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PREFACE.

Ta1s little book represents a ten years’ experi-
ence in teaching the rudiments of Chemistry and
Analysis. Its arrangement is new, as will be
evident at a glance over the table of contents.

It is carefully graduated so that the student can
proceed step by step. He should make all the
experiments and calculations up to p. 46. Com-
mencing again at p. 76 he should practise each
of the tables for analysis of single substances, and
then make several analyses of unknown single
substances. He should then practise the tables
for the separation of metals; and lastly, make
several analyses of unknown mixtures.

Some of the analytical tables were published in
my abbreviated edition of Frrsenrus’s Qualita-
tive Analysis (1869). All, with the exception of
Table III. bis (added by desire of a friend), were
printed privately some time ago, and have been in
constant use for years in my laboratory.

I have ventured upon employing the term wunit




'\ PREFACE.

so as to avoid the terms atom and molecule, which
appear to me unsuitable for ordinary use among
beginners. I have also ventured, after very
serious consideration, to introduce a new word,
antimetal, to serve instead of radical. 'The subject
of values I have endeavored to explain in a new
and more absolute way.

The work is put forth as an attempt to present
a general view of the elements of Inorganic
Chemistry in a small compass, and to render their
study as real and practical as possible.
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A

PRIMER OF CHEMISTRY,

EXPERIMENTS WITH SOME OF THE
ELEMENTS.

The Pneumatic Trough.—'This 1s an instrument
used in the collection of gases (prcuma, Greek for
gas). The ordinary form consists of two parts
made of earthenware, a pan and a so-called bee-
hive shelf. To see how it is used, fill a bottle with
air from the lungs by its means. Put some water
in the trough, so as to rise about half an inch
above the tup of the shelf, take a bottle, lay it
down in the water, and when it is full m nearly
full, raise it cautiously on to the shelf, with the
mouth downwards and over the top ]mlv, allowing
no water to escape. Now place one end of a lnnu‘
glass tube through the side hole of the shelf, and
IJ]UW through the other end. The air will rise,
and “nullmlh take the place of the water in thL
hnttlr*

The Hydrogen Apparatus. — 'This mnuiara of a
narrow-mouthed bottle, fitted with a cork, through
which passes a bent “l;i.‘ﬂa tube, the exit of thﬁ
latter being joined with a long w].1--, tube by means
of a piece of india-rubber bislag:

To Cut and Bend the (lass Tube.—Tuake a ]‘.HELE of

soft tubing (soft = easily softened by hLeat), if one
B




2 HYDROGEN.

end is not even scratch it with a triangular file a
short distance from the end and then break it.
Make a seratch about five inches from the end,
and break the piece off. Iold the piece in an
ordinary gas flame, turning it slowly round till
the middle is soft, then take it away from the
flame and bend it at right angles. Remove the
sharp edges at each end with a file.

To Prepare and Dore the Cork,—Select a cork
apparently larger than necessary to fit the bottle,
wrap the cork in paper to keep it clean, and roll it
under your foot to soften it. It will now probably
fit the bottle tightly. Ileat the point of a rat-tail
rasp red hot, bore the cork through the middle,
and then enlarge the hole carefully so that the
glass tube, after slight warming at the end, will
just fit into 1t.

HHYDROGEN.

Preparation.—Put some zine into the bottle, fill
it u third with water, and add hydric sulphate
(sulphurie acid) to the extent of a fifth the volume
of the water. If no effervescence oceurs, the zine
is too pure, and two drops of platinic chloride solu-
tion, or a little cuprie sulphate solution, must be
added. Insertthe cork with tube, allow the air to be
expelled from the bottle, and then begin to collect
the gas over the pneumatic trough. When the
receiving bottle is full, close its mouth under water
with a saucer or similar vessel, remove 1t from the
trouch, and set it mouth downwards on the
table, the mouth being closed by the water in the
saucer,

Burns in Air.—Raise the bhottle, still I-;{_u*ping it
inverted, apply a light immediately, turn the
mouth upwards and pour in water without delay



OXYGEN., 3

to drive out the hydrogen. The hydrogen will
burn with a pale flame.

Produces Water when it Burns.—Remove the de-
livery tube from the trough, light the gas as it
issues from the tube, and huld a dn’ tumbler over
the lame, its sides mll gsoon become covered with
dew. (Hydrogen signifies water generator.)

Is Lighter than Air.—Colleet a wide-mouthed
bottle of hydrogen, and allow it to stand open
mouth upwards for a short time, then apply a
licht. The bottle is full of air. If a light be
p]mhml too quickly, a harmless mphmt‘m will oc-
cur, which will be explained under Oxygen.

OXYGEN.

Preparation—If you have not a dry test tube,
dry one by moving it to and fro mouth down-
wards in the ]iunwn Hame, and sucking out the
steam with a glass tube. Fit the test tube like
the bottle was fitted for making hydrogen, only
let the tube in the cork be three inches hmw and
straight.  Support it horizontally above a Bunsen
lclmp, and place the pneumatic truu-rh at a4 conve-
nient distance. Mix a small (llhultltv of pnta%m
chlorate in powder with about a fifth of manganic
binoxide, and put the mixture into the test ruhr-
which should not be more than a third full. :'\ppl‘}
a rentle heat, and collect the esc aping gas. When
the bottle is full, cover the mouth, and remove it
from the trtmuh Oxygen, like hydrogen, 1s as
tr'mapll,rnnt and odorless as air, hut nmfln n
this way it is sometimes cloudy and smells of
chlorine.

1t inflames smouldering Wood.—Light a chip of
wood, when it has been burning a short time blow

B



4 OXYGEN.

out the flame, leaving a spark, then plunge it into
the oxygen ; it will at once burst into flame and
burn brilliantly.

Charcoal burns brightly in it.—Make some more
oxygen, and instead of collecting it, direct the
stream on to a lump of charcoal, a corner of which
has been lighted. The charcoal will burn with
dazzling light.

Iron burns in it.—Make some more oxygen, and
direct the stream through a flame on to the point
of a thin iron or steel wire., As soon as the iron
is alight let the flame be removed, but keep the
stream of gas well directed npon the burning
point. The combustion is brilliant. If it stops,
the oxide must be removed from the point of the
wire, before the latter can be relighted. The pro-
duct of the combustion consists of the black oxide
of iron; it is thrown off'in the form of hollow glo-
bules. A watch-spring burns beautifully ; its elas-
ticity may be previously removed by heating to
redness.  T'his experiment may be made more
striking by using several steel wires twisted to-
gether like a rope, and procuring a good supply
of oxygen, using a flask for the generating vessel,
and a lareer quantity of the mixture.

A Mixzture of Ozxygen and Hydrogen explodes.—
Fill a soda-water bottle one-third with oxvgen
and two-thirds with hydrogen, and apply a light
to the mixture. A loud explosion will occur. The
two gases combine to produce water.

A Mizture of Air and Hydrogen explodes—111l a
pint or quart bottle five-sevenths with air and two-
sevenths with hydrogen, and apply a light to the
mixture. An explosion will occur. The noise
will be muech less in this case, 1n consequence
of the presence of nitrogen, which amounts to
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four-fifths of the air, and takes no part in the
change.

Combustibles deflagrate with melted Potassie Chlo-
rate.—Heat some potassic chlorate in a wide test
tube ; the salt when melted should not occupy
more than an inch of the tube. As soon as the
salt appears to boil (from the escape of oxygen),
take the tube out of the flame, hold it upright in
a metal support, and drop into 1t a small piece or
two of charcoal, then of white sugar, then of sul-
phur, then of shellac. Each will burn with great
violence. This kind of combustion is called defia-
gration.

Sulphur deflegrates on melted Potassic Nitrate.—
Melt some potassic nitrate in a test tube ; the salt
when melted should not ocenpy more than half an
inch of the tube. Heat still more, take the tube
out of the flame, hold it upright in a metal support,
with a vessel of water underneath, and without
delay drop in two or three lumps of sulphur.
The latter will burn with a bright light. The heat
1s often so great the bottom of the tube is melted
off, and falls down into the water beneath.

A Muxture of Sugar and Potassic Chlorate defla-
grates with Sulphuric Acid.— Mix some ElLH"u‘dEl‘Gd
potassic chlorate with half its bulk of powdered
sugar, put the mixture on a plate, and touch it
with a rod dipped in sulphuric acid. Deflagration
will take place.

SULPHUR.

 Effeet of Heat.—Put some lumps of roll sulphur
In a test tube, and apply heat very gently, so as
Just to melt it. It will be converted into a pale
sherry-colored fluid. Pour some out into water,
it will form little beads of the ordinary variety.
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Continue heating what remains in the tube, it will
acquire a dark color like treacle, and become so
thick that the tube may be inverted. Still con-
tinue heating, and the fluid will become darker
and thinner, and begin to boil, yielding a brown
vapor, the color of which may be seen through
the tube.

Llastic Variety.—Now, without delay, pour the
sulphur gently into a jug of water, when it will
solidity to elastic threads.

Sulphur Burns to Sulphuwrous Acid.—Put a small
piece of sulphur on a poreelain erucible lid, and
hold it in the flame till 1t is alight, then remove it.
It will continue to burn, combining with the
oxyzen of the air to a gas (sulphurous acid) of
well-known odor. Finally nothing will be left.

CHLORINE.

Preparation.— When experimenting with this
gas, you should as far as possible avoid inhaling it,
and not allow it to escape unnecessarily into the
air.  IYit up a flask like the bottle was fitted up
for making hydrogen, and support it over a Bunsen
lamp, also have the pneumatic trough handy. Fill
the flask about one-fifth with a mixture of four
parts hydric chloride (hydrochloric acid) and one
part water, add some manganic binoxide, and mix
well by shaking. Apply a gentle heat, and collect
the escaping gas. It has a pale green color
(chlores, Greek for light green) and very powerful
smell.  As it is rather soluble in water, some
{;ersuns prefer to collect it by displacement, Hn}t 1S,
)y passing it to the bottom of a hottle full of air,
which it gradually displaces, being about two and
a half times heavier.

Bleacking Action—Moisten a piece of red paper
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and put it into the bottle of chlorine, replacing the
cover instantly. The paper will be bleached.

C .J.'.i.R BON L]

Preparation from Wood.—Into a test tube put a
piece of wood about two inches long, and support
it with the mouth slightly downwards over a
lamp, place a little dish underneath the mouth,
and apply heat. Copious fumes will escape, some
of which will condense and fall into the dish in the
form of tar and water; finally, when no more
vapor comes off, charcoal will be lett.

Charcoal frow Sugar, Paper, Calico.—'Take thirty

rammes loaf sugar, and powder it. Stand a pint
Eeaker on a }nlutt?. In the beaker mix 10 c.c.
water and 35 c.c. sulphurie acid, add the sugar, and
stirwell witha rod tillithegins to rise. T'he mixture
will swell up to a coherent mass ot charcoal, nearl
filling the beaker. It may be turned out on to the
plate with a knife. The same experiment may be
repeated with ordinary white blotting paper instead
of sugar, and also with calico. In these cases,
however, the mixture of water and sulphuric
acid should be heated over a lamp before the
addition of the paper or calico.

PHOSPHORUS,

When freshly prepared it is a white, translucent,
rather soft substance like wax, on keeping in
water 1t acquires a reddish coating. It emits a
pale light in the dark when exposed to air (the
name signifies light-bearer). It is linble to take
fire of its own accord, and is therefore kept in
water.
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Spontaneous Inflammability.—The most striking
way to show this is as follows. Cut off a small
{)iece with a knife—the phosphorus may be held
)y the fingers on the bench while being cut. Dry
1t on a cloth or on blotting paper, put it in a dry
est tube, and treat it with a little bisulphide of
carbon. The phosphorus will at once dissolve.
Moisten a piece of blotting paper with the solution.
The bisulphide of carbon being very volatile,
evaporates in a minute, and leaves the phosphorus
spread out over a large surface. The phosphorus
will soon take fire, unless the solution were too
weak,

It Burns to Phosphorie Aeid.—In the middle of a
common plate put a poreelain crucible lid, with the
handle knocked off, and cover with a bell glass.
Let everything be perfectly dry. Put a small
piece of dry phosphorus on the crucible lid, touch
it with a warmed glass rod to light it, and replace
the bell glass. The phosphorus will burn, com-
bining with oxygen, and producing phosphorie
acid, which appears in the form of a white smoke,
and falls like snow on the plate. When the com-
bustion is finished, remove the bell and expose the
acid a minute or two to the air, 1t will attract a
quantity of moisture from the air and become wet.
(A substance which attracts moisture from the air
1s called Aygroscopie, if in so doing it becomes
liquid, it is said to deliquesce.)  Also test the acid
with litmus paper, which will be turned red.

NITROGEN.

Preparation. — Arrange an apparatus like the
last, only take a soup plate instead of an ordinary
plate, fill it with water, float the lid on a bung,
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and let the bell glass have a stoppered opening at
the top. Put in the lid a small piece of dry phos-
phorus, light it by touching with a warmed
olass rod, “and cover it with the bell. When the
Ilﬂ'ht has oone out, allow the white fumes time to
subﬂde mm the w .ll‘{'I', an invisible gas remains,
which is nitrogen. The airis a mixture of 4 parts
nitrogen and 1 part oxygen. Notice that the
water has risen in the be']! shmnnn' that a portion
of the air has Llwa[}]‘nf-arml Rmmw& the stopper,
and introduce a lghted [Hi‘(*‘ e of paper, the flame
will be extmwmqhml The nitrogen generally
smells of the pht}sphnrus.
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THE USE OF SYMBOLS.

LIST OF ELEMENTS, 1IF'IIr'ITI-I THEIR UNIT-WEIGHTS

AND SYMBOLS,

MzETALS.

Name, ﬂ}pﬁrﬂf Symbol.
Silver (Argentum) . 108 Ac
Lead ( Plumbum) : 207 Pb
Mercury (ffyrf!t&frfJﬁ#?ﬂ) 200 Hg
Bismuth . . g 210 Bi
Copper ( Cuprum) . 63D Cu
Tin (Stannum) . . 118 Sn
Antimony (Stibium) . 122 Sb
Gold ( _el.'unm) 196:5 Au
Platinum . . 1975 Pt
Nieleal - . 5 587 Ni
Lebalt < . & . 587 Co
Iron (Ferrum) i 516) Fe
Manganese . 09 Mn
BN il 5 GH-2 /n
Chromium . 52-5 C
Aluminium 274 Al
Barium . . 137 Ba
Strontium . . 875 Sr
Calecium . . . 40 A
Magnesium . 24 Mg
Pnr assinm (ﬁm’nnn) 301 |
Sodium ( Natrium) 23 Na
Hydrogen . 1 H
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NoN-METALS.

Name. {;ﬁ ‘;,';’:; Sy.ubol,
Ogygen. ., » « « « - 16 0
Eauf RO & & v o= 3 s 32 S
Ll]lnrule TR - 39'0 Cl
Bromine . . . . . S0 Br
dadine: 0 4 % & w s 127 1
Fluopeme: 3 = &+ 3 19 Iy
Larhon 2 . &« & e & 12 J
Nitrogen . . & «° s 14 N
P]][}HIJ}IUI‘IH e BT R gl P
Aodbll e 5 5.5 w8 70 As
B o = & 5w 3 28 S
1L A S R - 11 B

To each element is assigned a particular Unit
of quantity, and also a Symbol, which represents
that unit.

A Compound is any substance which is not an
element.,

The Formula of a compound is a collection of
symbols which shows the elements present in the
compound, and the amounts of those elements ; at
the same time it represents the Uni¢ of quuantity of
the compound.

The CUnit of a compound is the sum of the
quantities represented by the symbols composing

e formula.

Thus—IH,0 is called the formula of water;
H, 80, the formula of hydric sulphate; KCIO, the
iurmuh of potassic chlorates

H,0O signifies 2 units (2 parts) of hydrogen,
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combined with 1 unit (16 parts) of oxygen, making
1 unit (18 parts) of water.

H, S0, signifies 2 units (2 parts) of hydrogen,
combined with 1 unit (32 parts) of sulphur, and
4 units (64 parts) of oxygen, making 1 unit
(98 parts) of hydric sulphate.

KClO, signifies 1 unit (39-1 parts) of potassium
combined with 1 unit (35°H parts) of chlorine, and
3 units (48 parts) of oxygen, making 1 unit
(122:6 parts) of potassic chlorate.

QUESTIONS ON USE OF SYMBOLS.

(Fiven the percentage eomposition of a compound, to
find its formula.

1. The percentage composition of water 1s

Hydrogen . » . +» « 1111
Oxygén « & &+ = = 88-88

What is its formula ?

The composition of water may be represented

thus—
II}Td‘u‘u OI‘EE'EE

putting H for Hyd., and O for Ox.,,,

we have Il,ﬂ, Oﬂ
1

= H,.i Opg
= 0
The percentage composition of hydric sul-
hate 15—
! Hydrogen. . . . . 204
Sulphur . .. .« . ‘JE:TEJL}
Oxygen . . . . . 009l

What is its formula ?
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The composition of hydrie sulphate may be
represented thus—

Hyd. .. onl... Of..
putting H for Hyd., S for Sul.,,, and O for Ox.
T‘l'-ﬂ ]]}.L\FE IIi”-:._ ﬂ;{;(& [:]!1!1-:!1

1 349 m
- .. B. 0.
= HR0,

3. The percentage composition of potassic chlo-
rate 15—
Potagsinm: . . . . . 3189
Chlorine . . . . . 280b
Oxygen . . . . . 3915
What 1s its formula ?

The composition of potassic chlorate may be re-
presented thus—

PUL‘M'EQ Uhlur‘us‘as 03‘55'15
itting K for Pot. ., Cl for Chlor.,,..,, and O for

I]‘I
Ul'm?

we have Kyso Clyggs O30

Wl 355 16
= h'am ("l'slf 0:'447
= KCIO,

Given the J{;f:u;.uffa of a eompound, to find its per-
centage composition.,

1. The formula of water is H O, what is its
percentage composition ?

The r::uml}usitiﬂn ol water 18—

H: . R B H}'lh'ng'eﬂ ﬂ

e Oxygen 16

18
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18 parts of water contain 2 of hydrogen
|

1 3] b} 33 18 3]
2x 100
100 » » 22 18 )

= 1111 of hydrogen.
Again—
18 parts of water contain 16 of oxygen

16

1 2 72 »” 18 »
1= 1K)

100 2 22 H TR )

=  88:88 of oxygen.

