be num
nothing of, must afl

* The effect of light |
17 practical ener.
the sun; and plants the
situations, press towar . . -
row in the shade, or are suffered to remain in darkness,
Ere e, and almost colourless. To blanch their letttces,
cabbages, &c. gardeners tie up the leaves, to guard them
from the light. The ﬁ:'eater the light to which plants are
exposed, the brighter the colour which they acquire. Ve
getables are not only indebted to the sun’s rays for their
oolour, but for their taste and odour also ; hence, the hot
tes are the native countries of \\eﬂlnmu, highty fe-
*d fruits, and aromatic resins. .
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James. In appearance, this gas does not seem
at all different from common air.

Tutor. True ; and this brings us to its other
properties ; (2.) it is colourless and invisible,
elastic, and capable of great degrees of expan-
sion and compression.

Charles. You said it'was heavier than atmos- "
pheric air ?

Tutor. It is, in the proportion of 34 of 35 to
31; that is, when a hundred cubic iriches of
common air weigh 31 grains, the same quantity
of oxygen gas will weigh 34 or 35 grains.

You will remember, also, that oxygen gas is
peculiarly characterized by these two proper-
ties :—First, that of supporting animal life by
respiration ; and, secondly, that of supporting
combustion.

. The nature of combustion will be considered
in a few days. ' :
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Of Azote, or Nitrogen. AT

TUTOR. The next substance I wish yau to
be acquainted with is azote, o'r,uitil.e,dmby-
some chemists, pitrogen; becanse this, M
oxygen, enters into the composition of the at--
mospheric air.

James. Ia nitrogen a simple or elementary
substance ?

Tutor. It has long been suspected to be a
compound ; and, as the result of numerous ex-
periménts, it is supposed to be compounded of
oxygen and an unknown base ; in the proportion
of about 55 of oxygen to 45 of base.

Charles. Is nitrogen, like oxygen, to be
known only in combination with other sub-

- gtances ?

Tutor. Just so: combined with calorie, it is
azotic or nitrogen gas ; it is found in combination
with all animal and vegetable bodies,(a) in nitric
2id, gnd in ammonia. It is incepeble of ww

wimal life, or combustion. .
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. Jmlue;. How is axotic gas' produced b
cial . - ’ - '.‘,;'ll ’

, Tut{n-. There are several wa i,

(1.) Under this bell-glass (such as 4, Fig: #2,)
which is full of atmospheric air, and standingn
water, I introduce some sulphuret of
which, in a few days, will absorb all the.
and leave the azotic gas perfectly pure. . ...

Charles. Has the sulphuret of potass a strong
attraction for exygen? - :

Tutor. It has, and thus it separates it from
the atmospheric air : during the experiment, the
sulphur, by combining with the bxygen, is con-
verted into sulphuric acid, which unites to the
potass, forming with it a sulphate of pota

2.) Instead of the sulphuret of potass, egua
weights of sulphur and iron filings, made into a
paste, will answer the same purpose. The air
in the bell-glass will gradually diminish, as the
ascent of the water will prove, till onl’ about
three fourths remain, which is pure azotic gus.

(3.) Any kind of muscular flesh, cut in small
pieces, and put in a retort, with some dilated
nitric acid, will, by the application of heatéfm-
duce azotic gas, which may be preserved by
means of the pneumatic apparatus, Fig. 4. :

J:lma. Why. do animal substances yield this
o8

Twtor. It is found that they are composed of

ote, carbon, hydrogen, and oxygen, and, by

+ saddition of the nitric acid, the wzete ™ setat

See vol. ii.
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properties, is, that it produces no.change im the
vegetable colours ; and when agitated with lime
water, it does not render it lll.lk"

Charles. Has it been ascertained whether ni-
trogen is a compound ?

Tutor. Fromsome experiments by Mr. Miers,
it would follow, that nitrogen is composed of
oxygen and hydrogen with less oxygen then
exists in water.” But their accuracy has been
doubted.

The experiments of Sir Humphrey Davy,- on
the presumption of nitrogen being an oxyde, have
not been attended with success. Hence, says
Dr. Henry, the general tenor of these inquiries
lends no strength to the opinion that nitrogeén is
a compound body. ,
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Of Hydrogen.

TUTOR. The nex tsubject is hydrogen, which,
1 I have hinted before, is one of the constituent
rinciples of water ; and on that account it has
sname. It possesses so great an affinity for ca-
ric, that it cannot be procured but in a state of
mbination ; and, united to caloric, it forms hy-
gen gas.

Charles.. Was not hydrogen gas formerly called

ammable air ?

"wtor. It was ; and it is one of the most abun-

. principles in nature ; for, besides makin

it the one sixth or one seventh of all the water
exists, it is one of the ingredients of bitu-
1, oils, ardent spirits, ether, and, indeed, of
e component parts of animal and vegetable
8; it is one of the bases of ammonia, as
ve seen, (p. 141,) and of various compound
as we shall see hereafter.
es. What are the chief properties of hy-
?

n It 'is, like the others, invisible and S\ax-
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Tutor. They do, whenever they are usell: -
thus, we say, ‘ i
Oxyde of pliosphorus,
Phosphorous acid,
Phosphoric acid. :
The oxyde is phosphorus changed a little by
exposure to the air, at a low temperature.
James. Are not the terminations ous and sc
applicable in all cases ? '
Tutor. No: for all' substances do not admit
of similar degrees of oxygenation; thus, we

bave,
Oxyde a:fl carbon (eharcoal)

Carbonic acid ; '
but no carbonous acid. . .
James. Does carbon then admit of two degrees
of oxygenation only ?
Tutor. 1t does. Again, we have
Muriatic acid,
Oxymuriatic acid,
and
Hyperoxymuriatic acid.
In this case, we have no degree so low as an
oxyde, nor any which can be denominated muri-
atous. In some instances, only one degree of
oxygenation is admitted, as in the fluoric acid and
boracic acid.
Charles. Does the same principle hold with
regard to the metals ?
* Zubor. Yes: the black, the yellow, and the
*d oxydes, denote the different degrees of
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no natural means adapted to create new sup-
plies of it ; but these seem perfectly adequate to
all our wants.  As the cabbage-plants under the
glass receiver gave out oxygen gas when exposed
to the sun’s rays, so we may be sure that there
is, in eévery bright day, a perpetual distillation of
oxygen gas, from, or by means of the vegetable
creation, .

Charles. Does this process, which is so im-
portant in itself, only go on in the light of the
sun ?

Tutor. Though the organs of all vegetables
pour forth streams of oxygen gas during the pre-
sence of the sun’s rays, yet it is ascertained,
beyond all doubt, that at night they emit a ﬁu
of a contrary and very noxious quality.* But
to proceed : water is a compound substance, as
we shall hereafter show, of oxygen and hydro-
gen ; every decomposition of that fluid, of which
there may be numerous instances that we know
nothing of, must afford new supplies of oxygen.

* The effect of light on vegetation is well known to eve-
practical gardener. Many flowers follow the course of
the sun; and plants that grow in houses, or other confined
situations, press towards the light ; whereas, plauts that
grow in the shade, or are suftered to remain in darkness,
ure pale, and almost colourless. To blanch their lettuces,
cabbages, &c. gardeners tie up the leaves, to guard them
from the light. The greater the light to which plants are
exposed, the brighter the colour which they acquire. Ve-
getables are not only indebted to the sun’s rays for their
colour, but for their taste and odour also ; hence, the hot
climates are the native countries of perfumes, highly fla-
“red fruits, and aromatic resins.
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James. In appearance, this gas does not seem
at all different from common air.

Tutor. True ; and this brings us to its other
properties ; (2.) it is colourless and invisible,
elastic, and capable of great degrees of expan-
sion and compression.

Charles. You said it'was heavier than atmos- *
pheric air ?

Tutor. It is, in the proportion of 34 o 35 to
31; that is, when a hundred cubic irches of
common air weigh 31 grains, the same quantity
of oxygen gas will weigh 34 or 35 grains.

You will remember, also, that oxygen gas is
peculiarly characterized by these two proper-
ies :—First, that of supporting animal life by
espiration ; and, secondly, that of supporting

ombustion.

The nature of combustion will be considered

a few days. ' .

9*-
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Of Azote, or Nitrogen.

TUTOR. The next substance I wish you to
be acquainted with is azote, or, as it is by
some chemists, nitrogen ; because this, ke
oxjgen, enters into the composition of the at-
mospheric air.

James. Is nitrogen a simple or elementary
substance ?

Tutor. It has long been suspected to be a
compound ; and, as the result of numerous ex-
periments, it is supposed to be compounded of
oxygen and an unknown base ; in the proportion
of about 55 of oxygen to 45 of base.

Charles. Is nitrogen, like oxygen, to be
known only in combination with other sub-
gtances ?

Tutor. Just so: combined with calorie, it is
azotic or nitrogen gas ; it is found in combination
with a)] animal and vegetable bodies,(a) in nitric

acid, and in ammonia. It i8 incapable of sup-

vanimal life, or combustion. .
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James. How is agotic gas .produced mré-
ficially ? . B ' ]

- Tutor. Thereare several ways. .. |

1.) Under this bell-glass (such as 4, Fig. 22,)
which is full of atinospheric air, and standing.in
water, I introduce some sulphuret of
which, in a few days, will absorb all them
and leave the azotic gas perfectly pure. ... °

Charles. Has the sulphuret of potass a strong
attraction for exygen ? , ‘

Tutor. It hds, and thus it separates it from
the atmospheric air : during the experiment, the
sulphur, by combining with the bxygen, is con-
verted into sulphuric acid, which unites to the
potass, forming with it a sulphate of potass.

2.) Instead of the sulphuret of potass, equat
weights of sulphur and iron filings, made into a
paste, will answer the same purpose. The air
in the bell-glass will gradually diminish, as the
ascent of the water will prove, till only about
three fourths remain, which is pure azotic gas.

(8.) Any kind of muscular flesh, cut in small
pieces, and put in a retort, with some diluted
nitric acid, will, by the application of heat, pro-
duce azotic gas, which may be preserved by
means of the pneumatic apparatus, Fig. 4. :

James. Why.do animal substances yield this

?

Tutor. It is found that they are composed of
azote, carbon, hydrogen, and oxygen, and, by

the addjtion of the nitric acid, the wote ™ st at
Lberty.—See vol. ii.
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< CONVERSATION XVI.

Of Hydrogen.

TUTOR. The nex tsubject is hydrogen, which,
1 have hinted before, is one of the constituent
inciples of water ; and on that account it has
‘name. It possesses go great an affinity for ca-
“ic, that it cannot be procured but in a state of
nbination ; and, united to caloric, it forms hy-
'gen gas.

“harles.. Was not hydrogen gas formerly called

unmable air ?

wtor. It was ; and it is one of the most abun-
principles in nature ; ‘for, besides making
t the one sixth or one seventh of all the water
exists, it is one of the ingredients of bitu-
, oils, ardent spirits, ether, and, indeed, of
> component parts of animal and vegetable

y; it is one of the bases of ammonia, as

ve seen, (p. 141,) and of various compound
as we shall see hereafter.

¢s. What are the chief properties of hy-
?

- It }'s, like the others, invisible and San-
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no natural means adapted to create new sup-
plies of it ; but these seem perfectly adequate to
all our wants.  As the cabbage-plants under the
glass receiver gave out oxygen gas when exposed
to the sun’s rays, so we may be sure that there
is, in every bright day, a perpetual distillation of
oxygen gas, from, or by means of the vegetable
creation. :

Charles. Does this process, which is so im-
portant in itself, only go on in the light of the
sun ? :

Tutor. Though the organs of all vegetables
pour forth streams of oxygen gas during the pre-
sence of the sun’s rays, yet it is ascertained,
beyond all doubt, that at night they emit ‘a gas
of a contrary and very noxious quality.* But
to proceed : water is a compound substance, as
we shall hereafter show, of oxygen and hydro-
gen ; every decomposition of that fluid, of which
there may be numerous instances that we know
nothing of, must afford new supplies of oxygen.

* The effect of light on vegetation is well known to eve-
1y practical gardener. Many flowers follow the course of
the sun; and plants that grow in houses, or other confined
situations, press towards the light ; whereas, plants that
grow in the shade, or are suffered to remain in darkness,
are pale, and almost colourless. To blanch their lettuces,
cabbages, 8. gardeners tie up the leaves, to guard them
from the light. The greater the light to which plants are
exposed, the brighter the colour which they acquire. Ve-
getables are not only indebted to the sun’s rays for their

colour, but for their taste and odour also ; heuce, the hot
climates are the native countries of periumes, highly fa-
Youred fruits, and aromatic resins. .
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James. In appearance, this gas does not seem
t all different from common air.

Tutor. True ; and this brings us to its other
roperties ; (2.) it is colourless and invisible,
lastic, and capable of great degrees of expan-
ion and compression.

Charles. You said it'was heavier than atmos-
heric air ?

Tutor. It is, in the proportion of 34 or 35 to
1; that is, when a hundred cubic inches of
>mmon air weigh 31 grains, the same quantity
f oxygen gas will weigh 34 or 35 grains.

You will remember, also, that oxygen gas is
eculiarly characterized by these two proper-
es :—First, that of supporting animal life by
:spiration ; and, secondly, that of supporting
»mbustion. o

The nature of combustion will be considered
. a few days. ' :

9*
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CONVERSATION XV.

Of Azote, or Nitrogen.

TUTOR. The next substance I wish you to
be acquainted with is azote, or, as it is called by
some chemists, nitrogen; because this, like
oxygen, enters into the composition of the at-
mospheric air.

James. Is nitrogen a simple or elementary
substance ?

Tutor. It has long been suspected to be a
compound ; and, as the result of numerous ex-
perimeénts, it is supposed to be compounded of
oxygen and an unknown base ; in the proportion
of about 55 of oxygen to 45 of base.

Charles. Is nitrogen, like oxygen, to be
known only in combination with other sub-
stances ?

Tutor. Just so: combined with calorie, it is
azotic or nitrogen gas ; it is found in combination
with all animal and vegetable bodies,(a) in nitric

acid, and in ammonia. It is incapable of sup-
porting animal life, or combustion. .
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James. How is azotic gu produced mt-
ficially ?

- Tutor. There are several wa 8.

(1. ) Under this bell-glass (such as a, Fi 12,)

which is full of atmospheric air, and
, water, I introduce some sulphuret of
which, in a few dnys, will absorb all the

and leave the azotic gas perfectly pure. ;

Charles. Has the sulphuret of potass a strong
attraction for exygen ?

Tutor. It his, and thus it separates it from
the atmospheric air : during the experiment, the
sulphur, by combining with the bxygem, is con-
verted into sulphuric acid, which unites to the
potass, forming with it a sulphate of potass.

2.) Instead of the sulphuret of potass, equa
weights of sulphur and iron filings, made into a
paste, will answer the same purpose. The air
in the bell-glass will gradually diminish, as the
ascent of the water will prove, till only about
three fourths remain, which is pure azotic ges.

(3.) Any kind of muscular flesh, cut in small
pieces, and put in a retort, with some dxluted
nitric acid, will, by the application of heat,
duce azotic gas, which may be preserve by
means of the pneumatic apparatus, Fig. 4.

James. Why. do animal substances yield this

?

Tutor. It is found that they are composed of

azote,Ncarbon, hydrogen, and oxygen, and, by
the addmon of the nitric acid, the wzete ™ \e.\\t
Liberty.—See vol. ii.

’,
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operties, is, that it

,change in the

S no
:getable colours ; and 'when' agitated with ime
ater, it does not render it milky. ‘
Charles. Has it been ascevtained whether ni-

rogen is a compound ?
Tutor. Fromsome

-

experiments by Mr. Miers,

it would follow, that nitrogen is composed
oxygen and hydrogen with less oxygen -than
exists in water. But their accuracy has beea

doubted.

The experimen;s of Sir Humphrey Da L:
the presumption of nitrogen being an oxyde, e
not pbeen attended with success. Heénce, wiy

Dr. Henry, the general tenor of these inquirdéy .

o

lends no strength to the opinion that mitrogid i °

a compound body.

A

§ e

UWaNL MUYy
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- CONVERSATION XVI.

Of Hydrogen.

JT'OR. The nex tsubject is hydrogen, which,
have hinted before, is one of the constituent
:iples of water ; and on that account it has
une. It possesses so great an affinity for ca-
, that it cannot be procured but in a state of
sination ; and, united to caloric, it forms hy-
en gas.

werles.. Was not hydrogen gas formerly called
nmable air ?

aor. It was ; and it is one of the most abun-
principles in nature ; for, besides making
t the one sixth or one seventh of all the water
exists, it is one of the ingredients of bitu-
3, oils, ardent spirits, ether, and, indeed, of
1e component parts of animal and vegetable
28 ; it is one of the bases of ammonia, as
ave seen, (p. 141,) and of various compound
i, as we shall see hereafter.

anes. What are the chief properties of hy-
=n gas ?

etor. It is, like the others, invisible and Swe-

e s
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tic ; but it is full twelve times lighter Md«
mospheric air.

