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PREFACE.

Tais little book consists of ** Laboratory Instructions’’ to illustrate a course of
* study in General Chemistry.

Much of the material is original, having been developed in the course of ten
years’ experience in laboratory teaching, while those portions taken from other
sources have been modified and added to, so that they might better meet the wants
of students.

Particular attention is called to the Appendix, which contains demonstrations
of a quantitative character, as from them the principles underlying the Science of
Chemistry logically follow by induction. They also illustrate and exemplify the
theories and laws on which it rests, and by virtue of which it remains to-day as
one of the exact sciences.

These ¢ Laboratory Instructions’’ can be used in connection with any standard
text book, for example tho%e by Richter, Newth, or Remsen.

I desire to express my thanks to President James MacAlister, LL. D., of the
Drexel Institute; to Dr. John Marshall, Dean of the Medical Faculty of the Uni-
versity of Pennsylvania; and to Professor Albert P. Brubaker, M. D., of Jefferson
Medical College, Philadelphia, whose favorable opinion of my MS. induced me to
publish it. .

Most of the illustrations in the book are taken from the laboratory notes of one
of my students, Mr. D. Orren Hales, to whom I am indebted for the use of his
drawings. The rest are taken from sketches of my own and from other sources.

" Itake pleasure in expressing my obligation to Mr. A. Henwood, Instructor in

Chemistry in the Drexel Institute, who has given me much valuable aid and

assistance in the preparation of the manual. i E A.C.
PHILADELPHIA, December, 1900.
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LABORATORY DIRECTIONS.

1. Be cautious in the use of acids and alkalies. If spilled on person or clothing, neu-
tralize at once ; acids, with ammonia- (dilute) or soda; alkalies, with weak acetic acid.

2. For burns, whether caused by fire or acids, use sodium bicarbonate, and after-
wards dress with vaseline or an oil emulsion.

8. Be careful not to hold the hand under glass vessels, the contents of which are being
heated. - ' Always hold the Bunsen burner in such a way that the hand is at one side.

4. In heating test-tubes, always incline the tubes, and never hold them in an upright
position. Always use a holder, and note the direction in which the tube 18 pointing.

6. Be careful in forcing gluss tubes through corks and stoppers. Force the ﬂwwtened
tube gently, using a rotatory motion.

6. Never pour water into concentrated sulphuric acid. Pour the acid, which should
be cold, gradually into the wate1 Miz in a thin glass vessel. When cold, transfer to
the reagent bottle.

7. In case of fire, use the sand provided in the pails in the laboratory, or smother
with a towel. .

8. Never put away in the desk kot charcoal or metal apparatus which is hot. Cool
Jirst in water.

9. Keep the desk and apparatus scrupulously clean and neat.

10. Never throw anything solid into the sinks. Use the proper receptacles provided
for this purpose.

11. Liguids can be emptied into the sink, taking the precaution to have plenty of
water running from the spigot.

12. Keep neat and careful notes of all work done in the laboratory. Record all data
and details of the work. Thoroughly understand each piece of work as it is done.
Quality i3 more important than quantity.

( viil)




EXPERIMENTS IN GENERAL CHETISTRY.

Preliminary Work.
A.—Bending Glass Tubing.

Break the glass tubing into several pieces of the required
lengths.

To break the glass tube to a desired length, make a scratch
with the moistened edge of a triangular file, and holding
firmly with hoth hands near the scratch, break by a quick
downward movement.

Round the sharp edges of the ends by holding the tube in
the blue flame of a Bunsen burner until soft and the inequali-
ties are melted down.

Place burner tube, giving a broad flame, on the Bunsen
burner. To bend a tube, hold in the yellow flame and
parallel to it; rotate constantly until soft. By a bending or
pulling movement any desired angle may be given.

A tube that has been properly bent will have, the same
diameter of bore throughout, and will show no creases where
it has been bent.

Bend several tubes of the shapes and lengths shown in the
sketch. (See Fig. 1.)