Therefore the percentage composition rmluirerl 7, —

Hydrogen,  « « » AVL]
OXFoBR  + + + « i OSB8

2. The formula of hydrie sulphate is IH,S0,, what
is its percentage composition !

The composition of hydric sulphate is—

H, . . . . Hydrogen 2

S Sulphur 32
kL . .. Oxygen (4

V8

08 parts of hydric sulphate contain 2 of hydrogen

]
1 22 2 2 2 ﬁ i

2 1010 |
100 EH) 2 2 2 s 7 |

= 204 of hydrogen.
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Aﬂ"un—
98 varts of hvdrie sulphate contain 32 of sulphur
I y
H
1 ” b B b I bh -iH 33
B2k
100 13 1 - £ S ) s 22
= 32:05 of sulphur.
Again—
‘}b parts of hvdr 5 fuulphltte contain 064 of oxygen
ibg
1 2 ”» 23 bb) 08 22
B 100
100 1 3 1 " T 1

= 6531 of oxygen.

Therefore the percentage composition required is—

Hydrogen . . . . 204
""*lllllhlll RPN AU - -~ L ;| ;"
Oxygen . . . . . 0G94l

The formula of pnhqsw chlorate is KCIO,,
tht is its percentage composition ?

The composition of potassic chlorate is—

K . . . . Potassium 391
Ll i e s ow Uhlorine 35D
0. . =+ » « COxzygen 480

4

1998
122-6 parts of potassic chlo-
rate contain . . . 39°1 of potassium
1 part of potassic chlo-
rate contains . . . i“é‘g"_} -

100 parts of potassic chlo-

rate contain. , ., ., 2P .

= 3189 of potassium.
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Ag‘ﬂ,in—
122-6 parts of potassic chlo-
rate contain . . . 350 of chlorine.
1 part of potassic chlo-
rate contains . . . 385
) _ 1927 2
100 parts of potassic chlo-
atecontain , ., . . ¥
12276 7
= 928:05 of chlorine.
Again—

1226 purts of potassic chlo-

ratecontain . . . . 48 of oxXygen.
1 part of potassic chlo-

raté containg . o . 2=
) ’ 1220 2
100 parts of potassic chlo-
rate contain .~ . . . oxlld
122t »n

= 3915 of oxygen.
Therefore the percentage composition is—

Potassium . . 31-89

- - L -

Chiorne s . = 2°: &+ 5 B a5
Oxygen 2 a G g e UEE

EQUATIONS FOR PREVIOUS EXPERIMENTS.

The preparation of hydrogen—

HS0, + Zn = ZpSO, + H,
A unit A unit A unit 2 units
(08 parts) (65-2 parts) (161-2 parts) (2 parts)

of hydric sulphate of zine of zinc sulphate of hydrogen.

The preparation of oxygen—

KClo, = KO 4+ 0
A unit A unit 3 umts
E‘]."J 6 parta) (746 l‘lrl'rtg} (48 parts)
0 puL clilornto ﬂfllﬂl- chloride Uf OxXygen.




EQUATIONS FOR PREVIOUS EXPERIMENTS, 1%

The manganie binoxide mixed with the potassic
chlorate is not altered, it merely assists the decom-
position.

The preparation of chlorine—

MnO, + 4HCl = 2H,0 + MnCl, + Cl,

A unit 4 units 2 units 1 unit 2 units
(87 parts) (146 parts) (36 parts) (126 parta) (71 parts)
of mang. bin- of hydric of water of mang, of chlorine
oxide chloride chloride

The burning of hydrogen—

H. + 0 = H,0

2 unita A unit A unit
(2 parts) (16 parts) (18 parts)
of hydrogen of oxygen of water

The burning of carbon—

¢ - 0, = CO,
A unit 2 units A unit
(12 parts) (32 parts) (44 parts)
of carbon of oxygen of carbonie acid

The burning of iron—

Fe, + 0, = Fe O,
3 units 4 units A unpit
(168 parts) (64 parts) (232 parts)
of iron of oxygen of black oxide of iron

The burning of sulphur—

S - 0, = S0,
A unit 2 units A umit
(32 parts) (32 parts) (64 parts)
of sulphur of oxygen of sulpbhurous acid
The burning of phosphorus—
2.+ @6, = Po
2 units 5 units A unit
(62 parts) (30 parts) {142 parts)
of phosphorus of oxygen of phosphoric acid

C
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QUESTIONS ON EQUATIONS FOR PREVIOUS
EXPERIMENTS.

1. In a ton of water how many pounds of
hydrogen and oxygen ?

H,O contains H,.
18 1bs. of water contain 2 Ibs. of hydrogen

9
1 b} 1) b} s 2 1
30 239940
2240 7 1 ” 18 1) 2

= 249 lbs. of hydrogen.

Again—
H,O contains O.
18 1bs. of water contain 16 1bs. of oxygen

1 14
2 » » 18 2 7
3y 10x 2240
2240 b} 12 1 18 b »”

= 1991 Ibs. of oxygen.
Ans. 249 lbs. of ll‘)’{llﬂ”‘EIl
1991 Lbs. of oxygen.

. If T burnt a ton of hydrogen, how many lbs.
:}f ox}m en would be required, and how many lbs.
of water would be produced ?

H, requires O.
2 1bs. of hydrogen require 16 lbs. of oxygen

J. 14
” 7 2 T ” b
3] 10x2240
E-...r‘d:'D 9 2 22 B 3 b))

= 17,920 lbs. of oxygen.
Again—
9240 1bs. of hydrogen + 17,920 lbs. of oxygen =
20,160 Ibs. of water.
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Or directly—
H, produces H,0.
2 lbs. of hydrogen produce 18 Ibs. of water
1 2 ” » I—: ””
9240 ]2 n 12 lﬁH:H“ b
= 20,160 Ibs. of water.

Ans. 17,920 lbs. of oxygen.
20,160 1bs. of water.

3. If T burnt a ton of iron, how much oxygen
would be used, and how much black oxide would
be produced ?

Fe, requires O,.

168 1bs. of iron require G4 1bs. of oxygen

fi4
1 n »n 108 )2
W)s), Bax 2240
""""-'1:0 3 » 108

22

= 853 1bs. of oxygen.
Again—

2240 lbs. of iron + 853 1bs. of oxygen = 3093 lbs.
of black oxide of iron.
Or directly—

Fe, produces Fe,O,.

168 1bs. of iron produce 232 1bs. of black oxide

232
1 »” n 168 » 1
+) 2322740
2240 2 b} T 2 R

= 3093 Ibs. of black oxide of iron.

Ans. 853 lbs. of oxygen.
30903 1bs. of black oxide of iron.

cd
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4. It I burnt a ton of phosphorus, how many Ibs.

of oxygen would be used, and how much phos-

phoric acid would be produced ?

Ans. 2890 Ibs. of oxygen. 5130 lbs. of phos-

phoric acid.

O. If I decomposed a ton of potassic chlorate,
how much potassic chloride and oxygen would be
obtained ?

Ans. 1303 ]bs. of potassic chloride. 877 1bs. of
oxygen.

6. If I want a ton of oxygen, how much potassic
chlorate would have to be taken?

Ans. H721 lbs.

7. In a ton of hydric sulphate how much
hydrogen? 1In liberating the latter, how much
zinc must be used ?  How much zine sulphate

would be left ?
Ans. 46 1bs. of hvdrogen. 1490 lbs. of zine.
3684 1bs. of zine sulphate.




EXPERIMENTS WITH SOME
COMPOUNDS.
Acrions oF Hypric SULPHATE.
1. On copper (preparation of sulphurous acid
and cupric sulphate).
On sodic chloride (preparation of hydric

chloride gas and solution).
3. On potassic nitrate (preparation of hydric
1

o

nitrate and hydropotassic sulphate).
On calcic fluoride (preparation of hydrie
fluoride and etching glass).

On potassic ferrocyanide (preparation of car-
bonic oxide).
6. On spirit of wine (preparation of olefiant gas).

=

Actions oF DiLute HyDRIC SULPHATE.
7. On iron (preparation of hydrogen and ferrous
sulphate).

8. On zine (preparation of hydrogen and zinc
sulphate).

9. On terrous sulphide (preparation of hydric sul-
phide and ferrous sulphate.  Action of the
former on various metallic solutions).

Actions oF Hypric CHLORIDE.

10. On calcic carbonate (preparation of carbonie
acid, and action of the latter on lime
water).

11. On manganic binoxide (preparation of chlo-
rine).

Actions oF Hypric NITRATE.

12. On silver (preparation of argentic nitrate,
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precipitation of argentic chloride and re-
duction of the latter).

13. On mercury (preparation of mercuric nitrate,
conversion ot this into mercuric oxide, and
reduction of the latter).

14. On copper (preparation of nitric oxide and
cupric nitrate, conversion ot the latter into
cupric oxide, and reduction of the latter).

15. On l]]:}lill{}' chloride (preparation of aqua
regia).

16. On ferrous sulphate (preparation of ferrie
sulphate. T'est for nitric acid).

AcCTION OoF ALKALIES ON AcCIDs.

17. Potash on hydrie sulphate (neutralizing, pre-
paration of potassic sulphate, and hydro-
potassic sulphate).

18. Potash on hydrie chloride (preparation of
potassic ¢ }lmirlﬂ)

19. Potash on hydric mitrate (preparation of po-
tussic nitrate).

20. Soda on hydric sulphate, h. chloride and h.
nitrate.

[21. Preparation of ammonia gas. |
Ammonia on h. sulphate, h. chloride, and h.
nitrate.
[Ammonium hypothesis. ]
22. Ammouia gas on hydric chloride gas.
[”d Ammonic nitrate heated (preparation of ni-
trous oxide). |

ActioN oF ALKALINE CARBONATES ON ACIDS.
Action oF ALKALINE EARrRTHS oN AciDs.

AcTioN OF ALKALINE EanrTtuy CARBONATES ON

Acips.




ACTIONS OF HYDRIC SULPHATE.

1. Hypric SvrLrHATE oN COPPER.

Put some hydric sulphate in a Berlin dish, and
add some copper nails or turnings. Apply heat,
when the following change will take place :—

°2HSO, + Cu = CuSO, + 2H,0 + 80,

H}'drac Cupric Sulphurous
sulphate sulphate acid
The sulphurous acid is the gas produced when
sulphur burns; it is allowed to escape, and the
experiment should therefore be done in draught
cupboard. As soon as the action has ceased t]le
dish will contain the excess ot hydrie sulphate with
a sandy deposit of mlhuhmn cupric sulphate
(CuSO,—anhydrous means without water). Pour
away the hydric sulphate, treat the deposit with
water, and warm ; the deposit will dissolve to a blue
ll[lul{l discolored by the presence of a black un-
dissolved substance. Take a dise of blotting ]ﬂpn?r
fold 1t into a quadrant, open it into a cone, place
it in a funnel, and thrmlg_r h this arrangement filter
the fwd. Allnw the clear blue hquld to stand ;
if after some time no crystals appear, FVEI[]DI‘ELTP
(that is, boil away some of the water), and allow to
stand again. The blue crvstals are cupric sulphate
containing water of crystallization (CuSO,.5H,0).

2. Hypric SULPHATE oN Sopic CHLORIDE.

Fit upan apparatus like thatusedfor chlorine, and
have ready a dry soda-water hottle. In the flask
put some lumps of rock salt; the ordinary table
salt is nmot convenient, as it produces so much
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frothine.  Add some hydric sulphate, and warm ;
the fu]l{m ing change takes place :—

H,S0, + NaCl = NaHSO, + HCI
II:,rlrw Sodie Hydrosodie Hydrie
sulphate chloride sulphate chloride

The hydric chloride is evolved as a gas. Collect
it by displacement in the soda-water bottle, and
allow the gas to escape for some time after the
bottle appears full, so as to insure all air being ex-
pelled. The gas is clear; when escaping in the
air it ‘qu-’ua opaque frmn combining wnh the
watery vapor in the air. Now take away the lamp
from “the flask, and without delay remove the
delivery tube ¢ ll[“hl“}’, and cover the bottle with
the hand. Hold the bottle mouth downwards in
water, and then remove the hand covering the
mouth. The water will rush up and fill the Dottle
—that is, so far as the air was expelled. This
shows the eagerness with which water dissolves
hydric chloride.

Replace the lamp under the flask, and when the
oas issues freely dip the delivery tube in half or a
qu.lrt[.,r of an inch of water at the bottom of a
bottle ; the gas will be entirely absorbed. In this
way a er}lutmﬂ of hydric chloride containing' several
hundred volumes of the oas may be lmuh" It is
this solution which is gjum: ally called hydrie
chloride or hydrochloric acid, and was used in
mflking chlorine. The water into which the tube
dips is directed to be shallow, as if a momentary
ﬁtuppuﬂe occurs in the Lvulurmn the water may be
drawn up the tube, and even enter the flask.
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3 Hybpnric SULPHATE oN Porassic NITRATE,

Take a stoppered retort and fix it over a
Bunsen; slip a test tube over the neck, and let the
tube rest in a basin of water, so that it may be
nearly covered by the water. In the retort put
1 oz. of potassic nitrate (nitre) and 1 oz. (weighed)
of hydrie sulphate, and apply heat. The following
change takes place :—

HS0, + KNO, = KHSO, + HNO,
H; drie Potassic Hydropotassie Hydric
sulphate nitrate sulphate nitrate

The hydric nitrate (nitric acid) distils over as a
yellow liquid. It is accompanied by red fumes,
which consist of hyponitric acid, oxygen and
water, produced by the decomposition of a small
portion, thus—

9HNO, = @2NO, + O + HQO
Hydric Hyponitrie
nitrate acid

If the contents of the retort cake, apply a stronger
heat till they melt. When no more fluid comes
over, remove the test tube. Now warm the upper
part of the retort cautiously in the flame, and pour
out its contents on a slab ot stone or a copper dish ;
they will set to a cake of hydropotassic sulphate.
As we wished to get this we had to weigh out the
quantities taken, and as H,S0, represents 98
parts, and KNO, 101-1 parts, equal weights were
near enough. In most of these experiments it is
not usual to weigh out the substances employed,
and excess of one or the other makes no difference,

4, Hypric SULPHATE oN CALcic FLUORIDE.

Take a piece of glass about two inches square,
warm it in the Bunsen flame, rub some wax on it,
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allow to cool, and write something on the wax
with a sh: arp steel point. Now tﬂke a very small
quantity of calcic fluoride (fluor spar), powder it
very finely, put it into a platinum erucible, moisten
it with a clrlT or two of hydric qulp]nte, and stir
to a paste. Place the glass waxed side downwards
on the platinum crucible, and warm the bottom of
the crucible with great caution, so as not to melt
the wax. Set tlm whole aside a {few minutes, then
remove the glass, melt the wax, and clean it off.
The writing ulll be etched. 'The change which
takes ]l]dl{' by the action of hydric .Etl]plmtt on
calcie Huoride is as follows :—

HSO, + CaF, = C€aS0, + 2HF
Hydrie Culeie Culeic Hydrie
sulphate fluoride sulphate fluoride

The hydric fluoride comes off in the form of
}mnuvnt fumes. These attack the glass, which
consists of silicie acid, soda and lme, h*, :hnanlnn"
the former,

S0, + G6HF = HSF, + 2H0
Silicie Mydrie Hydrie
aeid fluoride silicolluoride

Hypric SurnrHATE oN PoTassic
FERROCYANIDE.

Set up the apparatus used in making chlorine.
Fill the flask one-fifth with hydric aulphnv, add
potassic ferrocyanide in ]um'rlm to the amount of
one-twentieth of the acid, and apply heat. The
following change takes ]}lnce —

KCNFe + 6HO +  6HSO,

Fotassie I 'H.ll e
ferrocyanide sulphate
= 92K,80, + 3(NH),S0, + FeSO, + 6CO
]J[}IIIH-HIF' ;ﬂllmlumf_. l‘r-rr'ml'i Carbonie

sulphate sulphate sulphate oxide
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Three of the GH,O required exist in the crystals
of potassic immfhmulu as water of crystallization,
the rest is present in the hydric sulphate. The
carbonic oxide escapes as a gas. Collect 1t in a
bottle, light it, and pour in water. It burns to
carbonic acid (CO,) with a pale blue flame.

6. Hypric SurLrHATE OoN SrIiriT oF WINE.

Same apparatus as in previous experiment. In
the flask put 24 measures of hydric sulphate and 1
measure of H[Hllt of wine ; I]](‘i’ll\llf[‘tl spirit will
answer the purpose. A« I[l a little sand to the mix-
ture, and apply heat. The following change takes
place :—

C,HO = C.H, + H,0O

,.-".I_Ll.}'tml Dltﬂunt j..ll..ﬂ

The sulphuric acid takes away the elements of
water ; however, this is not the only action; a
quantity of carbon is separated, and qtll]l]llll‘{]llﬁ
acid produced. The olefiant gas escapes. It is
so called because it gives an o1l when mixed with
chlorine. Collect and licht. It burns with a
highly luminous flame to carbonic acid (CO,) and
water.

ACTIONS OF DILUTE HYDRIC SULPHATE.

7. Dirute Hybpric SuLPHATE oN IRonN.

Into a flask put 10 measures of water and 1
measure of hydric sulphate, add some iron wire
and warm without boiling. The following change
takes place :—

HSO, + Fe = FeSO, + H
Hydric Bulpﬂata Ferrous sulphate ;
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The escaping hydrogen has an unpleasant smell,
as small portions of it are combined with carbon,
sulphur, and phosphorus, elements present in the
iron.  When the action has ceased, and the acid
will take up no more iron, filter. Pale green
crystals of ferrous sulphate containing 71,0 may
be obtained from this solution.

8. DiLurte Hypric SULPHATE oN ZINC.

Already studied in making hydrogen. The
change is exactly similar to the above. By filter-
ing the residue in the generating bottle and setting
aside, crystals of zince sulphate containing 7H, O
may be obtained.

). DiLure Hypnric SuLrHATE oN FERROUS
SULPHIDE.

Set up the apparatus used for making hydrogen.
No pneumatic trough will be required. In the
bottle put some lumps of ferrous sulphide, add
some water, and then hydric sulphate to the
amount of one-tenth the volume of the water. The
following change will take place :—

HS0, + FeS = FeSO, + HS
Hydrie Ferrous Ferrous Hydrie
sulphate sulphide sulphate sulphide

The hydric sulphide comes off as a gas; it smells
like rotten egos. Pass the gas into a very weak
solution of plumbic acetate, a black precipitate of
plumbic sulphide will be thrown down, thus—
Pb(C,HO,): + HS = 2HCHQO, + PbS

Plumbie Hydrie Hydrie Plumbie
acetato sulphide acelale sulphide

Also pass the gas into a weak solution of anti-
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monious chloride, when an orange precipitate of
antimonious qul]:rlmlt- will be thrown dow n, thus—

28bCl, + 8HS = OGHClL + BbS
Antimonious H_v;:ifiﬂ Hyvdrie Antim: muus
chloride sulphide chiloride sulphide

Also pass the gas into a wes ak solution of arsenions
acid, when a wiium precipitate of arsenious sul-
plmlL will be thrown dow n, thus—

Aﬂﬂ'a -+ t-'”I.,h = r-i[[ﬁ{} -ie ASES;;
Arsenious Hydrie Water Arsenious
acid sulphide sulphide

Also light the gas as it issues from the tube, it
will burn to water and sulphurous acid.