Charles. Its great levity, I believe, renﬂw it
proper for balloons. e

Tutor. It is used for thnpnrpose, bee-,c
the lighter fluid always ascends in those that
heavier ; and therefore, if the balloon and )
gas, which it contains, be lighter than an
bulk of common air, it will ascend till it arriyes
at that height where an equal bulk of air shall
Jusrt{ equal the weight of thmm “ .

y adis g B
_uaﬁtforthcpurpoaelofuumllhfe wﬂlb-
tion. ‘

James. Will :thll any one, like uoin

Tutor. Not so soon, but it would in n -
minutés effectually destroy life. it is often found
in mines and coal-pits, and, unless means are
taken to ventilate them, no one can, without the
most imminent risk, venture down.

Charles. Why was it called inflammable air,
ifit will not support combustion ?

Tutor. On account, probably, of its readily
taking fire, when it comes in contact with at-
mospheric air. Fill a small jar, or common
phial, with hydrogen gas, and, holding its mouth
downwards, bring the gas into contact with the
flame of a candle ; the air will take fire, and burn -
silently, with a blueish flame. The ignes fatni
are supposed to proceed from inflammable air,
which abounds in marshy grounds set on fire by

the efectric fluid. ,
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James. Is it owing to its being united with the
tmosphere that it burns ?

Tutor. Entirely so; for, if I introduce hydro-
en gas into this bell, Fig. 12, filled with mer-
ury, and place some tinder and phosphorus in
1e little saucer r, and then apply to the phos-
horus a bent iron wire, heated in the fire,
‘hich may easily be introduced through the
iercury, the phosphorus will melt, but without
1y inflammation. .

Charles. Why did you make use of mercury
istead of water in this experiment ?

Tutor. Because the iron wire would have been
»mpletely cooled in passing through water, and
mdered unfit for igniting the phosphorus.

James. Will hydrogen gas burn in contact
ith oxygen gas ?

Tutor. It will explode with great violence.
ere is a very thick phial ; I introduce into it
1e part of hydrogen and two of common air ;
1id, when they are thoroughly mixed, (which is
asizﬂdone by agitating them with the little wa-
ir that was remaining in the phial,) I will sud- .
enly bring the mouth of the bottle to the candle.
James. It has made a report like a pistol.

Tutor. '1 will now introduce two parts of hy-
vgen gas and one of oxygen, and then sét fire
& as before.

"harles. The explosion is much more violent
. '

¥ utor. A mixture of these two gases hios besn
Led detonating air. If1tie apiece olighaece-
“oL. I, 10 '
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{Apeto this bladder, which 1 have ﬁMvﬁi
ydrogen gas, and with it blow up soap
they will ascend rapidly to the cenl
during their ascent, I apply to them a hgbtd h-
per, they will burn without noise.” - If: now:tie
experiment be made with a mixtare of tboiy
drogen and oxygen gases, there will be a-ntnl;‘
detonation, .. 2y
James. Would a bird or mouse (he it}
Tutor. Yes, it would be thrown into l;uwl
gions, and in a few seconds expu'e
have been made to breathe it ; whenlt
luted with common air, it was eﬂ'ected mﬁd
iqjury ; .but pure {::ogen gi8 nO one wes, pie-;
C‘{a ever able to inspire for a minute
rles. How is hydrogen gas obtained ?-
Tutor. It may be extracted by means of' hed,
from all bodies of which it is a constituent part;-
but the purest is that which is gained by a de-
composition of water. I take sulphuric acid, di-
luted with five or six times its weight of water, -
and pour it upon iron filings in a retort ; an effer-
vescence takes place, and the gas, which escapes,
is hydrogen gas. By the application of heat to
the retort, the gas will be produced more ;bm :
.- dantly 5 )
Charles. Does that gas proceed from the m
ﬁhngs ? )
Tutor. No : it is obtained by the deco
tion of water; by means of the metal m '
sulphuric acid ; the water itself, which, .aswe
shall prove berea&er isa combination of oXyER

_j
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and hydrogen, is decomposed; the oxygen
unites with the iron, and the hydrogen gas

.James. What is the cause of the noise which
accompanies this kind of experiments ?

Tutor. It is owing to the quick motion excit-
edin the mixture by means of the air bubbles
suddenly disengaged, and breaking at the surface
of the flaid. -

James. s this gas obtained in a state of na-
ture. ?

Tutor. It may, in hot summer weather, be
abtained in considerable quantities from all ponds,
and other stagnant waters, by the following
method. Fill a wide mouthed bottle with water

a common decanter, with a funnel, will answer
same end,) and keep it inverted in the pond ;
then stir the mud at the bottom of the water,
just under the bottle, so as to permit the bub-
bles of air which proceed from the mudto enter
bebottle. This air will be found to be hydro-
en gas.(a) In hot climates, if the mud at the
Sttom of the pond be well agitated, and, imme-
utely after, a lighted candle be brought near the
rface of the water, the hydrogen gas will take

e, and the flame will spread over the whole

rface of the water.

2Rling stars, and other meteors, itis suppos-

e produced from hydrogen gas, inflamed by

: Rectric fluid.

«arles. Does the gas obtained n {his Way
=ed from the water or the mud ?
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Tutor. It is generully supposed, that hydro-
gen gus always proceeds from water, in conse-
quence of u decomposition. We know, that wa-
ter in eanily decomposed by heat, if iron be pre-
sent.

James, How is that ?

Tutor. 'The oxygen of the water combines
with iron, at a red heat, so as to convert it inte
an oxyde, and the caloric unites with hydregen,
and forms bydrogen gus. . .

Charles. The hydrogen gas, which is pro-
duced in nature, being so much lighter than com-
mon air, must be continuully uscending into the
higher regions of the atmosphere. .

Tutor. It must ; and, in its paseage, it may,
by means of the electric fluid, combine with the
oxygen of the atmosphere, and produce water,
which falls in the shupe of rain.

I will put iron filings into this jar, Fig. 13,
having two tubulures ; to one is adjusted a very
small glass tube, z, and through the other, with
a glans funnel, Fig. 6, 1 pour diluted sulphuri
acid, and then put the stopper in. The gayi
instantly disengaged, and will escape through z
to this 1 apply a lighted taper.

James. It has taken fire, and continues
burn witha fine blue flame.,

Tutor. It is called the philosophical cand
and will burn as long a8 any gas comes over,

Charles.  Has this gas been applied to
asefil purpose !

Tutor.  Artiticial ireworks wmay be conste
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ed by filling bladders with it, and connecting
them witll jets, tubes, &c. bent in different di-
rections, and formed into varivus figures, pierced
with all sorts of holes. T'he gas, which is forced
through these holes by pressing the bludders,
will, when influmed, exhibit many curious phe-
nomena, without noise or smoke.

James. You have said hydrogen gas has o
very_ .unpleasant smell ; upon what fact do you
state this ?

Tutor. This may be known in many differ-
ent ways, especially wherever there is a sudden
decomposition of water. If you suddenly dash
some water into a very fierce fire, the water
will be decomposed ; the oxygen will unite with
‘he coal, and the hydrogen be given out to the

Teat annoyance of by-standers.

Charles.  As hydrogen gas is %0 much lighter

ap several other gases, it will, | suppose, rise

the surfuce of any other gas with which it may
ance to come in contact !

Tuwtor. 'This observation leads me to mention

ery curious property of hydrogen gas, which

rossesses in common with all other acriform
ies, viz. a tendency to diffuse itself through
other elastic fluid with which it may be in
wet,
»u know, that spirit of wine may, if properly
duced on a vessel of water, be kept from
g, and 8o of other nonelastic fluids of Wlev-
pecific gravities. But this is nol \he e
lestic Auids, or gases, which readily
10*
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trate each ; the fact, with respect to hydrogen
and oxygen gases, may be proved by a'very am-
ple experiment. . ' o

Provide two glass ounce phials, and q tube
open at both ‘ends, about ten inches long and a
tw::ﬁe’th- of an inchtzore.b At each end, tbr;
tube -is, to be  passed through' a perforated co
adapted to the necks of both bottles. Fill one
of them with oxygen gas, and the other with.
hydrogen gas ; p the former op a table with
the mouth upwards, and into this insert the tabe
sécured by its cork. Then, holding the liydro-
gen phial with its mouth downwards, fit it upon
the cork at the top of the tube. The t xfr .
tles, thus connected, are to be suffered o' re-
main in this perpendicular position. Afiér
standing some hours, it will be found, that the
two gases have united, and that hydrogen gas,
fourteen times lighter than the oxygen, has de-
scended through the tube from the upper to the
Jower phial, and the oxygen has equally ascended
contrary to its natural gravity, which may be
known by bringing a lighted taper to the mouth
of each phial, when there will be an explosion
in each, which proves there must have been g
smion of the two gases, ’
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CONVERSATION XVII
—p—

. Of Sulphur and its Compounds.

TUTOR. Sulphur is a very important sub-
tance in Chemistry, and it is one of those which
wave never yet been decompesed. .. .
. James. Fhen it may be'denominated a simple
ody. Is it not the same thing as is commonly

dled brimstone ?

Tutor. It is, as I have before told you; and

attracted the attention of mankind at a very

1y period ; it was used by the ancients in me-
ine, and its fumes have, for more than two
ugand years, been employed in bleaching
1
tarles. Are there not two kinds, one in
rolls and the -other in powder ?
or. It is known in both these states, but
are rendered so by artificial processes. In
e, sulphur is found in astate of combination
nineral, vegetable, or even animal makirya.
ts in many mineral waters, buk it s found
Teatest abundance in volcanic COUNMITICR.
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James. In what state is it obtained ?

“Tutor. Frequently in a state of great purity,
solid or in loose powder, either detached, or in
veins of the earth. In some parts of Italy it is
deposited as a crust, on stones contiguous to the
volcanoes.

Charles. Does sulphur dissolve in water ?
Tutor. No: but in oils, and in alcohol, it is
goluble ; it may be dissolved also in hydrogen

James. Does it not readily combine with the
different metals ?

Tutor. Itdoes, and in that state it forms what
were formerly denominated pyrites, but, accord-
ing to the modern Chemistry, these are called
sulphurets. Thus sulphur united to iron is mar-
tial pyrites, or sulphuret of iron.

Charles. Are all the sulphurets combinations
of sulphur with different metals ?

Tutor. No: sulphur combines with alkalies
and earths, as well as with metals, and the com-
pounds are sulphurets. Thus we have sul-
phurets of soda, of potass, of barytes, &c., as
well as metallic sulphurets. When these last
are found in a state of nature, the sulphur is ex-
tracted by exposing them to the heat of a fur-
nace, The sulphur, when melted, is received in
water.

James. How is it formed into rolls ?

Zutor. 1t is again melted, and poured into

ooden moulds.
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Charles. What do they mean by flowers of
sulphur ?

Tetor. Itis that. substance which is used in
medicine, and which is formed by sublimation.
"To obdain this, sulphur is heated to the tempera-
tare of 170° Fahrenheit, when ét rises up in the
form of a fine powder, which may be collected in
a proper vessel, or, on a large scale, in close
rooms made for the purpose. .

James. How do they make the sulphur casts
of antique gems ?

-Tutor. sulphur be kept melted in-an opén
vessel, it becomes thick and viscid. If, in this,
state, it is poured into a basin of water, it will
be found of a reddish colour, and as soft as wax ;
and then it is employed in taking off impressions
from seals and medals. In this form it is called
the oxyde of sulphur. .

&knn. But the casts that I have seen are not
soft. .

Tutor.. By exposure to the air they become
hard and brittle again. .

‘When sulphur is heated to the temperature of
360° in the open air, it takes fire sponta-
eously, and burns with a pale blue flame, and

mits a great quantity of fumes. If these fumes
e collected, they are found to consist of sul-
wric acid, which will be described hereafter.
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- Charles. Here are three different combina~
tions of oxygen with sulphur.

Tutor. The first is an oxyde, formed witha
small portion of oxygen in union with the sulphur. - .
With a larger portion of oxygen we get a weak.
acid: and, by a combination of the two. sub-.;
stances, in which there is the greatest proportion .
of oxygen, we geta very strong acid, called sul-
phuric acid. .

James. Pray what is liver of sulphur ? :

Tutor. It takes its name from its colear,
which is similar to that of brown liver; and it
is formed of potass, or soda and sulphur in equsl
parts : it is now denominated an alkaline sal-
phuret.

Charles. Is heat necessary in uniting these.
two substances ? )

Tutor. The operation must be performed by
fire, in a crucible.

James, Sulphur is, I believe, very inflam:

mable.
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Tutor. Itis; and when set fire to in oxyge
s, it burns with a most beautiful and brilliat
tht;(a) during the combustion, it unites witl
e oxygem, and forms an incombustible sub-
ince, viz. sulphuric acid.
Charles. What is the cause of some bodies
1ing 80 much more combustible than others ?
Tutor. It is owing to the great affinity that
ey have for oxygen ; of this kind is phosphorus.
ence sulphuric acid, being already saturated
ith oxygen, can have no affinity for it, and is
icordingly incombustible.
James. Of what use is sulphur?
Tutor. It is of great importance in medicine,
it is found capable, in a short time, of impreg-
ting every part of the body; it is used in
aching and in dying, and it makes a very large
portion of gunpowder ; one of its most com-
1, but not least useful properties, is that
‘s combustibility, by which, with the help of
der-box, light is almost instantaneously pro-

d.

arles. Where is sulphur chiefly found ?

tor. Volcanic sulphur is found at Vesu-
Etna, Iceland, and in some of the West-
Islands. But that which has not a volcanic
is met with in Spain, Poland, Switzerland,
:, and Italy, as well as in Asia and America.
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grains of phosphorus ; this I will influme by
means of the burning glass a.

Charles. It burns with great splendoar ; ald,
as it burns, the mercury rises higher and higher
in the glass.

Tutor. The phosphorus, ata certain tempe-
rature, combines with the oxygen and forms
phosphoric acid, which covers the inside of the
Jar with white ﬂakel, and occupies much less
space than the gas.

This experiment may be exhibited on a larger
scale : o p, Fig. 18, is a glass balloon haviag 2
large aperture ; and to this is fitted a plate x r,
in which are cemented tubes = and y, with
stop cocks a a. Before the plate is fixed on, the
supporter z and the small cup c are introduced,
and in the latter are some grains of phosphorua.
The tube. z is now to be connected with ar air-
pump, and the balloon to be exhausted of air as
much as possible ; then, with the tube g, oxygen
gasis to be admitted.

James. How will you inflame the phoaphom !
- Tutor. By means of a burning glass and the
rays of the sunm, as before. The combustica
will be very rapid, accompanied with a strong
degree of heat.

Charles. Are the white flakes about the glass
phosphoric acid ?

Tutor. Theyare ; and, if the experiment be
conducted with accuracy, the weights of the phos-

Phorus and the oxygen gas should be taken, and
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it will be found that they are precisely equa
the weight of the acid obtained.
TABLE

OF THE COMBINATIONS OF PHOSPHORUS.

Phosphorus combined with
1. Oxyde of phosphorus.:
Oxygen, forms 2. Phosphorous acid.
3. Phosphoric acid.
Aszote,
Carbo

m:;’ forms Phosphurets.
8y
tl

James. The phosphorus sold in chemists®
shops is in long slender rolls ; how is it moulded
into that shape ?

Tutor. Phosphorus is easily fused ; and in

hat state it is put into small tubes, which give
form. With one of these little rolls, I can
rite on any plain surface, as the wall ofa room,

' on paper, &c. In the dark, the letters will

pear luminous.

Tharles. How will you handle it to write

h?

"utor. That is a proper question, for the
mth of the fingers will soon inflame it; to
rent this, I will put a roll of phosphorus W »
vor in a pencil case, and then i\t & e\



James. The paper is soon on fire.

Tutor. A few grains rubbed in a mortar with
iron filings take fire immediately.

Charles. How dees friction cause the combus-
tion ?

Tutor. It raises the temperature of the phos-
phorus, which then attracts the oxygen from the at-
mosphere more rapidly, and, at the same time, the
light and caloric are set free.

James. 1 have seen phosphoric bottles, with
which a light is easily kindled.

Tutor. These are made sometimes of phos-

wus only, sometimes with phosphorus and

» and sometimes with phosphorus and -
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thar, in the proportion of eight parts of the for-
rer to one of the latter. This last is so inflamma-
le, that a grain or two taken out of the phial with
.match, and rubbed on a cork, instantly inflames.

11%




1w
used as synonymous terms, but improper]
since, as we shall show, charcoal is a comp
of pure carbon and oxygen ; that is, charc
an oxyde of carbon. (agv

James, What are we to understand by
bon?