When the action is over, filter. Crystals of
ferrous sulphate may he obtained from the solution,
as after the action of dilute hydric sulphate on
metallic 1ron.

ACTIONS OF HYDRIC CHLORIDE.

10. Hypric CHLORIDE ON CALcic CARBONATE.

Same apparatus as for making hydrogen. In
the bottle put some Iumps of marble, add water,
and then an equal bulk of hydrie chloride. The
following change takes place :—

2HCl + CaCO, = HO + CO, + CaCl,

Hydrie Caleie Carbonic Caleie
chloride carbonate acid l.,'lllurul{t

The carbonic acid escapes as a gas, the caleie
chloride dissolves in the water. Collect it over
the trough. Introduce a llﬂhrml piece of baper
into the cas, and it will be L\.Llnﬂnhhed Collect
another hnttl-:,, add to the gas some lime water
and shake, when a precipitate of calcic carbonate
will fall, thus—
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CaH,0, + 00, = 000, + HO
Lime Carbome Caleie
acid carbonate

The same precipitate is produced by blowing into
lime water through a tube, as the breath contains
carbonic acid.

Lime water is made by shaking up a little lime
with a quantity of water for a short time, and fil-
tering. It contains about one of lime in 700.

11. Hypric Curorinpe oN MaAangaNIic BIN-
OXI1DE.

Already described.

ACTIONS OF HYDRIC NITRATE.
12. Hypric NITRATE oN SILVER.
(Exrrriments witn A CoIn.)

Put a sixpence in a test tube, add to it half an
inch of hydric nitrate and half an inch of water,
then warm. The following change takes place :—

4HNO, + Ag, = 2AgNO, + 2HO + 2NO,
Hydrie Argentic Hyponitiic
nitrute nitrate acid
The hyponitric acid escapes as a red gas. Half
fill the tube with water; add a few drops of
hydric chloride, and covering the tube with your
hand, shake violently; a curdy precipitate of
argentic chloride will fall, thus—

&
AgNO, + HCl = AgCl + HNO,
Argentic Hydrie Argentie Hydrie
nitrate chforide chloride nitrate

Add more hydric chloride, and if a farther preci-
pitate is produced shake again, and so on till no
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more precipitate is produced.  Filter. The filtrate
contains the copper in the coin which was dis-
solved with the silver in the ll}(ll‘]ﬂ mn[m&' the
whole of the silver is in the premvrhﬂo Take
the filter out of the funnel, lay it between some
folds of thick blotting paper, and press gently ;
then dry thoroughly on an iron plate. Mix with
half its wmnht uf Ll.l'V sodic carbonate. Scoop a
little hole in a piece of fine charcoal, put in it some
of the mixture, and blowing across a yellow gas
flame with the blowpipe, direct the flame on to
the mixture. The silver will be reduced—that is,
reconverted il’ltD metal.

In using the blowpipe with the Bunsen, push
an inch ut large india-rubber tube over: tlw air-
box, to stop up the holes, and turn the oas down,
so that the whole of the flame may be diverted by
a moderate blast.

13. Hypric NiTRATE oN MERCURY,

Put a small globule of mercury in a test tube,
add a little hy tluf; nitrate and an equal bulk of

water, then warm. The following change takes
place :—

4HNO, + Hg = Hg(NO,), + 2H,0 + 2NO,
Hydrie Mercuric )

' : Hyponitrie
nitrate nitrate

acid

Ev'lpnmtn the solution in a phtunlm 11151119
when a yellowish residue will be left of mercuric
nitrate. ~When dry, powder it, and heat it more

strongly in the capsule; it will be decomposed,
thus—

He(NO,), = Hg0 + 2NO, + O
Mereurie Mercurie H}'pnnltrlr,:

nitrate oxide weid
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The mercuric oxide left appears black when hot,
red when cold. Do not continue the heat too
long, or the oxide itself will be driven away. Now
take an ignition tube, put in it a little of the oxide,
and heat 1t with the blowpipe, holding the tube
in brass tongs with one hand, and with the other
holding a match with a spark on it to the orifice

the oxide 1s decomposed and volatilized, the mer-
cury sublimes to the cold part of the tuhc-, and
the oxygen escapes.

]nmimn tubes are hard glass tubes (hard = difh-
cult to melt), the '-||¢1]w of test tubes, but much
smaller, used for igniting (heating to redness)
small quantities of a substance. lhﬂ_} are made
thus :—'I'nke some hard tubing of 5 mm. bore, and
cut it into lengths of 12 em. ; hold one of these in
the blowpipe ﬂamﬂ turning it round so that the
middle may be umfmmh' softened ; then remove
it from the flame, and draw it [Hlf’ a few inches.
You will thus have two tubes 6 cm. long, joined
by a thin tube. The latter must be removed by
the blowpipe, and the ends of the two tubes

sealed.
14. Hypnric NiTrRATE oN CoPPER.

Set up the chlorine apparatus. In the flask put
some scraps or nails of copper, add half a test-
tubeful of water, and the same quantity of hydric
nitrate, and ‘lppl:{ heat. The following change

takes place :—

8HNO, + Cu, = 3Cu(NO,), + 4H,0 + 2NO

Hydrie Cupric Nitrie
nitrate nitrate oxide

The nitric oxide escapes, and should be collected
over the trough. It is a colorless gas. On re-
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moving the bottle from the trough the gas will be
seen to turn red on mixing with the air. It unites
with oxygen, forming hvpumtlm acid (NO,). Eva-
porate the blue solution in a dish till it is syrupy,
then cool, when it will set to a ecrystalline mass of
cupric nitrate. Take a small quantity of this, and
ignite on a platinum capsule till it has turned
entlrely black. The f{ollowing change takes
place :—

Cu(NO,), = CuO + 2NO, + O
Cupric Cuprie Hypounitrie
nitrate oxide acid

The black residue is cupric oxide. The green
substance which is formed intermediately is a
compound of cupric nitrate and oxide, and is
called basic Llllﬂ'iﬂ nitrate. Take a small t]uantlty
of the oxide, put it in a hole scooped in a piece of
charcoal, put on it a small lump of potassic
cyanide, ‘and heat with the blowpipe. The copper
will be at once reduced in the form of a E]I’H_}D“

mass, which may be melted into a globu
further heat,

15. Hypric N1TrRATE oN Hypric CHLORIDE,

Put a little hydrie chloride in a test tube, and
add about a fourth of hydric nitrate. This mix-
ture is called nitrohydrochloric acid or aqua regia.
Warm 1it, when chlorine and hyponitric acid mll
escape. Ir is used for dissolving gold and platinum

and a few {,mnl:-uumlﬁ and acts through the free
chlorine which 1t gives.

Hypric NITRATE oN FErrovs SULPHATE.

Put a crystal or two of ferrous sulphate in g
test tube, add some water and a little ]l.\_',-duc sul-
D
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phate and boil. A colorless solution will be
obtained. Now add a drop of hydric nitrate, when
the following change will be effected :—

G6I'eSO, + 8H,S0, + 2HNO,

Ferr us Hydrie Hyvdrie
sulphate sulphate nitrate

= 8F¢(S0), + 4HO + 2NO
Perrie Nitrie
aulphate oxide

The nitriec oxide dissolves in the excess of fer-
rous sulphate to a dark fluid.  Add another drop .
of hydrie nitrate, and so on, when all at once the
above chanee heing mm]l]{'im], all the ferrous sul-
phate will have been converted into ferric sulphate,
which is incapable of dissolving nitrie oxide, mul
this will ese ape with sudden rrﬂoﬂ escence,

The above reaction is utilized as a test fur a
nitrate, the experiment heing made as follows
Powder a crystal of ferrous sulphate, and sl I]Le
it up in a test tube with halt an inch of cold water,
when dissolved, add a minute qu.mhn' of the nnlu-
tion to be tested (take a drop of solution of potas-
sic mitrate), and holding the tube slanting pour
down the side earefully ]nlf an inch of hydric sul-
phate, so that it may form a layer at the bottom
w1thm1| mixing. A dark color will soon be ap-
parent at the top of the hydric sulphate, which is
rendered more evident h'} very gjuntl) shaking
the tube, not mixing the fluids.

ACTION OF ALKALIES ON ACIDS.

The alkalies are potash (KHO), soda (NaHO),
and ammonia (NII,). The first two are solids,
the last o pas; all are very soluble 1 water.
They lhiave a very strong taste, and turn litmus
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paper blue. Acids, on the contrary, turn litmus
paper red. And if an alkali and an acid are mixed
in proper proportion, the mixture will be neutral
like water, that is, it will not atfect litmus.

17. Porasn o HyDRIC SULPHATE.

Dissolve a lump of potash in water in a Berlin
dish. Now lay several strips of litmus paper on
the bench side by side. Add some dilute ]lljrlll‘iﬂ
sulphate to the potash, stir with a glass rod, and
then touch one of the strips of litmus with the
rod. If the litmus turns blue, add more acid and
so on, till the neutral point is gained. The fol-
lowing change will have taken place :—

S0, + 2KHO = KSO, + 2IH0
Hydric Potash Potassie i
sulphate sulphate

The solution now tastes neither acid nor alkaline,
but saline. Evaporate somewhat and set aside,
when small sparkling crystals of anhydrous potas-
sic sulphate will be formed. The mother L'quﬂr
may be thrown away, and the crystals dried on
blotting paper.

If hydric sulphate is half neutralized by potash,
thus— '

H50, + EHO = RKHBSO, + HO
Hydric Potash Hydropotassic
sulphate sulphate

we get hydropotassic sulphate, the same substance

which was left in the retort after making nitrie

acid. This is strongly acid to the taste and litmus,

To do this experiment the proper way is to take a

certain quantity of hydric Suhﬁlﬁte, divide it in

half, neutralize one-half and add the other half.
D2
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18. Porasa oN Hypric CHLORIDE.

Dissolve some potash in water, and neutralize
with hydric chloride. The following change takes
place :—

HCI + KHO = KC + HO
Hydrie Potash Putassic
chloride chloride

Evaporate to dryness, and potassic chloride will be
left as a saline mass.

19. Porasn oN Hypric NITRATE.

Dissolve some potash in water, and neutralize
with hydric nitrate. The following change takes
place :—

HNO, + KHU KNO, + H,0

Hydric Potash Potassie
mitrate nitrate

Evaporate somewhat and crystallize. We have
thus reconverted the hydric nitrate into potassic
nitrate, from which it was originally made.

20. Sopa ox Hypric SurruaTe, H. CHLORIDE
AND H. NITRATE.

The action is exactly similar to that of potash
on these acids. The equations are the same, sub-
stituting Na for K. The crystals of sodic sul-
phate are large, and consist of Na S0 _.10H,0. In
making sodic chloride, you will notice the recon-
version of hydric chloride into the substance from
which it was originally obtained.
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AvMmoniA oN Hypric Svipuate, H. Curo-
RIDE, AND H. NITRATE.

[21. Ammonia gas—As stated before, ammoniu
is a gas very soluble in water, having the compo-
sition NH,. What is ll‘wlhl”} called ammonia is
the solution. The gas is most readily obtained by
simply boiling the solution. Take a small flask
and fit a gas delivery tube to it. Put in it some
of the strongest solution of ammonia (s.g. -830),
heat gently, and collect the gas in a lll“.’ soda-
water hutrle by llil"uhli[l [ll'*«]ll;lu:‘tllt‘l]t ‘illUWlI’]“‘
the gas to escape into the air for some time after
the bottle seems full, so as to make sure that the
bottle is completely filled with the gas. Now take
away the lamp from the flask, llml without delay
remove the delivery tube carefully, covering the
mouth of the bottle with the hand. Hold the
bottle mouth downwards in water, and then re-
move the hand covering the mouth. The water
will rush up and fill the bottle—that is, so far as
the air has been expelled. A like experiment was
made with hydric chloride, which also is a gus
very soluble in water.)

I'he action is-exactly similar to that of potash on
these acids. The equations may be written thus—
H,SO0, + 2NH, = (NH,),50,

Ammonie
sulphate

NH,Cl
Ammonie
chloride

NH,NO,

Am munm
nitrate

Ammonium  hypothesis.—Inasmuch as ammonia
behaves with acids like potash and soda, we assi-

HClI + NH,

HNO, + NH

3
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milate its formuls to the formule of potash and
soda by supposing that the gas is combined with
] certaln gquantty of the water in which it is
dissolved, thus—NH_ H, O, sad then areanging
the svmbols thus— NH HO. The new formuls
ANH ‘Ht\ resetnbles KHO and NaHO, the come
pound NH, playing the part of the eloments peo-
tassium and sodinm. N1 . thus becomes & hypo-
thetical metal, it 18 called ammonium, and s
assigned the symbol Am for simplicity.  The
equations just gi\'vu MAY MOW be written, so &s to
resemble the equations under the Action of
3 .

otash—

HS0, + 2AmHO

An SO, + 2JHO
Amme iy
Alphale

HCl + AmHO = AmCl + HQO

REIVTA TS
CRAN kD
AmNQ, + HO]

Ammoan
BAtrate

HNO, +  AmHO

I

2O AumuoNiA AXD Hypric CRLORIDE MIXED
AS QASES,

If these gases are wmixed in equal volumes they
imm&ﬁaml} condense to a snow-like solid, con-
sisting of ammenie chloride (NH Cl=AwmUl=
NH,HCD.

O3 Adction ¢f Aeat on ammeonic witrate, Prepera-
tiom of witrous arvde.—Make 8 quantity of ammonie
nitrate (say an ounce), by neutralizing hydrie
nitrate with smmonis, evaporsting to dryness, and
fusing the residue. Transfor to s flask fitted with
delivery tube and heat. The following change

tﬂki‘s }ﬁm*e —
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NI NO, NO + 2HO

Ammonic pitrate Nitrous oxide

Il

Nitrous oxide is a gas, and is to be collected over
the trough. Hold a chip of wood with a spark on
it in the bottle of oas, when the mm:l will burst
into tlame, as in t]u_, mrw of oxygen. There is one
difference  between nitrous oxide and oxygen—

namely, the former will dissolve in water, the
latter will not. )

ACTION OF ALKALINE CARBONATES ON ACIDS.

The alkaline carbonates are potassic carbonate
(K,CO,), sodic carbonate (Nu,C0O,), and ammonic
carbonate (Am,(0,). They are soluble in w ater,
pOSsess ¢ alkaline reaction (alkaline reaction = power
of blueing litmus), and neutralize acids like the
alkalies, producing the same salts. Inneutralizing
carbonic acid is eliminated, and, being a gas,
escapes. Thus, for example :—

HSO, + KCO, = KSO, + HO + CO,

H\-dﬂf Prrtuaam P{JTII‘H'I.'L- Curbwum
sulphate carbonate sulphate acid

Carbonic acid itself is slightly soluble in water, to
which it imparts a faint acid reaction (acid re-
action = power of reddening lltmu%} The dissolved
carbonic acid escapes on hmlmﬂ" the water a short
time. So if you wish to neutralize an alkaline
carbonate exactly, boil the liquid a minute or so to

drive out the dhmh ed gas.

ACTION OF ALKALINE EARTHS ON ACIDS.

The alkaline earths are baryta (BaO), strontia
(8r0), lime (Ca0), and magnesia (MgO). They



40 ALKALINE EARTHY CARBS. ON ACIDS.

are more or less soluble in water, and have an
alkaline reaction (MgO is b*u'ﬂl',r soluble and
barely gives alkaline reaction). They neutralize
acids, forming salts.

ACTION OF ALKALINE EARTHY CARBONATES
ON ACIDS.

The alkaline earthy carbonates are baric car-
bonate (BaCO,), strontic carbonate (SrCO,), calcic
carbonate ( mf‘{J ;); magnesic carbonate {MHGU )
They are insoluble in water. They neutralize uclds,
forming salts like the alkaline earths.



41

FLAMES.

Sulphur.—Fill an ignition tube with lumps of
sulphur, hold it in a Bunsen flame with a pair of
tongs, when the sulphur will soon boil, and the
mlmr will catch alight. THold a white plate
behind the flame and 1t will be seen to consist of
two parts. The inside is red, and consists of
sulphur vapor; the outside is blue, and consists
of the vapor in the act of uniting with oxygen.

Gas or Candle—(Gas or candle consists prinei-
pally of carbon and hydrogen. The flame consists of
three parts. The central dark portion is the gas
or candle vapor, this is surrounded by a lummmh
mantle where the hydrogen burns and the earbon
is separated in an incandescent state, and the
luminous mantle again is surrounded ln a thin,
scarcely visible coat where the carbon is burnt.

Candle in Chlorine. -—HT([I‘DD‘E‘IJ will burn 1n
chlorine, but not carbon. So 11 a lighted candle 1s
held in a bottle of t;hlnrmn? the hydrogen will go
on burning, but the carbon 1.'.111 be sepi mxtmi as a
copious hllu;k smoke,

Bunsen.—In the Dunsen burner the gas mixes
with air before it is burnt. The flame con-
sists of two parts, the mixture of gas and air
inside, the same mixture in the act of burn-
ing f}ll*‘ii{]{' [t a match be rested on the tube, it
w1l1 burn where it cuts the edges of the flame, but
not in the middle, When t]w roportion of gas is
too high, the flame is more m']lr-s.‘: yellow ; when
the ]wn]untmn of air is too high, the flame de-

scends the tube. A Bunsen ﬁcl.ll'iﬂ t.l-::ues not blacken
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anything held in it. The hottest part is two-
thud:: hum the hottom.

Blowpipe.—The blowpipe flame consists of two
parts. The inner part is called the reducing
flame, as oxygen is here deficient; the outer
art is called the oxidizing flame, as oxygen 1s
Lera In excess,
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WEIGHTS AND MEASURES.

Stranparp oF LeNGra.—The length of a
certain bar of metal presm'ved in Paris = Metre =
39:37 inches.

Stanparp oF Caracity.—The cube of Y
metre = Litre=170 pint.

STA‘\'D ARD OF WE IhllT—lhE weight of water
occupying the cube of {}; metre at 4° = Gramme =

15-432 erains.

Larger and smaller weights and measures are
exprewml by attaching the following prefixes to
these standards :—

deca, hecto, Lllu_lﬂ 100 1000 respectively.
deci, centi, ‘milli = =10 Tou Tooo respectively.

A millilitre 1s always called a cubic centimetre

(c.c.)

A erith is -0896 gramme, or the weight of 1 litre of
hydrogen at U"’ 760 mm.
et .-ff}U mm. are called the normal temperature
and pressure.