Tutor. - Tt is a simple substance ; and, in its
state, is known only in the diamond, and ti
fore the definition of the diamond will an
for that of carbon also.

Charles. Is the diamond a combustible
stance ?
Tutor. It is; this Sir Isaac Newton co!
tured to be the case, from its power of re
*2; and in the year 1694 it was proved






Tujor. By one set of experiments, 100-puis
of carbonic acid gas were found to contain. -
: 17.88 parts of diamond, sd

82.12
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_of oxygen,

100.00
By another set of experiments, 1060 parts of
carbonic acid gas were found to be composed of

28 parts of charcoal,
172 —— of oxygen. .
100

If, therefore, we take away the 72 parts of
oxygen, which is common in both series of es-
periments, there will be left 17.88 parts of dis-
mond, and 10.12 parts of oxygen, equal to 28
parts of charcoal. Do you comprehend now the
difference between carbon and charcoal ?

Charles. Carbon, or diamond, is a simple ele-
mentary substance, but charcoal is a compound of
carbon and oxygen.(a) .

Tutor. The diamond is that substance in a
state of purity to which chemists now assign the
name of carbon ; and charcoal, whichis acom-
pound of carbon and oxygen, is denominated the
oxyde of carbon.

Since 28 parts of charcoal contain
17.88 parts of carbon,
and 10.12 of oxygen,

28.00,
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you tell me what proportions of these sub-
ces make up 100 parts of charcoal ?
mmes. Yes, readily, by two statements in
Rule of Three, which will stand thus : as
28 : 17.88 : : 100 : 63.857, &c.
28 : 10.12 : : 100 : 36.142, &c.
hat, in 100 parts of charcoal, there are
63.85 parts of diamond, or pure carbon,
36.15 of oxygen nearly,=100.
harles. Does carbon unite with other sub-
ces besides oxygen ?
'utor. Yes, with a number of bodies ; and
compounds so formed are called carburets.
18, a combination of carbon and sulphuris a
uret of sulphur. Black-lead, also, or, as it
ften called, plumbago, is a carburet of i iron,
posed of nine parts of carbon and one of

le

Rarles. Do you mean the black-lead of
ch“t'l'xe crucibles gre made that bear the heat
reH ?

utor. Yes: a moderate heat has no effect
nit; but, exposedto avery strong heat, in
)pen vessel it burns all away slowly, except
ut one tenth which is an oxyde of iron.

ames. Is the difficulty of combustion owing
he iron ?

"utor. No, to the carbon, which is supposed
e nearly pure, and, on that account, it re-
es, like the dxamond a very high degre.e of
<€rature to produce any effect uponit.
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Charles. In what respect is charcoal, that
consumes away to a white powder, with a very
moderate degree of heat, like these substamces?

Tutor. Well made ¢harcoal; provided allar
and moisture be excluded, will endure, withost
injury, the most violent heat that can be applied.

James. Does it undergo no change by hest!

Tutor. Itis rendered harder and more bril
liant. This substance is possessed of many et
rious properties, among which is this, that it¥
not liable to decay with age.

Charles. Is that the reason why carpenten
and others char, or burn, the ends of posts be-
fore they fix themin the ground ? -

Tutor. 1Itis: this property was known to the
ancients. It is believed, that planks and other
wood properly charred will never be affected
with the dry rot. Charcoal is used to purifya
great variety of substances. Cloths, which have
become musty, lose their odour, if newly made
charcoal be wrapped up in them. It wull take
away the taint from meat that is injured by being
kept too long, provided it be boiled with it. Re-
duced to powder, it is thought to be an excellent
preservative for the teeth and gums.(a)

James. How is charcoal made ?

wtor. A piece of wood put into a crucible,
and covered well with sand, and then put into2
strong fire some time, will be converted into 8
black shining substance, without taste or smell;
and in that state it is pure charcoal.
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harles. The common method of burning
rcoal in piles, in the open air, cannot then
+ it in the pure state. -

\Wwtor. You ure right: but it may be rendered
y being reduced to powder, and well washed
1 pure water, and then dried, by means of a
ng heat, in a close vessel.

ames. 1 think 1 have seen the smith put
rcoal to his iron in the fire, when he wanted
ardenit.

Wor. Yes, the carbon of it combines with
1, and renders it hard, or, in fact, converts it
steel. The diamond does the same, which
nother proof that carbon and the diamond
sess the same properties, or are the same

Earlei Was the experiment ever made with
liamond ? '
tor. Yes: M. Morveau, acelebrated French
ist, enclosed a diamond in a very small

ble of pure iron, and exposed it, completely
=d up in a common crucible, to a sufficient
the diamond disappeared, and the iron
nverted into steel. By a nice calculation,
»een ascertained, that steel contains about
tieth of its weight of carbon.
2er property of charcoal is, that it ab-
oisture, and, when dry, attracts greedily

iment 1. Fill a jar with common air, or
of gas, and place it over dry mercury.
e a piece of red hot charcoal {xom the
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-

CONVERSATION XX.
—peae
Of Combustion.

OR. Having, in some former Conversa-
ntered so much at large into the subject
, we shall now proceed to consider the
of combustion, which is closely connected

es. What do you mean by combustion.?
Here are a well burnt brick, and a
f wood : what will be the consequence if
.em both in the fire ?
3. The brick will become red hot, but
d will burn away, giving out, at the same
tht and heat.
*. The term combustion is applied to the
of the wood, but not to the Keating of the
Combustion is always attended with a
rement of light and heat.
es. The brick, after it has been made as
ossible, may be taken out of the fire, and
ool and become as it was before, bk e
11 be consumed.

fe 12

A P
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Tutor. You are right with regard to the brick: |
the wood, however, is not consumed, but merely 1
decomposed, part of which has fne off in the |-
shape of smoke, part in the form of some partice- -
l:nl'l gas, and part remains, as you know, in the
ashes.

James. Then, with regard to this subject, there
are two sorts.of bodies, those that will burn, and
those that will not burn.

Tutor. Yes: these are distingnished as com-
bustibles and incombustibles ; and combustion de-
notes a total change in the nature of combustible
bodies, accompanied by caloric and light.

Chasles. 18 the combustible body, in all cases,
decomposed ?

Tutor. It is : in the operation of combustion
there are, as you will perceive by a moment’s re-
flection, two things to be accounted for : 1, The
change which the combustible body undergoes;
and, 2, The emission of light and caloric. Now,
in conformity with the principle already explain-
ed in the Conversations on Affinity, these are
effected by the double decomposition.

James. A double decompesition requires that
there should be at least two compound substan-
ces. The wood, I can easily believe, is one,
but where is the other ?

Tutor. No body will burn, or, in other words,
combustion cannot take place, without the pre-
sence of air. ;

Churles. The air, we know, is a compound of ’
oxygen and azote ; and, therefore, we Ywve
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Here the buse. of thie siilphur Wm

of the ,fo with it a coung
caliod palphuric scid : bt the conibing

light nndulonc gives thewmpoﬂntﬁu,m

dnﬂa This is cértain s very' |
- theory, if it ig true: but is it

li;htemts mlheeohbulﬁblebodz::ﬂ ,
combination ; may it not proceed fronn Ehe’dhy-
SGHMK” Thereaolt ' -
. and others, in- dﬁ{;:y“
? of ‘light, Zhl‘?h ap
epends on the conbu

as you have seen,’
a smaller, and hydroger
* James. Perhaps,- during the combustion of
phosphorus, a greater quantity of oxygen entgrs
into the combination than in the other cases,
which may account for the most light. - -
v Tutor. No, the reverse is the case : the quan-
tity of oxygen, which combines with the com-
bustible body during these processes, is greatest
in those instances where the light is smallest.
2. The colour of the light certainly depends, in
every instance, upon the combustible that burns,
which would scarcely happen unless light were
separated from it. 3. Vegetables made to
.in the dark, do not produce combustible sub-
stances ; light, therefore, seems unecessary to

TE
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body, and may, by proper methods, be again ob
tained from it.

Charles. Do you reckon the common s
among the supporters of combustion ? )

Tutor. Yes : the azote is, of itself, neithers
supporter nor combustible ; but, being united
to the oxygen, the compound becomes a sup-
porter. The same thing occurs with regard to
the muriatic acid gas ; of itself it is incombusti-
ble, but, when combined with oxygen, it be-
comes a supporter of combueton.

James. Then there are some incombustibles,
as well as combustibles, that are capable of be-
ing combined with oxygen ?

Tutor. Yes; the two just mentioned, iz
azote and muriatic acid, but no others. These,
however, combine in several proportions. This
circumstance distinguishes simple incombustibles
from the simple combustibles : the former are
incapable of burning, for, during their combins-
tion with oxygen, there is neither light nor heat
given out.

Charles. You said oxygen was the only simple
supporter, pray what are the compound sup-
porters ?

Twtor. There are six ; and these are formed
irom the union of oxygen with azote and muriatic
acid in different proportions.

James. Then oxygen is the principle com-
mon to all these substances ?

Zutor. Yes: to oxygen they are wholly in-
sdebted for the property that makes them sugyort
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ers. The supporters of combustion are thus
rranged :—

.
M
i | B
,5 ig Oxygen gas.
2l r ‘5
8] | air ? ~ g
3] Nitrous oxyde. g
% 'i Nitric oxyde. %% >3
Nitric acid. g438
5| & 5 ,
-t
E 3 Oxymuriatic acid. '§ 5§ 5
s Hypecnl:lxylpuriatic acid, %E ors g
L L or Chlorine. 8?.‘3 E§

Charles. Among the compounds of azote and
oxygen, does the asr contain the least portion of
o n, and the nitric acid the most ?

or. Just 80: combustibles are divided in-
to three kinds; the simple, the compound, and
oxydes. The simple combustibles are hydrogen,
sulphur, phosphorus, carbon, and the metals, of
which, the first four have been already described.

James. Are the compound combustibles form-
ed of these?

Tutor. They are : and most of them are de-
nominated by terms ending in uret, as sulphurets,

phosphurets, carburets, &c.; as the sulphuret, or
shagphuret, or carburet of iron, &c. The
tyrdes are combustible, as being composed .of
*xanbustible substances, or their compounds , Witn

X ®&rmon
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Charles. Are not the compound combustibles
very numerous ?

Tutor. Yes, they are: and they constitate
the greater part of animal and vegetable ssb-
stances. » You are not now to be told, that, in
every combustion, the oxygen of the su
always unites with the combustible, and forms 2
new substance.

James. It does, and a very different one too.

Tutor. The general term for these substances
is that of product. Every product is always either
water, an acid, or a metallic oxyde.(a) Can yos,
from what you know and have seen, give me
instance of each of these combinations ?

Charles. Yes: water is a product formed from
the combustion of hydrogen and oxygen; sul-
phuric acid is a product obtained from the com-
bustion of sulphur in oxygen gas ; and the oxyde
of iron, we saw, was a product resulting from the
combustion of iron wire in oxygen gas.

James. I have only one difficulty on the sub-
ject; you have treated some substances as com-
pounds to-day, which you described, a few days
ago, as simple bodies, such as sulphur.

Tutor. Simple substances denote, in Chemis-
try, those bodies that cannot be decompounded,
in oppo-ition to others that may. A sulphuret of
iron may be decomposed, and the iron and the
sulphur separated ; but sulphur cannot be de-
composed so as to get the base by itself’; if it

gives out light, it combines, at the same time,
with oxygen, forming thereby an oxyde,or @

\
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cid. Therefore sulphur may be considered as
:Aimrle substance, (although, if the modern theo-
y of combustion be true, it is compounded of a
ase and h'ght,') because the base cannot be ob-
Ained by itself.

The following facts I recommend you to com-
tit to your memory as axioms :

1. Combustion cannot take place without the
wesence of oxygen.

2. In every combustion there is an absorption
f oxygen.(a) '
' 3. In the products of combustion there is al-
rays an augmentation of weight, equal to the
uantity of oxygen absorbed.

4. In every instance of combustion, light and

'at are disengaged. '
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CONVERSATION XXI.

——
Of Carbonic Acid Gas.

TUTOR. We now proceed to carbonie. g
%as, which is diffused abundantly in nature. |
ound in a state of gas, and also in combinaf
with a great variety of bodies. -
Charles. What are its chief properties ?

Tutor. It will not support combustion nor ¢
mal life.

James. Will it extinguish flame ?

T'utor. Yes, instantly ; and it would be f
to any large animal that should be plunged intc

Charles. Why do you limit the operatior
large animals ?

Tutor. Because there are insects, for
stance, that seem to require, for the continua
of their existence, but very small portions of :

James. Where is this gas found ?

Tutor. In the lower parts of mines, caver
tombs, &c. ; and, on account of its suffocat
an4 destructive property, it was called the cho.

da:np.  There is a cavern near Nagples, vtz.
Del Cane, that has long been famous for e §
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James. How did you procure the gas t
was in the jar? '

Tutor. Besides being found in a natural statt
it may be obtained from a great variety of
stances, as from marble, chalk, lime-stone, &
that with which you saw me make the exper
ment was got from marble.

James. By what means?

Tutor. I put some pounded marble intoar
tort, and then poured on it sulphuric acid, ¢
luted with about six times its weight of wate
an effervescence immediately took place andt
gas was disengaged, which I collected by mes
of the pneumatic apparatus.

Charles. Of what does marble consist ?

Tutor. Of lime and carbonic acid gas; i
formed of these ingredients, and, by presenti
to it sulphuric acid, for which lime has a stron
affinity than for carbonic acid, it unites with 1
sulphuric acid and lets the carbonic acid gas
cape. :

James. What do you call that substance nc
which consists of the sulphuric acid and lime
Tutor. 1tis called sulphate of lime.

Charles. What do you mean by sulphate ?

Tutor. It is a term introduced into Chen
try to denote a substance called a neutral s
that is formed by the sulphuric acid with cert
bases ; thus, sulphate of soda is a combinatior
soda and the sulphuric acid ; this is also cal
Glauber’s salts.  Sulphate of potass, called a
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ud tartar, is produced by the combination
1ric acid and potass. ‘

As marble consists of lime and car-
id gas, and as you obtain the latter by
1g sulphuric acid to the lime, how would
;eed if you wanted the lime by itself?

It is obtained by great heat, which
ympose the marble and drive off the gas.
:s. Is this the way it is got in the com-
»-kilns ?

. Itis: but, in general, chalk, or lime-
used instead of marble. The best lime
‘hich is the most free from the carbonic

This gas is formed also during fer-
n; and, on account of its great weight,
ies the empty space of the vessel in
«e fermenting process is going on.

If I bring a lighted wax taper close to
ice of a large brewing tun, while the beer
oting, will the flame be extinguished ?

It will, and the smoke remaining in
rill then render its surface visible, which,
ing, may be thrown in waves.

5. Is this gas used for any practical
3?

It is found to be a slight acid, with
ater may .-be impregnated ; it may then
1internally, and it is found very benefi-
any medical cases. Thus you find, that
 thing, which is fatal to life in a state of
7 be of great advantage to \he consta-
1 combined with water, ot othet b,
4 1 3 H
1
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It is the same with plants ; in a state of gm il
is highly injurious, but applied to them, whea
combined with water, it proves highly nutritive.

Charles. How is this explained ?

Tutor. Where there is water, the carboni
acid gas is probably decomposed ; the carbos
unites with the vegetable or animal substance,
becoming a component part of it, while the oxy-
gen is disengaged.

James. With what other liquids is this gas
found in union ?

Tutor In bottled beer, cider, and many
wines it is found in abundance : 1n these it has

been usual to denominate it fixed air, but it is, in )

truth, the carbonic acid gas that gives them that
brisk taste which renders them so pleasant.
Experiment 1. Here are three glass tubes,
each about nine inches long, and an inch and 2
half in diameter ; the first is filled with the com-
mon air of the room, the second contains carbon-
ic acid gas, and the third oxygen gas.
Charles. To appearance they are all the same.
Tutor. This lighted taper will show the dif-
ference ; in the first it burns as usual ; I will
put it in the second, and it is instantly extin-
guished, but the wick remains red hot ; in this
state, I thrust it quickly into the oxygen gas, by
which it is kindled again, and it burns with
great splendour.
James. This indeed proves, in a very striking
mauner, how much fitter oxygen gas is for the
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purposes of combustion than common air, and
li;ow speedily carbonic acid gas extinguishes
ight.

Tutor. By this property of carbonic acid gas,
it mdy be ascertained whether wells, or mines,
or vaults may be entered with safety. Where
a candle will not burn, animal life cannot long
exist.

FEx. 2. 1 will fill this jar with carbonic acid
ges, and let it stand a few hours ; you will then
see, that the water has absorbed the greater
part or the whole of the gas. Water may, in-
deed, by pressure, be made to absorb nearly
three times its own bulk of gas. In this state
the water will exhibit acid properties.

Charles. What are those ?

Twtor. A piece of blue paper stained with
litmus, being dipped into the water, will be
changed to red.

Ex. 3. This decanter contains lime-water,
that is, a solution of lime in water; you see it -
is perfectly transparent. [ will introduce into
it a stream of carbonic acid gas.

James. It has already a milky appearance ;
its transparency is entirely lost.

Tutor. The acid of the gas has an affinity for
and combines with the lime, forming with it a

carbonate of lime, which in time -will be pre-
© Rpitated to the bottom of the bottle. A similar
= #fect will be produced with the solutions of
.arytes, or strontian. ' R
This acid is capable of combiming Wit Yoe
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4. Carbonic acid gas, when combined with
vater, reddens vegetable blue colours.

6. Carbonic acid gas precipitates lime com-
rined with water ; of course it is an excellent
est to discover the presence of lime whenever
t is suspected.

6, Carbonic acid gas is generated in several
:ases of combustion, and in the respiration of
nimals.

7. Carbonic acid gas retards the putrefaction
»f animal substances, and it exerts powerful ef-
ects on living vegetables.(a)

13¢
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CONVERSATION XXI.

Of Atmospheric Air~—Nitrous Gas—Eudiometers.

TUTOR. Having described the principd
kinds of gases which come uunder the considera:
tion of chemists, I shall proceed to a chemicil
examination of the common atmospheric air.
This is found chiefly to consist of a combination
of oxygen and azotic gases.

James. Was it not formerly considered as an
elementary substance ?

Tutor. Yes, it was : but the discoveries made
in Chemistry have overturned that opinion, and
many others, which were for several centuries
regarded asg sacred.

Charles. 1s it known what the proportions are
which go to the formation of the atmosphere ?

Tutor. From the most accurate experiments
it appears, that in 100 parts of atmospherie air,
there are 22 of oxygen gas, and 78 of azotic

#as.  These probably exist in a state of chemi-
<&l unjon.
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unes. Is there not always some moisture
air ? '
utor. Water undoubtedly always exists i
atmosphere, and so does carbonic acid gas
frequently hydrogen gas ; but these proba
exist .only by mechanical mixture, und not
hemical union.
tarles. I do not comprehend how you can
rate these several parts from one another.
wtor. You know, that carbonic acid gas has
zat attraction for lime ; here is some lime-
ir, that is, a solution of lime in water.
unes. It is as clear as water ; I should have
ght it had been nothing else.
wtor. Your sense of taste or of smell would
undeceive you ; I take a glass full of it, and
- it in the room a few hours, and I shall find
‘ered with a crust, or little whitish skin,
\is the lime in the water, combined with
rbonic acid gas that was in the air.
rles. Then the lime has a stronger affini-
he carbonic acid than for the water.
r. It has, and therefore it leaves the
o unite with the carbon ; and that sub-
as we have already seen, would be called
te of lime.

By placing any quantity of air over
er, will the lime imbibe all the carbonic
from the air ? ,

It will completely, if the lime-watex

cient quantities, and the waler 2nd wxe
1 together, so that the \ime mey WaNe.
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access to every part of the air; thusﬁ’:l:ue
how the carbonic acid gas is separated the
rest.

Charles. Can you as readily get rid of the
oxygen ?

Tutor. Yes : by inflaming sulphur or phes
phorus in a portion of the atmospheric air, these
substances have so great an attraction for the
oxygen, that they will combine with and form sa
acid, and leave the remainder of the air pure
azotic gas.

James. Is there much carbonic acid gas in the
atmosphere ?

Tutor. There is rarely more than the one hun-
dredth part of the whole, and frequently not
even 80 much as that; but the atmosphere is
seldom without it ; even on the tops of the high-
est mountains it is found to exist in very small
quantities.

Charles. May we then infer, that the com-
mon air, which we breathe, consists of oxygen
gas, azotic gas, and carbonic acid gas ?

Tutor. Yes: as, however, there is but a
very small proportion of the latter, chemists, in
speaking of the atmosphere, generally calculate
upon the oxygen and azotic gases only ; and of
these, in every 100 parts of common air there
are, as we have said, about 22 of oxygen gas,
and 78 of azotic gas.

James. Does not the proportion vary under

different circumstances ?
Zutor. Yes, they do: and, 2s the saldonly
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'the air that we breathe depends on the quan-
y of oxygen gas contained in it,(a) various
ethods have been invented to ascertain the
wity of the atmosphere.

amrlez. Are there any instruments for this
Tutor. There are ; they are called Eudiome-
rs, on account of their being employed to mea-
ire the purity of a given portion of air : this
ads us to exhibit another kind of gas, called ni-
ous gas.
James. How is that obtained ?
Twtor. It may be collected in the pneumatic
iparatus (Fig. 4.) I put a few pieces of copper
a small retort c, and on them I pour some
uted nitric acid; and in a short time the ni-
us gas is produced.
harles. What are the properties of this gas ?
"utor. Like the others itis colourless; it
no sensible taste, is neither acid nor alkaline ;
anot be respired ; many combustible bodies
ot burn in it ; but the combustion of others
be supported by it, as phosphorus, when
juced in a state of inflammation, and many
e pyrophori take fire in it spontaneously.
ts most important property is the greedy
tion that it has for the oxygen gas in atmos-
:air ; on this principle eudiometers are
1.

»s. As the nitrous gas attracts the oxy-
to itself, does it actually dimimieh \ne
beair from which the oxygengas wiakent
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1 caloric escaped, which before was employed,
1a latent state, in holding the gases in solution.

Charles. Is there any other methed of exhi-
iting the comparative purity of different gases ?

Tutor. Yes, several : take two tubes, each
few inches long, such as that in Fig. 14. Fill
1e one with atmospherical air, the other with
lg,;engas ; invert them in separate cups ofa
slution of sulphuret of potass. The sulphuret
ill gradually ascend in the tube containing com-
wn air, till only about four fifths of the original
ill remain.

James. Will it ascend higher in the other ?-

Tutor. Yes : if the oxygen gas be very pure,

will absorb nearly the whole.

Charles. Has the sulphuret of potass the pro-
erty of imbibing oxygen ? .

Twutor. It has, and therefore it acts only on
e atmospheric air as long as any oxygen is com-
ined with it ; of course, it is a good substance
)ascertain the comparative purity of different
inds of air.

James. May not other substances, that ab-
b oxygen, be applied to the same purpose ?

Twtor. Certainly : phosphorus, for instance,
'hen exposed to the air, absorbs all the oxygen,
od is converted into phosphorous acid ; this
1bstance has been applied as a eudiometer, by
gposing to its action a portion of air : and, when
e absorption of air has ceased, the remaindex
maeasured,
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James. Does the diminution in
quantity of oxygen gas which it conta
Tutor. It does. Sir Humphrey
posed, as a good eudiometer, a saturat
of green sulphate of muriate of iron,

_ ed with nitrous gas.

Charles. How is it used ?

Tutor. A small glass tube grade
with the air to be examined, is to
into the nitrous solution, and agitate
The oxygen is absorbed in a few m

_the diminution shows the degree of pi
air to be examined.

Another eudiometer consists of a ¢
z, Fig. 256; into the neck of which is
fitted a small tube, a b, which contain
a cubic inch, and is divided into 100 ¢
The liquid used with this instrument
boiling a mixture of quick-lime and
water, and filtering the solution.

James. In what way is this instrm

Tutor. The bottle is filled with
and the tube, containing the air to be
is next put in its place : by inverting
ment the air ascends, and is brought i
with the liquid.

Charles. Is the oxygen of it absor!

Tutor. 1Itis, so that the whole oc
space than it did before ; I therefo
ply the vacuum, open the stopper :
water, and the water rushes in 3 the

2gain renewed, another absorphion t
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proceed, till there is no farther diminu-
1e amount of which is measured by the
the tube.
.. Is there found to be any great varia-
ith regard to the general purity of the
erein different places ?
No :(a) the airin Egypt, in France,
wargh, and some sent from the coast of
has been examined with the greatest
7, and it is found that the proportions of
‘edients are always the same, or very
0, viz. 22 parts of oxygen gas to 78 of
as, that is, in bulk ; for in weight there
very 100 parts, 26 of oxygen gas to 74

gus.
'8, Since oxygen goes. to the support of
and is abstracted from the atmosphere,
think that, instead of the proportions
g always the same, they must be per-
fluctuating.
. The breathing of animals, combus-
. a thousand other eperations, are con-
batracting. the- oxygen from the atmos-
nd.décomposing it ; but azotic gas, be-
'r than either oxygen gas or the atmos-
air, ascends after the decomposition, and
bly, in the upper regions, by some un-
rocess, reconverted into atmospherical

14
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be redaced to a powder, and

the vessel z (Fig. 16): with two
¢, one of which has a stopper, a !
the bdht' tube; B, -accurately gr ‘
mouths ¢ and . When the pc H
put into the phial, the bent tube |

n b, aid the other end introduc 1
trough of water into.the jar ¥

James. Wiil the gas fly oﬂ' wi !
tional heat (a) '

- Twtor. Yei'f’ 't.,'.'.gl fltwaa
hepatic ges ; it is unfit for respi
bustion, b'ht whenhmﬂmeder?n
mospheric air, or hydrogen
a reg‘o;mh blue flame, and deponi
has also another curious prbpe:
it, by which the hands, i plung
continue ‘luminous for some mmutes after the‘
are withdrawn. -

Charles. Is the ;)hosphorated hydrogen ﬂ
of the same nature ?

Tutor. This is the 'most combustible sub~
stance in nature ; it takes fire immediately upos
contact with the atmospheric air; and, wh
mixed with oxygen gas, or with oxygenat
muriatic gas, it burns with great violence.—
When bubbles of it are suffered to pass throughf
water, they take fire in succession, as they reacll
the surface of the fluid

James. This must be a curious kind of gn,

Pray how is it obtained ?

\
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_haa:la. Are there no other gases besides
these ? .

Tutor. Yes, there are many other gms,
which will be described in.cur future conver
sations, a8 connected with icular objects;
thus, muriatic acid ges will described whes
we come to speak of the muriatic acid ; and® |
of the rest. - '




BECOMPOSITION OF WATER.

CONVERSATION XIV.
———

Of the Decomposition of Water.

TAMES. You told us, a few days since, that

:er was composed of hydrogen and oxygen ;

‘yt;u show us how it is done by actual experi-

ait?

Wwtor. Till within these last forty years, wa-
was esteemed an elementary principle, and
one of the most interesting facts in the new
nistry, to be able first to decompose water,

then, secondly, to form it anew from its
iples, the hydrogen and oxygen gases.
wles. 1t does seem strange, that such a
nce as water should be compounded of two
of air only. .
w. 1 will first show you how it-js decom-
here is a glass tube, o B, Fig. 19, about
in diameter, which I place actoss the fur-
with a very small inclination from a to
he extremity 4, I lute on a glass retort,
1ing a certain quantity of distilled water
o other is to be luted the worm w,\ne
"of which leads to the botle z,Wnavwoy
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two openings ; one conmected with - RE
and in the other opening is fixed a8 L,j‘,
intended to carry off any elastic ﬂuhh »
escape into the botfle. Two: fires {
be lighted ; the one in the furnace x
tokeepthe ssstube red hot, =
the smaller uruceorcruclble rnto,
water in the retort

Charles, Then them"nll pass
of steam, from the rewrtthwglthe”’

" into the worm, where it will be aghin
and flow out into the bottle z, us water. ° .
- James. ‘This is simple dutllhtlon S
distilled water made use of. é-y

Twtor. And, if the experiment be - k
fully, the same quantity of water willbe ‘~
z, a8 was put into r ; so that, in this ¢
it is proved, that mere heat effects no ehnngo [
the water.

1 wil} now repeat the experiment as befofe;
but first I will put some grains of charcoal ia the -
tube 4 §, through which the steamt must pass L]
its way ta the worm. When the water is conr
pletely cdrried off from R, the charcoal in the
tube will l;q found to have disappeared. |

Charles.' Has the steam driven it into the
worm ? .

Tutor. It will be found to have vanisheder
tirely during the operation, and a considerable
quantity of gas has escaped through the tube s I\

Let us now weigh the water in 7. There isnot }
50 much in this as was put into the retortn.

5
3
-
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1. Then there is a loss, in this expeni-
f water, and the charcoal also, which
t differ from the last. .

‘es. But some gas has been obtained inits

. Upon examination it will be found, that
ds of gas have escaped, and that these are
it of new combinations made with the
nd charcoal, that have disappeared ; one
1 gases is carbonic acid gas, formed from
rcoal and the oxygen of the water ; and
:r is a very light kind of gas, of a differ-
ire, and, a8 will be shown, is pure hydro-

s. How much charcoal was used ?

-. Twenty-eight grains ; and the quanti-
ater lost was 85.7 grains. ’

les. Ifthe gas had been collected, would
been equal to the weight of these two
ces ?

~ It would: in figures the experiment
nd thus :—

Grs.
al, =28

lost, =85.7=} 72, 9Xygen gas, and

13.7 hydrogen gas.

113.7
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"144 cubical'inches of carbonic} atg.
acidges collected . . . . .§" T

380 igches of hghtgas'capa- -
ble of combustlon . .’ .. a%

—

A hundred oi carbonic aqul 8, there:
- fore,, consist of 28 grains of charcoal,

grains of oxygen gas, which it denved

85.7 grains of water. s

James. 1 see also, that the 85.7 grunlo{
consist of 72 grains of oxygen gas, and 13,7
of that lighter gas capable o emg burnt; o
cayise, aa there is nothing lost in the experises,
the whole - may thus be accounted for : a quasti
ty of gas is obtained, which is exactly équal in
weight to the charcoal and water that dmp‘
peared.

Tutor. 1 will repeat the experiment exaéﬂ!
as before ; but, instead of charcoal, let us
use of some very thin shavmgs of iron, rolled up
in the spiral form. Here is now a quantity
gas, which I have collected.

Charles. Is the iron dissipated, as the charcosl
was ?

Tutor. So far from it, that it has increased it
weight ; but then there iswater lost ; ; the quan-
tity found in the bottle z weighs 100 grains les
than that, which was put into the retort r.

James. Has the iron gained these 100 graies’
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Tutor. Not entirely : it has gained 85 grains,
and the gas collected weighs 15 grains.

Charles. The iron is a goed deal changed since
it was putinto the tube. It is very like what
was burnt in oxygen gas. A

Tutor. It is, indeed, a true oxyde of iron ;
that is, iron combined with the oxygen of the wa-
ter ; andthe gas collected is hydrogen gas.

James. Does it follow then, that 100 parts of
water are composed of 85 parts of oxygen gas
and 15 of hydrogen gas ?

Tutor. Certainly ; forthe increased weight

of the iron, which is wholly owing to the oxygen,
and the gas collected, are equal to the weight of
the water lost.
" These experiments, which were first made by
M. Lavoisier with the greatest accuracy, and
which have been repeatedfby many other che-
mists, prove, that water is composed of oxygen
and hydrogen. When we next meet, I will
shaw you how he produced water by the reunion
of these two substances.

vor. 1. 15
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. CONVERSATION XXV, %"

.'- o

= Oft!-ccqm}mweme;" e

UTQR... M. Lavoisier was not satisfied Wik
the apalysis of water only, to prove that it wis
composed of the two gases referred to yesterdsfy
he jnferred, that, if water be a compound ofby: -
drogen and oxygen, in the proportions of 15 and
85, it ought to follow, that, by reuniting them in
the same proportions, the result would be water.

James. The difficulty would be in bringing them
into a state of combination ; if mixing thém to-
gether in the same vessel would answer, that
might easily be done. ’

Tutor. They are both combustible substances,
and therefore he had only to bring them together
and inflame them, by means of the electric spark.

Charles. How was it effected ?

Tutor. He took a large glass vessel, such as
A (Fig. 20), which held three or four gallons.
Round the mouth he cemented the plate of cop

per s ¢, having above it acylinder of the wetsl
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pierced with holes, to receive three tubes, each
of which, as you see, is furnished with a stop
cock. By means of the tube u &, the air is ex-
hausted from the vessel a. ,

James. Isthe extremity h made to fit into a

air-pump ? .
utor. It is ; and, by that means, the air ig

easily exhausted from the glass vessel, previous.
ly to the admission of the proposed gases. Tha
tube z communicates, by u, with a reserveir of :
oxygen gas ; and the tibe v; with an exceeding.
Jy small aperture, communicates, by. n~, with
another reservoir of hydrogen gas.. There is
also a glass tube inserted, and cemented in the
El:l,e B ¢, through which a metal wire e L, passes, -

ving at its extremity r, a little ball ; from this ~
to the extremity x the electric spark is to pass
to inflame the hydrogen gas. .

Things being thus prepared, and the glass
vessel A exhausted of common air, it is filled with
oxygen gas, by opening the stop cock a. The
hydrogen gas is to be pressed ip, and, as it enters,
it is set fire to by the electric spark. "The com-
bustion ean in this way be kept on as long as we
please, by supplying a fresh quantity of the two
gases ; and, as the experiment goes on, a quanti-
ty of water is collected on the sides of the ves-
sel 4, and trickles down in drops to the bottom.