A erith-unit of a substance is the quantity repre-
sented by its symbol or formula taken in criths.

MEASURE OF GASES.
1. A crith-unit of an elementary gas measures 1
litre at the normal temperature and | pressure,

A crith-unit of a compound gas measures 2 litres
at the normal temperature and pressure.
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Thus :
16 criths of oxygen . . . . measure 1 litre.
14 i nitrogen. . . . measure 1 litre.
U hy dric chloride measure 2 litres.
17 i ammonia gas . measure 2 litres,
4 b . carbonic acid . measure 2 litres.

. The volume of a gas varies directly as the
Tem]}Lmturo measured fr*nm—” 3°.
Or, putting » for the volume at ¢°
and v = i y

QT3+t 28+ v

3. The volume of a gas varies inversely as the

pressure,
Or, putting » for the volume at p mm.
and 2’ i i 2 mm.

Prp ey
SPECIFIC GRAVITY OF GASES.

!

The ‘Spf‘flht gravity of a gas is the number of
times it is heavier than hydrogen,
in other words, the 11'{31'J'11t. n Lrltlls of one litre at

0°, 760 mm.
From this we deduce the following rules :—
a. The s. g. of an elementary gas is its unit
number.
The s. g. of a compound gas is half its unit

number.

QUESTIONS ON THE MEASURE OF GASES.

1. What will 100 grammes of nitrous oxide
measure at 16°, 730 mm. ?
The ﬁn*mul.@ of nitrous oxide is N.O
44 criths measure 2 litres at 0°, 760 mm.
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We first find the volume of 100 grammes at
0°, 760 mm. (z), and then correct it first for the
temp. (y), afterwards for the pressure (2).

44«08068 =+ 100 = 2 : =

R o mﬁ b I" _“1: 5 . i a | el L]
r = = 5073 (litres at 0°, 760 mm.)

g2 = 280 = 8078 : @
y = 9=B = 5370 (litres at 16°, 760 mm.)

Tk

Wb ¢ D 8870 @ =
z = BTN = 5591 (litres at 16°, 730 mm.)
Ans. 5991 litres.

9. What will 100 litresof carbonic oxide measured

at —10°, 840 mm. weigh ?

We first reduce the volume to the normal temp.
(x), then to the normal pressure (), and afterwards
find its weight (2)

oo s 28 = 100 ; =@

z = 220 = 10380 (litres at 0°, 840 mm.)

¥ = e = LS (llt.l‘ﬂ:: at Un 760 u]m_)

Fuu

Now the formula of carbonic oxide 1s CO
- 98 eriths measure 2 litres at 0°, 760 mm.

Woe have therefore for the w eicht of the 11473
litres—
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g 2. 11478 = 98x0898 = =
3 = *"-’-""'“““:"““‘“ = 14392 (grammes)
Ans.  143-92 grammes.

3. If T want 100 litres of oxygen at 30°
800 mm., how many grammes of ]JDLJ.‘:‘::IG chlorate
must be hl]wn ?

We first reduce the gas to the normal tem-
{){‘1 ature (), then to the normal pressure (y), and
astly, find the weight of salt required (z).

08 :: 278 = 100 == @
z = ¥X0 _ 00-10 (litres at 0°, 800 mm.)

Bl

80 : 800 2 DUl : ¥
y = Wb — 04-84 (litres at 0°, 760 mm.)

P
Now 0, requires KCIO,

3 crith-units of oxygen require 1 erith-unit
of potassic chlorate.
3 litres of oxygen at 0° 7060 mm., require
1226 criths of potassic chlorate.
We have, therefore, for the weight of potassic
chlorate required for 94-84 litres of oxygen—

g - 9484 :: 122:6x0896 : =
z = TNONM - 34727 (grammes)
Ans. 84727 grammes.
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CLASSIFICATION OF COMPOUNDS.

CompounDs are divided into Owides and Salts.

Oaides.

An oxide is composed of an element in union
with oxygen. Oxides are divided into Owides of
Metals and Oxides of Non-metals.

Salts.

A Salt is a compound of an Antimetal with a
Metal or Metals.
The Antimetals are of three kinds—
. Certain non-metals. The name of these
m rnmpnﬂmun terminates in ide.
b. Certain non-metals combined with oxygen.
These are not known in the isolated state.
Their name 1in composition terminates
usually in ate. Sometimes, where there
are two antimetals of the same non- -metal,
that containing less oxveen terminates in ife.
¢. Clertain  metals Lmubme{l with oxygen.
These are not known 1n the isolated state.
Their name 1in mn-]pn:-zitinn terminates in ate.
The names of the metals in composition ter-
minate usually in . Where a metal has two
values the name corresponding to the lower one
terminates 1n ows.
To each antimetal and metal is assiened a value
which indicates the combining power of its unit,
The Standard of Value tor antimetals is Cl, for
metals Ag,
The mlm:- Cl is exactly antaronistic to the value
Ag; ‘r}mt is;jr the unit of chlmmi- exactly unites
with the unit of silver. Thus the formula for the
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compound of silver and chlorine is AgCl. Thus
again, the formula of plumbic chloride is PLCl,,
since the value of Pb is Ag,. The formula of
bismuthic chloride is BiCl,, since the value of Bi
is Ag.. And again, the formula of argentic iodide
is Agl, since the value of I is Cl. The formula of
argentic sulphide is Ag,S, since the value of S is
Cl,. The formula of argentic phosphate is Ag PO,
since the value of PO, is CL.

ANTIMETALS.

Name in Composition. ‘E’;:f::ﬂiﬁ' Value,
Sulphide S Cl,
Hyposulphite . <ROA Cl,
Sulphite . SO, Cl,
Sulphate S0, Cl,
Chloride . . Cl
Chlorate. . Cl0O, Cl
Bromide. Br Cl
Todide . I Cl
Fluoride . . I h))
Carbonate . CO, Jl
Watribe . NO, Cl
Nitrate . . . NO, Cl
Metaphosphate PO, Cl
Pyrophosphate 20 Cl,
Phosphate P Cl,
Arsenite . AsO, i
Arsenate AsO), Cl,
Silicate Si0), Cl,
Borate BO, Cl,
Manganate . MnO,| Cl,
Permanganate . MnO, Cl
Chromate CrO, Cl,



CLASSIFICATION OF

METALS.

49

Name in Composition.

Argentic .
Plumbie. .
Mercurous .
Mercuric .
Bismuthie .
Cupric .
Stannous
Stannic . .
Antimonious
Aurig. . .
Platinic . .
Nickelic . .
Cobaltic . .
Ferrous . .
Ferric . .
Manganous .
Zincic
Chromic. .
Aluminic .
Barie .
Strontie .
Calcie .
Magnesic .
Potassic .
Sodie. . .
Ammonic .

Hydric .

COMPOUNDS.
Symbol. Value.
Ag
Ph Ag,
Hg Ag
IIH' ' igs
Di o,
{.Ju Ag,
Sn 22
N1 Ag,
Sb Ag,
Au Ag,
Pt Ag,
Ni Ag,
‘ijﬂ 2,
o3
Mn Ag,
Zn Ag,
Cr g,
Al Ag.
Ba Ag,
N Ag';
Ca Ag
i‘_I:-*; f;:-;:u
\ Ao
Na AE‘
Am Ag
1 Ag
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LIST OF SUBSTANCES.

ELEMENTS.

Silver, Lead, Mercury, Bismuth, Copper, Tin,
Anhmcmy Gold, l‘]atmum 1\1L1‘\.{11 Iron, ch
Aluminium. llm ]u'-s:’pmfi,tmn and pr 0]1(31'1:165 Df
the foregoing metals belong to Metallurgy.

Cobalt, Manganese, thummm, Barium, Stron-
tium, Calcium, are not used. The last is the
metallic basis of limestone.

Magnesium. A silvery metal, which burns rea-
{111\' to magnesia (Mg0).

Potassium. A soft, silvery metal, which tarnishes
immediately in the air. It has to be kept in
petroleum.  When thrown on water, it is con-
verted into potassic hydrate (KHO), with
liberation of i]'\i[l““l'll Th{‘ action ]H‘*l]‘it“‘ very
energetic, and ac uuupfmmd with ct}mhustlun
of the hy drogen.

(=
Sodium. A soft sllvery metal, which tarnishes
immediately in the air. It has to be kept
in petrolenm. When thrown on water, it is
converted into sodic hydrate (NaHO), with
liberation of hydrogen, the action being less
energetic than in tlw case of potassium.

Hydrogen. Obtained by the action of zine on
dilute hydric sulphate (p.2). The lightest

known gas. It burns to water.

Oxygen. Ohﬁmml by heating potassic chlorate
mixed with manganic hinoxide (p-3). A
gas which causes a E~uhc;uuhl£=r1'1n;.{ match to burst
into flame. It constitutes one-fifth of the air.
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Sulphur. TFound native. Flowers of sulphur are
made by boiling sulphur and passing the
vapor into a large cold chamber, in which it
suddenly condenses. It burns to sulphurous
acid (50,).

Chlorine. Obtained by the action of hydric
chloride on manganic binoxide (p. 6). A
pale-green noxious gas.

Bromine. Occurs in the sea. A deep-red, heavy
noxious fluid, very volatile, and having an
odor like chlorine.

Todine. Occurs in the sea and in seaweed. A
black lustrous ecrystalline solid, with a faint
smell.  Readily converted by heat into a violet
gas.

Fluorine. Occurs in flour spar., Very difficult to
isolate.

Carbon. Found native as diamond and graphite.

Nitrogen. Constitutes four-fifths of the air (p. 8).

Phosphorus. A wax-like substance, which shines
in the dark, and is spontaneously inflammable,
burning to phosphoric acid (P,0,, p. 8). Red
phosphorus is a variety produced by heating
the ordinary phosphorus at a certain tempera-
ture; it is dark-colored, opaque, brittle, does
not shine in the dark, and is not spontaneously
inflammable. Heated slightly above the tem-
perature necessary to produce it, it is recon-
verted into the ordinary kind.

Arsenic. A brittle solid with metallic appearance.
Readily volatilized by heat.

Silicon. Present, combined with oxygen, in flint
(Lat. silex).

Boron. Present in borax.

E 2
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Manerals are printed in italics.

As a rule minerals are insoluble in water.

OxipEs oF METALS.

All metallie oxides are insoluble in water except MnO,,

Mn, 0., CrO,, BaO, SrO, Ca0, and alkalics.

PbO. Plumbic oxide. Litharge. Massicot. Pro-
duced by heating lead in a current of air.
Dissolves in warm illlutL h. nitrate to pb. nitrate.
Powder or scales.

PbO, = 2PbO.PHO, Red lead. Minium.
I’:mlucml by hmtmﬂ litharge in a current of
air.

Pb0O,. Plumbie binoxide. Peroxide of lead. Pro-
duced by warming red lead with dilute h.
nitrate when the ]lh oxide dissolves to pb.
nitrate, and the pb. binoxide is left as a brown
powder which may be collected on a filter,
washed and dried. A brown powder.

HgO. Mercuric oxide. Red oxide of mercury.
" Produced by igniting mercuric nitrate (p. 31).
Decomposed TW ignition into mercury and
oxygen. A red powder. TIf made by precipi-
atmn' mercuric chloride with soda it is yellow.

Cu,0. Cuprous oxide. Red oxide of copper.
‘Suboxide of copper. A red powder.

CuO. Cupric oxide. Black oxide of copper. Pro-
duced by igniting cupric nitrate (p. 33). A black
powder.
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CuH,0, = CuO.H,0. Hydrocupric oxide. Cuprie
]'_l‘i"{h“'l.tE Obtained as a light blue bulky pre-
mp:t.lte on mixing mlutmn of soda with
solution of cu. sulphate. On boiling the mixture
the cu. hydrate turns black, lumng water and
becoming cu. oxide.

Sn0. Stannic oxide. DBinoxide of tin. Tinstone.
Putty powder. Produced as an insoluble sub-
stance on treating tin with h. nitrate.

Sb,0,. Antimonious oxide. A powder.
Sb,0,. Antimonic acid (anhydrous).
Fe(. Ferrous oxide. Protoxide of iron.

FeH,0, = FeO.H,0. Hydroferrous oxide. Fer-
rous ln’drdtL Obtained as a nearly white
IlI‘E‘LI[JltdEB on mixing solution of soda with
solution of ferrous sulphate. Turns green at
once and afterwards brown from absorption of
oxygen.

Fe0,. Ferric oxide. Sesquioxide of iron. Per-
oxide of iron. Hematite. Specular iron. Oligist
iron. Rouge. Colcothar. Obtained by igniting
ferrous sulphate.

Ferf_}a = 1 (Fe,0,3H,0). Hydroferric oxide.
Ferrie hydrate. Obtained as a brown flocculent

precipitate on mixing solution of soda with
gsolution of ferrie {.hlurldﬂ

Fe O, = FeO.Fe O. Black oxide of iron. Mag-
netic oxide of iron. Magnetite.

FeCr,0, = FeO.Cr,0,. Chromic iron.

MnO. Manganous oxide. Protoxide of man-
ganese.

Mn,0,. Manganic oxide. Sesquioxide of manga-
nese.
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MnO,. Manganic binoxide. Deutoxide of man-
ganese. Peroxide of manganese. Black oxide
of manganese. Pyrolusite. Manganese.

MnO,. Manganic acid (anhydrous).
Mn,O,. Permanganic acid (anhydrous).

Zn0. Zincic oxide. Zine white. Produced by
the combustion of zine. A powder.-

Cr,0,. Chromicoxide. Sesquioxide of chromium.
A greenish powder.

CrH,0, = } (Cr,0,.3H,0). Hydrochromic oxide.
Chromic hydrate.
CrO,. Chromice acid (anhydrous). Red crystals.

AlL,O,. Aluminic oxide. Sesquioxide of aluminium.
Alumina.  Corundum. Ruby. Sapphive. Lmery

(impure).
AIH .0, = % (A1,0,.3H,0). Hydroaluminic oxide.
Aluminic hydrate. Hydrate of alumina.

Obtained as a flocculent precipitate on mixing
ammonia (AmHO) with solution of alum (AJAm

[S0,L,).

i
-

Alkaline Earths.

BaO. Daric oxide. DBaryta. Lump.

SrO. Strontic oxide. Strontia.

Ca0. Calcic oxide. ILime. Quicklime. Made
by calcining (i.¢., igniting) limestone (CaCO,) in
kilns, by which carbonic acid is driven off.
Lump.

CaH,0, = Ca0.H,0. Hydrocalecic oxide. Calcic
hydrate. Hydrate of lime. Slaked lime. Pro-
duced by adding water to quicklime. Powder.

MgO. Magnesic oxide. Magnesia. Calcined
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magnesia. Made by calcining the artificial
magnesic carbonate.

Alkalies.

KHO. Hydropotassic oxide. Potassic hydrate.
Potassa. Potash. Caustic potash. Fused lump.

NaHO. Hydrosodic oxide. Sodic hydrate. Soda.
Caustic soda. Fused lump.

AmHO=NH HO=NH_H,0. Ammonia. Harts-
horn. ("u,e p. 87.) Solution.

H O H 1'{111(3 oxide. Water.

H,0,. Hydric peroxide. Hydric binoxide. Hy-
droxyl.  Solution.

Ox1ipEs oF NoN-METALS.

S0,. Sulphurous acid (anhydrous). Produced by
‘burning sulphur (p. 6), and by the action of
copper on h. sulphate (p. 23). A gas of well-
known odor, easily liquefied, and Tather solu-
ble in water.

S50,. Sulphuric acid (anhydrous). A silky solid,
ver}r hygroscopic.

CLO,. Chloric acid (anhydrous).

Br,O,. Dromic acid (anhydrous).

[.O. TIodic acid (anhydrous).

CO. Carbonic oxide. Produced by the action of

potassic ferrocyanide on h. sulphate (p. 26).
A gas, which burns to carbonic acid.

CO,. [uuhunu; acid, Produced by the action of
calcic carbonate on h. chloride (p. 29). A gas,
which precipitates lime water.

N,0. Nitrous oxide. Laughing gas. Produced
by heating ammonic nitrate (]: 38). A gas,
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which causes a smouldering match to burst
into flame. It is (unlike oxygen) rather solu-
ble in water.

NO. Nitric oxide. Produced by the action of
copper on h. nitrate (p. 32). A colorless gas,
which turns red when mixed with oxygen.

N,0,. Nitrous acid (anhydrous).

NO,. Hyponitric acid (anhydrous).

N,O,. Nitric acid (anhydrous).

P,0,  Phosphorous acid (anhydrous).

PO Phosphoric acid (anhydrous). Produced
hy the combustion of ]ﬂlm]}lmms Snow-like,
very deliquescent, and soluble in water. Com-
bines with water in three different proportions,
forming metaphosphorie acid (HPO,), pyro-
phosphoric acid (H,P,0,), and ordinary phos-
phoric acid (H,PO,).

As 0. Arsenious acid (anhydrous). Arsenic.
“White arsenic. (ilassy or opaque lumps.
Rather soluble in water. Readily sublimed.

As,O,. Arsenic acid (anhydrous). Soluble in
water. Lump.

Si0,. Silicic acid.  Silica.  Quartz. Flint. Rock
erystal.  Amethyst.  Sand.  Chaleedony. Agate.
Cornelian.  Opal.  Onyaz.

B,0,. Boric acid (anhydrous). Soluble in water.

SALTS.
SULPHIDES.

All in this list are insoluble wn water exeept

Am,S, H S.
PbS. Plumbic sulphide. Galena,
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HeS. Mercuric sulphide, Cinnabar, Vermilion.

CuFeS,. Copper pyrites.

Sb,S.. Antimonious sulphide. Crude antimony.
Grey antimony.

FeS. Ferrous sulphide. Lump.

FeS,. Pyrites. Iron pyrites. Mundic.

ZnS. Zincic sulphide.  Blende.

Am,;S=(NH),S=2NH,H,S. Ammonic sulphide.
Solution.

H,S. Hydrie sulphide. Sulphuretted hydrogen.
Huhmulphm'w acid.  Produced by the action
of ferrous sulphide on h. sulphate (p. 28). A
gas having the smell of rotten eggs. Rather
soluble in water.

HyposuLPHITE.
Na,5,0.5H,0. Sodic hyposulphite. Soluble in

W n.tu Ln stuls.
SULPHATES.

All an this list are soluble in water exeept
BaS0,,Sr30 .. CaS0, is but slightly soluble.
CuSO0_ 5H, 0. Cupric 'mlplmm. Blue vitriol, Dlue

‘:Tllll(‘ Produced by the action of copper on

h. sulphate (p. 23).  Blue crvstals.  When
heated it hL-:,mne anhydrous and white.

FeSO_.7H,0. Ferrous sulphate.  Green vitriol.
C ”]'I*P' as. Produced by dissolving iron in di-
lute h. sulphate. Green crystals. When 1enited
it yields fPI‘I‘If oxide (Fe,0,).