Charles. Does not the inflammation of hydro-

£e n and oxygen gases produce a very violewnt ex-
PA osion ? .
Zutor. When mixed together in ceridmQEs
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m:. , and in an open vessel, they do; Jit
introduced very gralmlly,
ln:etlutcl,d the very =-

mmyoltbetube so that it burns in g se |
lar-nncrtothccophmonof r

wbenmconhctodymththe .

See p- 145.

1 James, Tm&cexpenmqtnayhep

[ - without
ltm:n ﬁ‘mupm&mm

ﬁeﬁet.-—-lf the explosion be made in a clete
ualel,tl:mufonnd yroudedthegu"r
:hzmty of mr, exactly equal in L B

" The conclnuontlnn is, that thews:
ter thus obh;ued must be comppsed of these
gases ; for it clearly did not exist in the vessel;
and it is equally evident that nothing butthe
gases were introduced to it.

Tutor. Are you satisfied, from the expen- .
ments of to-day, and those nf yesterday, thatwa
ter is composed of oxygen and hydrogen ?

James.” There seems no reason to doubtit.

Tutor. Remember also, that the combustion
of hydrogen is nothing but the act of its combin-
tion with oxygen, and that water is formed 238
result ; if two parts in bulk of hydrogen gas are
mixed mth six of common air the mixture er
plodes, and, after the explosion, the mixture if
reduced from 8 parts to 5. The whole of the

Aydrogen gas is consumed, and 2so the gxyge
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»us part of the common air, and a quantity of wa-
'r is formed equal in weight to these bodies.

Charles. In this experiment, then, the diminu-
on will be in proportion to the purity of the
uwes employed ?

Tutor. 1t will ; and, as. we have seen that
e atmospherical air is in almost all cases the
me, the experiment now under consideration
fords a test of the purity of hydrogen gas. Ifthe
¢ parts of common air, and the two of hydro-
m gas, be reduced by inflammatisn to five, the
rdrogen is considered as pure ; ‘but if only to
L, it must contain some foreign matter. .
James. Pray why are the tubes 2 and y (Fig.
") enlarged about the parts x and m ?

or. It is necessary that the gases used
wald not only be very pure, but they must be
veyed also to the glass vessel in a very dry
¢ ; and, therefore, in the swelled parts of the

8 there are placed some salts capable of at-

‘ing or imbibing moisture, such as acetate of
8, muriate of lime, &c.
arles. Do the gases, by passing over these
leave their moisture behind them ?
‘or. The salts are only coarsely pounded,
t the gases pass freely between the frag-
and are thus freed from every particle of
re. I will now give you, in figures, the
of the grand experiment made on this sub-

15%
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. TUTOR. There are ﬂlm llhliu. M
which are denominated fixed alkalies, apd-
other is called volatile alkali. - .Sk
James. What is meant by the word llhif -
Tutor. It was originally applied to a substance
obtained from the plant kalz, which, being barnt,
the ashes are to be washed in water, and if the
water be then evaporated to dryness, a white
salt-like substance remains ; this is called alkeli.
Charles. Is it obtained from nothing else ?
Tutor. Yes: by burning any kind of green
wood or seaweeds, alkali may be had ; but the
alkalies differ in some of thelr\propemes,
cording to the substance from which they are
procured.

James. What are the properties belon to
all the alkalies ? prop o
Tutor. 1. They change vegetable blue colonl‘
fogreen. 2. They have an acrid wnd peculisr
&ste. 3. They render oils and fat miscitie wity
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Tutor. ltq;reumtbpbt-lwlh g
and action upon animal bodies, it Ina E
affinity for water, butdoes not .
ass, by being expoged tothe 5

floresces, or falls into der. ,
Charjes. You l..ld’ tllC
oils and fat miscible with vutar
omn'n& thus formed called ?
Soap ; the combination of
oﬂorﬁt.fonns»ﬁmp,andm
with the same substances produces -
James. Does potass, bemg s mcly
than sods, make the soft soapmore
the hard ? ;
Tutor. It does : and on that account
in was| wools, woollen cloths, &c. =
cal cases it is also used. |
Charles. Soap is of different colours, u the
white, the yellow, and the mottled. -
Tutor. The white is made of very choice
low ; in the mottled soap is dispersed a solstios
of sulphate of iron, or black oxyde of mangsnest, -
which produces the colour : in yellow soapthrﬁ
is a mixture of resin with the tallow. .
James. Ishould like to be able to make

Tutor. Soapis an article subject to the ex

cise duty, which will prevent us from muﬁt'
turing more than a very small quantity.
Experiment. Take one part of alaked lime.
and two of carbonate of soda; boil them: 2
twelve parts of water for halfan hour ; :
ter and” evaporate the solution W\ e
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r is such, that an ounce phial will contain
e and three drams of the fluid. To one
"this fluid add two of olive oil, and let
re well beat together, and in a few days
Il have a white hard soap.

,, like potass, corrodes woollen cloth ; and,
slations be sufficiently strong, they will re-
: to the form of jelly.

es. What is the use of this jelly ¥

w. It has been used in France as soap.
: acids decompose soap, and separate the
art from the alkaline.

les. How do you make the experiment ?
7. In one of these glasses is a solution
1in water ; in the other a solution in alco-

es. They are both very clear.
r. 1 will drop a little acid in them ; they
~ turbid, and the oil is separated.
solution of soap in alcohol is used as a
ascertain the comparative hardness of
; with pure distilled water it may be mix-
1out effecting any change ; but if the solu-
poured into hard water it produces a milki-

des. What is the cause of hardness in

) :

#. Various waters obtained from springs

nbined with metallic salts, or earths, which

: occasion of the hardness ; these decom-

»ap, because they have a stronger ¥y
alkali than the oil has.

I 16
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Jomes. . Il sft wnt&thatwhci\. 7
these salts ?
Tutor. It is: and this dissolves

completely.
What do you mean by
volatile alkali ? '
Tutor. Itudlstmgnuhedfrom o
kalies by a very sharp penetntmg
by its great volatility.
James. Is it a liquid ? -
Twtor. In its purest form it subsists
of gag; and then it is called
itis transparent and colourless ; it u:
corrosive, but not:so strong as the
lies, nor will it, like them, .corrode .~ ) L
dies. When combined. with water, itis j
liquid ammonia. t
Charles. Is not spirit of hartshorn llqﬂll
ammonia ? \
Tutor. Itis: but what is generally sold un:
der that name is weak in comparison of the redl
liquid ammonia.
James. How is pure ammonia obtained ? }
Tutor. From a mixture of three parts ¢ of
quick-lime, and one of muriate of ammonia i
Fowder, put into a retort, and the heat of #
amp applied to it; the muriatic acid of the
ammonia combines with the lime, and the gos. -
is driven off, which must be received over
mercury. 1
Charles,. Would water absorb it 1 \
Zwtor, Yes, very rapidly, and n gte\\m
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8. If a piece of ice is brought into conta
h this gas, it melts and absorbs the ammoni.
ile the temperature is diminished.
lames. When combined with water, is th
wperature of the water diminished ?
Putor. It is: water is capable of absorbing
| condensing more than one third of its
ight of ammoniacal gas.
“Rarles. 1s the specific gravity of the water
reased by it ?
Futor. No, it ig diminished by about a tenth
t. In this state it is usually called ammonia,
the term almost always means a liquid so-
ion of ammonia in water. When heated to
- temperature of 130°, the ammonia flies off
he shape of gas ; when cooled down to 46°,
‘ystallizes ; and, when suddenly cooled down
still lower, it assumes the ﬁ)pearance of
t jelly, with scarcely any smell. .
‘mes. Does ammonia combine with sulphur?
ior. It does, in a state of vapour, and forms
sgenated sulphuret of ammonia.
1rles. How is it obtained ?
tor. By distilling a mixture of five parts
-ammoniac, five parts of sulphur, and six
ick-lime. Ammonia combines also with
iriatic acid gas ; and the two gases form
id salt muriate of ammonia.
. That is sal-ammoniac ; it is strange,
» gases only should form such a solid.
. True; but it is not the only tnstance
* many. Ammoniacal gas WONWRR Ovex
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mercury with carbonic acid gas, and the result
is a crystallization of carbonate of ammonia,
in silky fibres, or fine powder. .
Charles.  Has ammonia any effect on the
metals ? : - .
Tutor. It has on some few of them : it pos-
sesses also the property of reducing metallic
oxydes to the form of metals again,
James.” How is this accounted for ? :
Tutor. Ammonia is a compound of :g::ogen
and nitrogen, or azote : the hydrogen ui with
the oxygen of the metal, and forms water, while
the azote escapes in the shape of gas. - |
_Charles, -What other properties.belong to-the
ammonjaca] gas besides the smell? . . . .
Twtor. It extipguishes flame; and is fatal to
animal life. Before the flame of a wax taper is
ut out by immersion in this gas it is enlarged,
y the addition of another, of a pale yellow
colour, which descends from the mouth of the
jar to the bottom; it is easily decomposed by
the electric and Galvanic sparks.
Ammeonia is produced during the decompe-
sition of animal and vegetable substances,
is generated by the union of the hydrogen and
azote contained in them. .
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CONVERSATION XXVII.
———
Of the Decomposition of the Alkalies.

FUTOR. The alkalies were considered, till
hin these few years, as simple bodies, though
ras suspected they would hereafter be proved
»e compounds.
‘ames. Do you refer to all three?
Putor. No : ammonia, at an early period of
rumatic Chemistry, was ascertained to consist
nitrogen and hydrogen ; and hence it was
gined, that the other two, wiz. potass and
a, would be found to possess the same con-
ation.
tharles. Has the conjecture been confirmed ?
"utor. No : by the application of Galvanism
hem it has been discovered, that they consist
netallic bases united to oxygen.
‘ames. By whom was the discovery made? .
"utor. Sir Humphrey Davy, led by the law,
ch he had discovered, to regulate the decom-
itions produced by Galvanism, submited e
fixed alkalies to the action of this powetr.—
16*
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He effected their decomposition, . and: detnesy
strated, as we have' ohserved, that they contist -
of metallic bases combingd with oxygen. . »nist;
Charles. How was the experiment madeft1y:
Tutor. The chief difficulty in wubjocieg .
. potass to electrical action is, that, in a-pesfoct-
Iy dry state, it is a complete non-conduetesial
electricity ; but when moistened, by inesely
breathing' upon it, it readily undergoes “filion
gnd decomposition, on the application of: strbag
eleictr@cal powers.—See Scientific Dielagreb,
vol. vi. . - : o e
" James. Was the alkali placed in the electiv
eal circuit ? . . et bt
Tutor. It was: a piece of potass of simtyns
seventy grains may be placed on an insu
plate of platina, and may be connected with the
opposite end of a powerful Galvanic battery;
and, on establishing the connexion, the potass
will fuse at both places where it is in contest
with the platina. An effervescence will be seen
at the upper surface, arising from the escape of
the oxygen gas. At the lower, or negative sur-
face, small bubbles will appear, having a high
metallic surface, something like quicksilver.
Some of these globules burn with an explosigs,
and bright flame ; others become tarnished, asd
are protected hy a white film from farther change.
Pure soda gives similar results. :
Charles, Are they obtained by the sam
means ? :

Zutor, The decomposition of rada requres
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:ater intensity of action. The quantity of soda
ed upon should not exceed fifteen or twenty
ins ;. and the distance between the platina
faces must be reduced, perhaps to the six-
oth part of an inch. .

James. Are the properties of the metallic
wtances obtained from the two alkalies the
e ?

Tutor. Not exactly so : the metal from the
lx does not, like that of the potass, continue
id at the temperature of the atmosphere ; but
peedily becomes solid, and bears a considera-
: resemblance to silver. When the power of
: Galvanic, or Voltaic battery is very much in-
rased, globules of the metal fly off with great
locity through the air, in a state of vivid com-
stion, producing jets of fire.

Charles. Are these metals easily preserved ?
Tutor. To keep them from oxidation, it is
cessary to immerse them almost instantly in
re naphtha, a fluid that will hereafter be de-
ibed.

James. When an oxidation takes place is the
ital reduced to the alkali again ?

Tutor. If the globules of the metals obtained
m either alkali are exposed to the action of the
over mercury, an absorption of oxygen takes
wce, and a crust of pure alkali is formed on the
rface, which defends the interior from farther
ange. Ifheatbe applied to the globules Yons
afined, a rapid combustion ensues, JMended
b a brilliant-white flame. 'The gobules s«
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found, sfier the experim
white substance, wlnclnp

either of these 1
thrown into water a npld
drogen gas takes place :
water,nmhngmth the gla

alkali.

Charles. The description of thess M
ments seems to render the nature of the twe
R Moot cun be mare stisiciry Bl

o can be more \
the evidenca farnished by these :
which have been repeated a.thousand tithes; ¥l
by the ablest chemists. It is to be observed, th;
by the powerful agency of the opposite electrici
ties, each alkali is resolved into oxygen and a pe-
culiar base. This base, like other combustible
hodies, is repelled by positively electrified sai-
faces, and attracted by negative ones. Again, by
uniting with oxygen, these bases are converté
into alkalies, either slowly, and at the ordinary
temperatures ; or with heat and light, if theif
temperatures are raised. Hence the evidente
is complete, both by analysis and synthesis that
each of the fixed alkalies is a compound of oxyt
gen with a peculiar basis.
James. Are we then to range the hoses o! ﬂe
4xed alkalies among the metals '

}
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_ Tutor. Yes : with these they agree in opa-
city, lustre, malleability, conducting powers of
heat and electricity ; and in their qualities of
chemical combination.

. Charles. You have said nothing about their
specific gravities.

Tutor. In this there is a vast difference be-
tween all the old and the newly-discovered
metals : they are both much lighter than water,
although the lightest of all the old metals is
four or five times heavier than that fluid. This,
however, ought not to put them out of that
rank, because there is as much difference be-
tween tellurium and platina, as there is between
the base of soda and tellurium ; so that tellurium
may be considered as forming a kind of link be-
tween the old metals and the bases of the alka-

James. What names are given to these two
metallic substances ?
Tutor. Sir Humphrey Davy named the base
of gotass, porassium ; and that of soda he called
i 231ux ; and these names have obtained a uni-
We>gg) acceptation.
harles. Is there any other means of obtain-
,& these metals besides by large Galvanic bat-
Nes ?
Futor. Yes, merely by the intervention of
chemical affinities. This method, which af-
ds larger quantities of metal, though not ot
te go pure a nature, consists in bringing W
ili s into contact with intensely Tacated wwon,
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m of potassium on water is attended
lowing circumstances :—

sught into contact with water it de-
ne water with great violence : an
18 explosion is produced, with vehe-
; and a solution of pure potass is the
e hydrogen gas, which is disengaged,-
dissolve a portion of potassium ; for,
“imto the air, it forms a white ring
radually enlarging as it ascends, like
retted hydrogen gas. Each grain of
etaches more than a cubic inch of hy-

ile of potassium be placed on ice, it
rns with a bright flame ; and a deep
le in the ice, filled with the fluid,
ind to be a solution of potass.

uction of alkali, by the action of wa-
sium, is well exhibited by dropping a
the metal upon moistened paper,
seen tinged with turmeric. At the
a the globule comes into contact with
t burns, and moves rapidly as if it
ited and in search of moisture, leav-
it a deep reddish brown trace, and
. the paper exactly like dry caustic

rown into the liquid mineral acids the
ss inflames, and burns on the surface.
atic aeid gas it burns vividly with
lations, and muriate of potase ® geue-
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Potassium readily comhimes < ° it

mbustibles. With @& ways 1
iry curious results. The — ~ fﬁ“@ %0 tg_,,
d it is effected by nemlybn“\ N o
ntact at the temperatare of the . ®
he amalgam, which consists of oy PR
irts of mercury and one of j}? It 3‘(’)§
ldmalleable ; but, mc.rmngﬂ:e o

" potassium, ’ the ol idity and 7gﬁ] ! n::m 3‘
impound are increased. g 3. When .
Potassium reduces all the metallic = it im
hen heated with them ; and,in =~ becomr
is property, it decomposes and
)tas'a’s 1sp genyerated with the oxvgen lalufu L;,1;: It comt

\e metal, which dissolves the glass. . any luo
Potass consists of about eighty-six { o
etallic base and fourteen o oxy!u{fi L
flerent chemists have given different ~ 7 !0 2
ons. j.)l forth

James. The properties, which you haved effect.
rribed as belongingto potassium, are very ﬂ'k 5. When
ons ; does sodium possess similar quallbﬂ ' eﬁgr:
Tutor.  Sodium agrees, in many of its W

ns, with the potassium, and exerts on seve!” ,‘, "!“(:
ries a precisely similar action, excepting o
1 results are compounds of soda instead of pot- | f,
. The difference, that subsists betweentb a ‘2
vo, may be thus briefly described :— the ;‘;‘

1. Sodium, at the common temperature, ex- \ ‘%ﬂ aa

ts in a solid form. It has the general a .‘
we of silver, and is exceedingly malleable- | ‘:\‘e\t
hen pressed by a platina blade, with » wll

~ O
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3 it spreads into thin leaves; several glo
8 may, by strong pressure, be forced into
; 80 that the property of welding, which
ngs to iron, at a very strong heat ouly, is
essed by this substance at common tem-
dures.

It is specifically lighter than water, in the
ortion of about 93 to 100. It is much less
le than potassium.

When sodium is exposed to thé atmos-
'e, it immediately tarnishes ; and, by de-
8, becomes covered with a white crust of

It combines with oxygen slowly, and with-
any luminous appearance, at all common
eratures. When heated, the combination
ves rapid, but still without light. When
' to a red heat, it produces flame, and
forth bright sparks, exhibiting a beauti-
act.
Vhen thrown into water, it produces a vi-
flervescence and a loud hissing noise ; it
es with the oxygen of the water to form
and hydrogen gas is evolved. When
into hot water it produces a violent effer-
e, and a loud hissing noise ; and, in this
ew scintillations are generally observed
face of the fluid.
ium is susceptible of different degrees
on : it unites with oxygen to form soda
portion of about seventy-seven of we-
to twenty-three of oxygen.
17
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Charles. Since the two fixed alkaliew a0
found to consist of a metallic base and cayges,
is it admitted that the volatile alkili is. a‘qlt
pound of nitrogen and hydrogen? - eyt

Tutor. No: it is now pretty 8 3
mitted, that it contains oxygen, as wel

and nitrogen ; and some onld
Sir Humphrey ‘Davy go to suggest, at lesst;
ammonia may, like the fixed alkalies, be4
oxyde of a peculiar metal, or of some compeil.
containing the elements of a metal, -~ -

James. Can the oxygen be obfained ‘frem
ammonia ? . : oo

Tutor. It never has as yet; and therefore$
is assumed, that, since hydrogen and: nitzije °
alone are obtained by the electrical analysis of
ammonia, the metal in question is either a com-
pound of those two bases, or a component part
of one of them. Should this fact be hereafter
established, we shall have a metal, or metallic
oxyde, whose natural state is that of an ser-
form fluid. :

Charles. F do not understand how this can
be. :
Tutor. Whenever mercury, after combination

with another substance, retains, in a great mes-

sure, its characteristic properties, and forms s

amalgam, it is inferred, that the change has

been produced by its union with a metal ; for
metals only are capable of amalgamating with
quicksilver. Now, when mercury negatively
electrified in the Voltaic circuit s placed wn ewr
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We may farther observe, that, when pola
sium is melted in ammoniacal gas, it is changed
into an olive green fusible substance ; the -
monia almost entirely disappears, and it is re-
placed by a volume of hydrogen equal to thet
which the same quantity of potassium wooll
have disengaged the water. When ths
olive coloured substance is gradually heated 3
;:ontnct with -lg‘drogen gu;nl‘: :hntén into eb‘d;
ition, gas is dise; s e me;
scends in the tubel.]ga%;:en bmughtintr:ury contact
with water in close vessels great heat is excited,
and the products are -potass and ammoniacal g
Similar results occur when sodium is heated #
ammoniacal gas. . .

Though these and other facts described
our best chemists cannot be easily explain
except on the supposition that nitrogen is a8
oxyde, yet the facts are not yet so clear ast
be admitted without hesitation and doubt.
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CONVERSATION XXVIIL

te Eantas : Of Barytes, Strontian, Lime.

TOR. We are now to treat of the earths.
tes. Do you refer to the different kinds of
on which vegetables grow ?

or. Yes: these have been analyzed, and
reen found to consist of a small number of
, which have a variety of common proper-

rles. What are those properties ? -

ar. They are nearly insoluble in water :
«ave very little taste : they are incombus-
and not five times heavier than water.

ies. How many earths are there ?

»r. There are nine, viz.

rytes. 4. Magnesia. 7. Glucina.
rontian. 6. Alumina. 8. Zirconia.
me. 6. Yttria. 9, Silica.

of these will require a particular descrip-

vles. What is BARYTES ?
17%
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Tutor. The word itself is of Greek originyin
denotes something heavy; hence the . minend
from which it is obtained was fornmierly. caliéd
pondereus.spar. A

Jemes. 1s not barytes found pure? ...

Tutor. No: itis always found united with
sulphuri¢ or carbonic acids, and in these
is called either the sulpbate of barytes or.th
carbonate of barytes. - S e

Charles. How is the barytes obtained in g st
of purity? - B

Tutor. If you have the sulphate to work au, it
must be reduced to powder, and mixed with obst ’
coal powder, and kept some hours red het.id 3
crucible; which will convert it into a sulpbeir
of barytes.

James. Does the acid combine with carbos
during the application of the heat?

T'utor. It does; and what remains is a com
pound of sulphur and barytes. The sulphuretit
now to be dissolved in water, and nitric aci
poured into the solution : the acid combines with
the water, and the sulphur is precipitated.

Charles. The solution is now nitric acid and *
barytes.

Tutor. This is to be filtered, and evaporated
till it erystallizes. : .

James. Are not the crystals nitrate of barytes!

Tutor. T'hey are ; but the nitric acid is easily
driven off by heat, and the barytes remains pure.

Charles. How should you proceed, if you had
the carbonate of barytes instead of the sulgaet
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T'utor. I should dissolve the carbonate in weak
tric acid, and thereby expel the carbonic acid ;
course, the remainder will'be a nitrate of ba-
tes, with which 1 should proceed as before.

James. By what properties is barytes distin-
tished ? :

Tutor. It is about four times heavier than
ater : it is of a grayish white ‘colour: it has a
wsh caustic taste : and is a most,violent poison.

tinges vegetable blues green; and, like the
ted alkalies, it decomposes animal bodies.

Charles. Does it attract the moisture from
le air ?

Tutor. It does; and, like quick-lime, when
srinkled with water, it falls into a white pow-
er. .

James. Is heat given out on the occasion ?

Tutor. Yes: and when water is poured on
wre barytes it is slacked like lime, but more

idly, giving out a greater quantity of heat.

r it 18 thus slacked it attracts the carbonic
tid from the atmosphere, and loses its acrid pro-
erties. ‘

Charles. Then it is necessary to keep it in close
essels.

Tutor. True. Barytes, completely diluted
ith water, will, on cooling, crystallize, and as-
mme the appearance of a stone composed of nee-
le form crystals : these, when exposed to the
ir, attract the carbonic acid and fall into powdex.

James. Will water dissolve baryles?
Zuwtor. About the twentieth part of e werEst
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the solation is limpid and colourless, and will-

convert vegetable blues to green. Whu;g-u.

posed to the air, its surface is soon covered with

a s:ny crust, consisting of barytes and cu-bn.c

aci s
Barytes combines with phosphorus as well}

with sulphur, making with it the phosphoret

rles. Has it any actlon upon the metaled |

Tutor. No:'but it is capable of comhm :
with several of the metallic oxydes. o

Experiment 1. In this glass of distilled water, |
rendered slightly blue by the tincture of csb-
bage, I drop a few grains of barytes. Cd

James. 'The blue is changed to green. i

Tutor. Ex. 2. Water tinged red with Brlﬂ'
wood will, by the addition of a small quantity of
barytes, be changed to a violet colour.

x. 3. In this phial is half an ounce of salled
oil ; I will pour upon it an ounce and a half of
concentrated solution of barytes, and then shake
them together.

Charles. You have made a kind of soap: in
"this respect it is like the alkalies. .
Tutor. It is. Ex. 4. Glass may be made
with a few grains of silex and double the quaatity
of barytes, provided it be urged with heat by
means of the blow-pipe ; in this respect also it
resembles the alkalies. '
James. What do you mean by a blow-pipe?
Tutor. Here are two, Figs. 21 and 22. They
~re used for directing the flame of a candle or.
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ny substance that requires to be acted
1great heat,
' What is the bulb in the middle for?

It is intended to contain the moisture
y the breath. The other was invented
Hlack ; it is of a conical shape, and is
venient for the purpose.

In this glass of water is dissolved a
y of sulphate of soda : 1 will add a few

a solution of barytes; white clouds
nmediately formed.

How is this accounted for ?

Barytes has a stronger affinity for sul-
’id than any other body, forming with
instance, a sulphate of barytes, which
f the most insoluble substances : 'and
unites with the water. This property
'3 renders it an excellent test for de-
1e presence of any quantxty, however
sulphuric acid.

Are the earths simple substances?

They were supposed to be so till the
ig experiments of Sir Humphrey Davy
kalies ; and the results of these led him
» chemists to conjecture, that the earths
isted of an alkaline base and oxygen.

3. Did the same kind of experiments
in decomposing them ?

No : it was found, that simple expo-
‘he opposite electricities was not ade-
the separation of the principles which

the earths. Sir Humpbhrey Davy,



.
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therefore, eloetnﬁedtheearthsucomﬂ'
the oxg;l‘es of known metals, with the expigins
tion, that the etallic base of the earth .whsld
unite with the metal contained in the m
which he employed, and form an alloy.  ..{

James. Did this answer with . regani forbi}
ryteo? Sl Wl

Tutor. Yes: a mixture of barytes snd wh,
oxyde of mercury yielded an alloyoflnm'
with the metallic of the barytes. -

Qharles. Is it known in wlntpropuﬁuﬁ
base is to the oxygen ? i ok

Tutor. The proportion of the oxygen e
metal has not been accurately ascertmined:
any of the earths.; but the evidence, from
lysis of their compontlon, is perfecﬂyw
tory, the inflammable base appearing uniformly
at the negative surface in the Voltaic cM
nnd the oxygen at the positive surface. .

hat is the metallic base of baryw
denommated ?

Tutor. It is named barium ; and it is sup:
posed to be four or five times heavier thm
water, and to consist of about mnety parts of
metal and ten of oxygen. .

The next earth in order is STRONTLAN,:®
named from the mine in Argyleshire, whm!
was first discovered.

James. Is this earth found in a state of purlt!
or combined with other matters ?

Tutor. It is found in various yparts. of the

.-
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world, and always combined with carbonic or
sulphuric acid.

- Charles. Then the mineral is either a carbo-
pate or a sulphate of strontian.

Tutor. Certainly. To obtain the earth, we
bave only to expel the acid, by means some-
what similar to those described for the -obtain-
ing the barytes.

' - James. By what properties is it known ?

3 Tutor. The mass is porous and a grayish
white ‘colour ; its taste is acrid and alkaline,
and it converts vegetable blues to green. It
kas not much action on animal bodies ; nor is it

| poisonous.
=i Charles. Is it capable of being slacked, and
of giving out heat like the barytes ?

- Tutor. It is: but it is not so soluble in water.
The solution, called strontian water, is clear
and transparent, and converts vegetable blues
o green.
James. Does it combine with sulphur and
- horus ?

* Tutor. It does; and the compounds are the
wlphuret and the phosphoret of strontian. It

sormbines also with some of the metallic oxydes ;

A& hes no action upon metals. It has the

:‘)perty of tinging the flame of a candle of a

= %=mutiful red, or purple colour.
®harles. How is that shown?

tor. By putting a little of the nitrate of
atian into the wick of a lighted candle, the
se will exhibit a lively purple. Or put some
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od, combine insiubily, snd thair icmpivaisls

il:u?lh!l!‘,thh‘d‘iﬁ*
James. What occasiens the small that is o

ceived during the slacking of e ? . . ..
Ttor. It i occasioned by part ef the carth bé- |
ing cmrried off with the of the waler:
this is clear, because blues exposed o
the vapour are ¢ o -
Qharles. Is the which there-is bo-

possesses scarcely
by which limie is distinguished. Chalk, mazrble;
&c., are tasteless, without smell, have no acties
on animel bodies, sand are scarcely soluble in
water. :

James. I know lime will dissolve in water, be-
cause [ have seen lime-water made and used on
yarious occasions.

Tutor. An ounce of lime-water contains but a
single grain of lime : nevertheless it has an acrid
and unpleasant taste, and changes vegetable
blues to green. This water, exposed to the air,
exhibits in a very short time the carbonate of
lime on its surface by the thick pellicle that is
formed on it.

Charles, How is that accounted for ?

Twtor. Lime has a great attraction for the car-

Soaic acid, of which there is always a portion in
the atmogphere : the lime inthe water comlines

h
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A the acid of the air, and forms a sort of strong
8t; when this i broken, it falls to the bote
ty and another succeeds ; and in this manner
:-hole of the lime may be speedily precipi-
!

lames. Mortar for building is made of lime
.sand ; does it become hard by absorbing the
bonic acid from the air ?

Pwtor. The goodness of mortar depends
efly on the preparation of the lime, from
ich the carbonic acid should be completely
elled ; and it is supposed to owe its stony
perties_partly to the absorption of the car-
dc acid, and partly to the combination of part
he water, used in slacking it, with the lime.
harles. Is there a kind of crystallization that
es place ?

"wtor. There is; and the sand, if it be good
. free from extraneous matter, favours the
stallization ; in the same way as emall sticks
‘hreads assist the crystallization in saline and
sharine solutions.

‘ames. Do phosphorus and sulphur combine
h lime ? : ,

"utor. They do ; and thus we have the phos-
ret and the sulphuret of lime.

“harles. 'To what other purposes, besides that
naking mortar, is lime applied ?

"utor. It is used as a manure in agriculture ;
he business of tanning to take off the haix
m the skins ; and in refining sugar.

ames. How does lime act upon the Yand*



deprive it of part of the acid, which is found i
all saccharine substances. - :
James. Does the acid combine with the kme?! |
: and then the sugar emily
i Lime is, as we have seen, usedn
ing ; it is mixed with the alkali to -take
away the carbonic acid that may be mixed with
it : the alkali is thus made more caustic, and fit-'
ter for the purpose of converting the fat into
soap. .
Cl;wrle:. Has lime been decomposed ?

Tutor. 1t has ; and the metallic base is named
Cavrcivu, which has the colour and lustre of sil-
ver ; but the instant it is brought into contact
with air it takes fire, and burns with an intemce
white light and flame.
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CONVERSATION XXIX.

—p—n
resia, Alumina, Yiria, Glucina, and Silcs.

OR. Pure magnesia is destitute of taste
11 : it converts vegetable blues to green ;
out no heat, like hime, by the effusion of
and water will not dissolve more than the
1sandth part of its weight.
:s. Isit ever found in tnis pure state ?
. No; it is obtained from a salt that ex-
:awater, and which is composed of this
id sulphuric acid, 1t is alep found in ma-
gs, particularly in some at and near Ep-
id, on this account, the salt was long de-
ed Epsom salt, but now it is called sul-
" magnesia.

How is the magnesia separated from
huric acid ?

The salt is dissolved in water, and
weight of potass added. The pure mag-

immediately precipitated, because the
‘¢ acid has a stronger affinity for potase
magnesia.
18%*
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Charles. Is the resuit pur
phate of potass ? - i
Tutor. It is; the magne
but the sulphate of potass re
the sulphate of magnesia, o
shops, is generally procured|
ters, which remain after the
mon sait from seawater,
James. What do you mea:
Tutor. The liquor whic
crystallization of salts. Thus
salt is separated from seawat
is added to the remainder of
phuric acid leaves the iron
magnesia, and the muriatic :
combines with the iron., T
fore are sulphate of magnesia
Charles, Is magnesia mucl
Tutor, It is principally
cine, both as a purgative, anc
correct acidities.
James. 1Is it the pure ma
in medicine ? '
Tutor, To correct aeiditi
cined magnesia ought to be
an aperient, it should be the
magnesia.
Charles, Is not magnesia liable to be adulte-
rated ? :
_ Tutor. Yes; and chalk is the substance usual-
1y employed for the purpose : sw\phuricacidwill -
Adetect the fraud, because, with chalk, i\ cowe






always contains a mixture of petshs.
was formerly called argil.
fpareyd
of purity -
;'Tor. The alum is dissolved in water, 4
to the solution, ammonia is added, as Jou
any precipitate is formed. This -
washed and dried; is alumina, combined
small portion of sulphuric acid.’ The né .
muriatic acids are made use of, to free the i §!
mina from the sulphuric acid. - N

James. What are the chief properties ofthis
earth ? . - A

Tutor. It is destitute of taste and- emell il
does not affect blue vegetable colours ; it is.dis-
solved by the fixed liquid alkalies, and is pre-
cipitated by acids unchanged : by fusion it may
be united with the fixed alkalies, and with most
of the earths; and, when moistened with water,
it forms a cohesive mass, capable of being mould-
ed into a regular form.

. Charles. That is like clay, with which earthen-
‘ware is made.