Fe(80,),. Ferric sulphate.  Produced by the ac-
tion -::-f h. nitrate on a solution containing fer-
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rous sulphate and h. sulphate (p.33). Brownish-
white evaporated mass.

ZnS0,.7H,0. Zincic sulphate. White vitriol. Pro-
duced by dissolving zinc in h. sulphate (p. 28).
Crystals.

AlAm(S0,),.12H,0. Alum. Manufactured on a
large scale. Crystals.

BaSO,. Baric sulphate. Heavy spar. Barytes.
Permanent white. Produced as a precipitate

when solutions of baric chloride and of a sul-
I‘.ill:l.[.(] are mixed.

SrS0,.  Strontic sulphate.  Celestine.

CasSO,2H, 0. Calcic sulphate. Selenite. Gypsum.
Alabaster.  Gypsum, when calcined, loses its
water, and becomes plaster of Paris.

MgSO,.7H,0. Magnesic sulphate. Epsom salts.
Crystals.
K,30,. Potassic sulphate. COrystals.

KHSO0,. Hydropotassic sulphate. DBisulphate of
potash.,  Lump.

Na,S0,.10H,0. Sodic sulphate. GLAUBER’S
salt. Crystals. The anhydrous salt is pro-
duced by heating 2 units of sodic chloride witl
1 unit of h. sulphate ; it is the first step i
making: sodic carbonate, and is called salt
cake.

Am SO,=(NH,),S0, = 2NH,.H,S0,, Ammonic
sulphate.  Produced by boiling the ammo-
niacal liquor of gasworks, and passing the
vapor into dilute h. sulphate. Crystals.

H,80,. Hydric sulphate. Sulphuric acid. Vitriol.
Oil of vitriol. Manufactured by sending sul-
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phurous acid, steam, and air into leaden cham-
bers (S0, + H O+ 0=H ,S0,); the presence in
the chambers Uf oxides of nitrogen is necessary
to enable the constituents to Lmnbme The sul-
phurous acid is prmhmul by roasting pyrites.
An oily liquid, s. g. 184, It E'-.fuli. es heat
when mixed with water.

CHLORIDES.
All in this list are soluble in water except AgCl,HgCl.

AgCl. Argentic chloride. Horn silver. Obtained
as i cur Ll'g, pwuplt ite on mixing solution of ag.
nitrate with solution of a Lllluruiﬂ It fuwea
readily, and when cold presents the appear-
ance of a horny mass.

HgCl. Mercurous chloride. Calomel. Powder.
Readily sublimed.

HoCl,. Mercuric chloride. (Corrosive  sub-

limate Crystals. Readily sublimed.

SnClL.2H,0. Stannous chloride. Made by dis-

solving tin in conc. h. chloride. Crystals.

SnCl.  Stannic chloride. Made by passing

ch]urlnb into the previous solution.

AuCl,. Auric chloride. Made by dissolving gold
in aqua regia.  Yellow solution.

PtCl,. Platinic chloride. Made by dissolving
platinum 1n aqua regia. Yellow solution.

FeCl,. Ferrous chloride. Made by dissolving
iron in h. chloride. Solution.

FeCl,. Ferric chloride. Made by passing chlorine
into the previous ; or by boiling ferrous chlo-
ride mixed with h. chloride, and adding h
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nitrate drop by drop. The change which
takes place is exactly analogous to that given
p. 84. Yellow solution.

ZnCl,. Zincic chloride. Made by dissolving zinc
in h. chloride. I'used lump.

BaCl,.2H,0.  DBaric chloride. Made by dis-
solving bariec carbonate in h. chloride. Cr ystals.

CaCl,. Calcie chloride. Made by dissolving
calcic carbonate in h. chloride. Fused lump.

NaCl. Sodic chloride. Salt.

AmCl=NH Cl=NH_HClL. ~ Ammonic chloride.
Sal ammoniac. Crystalline lump or powder.
Readily sublimed.

HCl. Hydric chloride. Hydrochlorie acid. Pro-
duced In the action of sodic chloride on h.

sulphate (p. 23). A gas, very soluble in
water,
CHLORATE.

KClO,. Potassic chlorate. May be obtained by
tH.lrumrmu IJI‘JLI'--I] with (]]lﬂllII{‘ thus, GKHO +
Cl, -:-}hler hf 10, +3H,0; ’rhe twn salts
are separated by Ll}bhllll&dtlﬂ[l Soluble in
water. Crystals.

Bromipes.
AmBr=NH Br=NH, HBr. Ammonic bromide.

Soluble m water. (;1}&:&1]1111:3 powder.

HBr. Hydrie bromide. Hydrobromic acid,. A
gas, soluble in water.

lopiprs.

PbI.. Plumbic iodide. Ohtained as a }'-:“lln'_w
l:teu}nmtv on mixing solutions of plumbic



SALTS. 61

acetate and potassic iodide. Rather soluble in
hot water, deposited as brilliant golden scules
on cooling the solution.

Hgl, Mercuric iodide. Obtained as a brilliant
red precipitate on mixing solutions of mercuric
chloride and puta&mu 1miul(= On heating the
dry substance it turns yellow, and the yellow
turns red again when rubbed.

KI. Potassiciodide. Crystals. Soluble in water.
HI. Hydric iodide. A gas, soluble in water,

FruoripEes.
AlNa F.. Cryolite.
Cal’,, Fluor spar.
HF. Hydricfluoride. Hydrofluoricacid. Fluorie

acid. Obtained by the action of fluor spar on
h. sulphate (p. 25). A gas, soluble in water,

CARBONATES.

All the carbonates are insoluble in water cxcept those
of K, Na, Am.

2PbCO,PLH,0,. White lead.

CuC0,.Cull, O,  Malachite.

FeCO,. Ferrous carbonate. Sparry iron. Spathic
won.  Clay ironstong (impuria}.

ZnCO0,. Zincic carbonate. Calamine.

BaCO,. Baric carbonate. Witherite.

SrCO,.  Strontic carbonate.  Strontianite.

CaCO,. Calcic carbonate. Iceland spar. Caleite.

Cale  spar.  Arragonite.  Marble.  Limestone.
Chalk. Whiting.
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CaMg(CO,),. Dolomite.

MgCO,. Magnesic carbonate. Magnesite.

SMgCO, MgH,0,. Ordinary carbonate of mag-
nesia. M: agnesia. Powder. Made by preci-

{Hfdllﬂ”‘ magnesic sulphate with sodic car-
bonate.

K,CO,. Potassic carbonate. Potashes. Pearlash.
S 11!‘ of tartar. Powder.

KHCO,. Hydropotassic carbonate. Bicarbonate
of }mmuh Obtained by passing carbonic acid
into solution of the previous s: alt.  Powder.

Na,CO,.10H,0. Sodic  earbonate. Ordinary
HH{I.I “ ashine soda.  Soda ash (tlll{ulj
Made from salt ln’ converting it first into sodic
sulphate by treatment with . sulphate, then
heating the sodic sulphate with coal &ml lime-
stone, and lastly exhausting the mass with
water.

NalCO,. Hydrosodic carbonate. Bicarhonate of
soda.  Made hy passing carbonic acid into
solution of the previous salt. Powder.

Am CO,=2NH,.H, 0.CO,.  Ammonic carbonate.
*'Juluimu uwul as renﬂont

(I\]I:L)::'IIEU( 1E'“) 0]"(]1]']&1’}’ G‘H‘h(}'ﬂife of am-
monia. Smelling salts. (_zl‘_}‘-;tdlllllﬁ lump.

NITRATES.

All the nitrates are soluble in water exeept
].ii, U N S

AgN(} Argentic nitrate. Lunar caustic. Made
by dissolvi ng silver in h, nitrate (p. 30).

Lzlj stals or hlbul sticks.
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Bi,0,N,0. Subnitrate of bismuth. Made by
dlsauhmn bismuth in h. nitrate, and adding :
quantity of water. It falls as a preu}utdte
Powder.

St(NO,),.H0H 0. Strontic nitrate. Crystals.

KNO,. Potassic nitrate.  Nitre.  Saltpetre.
Crystals.

NaNOQ,. Sodic nitrate. Chili saltpetre.  Crystals.

AmNO,=NH NO,=NH, HNO,. Ammonic ni-
trﬂtL Lnatal: \Lule ]_H.' neutralizing h.
nitrate with ammonia (p- 3"*) or luummllu car-
bonate.

HNO,. Hydric nitrate. Nitric acid. Made by
{llHtllll'ﬂ” h. sulphate with potassic or sodic
nitrate ( 29).

PHOSPHATES.

All the phosphates are insoluble in water except CaH
(PO,),, and the phosphates of K, Na, Am, H.

Ca,(PO)),. Calcic phosphate. Phosphorite.  Copro-
lite (impure). DBone ash. Bone earth.

CaH (PO,),. Hydrocalcic phosphate. By mixing
the previous salt with h. Hll][lh.ﬂ't", a mixture of
hvdrocaleie pllmplmrn and ecalcic sulpnate is
uhtmuﬁl which is called superphosphate of
lime.

MgAmPO_6H,0. Ammonio-magnesic phosphate.,
Obt: ined as a crystalline precipitate when solu-
tion of sodic I]I]Iﬂ":'[lh:itl‘ is added to il Lmnlll.IlI’Iun

containing mg. sulphate, am. chloride, and
Eunmuniu,.

Na, HPO_12H,0. Hydrosodic phosphate. Sodic
phmphu.tb. Crystals.
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NaAmHPO_4H,0. Microcosmic salt. Crystals.
H,PO,. Hydric phosphate. Phosphoric acid.
Solution,
SILICATES.
All silicates are wmsoluble in water exeept those of
K, Na.
Many minerals and rocks are composed of sili-
cates.
(ilass is a mixture of silicates.
Soluble glass is a compound of soda and silica.

BoraTEs.
Na,0.2B,0,.10H,0. Borax. Crystals. Soluble
in water.,

H,BO,=4(3H,0.B,0,). Hydric borate. Boric

ﬂud “‘wuluhlu in water.

MANGANATE.

Na,MnO,. Sodic manganate. Green solution.

PERMANGANATE,

KMnO, Potassic permanganate. Dark crystals
or red solution.

CHROMATES,

Pb@rf} Plumbic chromate.  Chrome yellow.
Obtained as a yellow precipitate on mixing
solutions of k. bichromate and 1111 acetate.

K,CrO,. Potassic chromate. Yellow crystals.
Soluble in water.

K,Cr0,.CrO,. Potassic bichromate. Red crystals.
Soluble in water.
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UNCLASSED COMPOUNDS.

BiOCl. Oxychloride of bismuth, Pearl white. Ob-

tained as a precipitate by mixing bismuthie
chloride with a large quantity of w ater.

NiAs. HKupfernickel.

NiAs,.  Arsenical niclkel.

NiSAs.  Nickel glance.

CoAs,. Tin white cobalt.

CoSAs.  Bright white cobalt.  Cobalt glance.
FeSAs. Mispickel.  Awrsenical pyrites.

CaOCl. Chloride of lime. Bleaching powder.
Made by passing chlorine into chambers con-
taining lime. Partly soluble.

Na,0Cl,. Chloride of soda. M: ule in solution by
[Jﬂbblll“ chlorine into weak solution of soda.

NH,. Ammonia. A gas. (Seep.37.)

PH,. Hydric phosphide. Phosphuretted hy-
drogen. A gas.

AsH,. Hydric arsenide. Arseniuretted hydrogen.
Whenzinc acts on dil. h. sulphatein the | presence
of a solution of arsenie, the hydrogzen evolved is
mixed with this zas. It 1s h!'-hh* POISONOUS.
MArsi’s test for arsenic is as follows :—Fit a
tube drawn to a point to a bottle, in the bottle
place zinc and dil. h. sulphate, insert tln; tube,
and after the air has escape |lllf-I|I‘ the gas. Hold
a plate in the lame, and Ilut[lln“ but uwtm will
be deposited on the plate. Now lift the cork,
and without delay add a little very weak solution
of arsenic, light the gas again, and hold a plate
in the flame. A blumug dcpualt called a

I
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mirror, consisting of an exceedingly thin film of
arsenic, will be obtained on the plate.

SbH,. Hydric antimonide. ~Antimonetted hy-
drogen. A mixture of hydrogen with this gas
is obtained under similar eir Ltl]‘{l"af“lﬂ( es to the
above. It the above experiment is made with
antimony instead of arsenic a similar mirror is
obtained.

CH, Marsh gas. Obtained by igniting a mixture
of sodic acetate und soda-lime. (Soda-lime 1s
a mixture of lime and soda.) A gas which
burns with a pale lame.

C,H, Olefiant gas. Obtained by heating a
mixture of alecohol and h. Hll]ll]h]tl} (p- ”?)
A gas which burns with a highly laminous

Hame.

)8,.  Carbonic sulphide. Made by passing the
vapor of sulphur over rn;j.t] _hot carbon. A very
volatile stinking fluid. It dissolves phosphorus
(p. 8).

AsS.  Realgar.

As,S,. Arsenious sulphide.  Orpiment.  Obtained

as a fine yellow precipitate on passing h. sul-
p]lltlv into acidified solution of arsenious aeid.

SiF,.  Silicic flnoride.  Fluosilicic gas. Obtained
}J}' hv:ulu” a mixture of sand, fluor spar, and
h. kullnlml{- Si0, + 2Cal, ”H S0, =2Cal0,
+ 2H,0 + SiF,.

H,SiF,. Hydric silicofluoride. H}dmﬂunﬂlmm
acid. Obtained in solution by passing the
previous gas into water, silicic acid being
thrown down at the same t:me 38iF, + 2H,0
= 2H SiF, + 8i0,.
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ORGANIC SALTS MENTIONED IN THIS BOOK.

KCN = KCy. Potassic cyanide. White lump. So-
luble in water.

K,CyFe. 3H,0. Potassic ferrocyanide. Yellow
pluﬂmte ﬂi‘ potash.  Manufactured by heat-
ing nitrogenous refuse with k. carbonate and
iren. ﬁpllnw crystals.  Soluble in water.

K,Cy,Fe. Potassic ferricyanide. Red prussiate
ot potash. Made by treating the former with
chlorine. Red ery stals. ‘wluhll} in water.

AmCyS. Ammonic sulphoeyanide. Crystals. So-
luble in water.

Am,CO,.HO=Am, 0.H 0. Ammonic oxalate.
Cn &t‘ila Soluble in water.

Pb(C,H,0,),. 3H,0 = PbA, 8H,0. Plumbic ace-

tate. buaﬂr of luld Lryhtuls. Soluble 1n
water,

HC,H,0,= HA. Hydric acetate. Acetic acid.



ANALYSIS.
REAGENTS.
Dry REAGENTS.

Sodie carbonate (Na,CO,). The common soda-ash
should be T]lU[‘UIl“lll}' dried in a dish over the
Bunsen Limp

Potassie r-qrum.-’r* and sodic carbonate (KCy and Na,CO,).
Grind in a mortar equal weights of ]:-ut:;&.slc
cyanide and dried sodic 'nlnm'lte. Preserve
the mixture in a well-closed bottle.

Boraxz (Na,0. 2B,0,). The salt powdered.

Sodiopotassic carbonate (KNaCO,). Mix 20 grm. hy-
dropotassic carbonate with 17 arm. llvrimqndlc
carbonate. These salts are more easily obtained
pure than the potassic and sodic L*mh:mates
and when heated—as they always will be when
used thm, are at once LHI]"L' erted into the latter.
The mixture, when fused, consists of K,CO,_ +
Na,CO,, or hl\d@() KNaC 0, fuses at a lower
tDIIIl]BI"‘lTlH‘F than either K,CO, or Na,CO.,.

Microcosmic salt (NaAmHPO,). This salt sllmlld
be put in a porcelain dish over the I: amp, and
dried up to a considerable extent, or it will be
ditheult to form a bead on tlw platinum
wire. The bead consists of sodic metaphosphate

(N g0 %

TesT PAPERS.

Litmws paper.  Stiv 1 part of powdered litmus
with 10 parts of hot water, and flter. (It is
slow in filtering, in consequence of the large
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quantity and slimy nature of extraneous mat-
ter.) Boil the filtrate, and add h. nitrate
till the blue color just turns red, then add
soda till writing paper [Idllll'i"[l with the fluid
dries of a neutral tint ; that 1s, neither red nor
blue. The paper should be ]mmrmi one side,
and when dry cut into slips of 1 by 7 em. Ir
is conveniently kept in a cardboard bux

Litmus paper is acted on as follows

Acids, and xmmti}' Enluble
Reddened by { G1c' o Gr. T TSI
~ Oxides and sulphides of Gr. IV, V.*
Carbonates of potassium, budmm
Blued by{ and ammonium.
Silicates of potassium and sodium.
\ Borax.

Turmerie paper. Digest 1 part of powdered tur-
meric with 6 parts of a mixture of methylated
spirit and water in equal volumes. Filter,
paint writing paper one side with this tincture,
and cut into slips of 1 by 7 em.

Turmeric paper is turned brown by the same
substances which turn litmus blue; also by
boric acid, more especially on -:h‘}mn We
simply use it as a test for the latter.

WET REAGENTS.

Distilled water should always be used in making
solutions, and they should be kept in stoppered
bottles.

Ammonie (AmHO).  Mix 100 c.c. of strongest
ammonia (s. g. ‘880) with 200 c.c. water. The
fluid will contain about 10 per cent. of the gas.

* See p. 86.
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Ammonie carbonate (Am,CO,). Put35 grm. of ordinar
ammonic carbonate bhroken small into a bottle,
add 20 c.c. strongest ammonia (s. g. *880) and
160 c.c. water. Shake occasionally till dis-
solved, allow to settle and pour off.

Ammonic chloride (AmCl). To 20 grm. ammonic
chloride recryst. add 100 c.c. water and shake
till dissolved. Test the solution in a test tube
with ammonic sulphide. If a black color is
produced from the presence of iron, to the rest
of the solution add a few drops of ammonia;
allow to stand some time, filter, and neutralize
exactly with h. chloride.

Ammonic  molybdate (Am,MoO,).* Warm 10 c.c.
ammonia in a test tube, add 5 grm. molybdic
acid, and when a solution is obtained pour it
into a mixture of 40 c.c. strong h. nitrate and
50 c.c. water. Allow to settle.

Ammonic ozalate (Am,0). Boil 100 c.c. water, add
10 grm. ammonic oxalate, and when a solution
is obtained add 200 c.c. water.