Tutor, Clay is a mixture of alumina and silex,
and with these the finest earthen-ware, as well
as common pottery, is made. '

James. ls the beautiful Wedgewood ware

made %‘ the same substances as commen pae
"ishes ? ‘

By

m e
- P







Wedgewood’s thermometer or pyrometer is
structed for measuring great degrees of hes

The next earth to be noticed is ¥r
found, at present, only in Sweden : it has,
pure, the appearance of fine white por
and has neither taste nor smell : it has w
tion on the vegetable blues.

James. With what is it found in a st
combination ? .

Tutor. With oxyde of iron and silica
mineral fremn which it is obtained is calle:
dolinite, from Professor Gadolin, who disco’
it. Its specific gravity is nearly five time

* See Scientific Dialogues, vol.iv. Conver. xxt
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. In what does that differ from crown
w glass ?

. This is composed of soda and fine
¥, without any mixture of lead. Bottle
composed of kelp and common sand ;
en colour is owing to the presence of

. Could I make glass of silica and al»

. Yes: take one part of pure white

| three parts of potass, mix them together

1ste, and fuse them in a crucible, and the
glass. :

s, What are the properties of good

. It-should be perfectly transparent and
d. Itsspecificgravity varies, in proportion
1antity of metallic oxyde that it contains.
old it 1s brittle, but at a red heatitis one
nost ductile bodies known, and may be
ato threads so fine as scarcely to be visi«
ie naked eye. :
is, as you must perceive, a very import-
h. Itisthe pruincipal ingredient of those
'hich seem to constitute the basis of this
it is an essential part of good mortar, and
i into the composition of all kinds of stone
d glass.
1g thus gone over the alkalies and earths,
be worth while to recapitulate some of
t interesting particulara, Gan you'\SM
19



me what are the esseatial prepertics of thid § /a
kalies?  ° T v

Charles. They may be volatilized : they
soluble it alcohol :- and the compounds; wii
they form with carbonic acid and the oi ;
luble in water. o o pd

James, They are fixed ;(a) insoluble in alcobl;
and the conipounds, which they make with aar
bonic acid and the oils, are insoluble in wier.

Charles. Do aot some of the earths s
with the alkalies in their taste, acridity, .
ty in water; end .in their effect on vegetshlt
“utor, Theydo : th berytes

Tutor. ey do : theseare » Stronbm,
and lime, as we have seen, and they are calll
alkaline earths : by some chemists they bave
been ranked as alkalies.

James. Are alumina, yttria, glucina, zirconis,
and silica more properly earths ?

Tutor. They are, being tasteless, insoluble
in water, and having no effect on vegetable
colours, . . )

Charles. What is become of magnesia in this
arrangement ?

Tutor. That, says Dr. Thomson, is the link
that unites the alkaline earths and earths proper
together. Like the former, it tinges vegetable
blues green ; and, like the earths proper, itis
tasteless and insoluble in water.
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James. What properties are common to the
alkalies and earths ?

Twtor. They all combine with acids, except
silica : they are.incombustible, and incapable of
combining with oxygen : they do not combine

with metals, but have an affinity for several of
the metallic oxydes.



state ?
Tutor. There are several : such as t
1, which exists in the form of ¢
nzoic acid in fine beautiful fla}
- Is the taste of the campho

Rather a bitterish sour.
Of what is it composed ?
It is a combination of camp






Tutor. Yu-.l-ai-dn-rtlew
table colours to red. . Coan
James. - Whtvegehbleeolommulk
this parpose ?
M Thesyrupofvwlct orofrm-
proper for.the purpose ; and on sociw,
oftieir properties, they aré called gests.
tureofhumuuperhpthebeuofall

tests.(a N
. What is ﬂlll tincture? . '
Tutor. It is formed of @ ‘sort of mods, oifiel
which grows smong the rocks, and llﬁi
most purple.
James. Why are tiese substances, eanedw

Tutor. Because, by their means, we discever
whether other substances are acids or alkelies.
The acids change the blues to -red ; but the alke-
lies change them to green.

Another property of acids is, that they unite
readily with water ; and a third, that they com:
bine with alkalies.

Charles. Is not the saline draught, which |
have sometimes taken, an instance of the combi-
nation of the acid with an alkali?

Tutor. Itis; the lemon juice is the acid,and
the salt of tartar the alkali ; by mixing them toge:
ther in proper proportlons, both the acid and o
kaline properties are lost.

James. Acids then are known by their chang
ing vegetable blues into red; by their union with
water ; and by their combmmg with alkalies.







Acetic,
Oxalic,
Tartaric,

Phosphoric,
Sulphuric,
Mariatic,
Carbonic,

Citric,
Malic,
Gallic,

ANIMAL ACIDS.

Benzoic,
Uric,
Rosaic,
Amniotic,

Benzoic,
Prussic,
Phosphoric.

- Oxalie,

Acetic,
Malic,
Lactic.
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8. I see that these acids are not all of
suliar to the separate classes.

. True ; the muriatic acid, which is rec-
nong the mineral acids, as a component
nuriate of soda, or common salt, is found
of the fluid animal substances. Benzoic
which is the result generally of a vege-
n, is discovered also in animal fluids.

Is the division then into mineral,
-,?and animal acids a proper mode of clas-
t

It has been rejected by many modern
, and by Dr. Thomson among others,
des the acids into three clagses, which

1. Acid products ; 2. Acid supporters :
Combustibles. The acids belonging to
two classes have only a single base ;
e belonging to the third have commonly .

10re bases.

2. What is meant by acid products ?

. They are best described by their pro-

which are as follow : 1. They are form-

ymbustion,and are themselves incombus-
They cannot be decomposed by heat

the intervention of a combustible body ;

xygen i3 an essential ingredient in them

. How many acids are there that are
ated acid products ?

There are those which are formed of
phosphorus, and carbon ; but, as Yoe B\
stances can combine with two doses %



guished, whenev
properties of any

James. How sh

Tutor. Here
ter tinged blue wi
one | add a drop ¢
which turns the b
some solution of p
blue colour to gre

Charles. 1Is th
fosts !

Tutor. No : y
the tincture of litr
good teat ; for upc
be dropped, and,
change the colour
paper, stained wit
with an infusion o

same purpose.
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es. Red cabbages are easily to be had ;
the infusion made ? .

or. By pouring boiling water on some of
ves sliced, and when cold it is fit for use.
pour some of the infusion into three glass-
.will add to one an acid, to the second an
and to the third a neutral salt; observe
ference of the colours.

“les. The first is a red, the second green,
2 third purple. What were the substances

w. The first was a few drops of dilute
ric acid ; the next was a solution of potass ;
: other a solution of alum, which is a neu-
It, or a combination of alumina and sul-
acid.
e is some tincture of litmus : I will add
few drops of dilute muriatic acid ; the
is changed. to a brilliant red. I will now
ito it a solution of potass, and the blue is
-estored.
¢s. Has the alkali destroyed the acid?
r. It has : and by this method the colour
liquor may be changed alternately from
)lue, and from blue to red at pleasure. The
a of violets is the best test to discover alka-
solution of potass will change the colour to
if then diluted muriatic acid be added, the
will become red. This experiment may
ied at pleasure. .



- vem - wwem
r -

5 qu«-&wmm;

TUTOR. - Salphuric acid, which weare 1
dmﬁbe,hgng_d;&,emmu ich
Chemistry : it was.formarly. b oil of+

and._even now is Enown more by thet xiemst
by the name of vitriolic acid, than by salph¥l
acid, which is its proper denomination.
glass bottle contains some of it.
James. Why was it called oil of vitriol ; it!
not the appearance of oil ? .
Tutor. To the touch it feels something like
oil, and it pours from vessel to vessel like ¢
substances. It was formerly obtained from w!
is usuallly called vitriol, which is a compound
"~ iron and sulphuric acid, and is now properly «
nominated a sulphate of iron.
. James. 1 thought vitriol had been another na
for copperas.
Tutor. In the arts they are frequently used
Synonymous terms, because it is sometimes fou
combiped with the oxyde of copper bot ¥
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containg no copper, and therefore the
opperas is evidently improper.
‘les. 1 think you told us, that the sulphuric
a compound of sulphur and oxygen ; why
it in a fluid state ?
r. Sulphur, as you have seen, burns with
. brilliant flame in oxygen gas : a union is
rmed between the oxygen and the sul-
»ut still in a state of gas ; which gas must
lensed with water.
8. I8 it always combined with water ?
r. Itis; and in proportion to the smallness
quantity is the excellence of the acid esti-
To a certain degree the water may be

off by distillation in a moderate heat ; it is
id to be concentrated. When concentra-
nuch as possible, it is about twice as hea-
rater. .
les. In this state does it contain water?
r. In every hundred parts of concentrated
are are supposed to be 21 parts of water :
iportions are—

Sulphur 49

Oxygen 30

Water 21

100

s. In what manner is this acid made ?

». On a small scale I can easily show yau
cess. I fill this glass jar with oxygen gps.,
:rt it over asmall quantity of waler 3 tavn
. 20



nd
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wers to the definition of what you denominate
8 acid product ; it is formed by the combustion
f sulphur, which is a combustible, and oxygen,
ad it is capable of being decomposed by, a com-
pstible substance and heat.

Tutor. If I throw a little of the acid in' the fire
ou will see it is incombustible. Here is a
nantity of sulphuric acid diluted with water : if
 put into it some filings or shavings of iron or
inc, you will perceive a violent action take
lace.
| James. Is that owing to a decomposition of the
sid? .

Tutor. No: the water, and not the acid is de-
ymposed.

Charles. But water is a compound of hydro-

n and oxygen. .

Tutor. True : the hydrogen goes off in the

m of gas, while the oxygen combines with the

tal, which then becomes an oxyde of iron or

c.

‘ames. ls the same effect produced with the
»r metals ?
wtor. Yes, in a small degree : which, how-
+, may be increased by the action of heat.
\phuric acid unites with all the alkalies and
18, except silica, and with many of the metal-
xydes, forming a peculiar kind of salts
| sulphates. Thus a combination of barytes
the sulphuric acid is called the sulphate
rytes: the compound of sulphuric acd
ue is a sulphate of lime : and the wmon ot
20*
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the oxyde o iron with thiz acid 15 called a
phate of iron. We shall. bereater. dew
morning or itwo to the consideration of saL

James. 1z the sulpb.ric acid mach vsed!

Tutor. It is empizzed in a varieiy of m
factures, especially 1 dying : itis used mt
cine and pharmacy. and on these accounts
an object of considerable importance.

Charles. How is the sulpharrus acid obta

Tutor. By putting two parts, by weigl
sulphuric acid and one of mercury into a
retort, and applying to it the flame of an A1
lamp, the misture effervesces. and throws
gas, which may be received over mercury.
gas is sulphurous acid. I wili perform th
periment.

James. The jur appears 1o contain o
more than if tilled with commn air.

Tutor. Sulphurons acidl. in a state of ¢
colourless and invisible : but. it you were
spire it by the mouth or mnostrils, it wou
highly injurious. It has a strong sufio
smell, like that emitted by the sulphur of o
o8, when lighted.

Chorles. That, 1 know. is very disagre
Does the sulphur, when burnt in the ope
produce the sulphurous acid !

Twtor. It does, by combining with the o
of it : this acid is incapable of supporting
bustion, as it is of animal life : it is about

#y heavy as atmospheric air *



SULPHURIC ACID, &c. 235

James. How do you account for the formation
of the sulphurous acid by means of the mercury ?

Tutor. The mercury combines with part of
the pxygen of the sulphu.'ic acid ; which, having’
lost a part of its oxygen, is converted into sul-
phurous acid.

In the experiment with the charcoal just now,
the sulphuric acid, by parting with some of its
oxygen, was reduced to sulphurous acid.

hen phosphorus is used to decompose the
salphuric acid, part of the oxygen of the acid
«combines with the phosphorus, making phospho-
- xic acid ; and the sulphurous acid is driven off.

Charles. I understand this : the only difference
between the two acids being the proportions of
oxygen contained in them. :

Tutor, Water absorbs this acid very greedily,
and then it is called liquid sulphurous acid : in

*.this state, if exposed to oxygen gas, or even to
the atmosphere, it combines with the oxygen,
and becomes sulphuric acid.

> James. Is sulphurous acid much used in the
manufactures ?

Tutor. In a state of gas it is employed in de-
stroying a number of vegetable and animal co-
lours ; and in bleaching wools, cottons, silk, &c.

Charles. Is it upon this principle that they burn

pounded sulphur under newly manufactured

%" orsted ?

) Tutor. Yes : as soon as it is well scoured, it
A== hung up in a close room, and wordex Wis
™= Raarcoal fire, upon which sulphur s Dowh



metallic
Twtor. It does ; and the are
ed sulphites ; thus we have the salphite of
tass, of parytes, &c. &c. L
Charles. How are the sulphites formed?
Tutor. By passing the gas, as it proceeds
the materials, through the alkali, earth, &c.
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CONVERSATION XXXIIL
—ee

¥ the Phosphoric and Phosphorous Acids.
Of the Fluoric and Boracic Acids.

"UTOR. Phosphorus, saturated with oxygen,
ns phosphoric acid; and the phosphorous
| is phosphorus combined with a smaller por-
of oxygen. '
tarles. How is the phosphoric acid formed ?
¢or. There are many ways : the most ready
s : simply to burn phosphorus in a glass re-
rfilled with oxygen gas. The phosphorus
with rapidity and great brilliancy : a num-
" white flakes are deposited, which are
2oric acid in a state of purity.
usual method of procuring this acid is to
ghosphorus, in small pieces, into hot ni-
. A violent effervescence takes place ;
sphorus combines with the oxygen of the
1the nitrous gas escapes.
. Is this the whole process ?
No : the liquid so obtained is to “Se
»d to dryness, and afterwards heated ™
» to drive off all the water. is e
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o

25lid. eolonrless. and ransparent. and somethsg
hike glass in appearance.

Charles. By what means do chemists evapr
rate ligoids ?

Tutor. Sometimes by exposing them to the
air only, in shallow vessel: : at othertin:ﬂ
placing the shallow vessel over a furnace
the evaporating furnace. which. notwithstanding
its name, answers occasionally for digestion, &
tillation, and every operation that requires »
greater heat than that of boiling water, as well
au for the purposes of evaporation.

James. Of what parts does this furnace con-
sint ?

Tutor. 1 will describe it. Fig. 1. Plate I,
vol. ii, represents a furnace of this kind: it
consists chiefly of an ash-hole. b, and a place
for fire, a; these are separated at x by a grate,
which supports the fuel ; the shallow vessel »
is intended for the fluid that is to be evap-
rated, digested, or dissolved.

Charles. s the vessel a ‘placed immediately
over the coals ?

T'wtor. It is sometimes : and in that case it
is said to be operating with the naked fire; it
other cases, a vessel of sand, or of water, is in-
terposed between the fire and the saucer a,
then it is called a sand or a water bath. [ wil
now describe another very useful furnace, call-
ed a portable furnace, Fig. 2, from the circum

#tance of its being easily moved from place to
Pace,
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t. Itis in the shape of a large crucible.

. It is a black-lead crucible, about a

1, to the top of which is fitted the iron

; it is supported by an iron stand as & ;

) the bottom is open, having a grate of

chas r (Fig. 4.) The retort is sup-

vy a sand pot, ¢ (Fig. 5.)

es. What is the small hole at x for ?

. It serves to give vent to the air, and

Y the fire with fresh fuel. A chimney

wanted, be placed there. Fig. 6 shows

1 of the furnace, and explains the mode

tion at once. '
Can this be used as a water-bath,

as with sand ?

. Certainly : by filling the pot e with

istead of sand. If an open vessel, instead

irt, is used, this furnace is well adapted

xydation of metals.

. Is phosphoric acid always in a solid

. No: it is soluble in water, and makes
; noise during the solution, like that of

plunged in water. In a liquid state it
rick oily appearance ; it reddens vegeta-
s; it has no smell, bat has a very acid

¢s. Does it combine with the alkalies ?
. Yes, and with the earths and metallic
forming salts, known by the name of

tes : thus, phosphoric acWd, combwmed



wiia [pe earins, alkalies, ana metalic oxyaes,
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Charles. Does it combine with any other
rth besides lime ?
Tutor. Yes, with all the earths, alkalies, and
tallic oxydes, forming with them salts, called
ates ; thus we have the fluate of potass, mag-
sia, &c. as well as the fluate of lime, or com-
n fluor spar.
Tames. 1s the boracic acid of a similar nature
the fluoric ?
Tutor. It isso far similar that its component
tts are unknown ;(a) and it is obtained from
rax, a species of white salt much used by artists
soldering metals, and for other purposes.
Charles. How is the acid obtained ?
Tames. Dissolve the borax in hot water, and
'r the solutions ; add half of its weight of di-
d sulphuric acid. Evaporate the solution a
» ; and, on cooling, a number of shining crys-
will be formed, that are boracic acid in a solid
; they have no smell, but very little taste,
edden vegetable blues.
nes. Can it be dissolved in water ?
tor. Yes, in about twelve times its weight.
>luble in alcohol, and paper, dipped in the
n, burns in it with abeautiful green flame.
bines with the earths, alkalies, &c. form-
ates, of which the common borax is the
of soda.
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stions and other Exercises, on the several Con-
versations in the foregoing Volume.

——

CONVERSATION I.

Wha‘ti respects are Chemistry and Natural Philosophy
ected ?

hat were formerly denominated the first elements ? °

" what is the atmospheric air compounded ?

hat is meant by gases ?

'hat are the properties common to these gases ?

hat is meant by simple bodies ?

it possible to ascertain whether any particular body
1 or may not, be made up of others that are more
e ?

>w does Dr. Thomson arrange the simple substances ?
hat are the classes of confinable bodies ?

hat are the unconfinable bodies ?

hat is observable in the combustion of wood and coal ?
hat name do chemists give to red lead, and of what is
mposed ?

hat is the chemical name of the diamond ?

hat is the distinction between charcoal and carbon ?

CONVERSATION 1L

ypeat the definition of Chemistry. .
';a.t is the object of Chemistry, and with what is it con-
?

= is meant 2{ the terms analysis and syotoede?
#what is cinnabar compo:ed?
21
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I

amm‘hcu-ﬁuyr o , S

anﬂe-.“ Lo

dmvemum‘mhiwnbw:

Of what othor wete is the sciemce of Chomistry? .- -
CONVERSATION IIL

How are the terms attraction and afinity digtnguided?

Wlnt‘bnmbydtnﬂion-d' >

In what does this differ from attri of opbesion?
Point oat the diflerence between the aggregato, the hesy

How many kinds of are there ? '

Can all these be any particular sebstappes?
“ tlllaow isthe uu.q‘;;.' fmm“

e consequence . -

What is the chemical pame of Derbyshire llll','ll'lb"
Isit decomposed ? .

What escapes during the decomposition, and what re-
mains after the decomposition ? . ,

How is the force of attraction of aggregation estimated ’

How is it measured ? )

How does heat overcome the attraction of aggregation’

Give me an instance of crystallization.

CONVERSATION IV. un

What do you mean by attraction of composition-? .
What very useful substanceisformed upon this principle?
In what respects does glass differ from the substances of
which it is formed ? i
Of what is the sulphuret of mercury compounded, and in
what respects does it differ from its component parts?

Wiat do you mean when you say twa sebstances an
Chomically uhited ? _ \

éﬂﬂ} !;’gl QEEGE—!!

tola

- A-—n‘h.“l.m

Wit is'sloohol ?
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HJow is gypsum formed, and by what other names is it
>wn ?

WVhat is the chemical name of sal ammoniac ?

Jow would you make a smelling bottle ?

J\;{mt two pungent substances, by mixture, lose their
ell ? .

f:l;at two fluid substances, by mixing, will produce a
d?

Nhat solid substances, by being rubbed together, will
vduce a fluid?

Can you explain the meaning of the word saturated ?
Vill fluids, as water, dissolve any indefinite quantity of a
id substunce, as salt or sugar ?

o CONVERSATION V.
Jpon what principle does the attraction of composition
? ; :

X what is Glauber’ssalt formed, and by what other name
t called in Chemistry ?
Explain the difference between attraction of aggregation
1 attraction of composition.
What is meant by the word concentrated ?
WVhat is the second law of attraction of compgsition ?
3y what experiments is it illustrated ?

hat is the third law of this kind of attraction ?
How is it illustrated ?
What compound metal will melt in boiling water? A
What is the fourth law of attraction of composition? L
How is it illustrated ?
s bgat generally necessary to bring bodies into a state of
n

/a st is the fifth law ?
" is it known that there is a change of temperature
= union of different bodies ?
= mt experiments are mentioned in proof of this law ?
e temperature ever lowered by chemical attraction?

2
L
v
’

= A

ST

CONVERSATION V1. .
‘;t :is the sixth law of chemicel affiniry, snd how Wt
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1at is compound affinity, and what experiment is men

1 to illustrate it ?

nyd c;mnot sulphate of ammonia be decomposed by
sids ?

ok to the figure (page 61,) and explain the nature of
ind of attraction. -

what practical purpose is this method of double de-
osition applied ?

w is it explained, that concentrated nitric acid has no
on iron, unless it be diluted with water ?

iolutions of nitrate of silver and muriate of lime be
|, what new substance will be formed ? -

at should the register of an experiment express ?

at do you mean by the term menstruum ?

skat tg’e din,gram, in 49, and explain its meaning.
the same with re, to the six following ones, pages

CONVERSATION VIIL
t is the natural effect of attraction upon the parts of
?

tis the principal agent employed to counteract this
m?

effect is rroduced when the attraction prevails ;
it when caloric is most powerful ? ) .
'is the mean between the two ?

familiar instance, in which one substance is in all

es.
eat exist in all bodies ?
‘e this by an exam})le.
coldness defined ?
heat, or caloric, and in what state does it exist ?
meant by caloric in a state of combination ?
‘ree caloric ?
instrument is free caloric measured ?
iis subject illustrated with regard to fuel ?
2 fenera] principle in nature ?
e law given by f)r. Black on this subjec\?



)

CONVERSATION X. "

dIn what state are bodies most, and in what least expas¢

[ ri
Mention the experiments on this subj ect. :
By what proportion do fiuids expand 2 |

What limits are there to the regulax e‘l\w\\b\&\\dm

h
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Wl?nt is the cause of vessels filled with fluids bursting by

frost

Upon what does the contraction of the Wedgewood
thermometer depend ? .

What is meant by latent heat ?

%hin this by an instance.

the mercury of a thermometer rise while in ice, till

itis lll? melted, although the vessel be immersed in boiling
“water

What experiment is that of Dr. Black’s on a lump of ice ?
What is the cause of fluidity ?
Why are ice and snow long in melting ?

in the structure of an ice house, and the reason of

the construction.
Hb?;i is l?t proved, that ice absorbs heat from sarround-

es
y does the hand, brought near a large lump of ice
ded in a room, ’feel thi sensation ofa:ﬁd ? *
at effect does caloric produce on ice and snow ?
What is Dr. Black’s experiment on this subject ?

CONVERSATION XL

How is it proved, that caloric is separated from liquid
odies when they return to a solid state ?
What experiments prove that bodies, passing from the
uid to the aeriform state, absorb heat ?
Upon what do the different degrees of heat of the boil-
1g point of water depend ? .
w is water made hotter than 2122?
Haw are liquids cooled down in warm countries, and
2w s the fact accounted for ?
is the reason that wet linen will freeze when the
ometer is above the freezing point ?
B hat benefit is perspiration to the human body ?
“what proportion does water, in a state of steam, con-
- Mrmore caloricthan when in a liquid boiling state ?
> mre cream ices made, and what is the theory to ac-
™ o x the operation ?
w Raat means is mercuty artificially {rozen

[N



252 ' EXERCISES OF
CONVERSATION'XH. &
Look to the figures andl explain the ases of the reforls
For what purposes is the pneuhatic ratey wbd
moiumammmmm-i

to

from one L ' t
Explain the experiment of the burning of fron. .
Wll:uumhldutlnoophm?— .
Canmoltoﬁhomehbbohuminoqpnp?

Tell me the use of the tube a.in Fig. .
Of what is water ? - .
Why is quicksilver used in some cases instead of waer

Whatis a sand bath ? .

CONVERSATON XINI.

Can oxygen ever be had separate from other bodiés?
Me’nﬁ:z‘:ﬁulnnmm to prove that it is an fmfortet
what is oxygen gas com|

Is oxygeh necessary to commn, and' in the proces
what becomes of it ?

What do you mean by oxygenation ?

From what substances can oxyien gas be procured ?

How is it procured from vegetables ? .

In the combustion of iron, does the remaining oxyd
weigh as much as the metal and gas did separately ?

What appearance does ginc, burning in oxygen g

ut on ? .
Mention some other experiments made in this gas.

CONVERSATION XIV.

How many degrees of oxygenation are there ?
Explain the table, p. 97.
What do you mean by the oxyde of sulphur ? .
Of what ‘are the sulphurous and the sulphuric acid
formed ? : :
Explain what is meant by {he tepminetions of ic s

ti

th

ze

at]
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Dc; all substances admit of similar degrees of oxygena-
tion ? .
Explain this by instances.
ngat do the different coloured oxydes denote ?
Do the colours vary in the same way with regard to all
metals ?
" What are the chief properties of oxygen ?
Where does it exist in a state of nature ?
Waat nataral metins are there of renewing the oxygen
- of the atmosphere ?
What effect has light on vegetation ?
What is the specific gravity of oxygen gas ?
By what is oxygen gas peculiarly characterized ?

CONVERSATION XV.

What other substances enter into the composition of the
atmosphere ? .

Can azote be obtained alone ?

Is it found in many substances ?

What are its properties ?

What are the proportions of oxygen gas and azotic gas in
the atmosphere ? .

What experiment will show the difference between oxy-
gen gas, common air, and azotic gas ? :

From what is azotic gas obtained ? .

Wha;t is the process, when obtained from sulphuret of

tess

‘What other substances will yield azotie gas?

Of what are animal substances chiefly composed ?

How is the azote obtained from them ? ’

Explain the combinations made with azote in the table.

By wht:t properties is azotic gas distinguished from the
er

gas’
s it known whether it be or be not a compound ?

CONVERSATION XV

Xrom what does hydrogen derive its neme?
“What was hydrogen gas formerly called >
s this generally diffused in nature ?

vor. 1. 22
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. At what temperature does it take fire ?

What are the fumes which are produced by the combus-
tion of phosphorus in oxygen gas ?

Explain, by Fig. 13, how this process is conducted on a
luﬁ;ahscale. -

at are the combinations of phosphorus ?

How is phosphoruys made into rolls ?

Will phosphorus inflame by friction ?

How are the phosphoric bottles made ?

'CONVERSATION XIX.

'What is the distinction between carbon and charcoal ?

What is carbon?

How has the diamond been found to be combustible ?
mlltN’hen diamond is burnt in oxygen gas, what is the re-

Can you explain how charcoal can be reckoned a com-
pound of carbon and oxygen?

With what substances will carbon unite ?

‘What is black-lead, and of what is it composed?

Why are black-lead crucibles used when a great heat is
wanted?

Why is wood, that is fixed in the ground, charred?

To what ﬂurposes is charcoal applied ?

How is charcoal made ?

Why is charcoal used in hardening iron?

Can the same thing be done with the diamond ?

How do you prove that charcoal absorbs moisture ?

CONVERSATION XX.

Explain what is meant by combustion?

With what is combustion attended ?

In combustion, are the substances consumed ?

In regard to this subject, how are bodies distinguished ?

What things are to be accounted for in combustion ?

What is necessary in the process of combustion ?

Explain the diagram, p. 135.

How is it known that light exists in combustidie Boie?
Explain the theory of combustion ®

]
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How is this transferred from one vessel to anather?

What experiment ?roves that carbonic acid is he:
than the common air?

How is this gas procuped artificially ?

What are the component parts of marble ?

What do Kou mean by sulphate of lime ?

Explain the meaning of the word sulphate.

How is it known that carbonic acid gas escapes in
mentation ?

For what purposes is this gas used ?

What is the characteristic of good lime ?

Why is carbonic acid gas nutritive to plants?

Wit{ what liquids is this found combined ?

How is the suffocating property of this gas exhibited
/".'Id‘o” what purpose has this property of the gas been

Plied;

Does this gas exhibit acid properties?
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What experiments prove this ? :
Of what Is carbonate of lime composed ?
What are the general properties of the carbonates ?
What are the chief properties of carbonic acid gas?
CONVERSATION XXII.
Of what d:)es the atmospheric air consist, and in what
ons ?
'mother substances are there in the air beside azotic
nd oxygen gases?
How can the carbonic acid gas be separated from the air ?
What is the white scum found on lime-water after it is
x to carbonic acid gas ?
ow is the oxygen separated from the azotic gas ?
’hWhat is the quantity of carbonic acid gus in the atmos-
cre ?

Upon what does the salubrity of the air depend ?
l-l}o))ow is that ascertained ?

How is nitrous gas obtained ?
What are the propetties of this gas?
Which is the most important property?

y
How is the salubrity of the air found out by a eu-
meter?

n thg experiment with the eudiometer, what is the red
our

That occasions the warmth in the tube ?

"hat other meansare there of showing the purity of dit-
1t gases?

hat is a principal property of the sulphuret of potass?
at is Sir Humphrey Davy's eudiometer?
oluin this by Fig. 15.

Yhere any great variation with regard to the purity of’
* in different places?
s the proportion of oxygen in the atmosphere fluc-
CONVERSATION XXIIL
is the light carbonated hydrogen o8, €A Whth wre
vtiea d

Plid
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How is the purity of hydrogen gas found?
In this. experimetli, hovg aregtfle gases obtained in a state
of dryness ? .

CONVERSATION XXVI.

How many alkalies are there, and how are they de-
nominated ?
From whence is the general term derived ?
What are the properties belonging to the alkalies ?
Which are the fixed, and which the volatile alkali, and
whence were they thus named ?
How is potass obtained?
What are its rties?
What is the distinction between potass and the potash
of the shops ?
For what is potass used?
How is the sulphuret of potass formed, and what was it
originally called ?
f what is soda formed ? .
What is there remarkable with regard to some of the
plants that yield potass ?
Is soda naturally obtained, and where ?
" What is the reason of the distinction vegetable and mineral
alkali ?
What are the properties of soda ?
How is soap made ?
What is the difference between hard and soft soap ?
With what is soap coloured ? .
How would you make soap on a small scale ?
_To what purpose has woollen cloth been applied ?
What is the test for estimating the qualities of water 7
What is the cause of the hardness in water?
What is the distinguishing property of soft water ?
What is ammonia ?
How does it subsist in its purest form ?
What is liquid ammonia ?
From what is ammonia obtained ? -
Is ammonia greedy of water ?
What substances will combine with ammonat
Of what is the murigte of ammonia formed



CONVERSATION XXX.

How are acids distinguished ?
What acid is in a state of gas, and what in a sql
Of what is camphoric acid composed ?
What is the cause of acidity ?
What exception is there to the general rule ?
What are tﬁe tests of acids?
Which is best, and of what is it made ?
How are acids known ?
What is meant by the term neutral salts ?
How are salts distinguished ?
What are sulphates ? ’
Tell me the distinction between the salts, whot
end in afe, and those ending in ite.
How are the acids usually divided?
Is this a proper mode of classification?
What are the properties of acid productat

A
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h are the acid products, and from what are they
hat experiment can I know whether a substance o
? .

CONVERSATION XXXI.

other names are there to the sulphuric acid ?

was it called oil of vitriol ? :

has vitriol been called copperas ?
hat is sulphuric acid composed ?

are the proportions of the component parts ?

is sulphuric acid discovered in a solution ?

is the sulphuric acid obtained on a large scale ?

is the result of mixing the sulphuric acid and water 2
this acid attract the water?

isit decomposed, and what are the experiments on
ect?
do pieces of straw become black by being dipped
cid?

this acid answer to the definition of an acid product?
is the violent action aceounted for, when metal
re thrown into diluted sulphuric acid ?

what does this acid unite, and what is the genera
‘the compounds ?

rhat purposes is this acid used ?

is ;the sulphurous acid obtained, and what are its
es ?

is tg? theory to account for the formation of sul-
acid ?

'hat is this acid used ?

what substances does it combine ?

CONVERSATION XXXII,

is the phosphoric acid formed ? )

in the construction of an evaporating furnace.
phosphoric acid always in a solid state ?

what substances does it combine ? )
1at proportions are the phosphorus snd oxygrn ™
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NOTES,

BY AN

AN PROFESSOR OF CHEMISTRY,
—0e—

) The existence of oxygen in the fluoric and
Is is very questionable. In the opinion of
best chemists of the present time, those acids
as compounds of hydrogen; the former,
ar principle, denominated fluorine; and the
Worine. See note, page 241.
) As air is essential to this process, as well as
, we are not to infer that the light and caloric
ceed entirely from the burning substance.
) Charcoal is scarcely to be considered as an
on. When freed entirely from moisture, and
substances, it is pure carbon.
1) This definition is rather defective, as it ap-
to the mechanical properties of bodies as to
ition and chemical relations. The definition of
en by Dr. Murray, is more appropriate : ¢ The
1investigates the combinations of matter, and
of those general forces wheuce these combi-
itablished or subverted.”
’) Chemistry may be studied as a science, and
e information obtained, merely from books.
ractice of chemistry only that analysis and
ly as methods of inquiry.
) It would require a more extended opere-
‘one here described to demonstrale Yoe cow:
wber’s salt. . < 1

23
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