Ammonie sulphide (Am,S). This is best purchased,
but it may be made as follows :—Take 100 c.c.
ammonia and pass h. sulphide into it until it
ceases to absorb any more. This produces
hydroammonic sulphide. Now add 100 ec.c.
ammonia, when ammonic sulphide will be
obtained. The reactions occurring are as
follows :—

AmHO + H,S = AmHS + HJO
and AmHS + AmHO = Amp>S + HJO

The solution is at first colorless, but soon turns

* Mo is the symbol for the metal molybdenum.
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yellow from oxidation. A similar yellow fluid
may be produced at once from the colorless by
the addition of a little sulphur. The yellow
solution gives a white precipitate of sulphur
with acids.

Ammonic sulphocyanide (AmCyS).  Put 10 grm. of
the salt in a bottle, add 100 c.c. water, and shake
till solution is effected.

Argentic nitrate (AgNO,). Put 5 erm. of the salt
in a bottle, add 100 e.c. water, and shake till
solution is ettected.

Baric carbonate (BaCO,). Dissolve 30 grm. barie
chloride in a litre of water, add ammonic
carbonate till it causes no turther precipitation,
and allow to settle.  Draw oft the clear liquor,
add fresh water, allow to settle again, and so
on till a portion of the clear liquor gives no
turbidity in a test tube with a drop of argentic
nitrate. Lastly, stir up the sediment with 200
c.c. fresh water, and keep in this form, shaking
the bottle before using.

Baric chloride (BaCl). Put 10 grm. baric chloride
in a bottle, add 100 c.c. water, and shake till
solution 1is eftected.

Caleic sulphate (CuSDJ. Put 10 £TTIL. ﬁIlE]}’-
powdered gypsum into a bottle, add a litre of
water, and shake occasionally. Allow the un-
dissolved gypsum to settle, and pour off the
clear fluid. This saturated solution contains
about 1 part in 400,

Chioride of svdu (Na,0CL). Take some soda (p. 74),
and pass chlorine into it till it ceases to absorb
any more. - This is a convenient way of keeping
chlorine in solution ; you have merely to dilute
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this solution, and add h. chloride to neutralize
the soda, and you get a solution of chlorine.
Solution of chlorine in water does not keep
well.

Hydrie cehloride cone. (II(]:I The ordinary hydro-
chlorie acid contains about 30 per cent. of the
pure gas.

Hydvrie chloride dil. (HCID). Mix 100 c.c. of the
cone. acid with 200 c.e. water.

Hydric nitrate cone. (HN{'}”), The nrdinnr}r nitrie
acid contains about 77 per cent. of the pure sub-
stance,

Hydric nitrate dil. (IINO,). Mix 50 c.c. of the cone.
acid with 200 c.e. water.

Hydrie sulphate eone. (H SO ). The ordinary sul-
phuric acid contains about 96 per cent. of the
pure substance. It contains a little plumbie
Hll]}rhut'{' which does not intertere with 1ts use.

Lydric sulphate dil. (” 5(}] To 250 ec.c. water in
a beaker or jug add 50 ¢ c. of the conc. acid ;
allow the plumbic sulphate to settle, and drqw
off the Lln'n liquor.

Hydric sulphide (]I,'_h). Fit up the following appa-
ratus -—A, a generating bottle as for making
hydrogen. B, a w i‘whlll“ bottle, 7.c., a small
bottle fitted with two hvnf tuhm—une leading
tu the hottom, and the other just below the mrlx

a larger hottle fitted like 2. Join the three
lmﬁ es tt.:;.:t‘ﬂlﬂl with india-rubber. In A put a
few lumps of ferrous sulphide, and fill the bottle
one-third with dil. h. sulphate. B need not
contain :ill}'thin;_{'; it serves to collect any liqllid
which might come over from 4. € contains
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water, if yvou wish to make solution of h. sul-
phide, or the solution to be treated with the
gas. During the passage of the gas keep
shaking €, as this considerably facilitates ab-
sarptlun When it is imagined that the fluid
in C is saturated with the oas, take out the
cork, cover the mouth with your hand, and
shake ; it the hand 1s not drawn in, the llquul
is saturated.

In this way the unabsorbed hydric sulphide
continually escapes into the air, “and the expe-
riment should be done in a limunht cupboard ;
or, it in the country, in the ulwn air. It 1s
better also to burn the escaping excess of gas
by passing it t]mm"}i a gas flame, and thus
convert it into the less offensive sulphurous
acid.  Get a two-inch brass tube of the same
diameter as the barrel of the Bunsen, in the
side of which 1s soldered another shorter tube;
fix the long tube upright on the top of the Bun-
sen by india-rubber, and attach the short tube
by india-rubber to the exit of €

When the operation is finished, take the
cork out of the generating bottle, apply a light,
and immediately fill it with w ater, then em];t*,
the liquid. It any lumps remain, wash them,
and keep them in the bottle for future use.

The solution of h. sulphide soon loses all
its strencth in contact with the air. 1f the
bottle is full, well closed and inverted, the solu-
tion will keep for months.

Hydrosodic  phosphate  (Na,HPO.).  Doil 50 ec.c.
water, add 4 grm. of the salt, and when solu-
tion is effected add 50 c.c. water.,

Mercuric chloride (HgCl)).  Boil 50 c.c. water, add
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4 grm. of the salt in powder, and when solution
is eftected add H0 e.c. water.

Platinie chloride (PtCl). Put 2 grm. platinum foil
clippings in lﬂ.l‘j add . thlllilt’., cone. and
about one-third its vu]ume of h. nitrate conc.,
Warmn ﬂeutl} till dissolved. If after some Tlme
the action seems to have ceased and platinum
still remains undissolved, pour off the liquor,
add fresh acids, and {,nnhmu; the digestion.
Transfer the solution to a dish, ewl,]n:-rﬂ,te on a
water bath to the consistence of syrup, and
add 100 ¢.e. water.

Potassic  nitrite (KNO,)).  Support a stoppered
retort with the neck slanting a little upwards.
Into the neck fit a tube so h{-ut as to have a
long limb pmpuulmul.uh downwards. In the
retort put  h. Illtldt.n conc. and lumps of
arsenious acid. Let the tube dip into 200 c.c.
water in which 50 grm. potash (KHO) have
been dissolved. ’W.u m the retort by the aid of
a water bath, and pass the evolved mitrous
acid into the potash till no more is absorbed.

Soda (NallO). To 50 grm. caustic soda broken
small add 250 e.c. ]milinu water, and when a
solution is obtained add 250 ec.c. more water.
Allow to settle, and draw uﬁ the clear liquor,

Stannous chloride (SnCl)). Mix 50 c.c. h. chloride
conc. with 50 c.c. water, boil and add 10 grm.
of the salt.
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Practice in Table A.

(The object of this examination is by a few simple
blowpipe experiments to get a fair idea of the
metal present, and also to show how a metal
may be tested for in the dry way.)

1. Take some ignition tubes (p. 32) and put
into one a minute (uantity (about as big as two or
three pins’ heads) of the substance, hold the end
of the tube in a Bunsen flame, and if no action
takes place apply the blowpipe lame. The follow-
ing substances will give definite results :—

Fes,, CulfeS, decompose and give a sublimate
of D,

H,r_rj*(il.,_ IT;_rl’_']ll,_,, Am(], JE-'.‘iL.L;E('}“,!.t _AHﬁ_,u Hgl, HgS
sublime without decomposition.

HgO decomposes and gives a sublimate of Hg.

(Many other substances are decomposed, such as
FeS0,, ZnS0,, Alum, KCIO,, and nitrates.)

ar *

Among these results sublimates are most striking ;
one of B 1s recognisable immediately ; one not S
will probably be produced by Am,Hg or As. Com-
pounds of these metals may be distinguished at
once by the following experiment :—

Mix a pin’s head of the powdered substance
with 10 or 20 times its quantity of pertectly
dry Na,CO, on a piece of paper by means of a
penkuife, put the mixture into an ignition tube,
and apply the blowpipe flame. (If the Na,CO, is
not perfectly dry the water will make a mess
the 1znition tube.)

The following substances may be used :—
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AmC] gives a smell of NIH..

HgCl gives globules of He.

As 0, gives a mirror of As, which is black or steely
af{,mdmn to the quantity.

2. Take a piece of fine churcoal nearly free from
h-ﬁuw, cut 1t lengthwise in half with a saw,
and scoop a cavity in the Hlat surtace. Now mix a
little KCy + Na,C H on paper with a little of the
substance in pow Lli_’l put the mixture in the cavity,
and apply a }_}luu]n]m Hame.

If metallic globules are formed, allow the
charcoal to cool, take out a large globule with the
point of a penknife, put it in a mortar, and hit it
with the pestle to see if it is brittle or mullmhle
[f the globules are very small they may he sepa-
rated from the flux and charcoal by scooping the
whole mass out, “11m1m” it ina mmt i with water,
and washing away all soluble and light ]}.ntmlw
under the tap. If any particles of metal are
present they will remain and shine at the bottom,
and it will be evident whether they are nmlleah]e
or brittle. It fumes are noticed, take the charcoal
quickly to your nose.

The following substances may be used :—

Oxides or salts of ['h A, Sngive malleable globules.
v DD, Bi ” brittle b
Lumpuumh mnhmuu“ As give a garlic odor.

Some oxides and salts are reduced to metal hy
heating on charcoal alone, while many more require
a Hux ui Na,CO,. The *uhlltum of KC y, however,
which is the most powertul dry Iuluuun' u"ent
ﬂ.samﬂ the action of the Na,C 0,.

Tuke a piece of pl.ltmum wire three or four
iuches long, and make a loop at one end (the
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nozzle of the blowpipe may be used for this pur-
%mﬁe). Make the loop red hot in the Bunsen or
olowpipe flame, dip it in borax, hold in the flame
again, and so on, till a good transparent color-
less bead is obtained. Now touch the bead with
some of the substance, either in powder or solu-
tion, and hold in the outer blowpipe flame. Allow
the bead to cool, and then observe its color. If
the color is too faint, add more substance ; if so
dark as not to be distinguishable, heat the bead,
jerk some off, and add more borax. To clean the
wire, heat the bead and give the wire a sudden jerk.
The following substances may be used :—

Co compounds give a blue color.

Cu s o blue eolor, but different
from Co color.

Cr 4 i oreen color.

Ni 5 4 brown or yellow color.

A g r T " -

Fe 5 53 brown, yellow, or bottle
ereen color.

Mn i . amethyst red color.

4. Take a fresh piece of platinum wire (that
used for the borax will not answer), dip it in h.
chloride cone. contained in a watch-glass, and hold
it in the Bunsen flame ; if it gives no color to the
flame it is fit for use. Otherwise you must con-
tinue alternately dipping the wire in HCI, and
heating it till this result is attained. Having got
a clean wire, dip in the HCI again, then in the
powdered substance, and hold in the flame. In
applying the test to baric, strontic, or ecalcic sul-
p}:m,tfa:r hold the substance on the wire in the reduc-
ing flame for some little while, then dip the wire
in HCl; on now holding the wire in the flame,
the color will be produced.
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The following substances may be used :—

Cu {!Dmlelllll"« give a color, first blue then green.
Boracic acid gives a green color.
Ba [‘U'I]ll'l“ll]tl_lb give a 301101\*1::.11 -green color.

Sr " i crimson color,
Ca . 34 red color.

Na - . yellow color.
K i = violet color.
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Practice in Table B.

(The object of this is to give an idea of the anti-
metal present, and to show in what direction
to apply wet reactions.)

1. Put a small quantity of the substance in a
test tube, add halt an inch HCI e. and warm.

The following substances give definite re-
sults :—

Carbonates oive evolution of carbonic acid.

(Some, such as BaCO0,, require the addition of
water,)

Sulphides (not HeS, FeS,, and Cul'eS,) give evo-
lution of H S (Luuu n by its smell).

Chlorates
Ni[:”: 1 vive evolution of Cl (known by its
1 dLes

MnO,, PHO. ir smell).

Chrulu.a’r{a-”i»e evolution of Cl, with Cll&l]"‘ﬁ of
color ilum red or yellow to green.

.-
|

2. Put a small quantity of the substance in a
test tube, add half an inch of H,SO, ¢. and warm.

The following substances give definite re-
sults :—
Chlorides(not A, Ph,H e, Sn) eive evolution of HCI.
Fluorides give evolution of HF.
Bromides " n Br.

Todides A et §



SOLUTION.

- Dissolve in water if possible. If not, powder
finely and try to dissolve in an acid, using the
acids in the following order:—HC]1 dil., HCl cone.,

HNO, dil., aqua regia.

Notes to Soelution.

Put a little of the substance in a test tube, add
water and warm. If it dissolves, this will be the
way to muke the solution. It it does not dissolve
in water, the substance should be powdered finely;
a hard mineral should be broken up with a ham-
mer, stamped ina steel mortar, and then ground
very finely in a mortar. It should then be warmed
with the acids named till the right solvent is found.

The common solid substances

Soluble n water, are—

Oxides. CrO,, BaO, KHO, NaHO.

Sulphates of Cu, Fe, Zn, AlAm, Mg, K, Na,
Am.

Chlorides of Hg”, Zn, Ba, Ca, Na, Am.

Chlorate of K.

Bromide of Am.

Todide of K.

Carbonates of K, Na, Am.

Nitrates of Ag, Ba, Sr, K, Na, Am.

Phosphates of Na,H, NaAmH.

Borate of Na.

Chromate of K.
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Soluble in HCI cone. or dil., are—
HgO, CuO, Sb,0,, Fe0, FeO, MnO,, ZnO,

- R b il
Cr,0,, Ca0, MgO, As0, PbS, SbS, FeS,

2 82
CaSO, SnCl, Hgl, CuCO,, FeCO,, ZnCO,,
BaCO,, SrCO,, CaCO,, CaMg(CO,),, MgCO,,

Bi,0,.N,0,, Ca,(PO,),.

2™ B2 a

Soluble in HNO, dil., are— _
PbvO, Pbl,, PbCO,, Pb,O, (the last, on addition

of spirit of wine).

Soluble in aqua regia, are—
HgS, FeS,, CuFeS,, ZnS, HgCl.
Insoluble in water and acids, are—

Sn0,, FeCr,0,, A1,0,, SiO, and silicates, PbSO,,

g3 587

BaS0,, 8180, AgCl, CaF,, AINaF,,

G 2
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Practice in Table C.

Note.—1It to a solution containing all the
metals we were to add HCI, we should get the
Ag, Hg’, and most of the Ph precipitated as chlo-
rides. These metals are callec Group I.

The chlorides of {Jlnnp I. having been filtered
off, if we were m pass H S, the rest of the Pbh, the
Hg” Bi, Cu, Cd, Sn, As, Sh would be precipi-
tated as hnlp]ndes 1]I(“~.-{' metals, including As,
constitute Group II.

The sulphides of Group II. having been filtered
off, it we were to add AmCl to keep up the Mg
(which otherwise might be partly thrown down),
AmHO to neutralize, and lastly, AmS, the Ni,
Co, Fe, Mn, Zn wmllal he ]m‘m[nrnl{'d as 511]-
]}hidr_-s, Cr and Al as hydrates. These metals
constitute Group I11.

Group IIL. having been filtered off, if we were
to add Am,CO, we should get the Ba, Sr, Ca
thrown down as carbonates. These metals con-
stitute Group 1V,

There would remain, finally, Mg, K, Na, Am,
which have no common precipitant. These metals
constitute Group V.

In practising this Table we begin by taking a
little weak solution of AgNO, in a test tube, we
add a few drops of HCI, and thus get the thundt.
precipitated. To this ]}rvcl]nmtn we add some
AmHO and warm, when a clear solution will be
obtained. We next take a little weak solution of
HgNO,, add a drop or two of HCI, and get the
He(Cl thu]wn down, this we treat wn‘h .1 little
AmIIO by which 1t will be turned black. And
80 on Thmug]u_:ut the Table. A4 few drops of cach
test will generally be syfficient.
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The following points must be ohserved :—

Grour I.—The oxychlorides of Biand Sb are
liable to be ]nuu}nmh-nl here, hut they will dis-
solve it more HCI be added.

Group II.—If the solution is not already aeid,
add HCL. H_S water will be suthcient, hut make
sure that it 1s cood by smelling. Hg"” gives a
white pu*:qnhm- {uurlnuuw unh a small propor-
tion ot sulphide, it the H S is added in small
quantity ; if more of the reagent is added, the pre-
cipitate will oradually turn black. Arsenites are
wecipitated immediately.  Arsenates must be
soiled with a large quantity of H,S water—the
precipitate consists of As S, mixed with S,
CrO, and Fe"” Ll{HHll}H}‘RE IS, throwine down S,
To t-ot the effect with the former the lulunl must
be warmed; the color will turn from yellow to
lll“E{'

(tHnL’I’ ipitates many of these
metals by lt:-f.]f enuu"h should be added till
atter Hlldlﬁ.iﬂ”‘ Hll“ |:|lml smells distinetly of it.
Ca,(PO,), 1s precipitated here, as it could only be
held in solution by the agency of an acid, which
would be neutralized by tlw AmHO.

Groupr IV.—LDefore applying the group test
add AmHO till the solution smells, to make sure
the liquid is not acid. If the ]u]uul is acid, the
addition of Am,CO, causes a violent [ﬂ’l‘IW'HLEHGE
and no ln*nu}umtv 1‘- produced till enough of the
test has been added to neutralize the ifll'j.. In
applying the characteristic test (CaS0,) add alarge
quantity, as it is a very weak solution,

Groupr V.—In testing for Mg, if no ammonia
salts and free NH_  are present, add AmCl and
AmHO before the Na PO Tv will be seen that
Am gives with PtC i 1 =-1111|Lu precipitate to K.
There 1S NOo pruulntunt for Na.
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6. For Chromie Iron,

Powder very finely, Fuse some KHSO, in a platinum erucible, then
project into it one-twelfth its amount of the powder, stir often and fuse
for half an hour, first gently, then at a strong heat, till fumes of H,SO
cease,  Then add Na,COy, nbout half as much as the K HS0,, fuse an
add gradually KNO; in quantity equal to that of the Na,COy ; aﬂ.er s0me
time increase the heat, stirring diligently with a platinum wire. Pour
out into a copper dish, rrm-.:lm boil with H,0 till no more grit remains
and filter, Examine the filtrafe [llh.llum {!hlﬂ'lll.'l.li.'!] for CrO,. Wash
the residue (Fe,Og) with hot water, dissolve in HCL, and test t"nr Fe.

Practice in Table I,

Take CaF,,Sn0,,BaS0O,, clay and chromic iron,
and treat them fLL.Lurdmg 'to thie several methods.
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PRACTICE IN ANALYSIS OF SINGLE
SUBSTANCES.

Go through the Preliminary Examination for the
metal till you arrive at an indication.

o thmu“h the Preliminary Examination for the
antimetal till you arrive at an indication.

Dissolve a small (uantity in the proper solvent.

Take a portion of the solution, and add the
group tests one after another till a precipitate
1s obtained. (A group test must never be used
unless the previous group testsare present, as this
would only lead to confusion. Thus AmHO and
Am, S pI‘PU[IIT.lT’P many members of Groups I and I1,
and Am (O, precipitates most metals of Groups I
[T, ITL.) Then take another portion of the snlutmn
and add the characteristic test for the metal in-
dicated.

Finally, test for the antimetal indicated in the
Prehn"un:arjr Examination.

The results should be written down, as shown
by the following ex: mple :—

Ig. tube —, charcoal —, Bx, = Cu.
HCl —, H,S0, —
Dissolved in water.

HCI —.
H,S black p. 0.8.+ AmIIO = Cu,

0.8. + HCI + BaCl, = 80,
Subst, = CuSO0.,.
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SEPARATION OF METALS.
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PRACTICE IN ANALYSIS, 09

PRACTICE IN TABLES FOR DETECTION OF
METALS IN SOLUTIONS OF MIXED
SUBSTANCES.

Mix solutions of the metals of Group I, add the
group test (HCI), filter off the pru;*cllnth and
roceed to separate the metals according to
Table I. And so on with each group.

PRACTICE IN ANALYSIS OF MIXED
SUBSTANCES.

Three or four substances should be mixed to-
gether by another person and the mixture given to
the student. He should go through the hm Pre-
liminary Examinations given for mnﬂli} substances,
which will probably give an idea ut some of the
metals and antimetals present, and also enable him
to conclude the absence of several metals and anti-
metals. He should then dissolve the substance
in water or acids, as far as possible, and proceed
with the ‘:U]lltlull, :ut*p:uatmu the metals aceording
to the General Table. The antimetals must IJG
looked for each by itself, the same tests beinge used
as in the Analysis of Single Substances. ]1L any
pmtuf the mixturé remains insoluble in water and
acids it must be collected and treated separately ;
one of the methods given in the Table for the

Analysis of Insoluble Hluu le Substances will gene-
rally suffice.



INDEX.

This Index refers only to the first 74 pages; it does not
include the Analytical Tables.

CETIC acid, HC,H,0,
Acid reaction defined, 39

Acids on alkalies, 34
— on alk. earbonates, 39
— on alk, earths, 39
— on alk, earthy carbs., 40
— on ammonia, 37
— on soda, 36
Agate, 5i0,
Air, composition, 9
Alabaster, 58
Aleohol on h. sulphate, 27
Alkalies, 55
— properties, 34
— on acids, 34
Alkaline reaction defined, 39
— carbonates on acids, 39
— earths, 54
— earths on acids, 39
— earthy carbs. on acids, 40
Alum, 53
Alumina, AlO,
Aluminic hydrate, 54
— oxide, ALO,
Amethyst, 510,

Ammonia, reagent, 69

— on acids, 37

— gas, 37

— gas on h. chloride gas, 38

Ammoniacal liquor, use of, 58

Ammonic bromide, 60

— carbonates, 62

— carbonate, reagent, 70

— chloride, 60, 38

— chloride, reagent, 70

— molybdate, reagent, 70

— nitrate decomposed, 38

— oxalate, 67

— oxalate, reagent, 70

— sulphate, 58

— sulphide, reagent, 70

— sulphocyanide, reagent, 71

Ammonio-magnesic phosphate,
63

Ammonium, 37

Antimetal defined, 47

Antimetals, 48

Antimonetted hydrogen, 66

Antimonic acid, Sb,0;

Antimonious oxide, Sb,0,



INDEX.

Antimonious sulphide, Sb,S,

Antimony, crude, Sb,S,

— grey, Shﬁsa

— mirror, 66

Aqua regia, 33

Argentic chloride, 59

— unitrate, 62

— nitrate, reagent, 71

Arithmetical questions on equa-
tions, 18

— on measure of gases, 44

— on use of symbols, 12

Arragonite, CaCO,

Arsenic, As, 51

As,0,, 56

acid, As,O,

Marsh's test for, 65

minerals, 65, 66

Arsenical mirror, 65

— pyrites, FeSAs

Arsenious acid, 56

— sulphide, 66

Arseniuretted hydrogen, 65

Auric chloride, 59

—

BﬁRIC carbonate, reagent, 71
— chloride, 60

— chloride, reagent, T1

— oxide, BaO

— sulphate, 58

Baryta, BaO

Barytes, BaSO,

Bismuth oxychloride, 65

— subnitrate, 63

Bleaching, with chlorine, 6

— powder, 65

Blende, ZnS

101

Blowpipe used, 31
— flame, 42

Blue stone, 57

— vitriol, 57

Bone ash, Ca,(PO,),
— earth, Ca,(PO,),
Borates, 64

Borax, 64

— reagent, 68
Borie acid, 56, 64
Boron, 51

Bromic acid, Br,O,
Bromides, 60
Bromine, 51
Bunsen flame, 41

ALAMINE, ZnCO,

Calc spar, CaCO,
Caleie carbonate on h. chloride,
29

— chloride, 60

fluoride on h. sulphate, 25
hydrate, 54

oxide, 54

sulphate, 58
sulphate, reagent, 71
Caleite, CaCO,

Calomel, 59

Candle flame, 41

— 1in chlorine, 41
Carbon, 7

Carbonates, 61

Carbonic acid, 29

acid on lime water, 80
acid in breath, 30
oxide, 26

sulphide, 66
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Carnelian, Si0,

Caustie, lunar, AgNO,, 62
— potash, KHO, see Potash
— soda, NaHO, sce Soda
Celestine, SrSO,

Chaleedony, Si0,

Chalk, CaCO,

Charcoal, 7

Chili saltpetre, NaNO,
Chlorate, 60

Chloric acid, CL,0,

Chloridea, 59

Chloride of lime, 65

-— of soda, 65

— of soda, reagent, 71
Chlorine, 6

— equation for preparation, 17
— candle burnt in, 41
Chromates, 64

Chrome ironstone, FeCr,0,
Chromic acid, CrO,

— hydrate, CrH,0,

— iron, FeCr,0,

— oxide, Cr,0,

Cinnabar, HgS

Classification of compounds, 47
Clay ironstone, impure FeCO,
Cobalt, bright white, CoSAs
— glance, CoSAs

— tin white, CoAs,

— minerals, 65

Coleothar made, 53
Compounds defined, 11
Compounds, classification of, 47
Copper on h, mtrate, 32

— on h. sulphate, 23

— compounds, see Cupric

INDEX.

Copper, black oxide of, 33
— red oxide of, Cu,0

— minerals, 57, 61

— pyrites, CuleS,
Copperas, 57

Coppernickel, NiAs
Coprolite, impure Ca,(PO,),

Cork bored, 2

Corrosive sublimate, 59
Corundum, ALO,

Crith defined, 43

Crith-unit defined, 43
Cryolite, AlNa,F,

Cubic eentimetre defined, 43
Cuprous oxide, Cu,0

Cupric hydrate, 53

— nitrate, 32

oxide, 33

oxide made by precip., 53
sulphate, 23, 57

sulphate on soda, 53

EFLAGRATION, 5
Deliquescent defined, 8
Density of gases, rules for, 44
Diamond, C
Distillation, 25
Dolomite, CaMg(CO,),

ELEMENTB, 10, 50
Emery, impure Al,0,
Epsom salts, MgS0,.7H,0
Explosion of hydrogen and oxy-
gen, 4
— of hydrogen and air, 4



INDEX.

F‘ERRIG chloride, 59
— chloride on soda, 53
— hydrate, 53
— oxide, 53
sulphate, 33
Ferrous carbonate, FeCO,
chloride, 59
hydrate, 53
oxide, FeO
sulphate, 28, 29
sulphate ignited, 53
sulphate on h. nitrate, 33
sulphate on soda, 53
sulphide, FeS
sulphide on h, sulphate, 28
Filtering, 23
Flames, 41
Flint, Si0,
Fluor spar, CaF,
Fluoric acid, 25
Fluorides, 61
Fluorine, 51
— test for, 25
Formula defined, 11
—- to find from percentage coni-
position, 12

ALENA, PLS
(zas flame, 41

(>ases, collection of, 1
— measure of, &c., 43—46
(xlass, 64
— etched, 25
— soluble, 64
— tube cut and bent, 1
Glauber’s salt, 58
Gold chloride, 59

103

Gramme defined, 43
Graphite, C

(zreek fire, 8

(Green vitriol, 57
Gypsum, 58

ARD tubing defined, 32
Hartshorn, NH,

Heavy spar, BaS0,
Hematite, Fe,O,
Horn silver, AgCl
Hydric acetate, HC,H,0,
Hydric antimonide, 66
Hydric arsenide, 65
Hydrie binoxide, H,0,
Hydrie borate, 64
Hydric chloride, 23
reagent, 72
on ca. carbonate, 29
on h. nitrate, 33
on mn. binoxide, 6
on potash, 36
gas on ammonia gas, 38
Hydric fluoride, 25
Hydric nitrate, 25
— reagent, 72
on copper, 32
on ferrous sulphate, 33
on h. chloride, 33
on mercury, 31
on potash, 36
on pb. oxide, 52
on red lead, 52
on silver, 30
on tin, 53
Hydric phosphate, H,PO,, 56
Hydric phosphide, PH,
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Hydric silicofluoride, 66

Hydrie sulphate, 58

reagent, 72

on alcohol, 27

on ca. fluoride, 25

on calico, 7

on copper, 23

on ferrous sulphide, 28

on iron, 27

on paper, 7

on potash, 35

on k. ferrocyanide, 26

on k. nitrate, 25

on godic chloride, 23, 58

on sugar, 7

on zine, 2

Hydric sulphide, 28

— reagent, 72

Hydroaluminic oxide, 54

Hydrocaleic oxide, 54

— phosphate, 63

Hydrochloric acid, see Hydric
chloride

Hydrochromic oxide, CrH,0,

Hydrocupric oxide, 53

Hydroferric oxide, 53

Hydroferrous oxide, 53

Hydrofluoric acid, 25

Hydrofluosilicic acid, 66

Hydrogen, 2

— equation for preparation, 16

— from iron and h. sulphate, 27

Hydropotassic carbonate, 62

— oxide, see Potash

— sulphate, 25, 35

Hydrosodic carbonate, 62

— oxide, see Soda

INDEX.

Hydrosodic phosphate, 63

— reagent, 73
Hydrosulphuric acid, 28, 72
Hydroxyl, H,0,

Hygroscopic defined, 8
Hyponitric acid, 25, 30, 81, 33
Hyposulphite, 57

CELAND spar, CaCO,
Ignition tubes, 32
Todic acid, 1,0,
ILodides, 60
Todine, 51
Iron, burnt in oxygen, 4
— on h. sulphate, 27
— compounds, see Ferrous and
Ferrie
— minerals, 53, 57, 61
black oxide of, Fe,0,, 4
magnetic oxide of, Fe,0,, 4
pyrites, FeS,

s,

= P

[{ UPFERNICKEL, NiAs

LAUGHING gas, N,O, 38
Lead compounds, see Plum-
bic
— mineral, 506
red, Pb,O,, 52
sugar of, 67

white, 2PbCO,. PbH,0,

Lime, 54

S

— water, 30
chloride of, 65
— superphosphate of, 63




INDEX.

Limestone, CaCO,

— calcined, 54

Litharge, PbO, 52

Litmus paper, 68

— action of substances on, 69
Litre defined, 43

Lunar caustic, AgNO,, 62

MALACHITE, CuCO,

CuH,0,
Magnesia, Mg0O, 54, 50
— 3MgCO,.M¢H,0,, 62
Magnesic oxide, 54, 50
— sulphate, MgSO_.7H,0
Magmnesite, MgCO,
Magnesium, 50
Magnetite, Fe,0O,
Manganate, 64
Manganese, Mn
— MnO,
— black oxide of, MnO,
Manganic acid, MnO,
— binoxide, MnO,
— binoxide on h. chloride, 6
— oxide, Mn,0,
Manganous oxide, MnO
Marble, CaCO,
Marsh gas, CH,, 66
Massicot, PbO, 52
Mercuric chloride, 59
chloride, reagent, 73
1odide, 61
nitrate, 31
oxide, 52
Mercurous chloride, 59
Mercury on h. nitrate, 31
— mineral, 57

105

Mercury, red oxide of, 52
Metals, 10, 50, 49
Metaphosphoric acid, 56
Metre defined, 43
Miecrocosmic salt, 64

— reagent, 68

Minium, Pb,0,, 52
Mirror of antimony, 66
— of arsenie, 65
Mispickel, FeSAs
Mundie, FeS,

NEUTR!&L defined, 35
Neutralizing, 35

— in presence of carbonic acid,
39

Nickel, arsenical, NiAs,

— glance, NiSAs

— minerals, 65

Nitrate, test for, 34

Nitrates, 62

Nitre, KNO,

Nitric acid, sce Hydric nitrate

Nitric acid, anhydrous, N,0,

— oxide made, 32

— oxide from FeSO, and HNO,,
33

' — oxide on ferrous sulphate, 34

Nitrogen, 8

Nitrohydrochlorie acid, 33

Nitrous acid, N,0,

— oxide, 38

 Nomenclature, 47

' Non-metals, 11, 51

Normal temperature and pres-
sure, 43

Notation, 10
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IL of vitriol, H,SO,, 58
Olefiant gas, C,H,, 27

Oligist iron, Fe,0,
Onyx, Si0,
Opal, Si0O,
Organic salts, 67
Orpiment, As,S,, 66
Oxide defined, 47
Oxides, 52—56
Oxidizing flame, 42
Oxygen, 3
— equation for preparation, 16
— from mercuric oxide, 32

PEARTJASH, K,CO,

Percentage composition, to
find from formula, 13

Permanganate, 64

Permanganic acid, Mn,0,

Phosphates, 63

Phosphoric acid, 8, 56

Phosphorite, Ca,(PO,),

Phosphorous acid, P,0,

Phosphorus, 7

— red, 51

Phosphuretted hydrogen, PH,

Plaster of Paris, 58

Platinic chloride, reagent, 74

Plumbic acetate, 67

binoxide, 52

chromate, 64

iodide, 60

— nitrate, 52

oxide, 52

sulphide, PbS

Pneumatic trough, 1

Potash, KI10O

—

e

INDEX.

Potash produced from potas-
sium, 50

— on h. chloride, 36

— on h. nitrate, 36

— on h. sulphate, 35

Potashes, K,CO,

Potassa, KHO, sce Potash

Potassic bichromate, 64

— chlorate, 60

— chlorate, experiments with,

3—5b

chromate, 64

cyanide, 67

cyanide and sodic carb., 68

ferricyanide, G7

ferrocyanide, 67

ferrocyanide on h. sulphate,

26

hydrate, sce Potash

nitrate, 36 _

nitrate on h. sulphate, 25

nitrate, expt, with, 5

nitrite, reagent, 74

— permanganate, 64

sulphate, 35

Potassium, 50

Pressure, correction for, 44

Putty powder, Sn0,

Pyrites, FeS,

— roasted, 59

— arsenical, FeSAs

— copper, CulfeS,

Pyrolusite, MnO,

Pyrophosphorie acid, 56

QUARTZ, Si0,
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REAGTIGN, alkaline and acid, | Soda, produced from sodium, 50
39 — reagent, 74
Realgar, AsS — on acids, 36
Reducing flame, 42 — on cupric sulphate, 53
Reduction, 31 — on ferric chloride, 53
Rock crystal, Si0, — on ferrous sulphate, 53
— salt, NaCl — (carb.), 62
Rouge made, 53 — ash, 62
Ruby, ALO, — lime, 66
— chloride of, reagent, 71
Sodie carbonate, 62
AL AMMONIAC, 60 — carbonate, reagent, 68
Salt defined, 47 — carbonate and pot. cy., 65
Salt, NaCl — chloride on h. sulphate, 23, 58
— cake, 58 — hydrate, see Soda
— Epsom, MgS0,.7H,0 — hyposulphite, 57
— Glauber’s, 58 — manganate, 64
— microcosmie, 64, 68 — metaphosphate, 68
— smelling, 62 — phosphate, 63
— of tartar, K,CO, — phosphate, reagent, 73
Saltpetre, KNO, — sulphate, 58
— Chili, NaNO, Sodiopotassic carbonate, 68
Salts, 56—64 Sodium, 50
— organic, 67 Soft tubing defined, 1
Sand, Si0, Sparry iron, FeCO,
Sapphire, Al,0, Spathie iron, FeCO,
Selenite, CasS0,.2H,0 Specific gravity of gases, 44
Silica, Si0, Specular iron, Fe,0,
Silicates, 64 Stannic chloride, 59
Silicic acid, Si0, — oxide, 53
— fluoride, 66 Stannous chloride, 59
Silicon, 51 — reagent, 74
Silver on h. nitrate, 30 Strontia, SrO
— mineral, 59 Strontianite, SrCO,
— compounds, see Argentic Strontic nitrate, Sr(NO,),.5H,0
Smelling salts, 62 Sulphates, 57
Soda, NaHO Sulphides, 56
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Sulphur, 5

— elastic, 6

— flame, 41

— flowers of, 51

Sulphuretted hydrogen, see Hy-
dric sulphide

Sulphuric acid, see Hydrie sul-
phate

— anhydrous, 55

Sulphurous acid, 6, 23, 55

Symbol defined, 11

Symbols, list of, 10

TEMPE RATURE, -correction
for, 44

Tin on h. nitrate, 53

— compounds, see Stannous and
Stannie

— mineral, 53

— stone, Sn0,

Turmeric paper, 69

— action of substances on, 69

UNCLASSED compounds, 65
Unit defined, 11
Unit-weights of elements, 10

INDEX.

ALUES, 47—49
Vermilion, HgS
Vitriol, b
— blue, 57
— green, 57
— white, H8

ATER produced from hy-
drogen, 3
Weights and measures, 43
White lead, 61
— pearl, BiOCl, 65
— permanent, BaS0,, 58
— vitriol, 58
Whiting, CaCO,
Witherite, BaCO,
Wood, destructive distillation
of, 7

ZING on h. sulphate, 2
— minerals, §7, 61

— white, 54

Zincie chloride, 60

— oxide, 54

— gulphate, 28

— sulphide, ZnS

Savill, Edwards and Co., Printers, Chandos Street, Covent Garden,



QUALITATIVE
CHEMICAL ANALYSIS.
By Dr. C. R. FRESENIUS.
NINTH EDITION.,

TRANSLATED FROM THE FOURTEENTH GERMAN
EDITION

By A. YACHER.
With 47 Engravings, 8vo, 12s. 6d.

QUANTITATIVE
CHEMICAL ANALYSIS.

By Dr. C. R. FRESENIUS.
SEVENTH EDITION.
TRANSLATED FROM THE SIXTH GERMAN EDITION
By A. VACHER.

Vol. I. With 106 Engravings, 8vo, 15s.

J. & A, CHURCHILL, NEw BURLINGTON STREET.



Published by J. & A. Churchill,

—_—

Chemistry, Inorganic and Organic; with Experi-
ments, By Cuarces L. Bnoxam, Professor of Chemistry in
King's College, London ; Professor of Chemistry in the De-
partment for Avtillery Studies, Woolwich. Third Edition,
with 205 Engravings, 8vo, 10s.

By the same Author.

Laboratory Teaching ; or, Progressive Exercises in
Practical Chemistry, with Analytical Tables. Third Edition,

with 8¢ Engravings, crown 8vo, bs, Gd.

Notes for Students in Chemistry : being a Sylla-
bus of Chemistry and Practical Chemistry. DBy Auserr J.
JERNAYS, DProfessor of Chemistry at St. Thomas's Hospital.
IFifth Edition, feap. Svo, 3s. 6Gd.

Practical Chemistry : including Analysis. By
Joux L. Bowman and C. L. Broxam. Sixth Edition, with
98 Engravings, feap. Svo, Gs. 6d.

Analytical Tables for Students of Practical Che-
mistry. By J. CamrseLn Brows, D.Se. Lond,, F.C.S. 8vo,
2s. 6d.

Practical Chemistry and Qualitative Inorganic
Analysis. By Frang Crowes, D.Se. Lond., F.C.S. Lond.
and Berlin, Senior Science Master at the High School, New-
castle-under-Lyme. Second Edition, with 46 Engravings,
crown 8vo, 7s. 6d.

London : New Burlington Street.



Published by J. & A. Churchill.

A Manual of Elementary Chemistry, Theoretical

and Practical. By G. Fownes, F.R.S. Edited by Henry
Watts, B.A., F.RK.8S. Twelfth Edition.
Vol. IL.—PuysicaL. AND INorcanic CHEMISTRY, crown
8vo, 8s. 6id.
Vol. II.—OrcaNIic CHEMISTRY. (In the Press).

o

First Principles of Modern Chemistry. By U. J.

Kay-SavurrLewortH, M.P.  Second Edition, crown 8vo,
4s. d.

Qualitative Analysis. By C. Reyicius Fresentus.

Edited by Arthur Vacher. Ninth Edition, with Coloured
Plate of Spectra and 47 Engravings, 8vo, 12s. 6d.

By the same Author,

Quantitative Analysis.  Edited by Arthur Vacher.
Vol. I. Seventh Edition, with 106 Engravings, 8vo, 15s.

The First Step in Chemistry: a New Method for
Teaching the Elements of the Science. DBy RoBEERT GaLLo-
waY, Professor of Applied Chemistry in the Royal College of
Science for Ireland.  Fourth Edivion, with Engravings, feap.
8vo, 6s. Gd.

By the same Author,

A Manual of Qualitative Analysis. Fifth Edition,

with Engravings, post 8vo, 8s. 6d.
Also,
Chemical Tables According to the Old Notation.

On Five Large Sheets, for School and Lecture Rooms. Second
Edition. The Set, 4s. 6d,

—

London : New Burlington Street.




Published by J. & A. Churchill.

Chemia Coartata; or, the Key to Modern Che-
mistry. By A. H. KoLumyer, A.M.,, M.D., Professor of
Materia Medica and Therapeutics at Montreal, 8vo, 7s. 6d.

Handbook of Volumetric Analysis: adapted to the
Requirements of Pure Chemical Research, Pathological Che-
mistry, Pharmacy, Metallurgy, Manufacturing Chemistry,
Photography, &ec., and for the Valuation of Substances used
in Commerce, Agriculture, and the Arts. DBy Francis
Surron, Public Analyst for the County of Norfolk. Third
Edition, with numerous Engravings, 8vo, 15s, ‘

Introduction to Inorganic Chemistr- Dy WiLLIAM
G. VaLentin, F.C.8., Principal Demonstrator of Practical
Chemistry in the Royal School of Mines and Science Train-
ing Schools, South Kensington. Third Edition, with 82
Engravings, 8vo, s, 6d.

By the same Awthor.

Qualitative Chemical Analysis. TFourth Edition,
with 19 Engravings, 8vo, 7s. 6d.

Also,

Tables for the Qualitative Analysis of Simple and
Compound Substances, both in the Dry and Wet Way, On
indestructible paper, 8vo, 2s. 6d.

How to Teach Chemistry: Hints to Science
Teachers and Students. Six Lectures delivered at the Royal
College of Chemistry by IDWARD FrangLaNp, D.C.L.,
F.R.S., Summarized and Edited by GEORGE CHALONER,
F.C.8. With 47 Engravings, crown 8vo, 3s. 6d.

London : New Burlington Street,



Published by J. & A. Churchill.

Handbook of Chemical Technology. By Ruporr
WaeNER, Ph.D., Professor of Chemical Technology at the
University of Wurtzburg. Translated and Edited from the
Eighth German Edition, with Extensive Additions, by
WiLLiaM Crookes, F.R.S. With 336 Engravings, 8vo,
25s.

Chemistry of the Four Seasons : Spring, Summer,
Autumn, Winter. By T. GrirriTas. Second Edition, with
Engravings, fcap. 8vo, 7s. 6d,

Ozone and Antozone: their History and Nature.
By Corxevivs B. Fox, M.D.,, Meaical Officer of Health
for Central and East Essex. With Coloured Plates, 8vos
12s, 6d.

Cooley’s Cyclopedia of Practical Receipts, Pro-
cesses, and Collateral Information in the Arts, Mannfactures,
Professions, and Trades : including Pharmacy and Domestic
Economy and Hygiene. Designed as a Comprehensive Sup-
plement to the Pharmacopwias and General Book of Refe-
rence for the Manufacturer, Tradesman. Amateur, and Heads
of Families, Fifth Edition, Revised and partly Rewritien by
Professor Ricuarp V. Tuson, F.C.S., assisted by several
Scientific Contributors, 8vo, 28s,

A Manual of Botany: including the Structure,
Functions, Classifications, Properties, and Uses of Plants.
By Rosert BeENTLEY, F.L.S. Professor of Botany, King's
College, and to the Pharmaceutical Society., Third Edition,
with 1138 Eungravings, crown 8vo, 14s,

London : New Burlington Street.
1



Published by J. & A. Churchill.

Medicinal Plants: being Deseriptions with Original
Figures of the Principal Plants Employed in Medicine, and
an Account of their Properties and Uses. By ROBERT
BentLEY, I.L.S., Professor of Botany in King’s College, and
to the Pharmaceutical Society ; and HrnNrY Trimen, M.B,,
F.L.S., Department of Botany, Dritish Museum, late Lee-
turer on Botany in St. Mary’s Hospital Medical School, Now
Publishing, in Monthly Parts, with Coloured Plates, &s.
each.

An Introduction to Physical Measurements, with
Appendices on Absolute Ilectrical Measurement, &e. DBy
Dr. I'. KonLravsodn. Translated from the Second German
JLdition by T. H. WaLLER, B.A., B.Sc., and H. R. PROCTER,
F.CS. With Engravings, 8vo, 12s.

The Microscope and its Revelations. By W. B.
Carrexrer, M.D., F.R.S. Fifth IEdition, with more than
500 Engravings, crown 8vo, 15s.

A Manual of Microscopic Mounting ; with Notes
on the Collection and Examination of Objects. By Jorx H.
Manriy, Author of ** Microscopic Objects.””  With upwards
of 100 Engravings, 8vo, 7s. 6d.

The Quarterly Journal of Mieroscopical Science
(Established in 1852). Edited by E. Ray LANKESTER, Pro-
fessor of Zoology and Comparative Anatomy in University
College, London ; E. Kuein, M.D, F.R.S., Lecturer on
Histology at the Medical School of St. Bartholomew’s Hos-
pital ; and W, Aronegr, F.R.S. Annual Subscription, 20s. ;
Single Numbers, 5s.

London : New Burlington Street.




Published by J. & A. Chuwrchill,

The Thanatophidia of India; being a Desecription
of the Venomous Snakes of the Indian Peninsula. With an
Account of the Influence of their Poison on Life, and a Series
of Experiments. By Sir J. Favyrer, M.D.,, K.C.8.1,,
Honorary Physician to the Queen ; late President of the
Asiatic Society of Bengal., Second Edition, with 31 Plates
(28 Coloured), folio, £7 T7s.

By the same Author.

The Royal Tiger of Bengal : his Life and Death.
With Map and Engravings, crown 8vo, 6s.

Chauveau’s Comparative Anatomy of the Domes-
ticated Animals. Translated from the Second French Edi-
tion, and Edited by GeEorGgE FreEmiNGg, F.R.G.S,, Veterinary
Surgeon, Royal Engineers ; Author of ‘* Travels on Horse-
back in Mantchu Tartary,” * Horse-shoes and Horse-shoeing,”

““ Animal Plagues,” &c. With 450 Engravings, 8vo,
£1 11s. 6d.

A Manual of the Anatomy of Vertebrated Animals.
By Prof. Huxrtey, LL.D., F.R.S. With numerous En-
gravings, feap. 8vo, 12s.

By the same Author,

Introduction to the Classification of Animals.
With Engravings, 8vo, 6s.

Manual of Comparative Anatomy and Physiology.
By S. MesseNcER Braprey, F.R.C.S.,, Senior Assistant
Surgeon to the Manchester Royal Tnfirmary. Third Edition,
with 61 Engravings, post 8vo, 6s. 6d.

—— = -
— —— —_

London : New Burlington Street,



Published by J. & A. Churchill.

Notes on Comparative Anatomy: a Syllabus of a
Course of Lectures delivered at St. Thomas’s Hospital. By
Wittiam Micter Orp, M.B. Lond., M.R.C.P., Assistant-
Physician to the Hospital, and Lecturer in its Medical School.

Crown 8vo, 5s.
3

The Human Eye, with Remarks on the Eyes of
Inferior Animals : a Popular Description. By W, WHaAL-
LEY, M.R.C.S. With 40 Engravings, fcap. 8vo, 3s.

A Manual of Animal Physiology. With Appendix
of Ixamination Questions. By Jonn Sara, M.D., B.A.
Lond. With, numerous Engravings, fecap. Svo, bs. 6d.

Vestiges of the Natural History of Creation.
With 100 Engravings. Eleventh Edition, post 8vo, 7s. 6d.

Tables of Zoology : indicating the Tribes, Sub-
~ Orders, Orders, and Higher Groups of the Animal Kingdom,
for Students, Lecturers, and others. By J. REAY GREENE,
M.D., Professor of Natural History in the Queen’s Uni-
versity in Ireland. Three large sheets, bs. the set; o,
mounted on canvas, with roller, and varnished, 12s. 6d.

The Student’s Guide to Zoology: a Manual of
the Principles of Zoological Science. By ANDREW WILSON,
Author of “ Lllements of Zoology,” and Lecturer on
Zoology, Edinburgh. With Engravings, feap. 8vo, 6s.

A Manual of Photography. By Grorer Daw-
soN, M.A., Ph.D., Lecturer on Photography in King's
College, London. Eighth Iidition, with Engravings, feap.

8vo, §s. Gd.

London : New Burlington Strect.



Published by J. & A. Chuwrchill.

—

A Manual of Photographie Manipulation. By
Lake Price. Second Edition, with numerous Engravings,
crown Svo, 6s. 6d.

The Elements of Natural TPhilosophy. By
CHARLES Broogr, M.B, M.A, F.R.S. Based on the
Work of the late Dr. GoLbine Birp. Sixth Edition, with
700 Engravings, fcap. 8vo, 12s. 6d.

Notes on Natural Philosophy : Lectures delivered
at Guy's Hospital, by G. F. Ropwerr, F.R.A.8., Science
Master in Marlborough College. With 48 Engravings,
fcap. 8vo, 5s,

Diagrams of the Nerves of the Human Body. By

W. H. Frower, F.R.S. Second Edition, Six Plates, with
Text, royal 4to, 12s,

Practical Anatomy: A Manual of Dissections.

By CuristopHErR HearH, F.R.C.S. Third Edition, with
240 Engravings, feap. 8vo, 12s. 6d.

The Student’s Guide to Human Osteology. By

W. W. Wacsrarrg, F.R.C.S. With 23 Lithographic Plates
and 66 Wood Engravings, feap. 8vo, 10s. 6d.

The Anatomist’s Vade-Mecum. By Erasmus
WiLson, F.R.S. [Edited by Dr. G. BucHANAN and Mr.
Hexey E. Crarg. Ninth Edition, with 371 Engravings,
crown 8vo, 14s,

"

London : New Burlington Street.




Published by J. & A. Churchill,

A Practical Manual of the Diseases of Children.

By Epwarp Ecus, M.D. With a Formulary, Second
Edition, crown 8vo, 7s.

Compendium of the Diseases of Children. By

J. Sreivgr, M.D. Translated from the Second German
Edition, by Lawson Tarr, F.R.C.S. 8vo, 12s. 6d.

A Manual of Practical Hygiene. By E. A.
Parkes, M.D,, F.R.S. Fourth Edition, with Plates and
Woodcuts, Svo, 10s.

A Handbook of Hygiene and Sanitary Science.
By Groree WiLson, M.A., M.D., Third Edition, with
Engravings, crown 8vo, 10s. 6d.

Medical Lexicon : a Dictionary of Medical Science,
containing a concise Explanation of its various Subjects and
Terms, with Accentuation, Etymology, Synonymes, &ec.
By R. Duncrison, M.D. New Edition, royal 8vo, 28s.

A Medical Vocabulary ; or, an Explanation of all
Terms and Phrases used in the various departments of
Medical Science and Practice. By R. G. Mavyng, M.D,
LL.D., and Joun Mayng, M.D. Fourth Edition, feap.
8vo, 10s,

A Manual of Pathological Anatomy. By C. H.
Jongs, M.B., F.R.S,, and E. H. Sigvegine, M.D. Second
Edition, considerably enlarged, by Dr. J. F. PayNE. With
195 Epgravings, crown 8vo, 106s.

London : New Burlington Street.



Published by J. & A. Churchill.

The ‘Anatomical Remembrancer; or, Complete
Pocket Anatomist. Seventh Edition, 32mo, 3s. 6d.

Lectures on Pathological Anatomy. By S.WiLks,

M.D., F.R.S., and W. Moxoy, M.D.,, F.R.C.P. Second
Edition, with 7 Steel Plates, 8vo, 18s.

Principles of Human Physiology. By W. B. CAr-

pENTER, M.D., F.R.S,, C.B. Edited by Mr. HENRY POWER.
Eighth Edition, nearly 400 Engravings, 8vo, 31s. 6d.

A Treatise on Human Physiology. By J. C.

DavrroNn, M.D. Designed for the Use of Students and

Practitioners of Medicine, Sixth Edition, with 316 Wood
Evgravings, 8vo, £1.

The Histology and Histo-Chemistry of Man: a

Treatise on the Elements of Composition and Structure of the
Human Body. By Heingicn Frey, Zurich. Translated
from the Fourth German Edition by ArraUR E. J. BARKER,
L.R.C.5.I. With 608 Engravings, 8vo, 21s.

Handbook for the Physiological Laboratory: con-

taining an Kxposition of the Fundamental Facts of the
Science, with explicit Directions for their Demonstration,
By J. B. Sasperson, M.D., F.R.S.; E. KrLein, M.D.

M. Foster, M.D,, F.R.S.; and T. L, Bruxton, M.D,,
D.Sc. Two Vols.,, with 126 Plates, 8vo, £1 4s.

—

London : New Burlington Street.



Published by J. & A. Churehill,

A Manual of Psychological Medicine. By J. C.
Buerniy, M.D., F.R.S., and D. H, Tuke, M.D. Third
Edition, with 10 Plates and 34 Wood Engravings, Svo,
208,

The Principles and Practice of Medical Jurispru-
dence. DBy Avrrep S. Tavror, M.D.,, F.R.S. Second
Ldition, with 189 Wood Engravings, 2 vols., 8vo, 31s. 6d.

By the same Author.

A Manual of Medical Jurisprudence. Ninth

Edition, with 55 Engravings, erown 8vo, 14s.

Also,

On Poisons in Relation to Medical Jurisprudence
and Medicine. Third Edition, with 104 Engravings, crown
8vo, 106s.

A Manual of Materia Medica and Therapeutics.
By J. F. RoyLe, M.D.,, F.R.S., and J. HarLEY, M.D. Sixth
Edition, with 139 Engravings, crown 8vo, 15s.

The Student’s Guide to Materia Medica. By
Joun C. THorowgoop, M.D., F.R.C.P. With Engravings,
feap. 8vo, Gs. 6d.

A Manual of Practical Therapeutics. By E. J.
Waning, M.D., F.R.C.P. Third Edition, fcap. 8vo,

12s. 6d.

London : New Burlington Street.












P R S
NN T \

- A \‘;:_ Wy e ._"'- D o W \1‘. ', A oA s
AR ﬁ\:“\h\&\\\\ \\‘\" \\\\ NN\
Y : AR

\ \ : NN RN

s N
R “‘?'1i_‘_‘“:“‘."ﬂ:-if.:f}x“?».@hbﬁb‘%}\?ﬂh\}\\%ﬁflﬁ@??\\\‘-31'\1\‘:1'-:&'3:‘ Nu\”'\ N\.‘-\‘E\“\&\\@}Eqﬁ "
AN :i‘ﬁhk‘:&ﬁﬁ&ﬁ:%&\%\ﬁ?\“ﬂ\“‘ M \\\\ﬁ“‘\%x\\:?' A
M
e
N

SRR
SR, R &t’%&x\&{\\w“-xﬁ :
I N S N
e !.I\' E‘
o
SR R \ A
L
W :\‘ \\,\\\ \\ :"-\-\x \
A

e e
e
o A

o o
Zl

A A
e
R,
3 '}' _, o

)
__
L ; fr'

S
7

7

S
7

_

e

!
Ny
o]

"

WY
Ry

..'\.'i
- '\.:"'
A
5
oy
W
o
e
R
o
o
%
W
)
Ly
&
|k
.“'_

N.
R
."_
-I\-q;"
et Y
b,
B

0
|::\"'\
S
A
L
'\"N\;-:
iy
o "'\.\
.x%
\

%

__

7

i e

7
72

e e - Rk
e o %
A e e :-',‘-".-"'_-"/:'.-' e - e o iy
.-'ﬁ'-'_,‘.'ff-"_,- _,.-_"_..";-'"',.-:.-,.- A ..-".___ e A o e

g

.. o, 2

2222,

{ﬁ AN
. - N 1"\16 N }: H Q‘ t;:“\“‘ _\.x:;:\;«gm;-:u-;:\;:;wu;:x;;m‘;:;‘\;\b“..mxlemﬁ“-i%‘mﬁw&&*.ﬂﬁﬂﬁﬂl*' ﬂ%‘iﬁxﬁ \&