To make a bulb on the end of a tube, heat the end until
quite hot and until quite a lump of soft glass has collected ;
then by gently blowing from the open end of the tube, form

(9)



10 PRELIMINARY WORK.

a bulb of the desired size (e. ¢., about one-halt inch in diam-
eter).
Fia. 1.

B.—Preparing Glass Rods.

Break the glass rods into pieces of six inches in length.

To break the‘rod, make a scratch with the edge of a tri-
angular file and break as explained above.

Round sharp edges in the blue flame of the Bunsen burner.

Bend the rods by heating in the blue flame.

To flatten the end of a rod, heat very hot until the glass is
quite soft, and flatten by pressing the hot end on a cold sur-
face, such as the soap-stone top of desk.

Bend several rods of the_form shown in sketch. (See Fig. 2.)

Fia. 2.

6 ¢

(For manipulation of glass, read Newth, “Elementary









PRELIMINARY WORK. 11

Practical Chemistry,” Chap. IV, V. Also see: Shenstone,
“ Art of Glass Blowing.”)

C.— Distillation.

Weigh out two lots of 10 grams each of common salt on the
horn scales.

Place one of these in an evaporating dish which has been
accurately weighed. Heat this gently over a Bunsen burner
to constant weight. Record all weights. Note the amount ot
hygroscopic moisture contained in the salt.

Introduce the second lot into a tubulated glass retort of 500
c.c. capacity. Dissolve in about 200 c.c. of distilled water.

Connect the retort with a flask cooled with water from the

Fia. 3.

O S—|

spigot (See Fig. 3). Distil down to small bulk. Save the
distilled water obtained for future use. Pour

what remains in the retort into a weighed evap-  FIe. 4.
orating dish; rinse the retort with distilled
water, and add the rinsings to the contents of £

evaporating dish. (See Fig. 4.)

Evaporate to dryness. Ignite gently, being
careful to avoid spattering, cool and weigh.
Note the amount obtained. Compare with the
amount of salt present in the sample first
heated.

Note how nearly a correct figure has been
obtained.

Explain the object of this experiment and
what has been learned from it.

-



12 PHYSICAL CHANGE,

Physical Change.

Experiment 1.—Boil some water in a test-tube fitted with
perforated cork and bent tube as shown in sketch. (See Fig.
5.) Explain the changes that take
Fre. 5, place and note the condensation of the
steam in the bent angle of the tube.
In what way has the water been

changed ?

il Experiment 2.—Rub a stick of roll
sulphur briskly on the sleeve; ap-
proach to small bits of filter paper.
‘&» Note the power it has now acquired

over the paper. Explain. Has the
sulphur itself been changed in any
way ?

Experiment 3.—Place a few lumps
of roll sulphur in a test-tube. Warm very gently. Increase
the heat gradually and heat strongly for some minutes. Note
the various changes through which the sulphur passes. (See
Fig. 6.) Remove the heat, and as the con-
tents of the tube cool, note the changes that Fie. 6,
take place.

Experiment 4.—Heat a piece of platinum
foil until red hot. Allow it to cool. Does
it return to its original state? Has it in any
" way changed ?

Experiment 5.—Dissolve a small lump of
camphor in alcohol in a test-tube ; add water ;
explain the result. Has the camphor become changed in
substance ?

Experiment 6.—Place a small grain of iodine in a piece of
bent glass tubing sealed at one end. Seal the other end with
the blue flame of a Bunsen burner, and after it has become
cool, heat the end containing the iodine very gently. What










CHEMICAL CHANGE. 13

change has taken place in the iodine? In like manner, in a
similar tube, very gently heat a small bit of camphor. Is a
similar result obtained ?

Note.—Describe, in general terms, what you understand by
“ Physical Change.”

Chemical Change.

Experiment 7.—Place some bits of wood (match ends) in a
test-tube fitted with a perforated cork and bent tube as shown
in sketch. (See Fig.7.) Heat gently
in the flame of a Bunsen burner; Fre. 7. -
light the gas that issues from the end
of the tube. :How does this experi-
ment differ from Experiment 17 ’

Experiment 8.—Place a little gran- K
ulated sugar in a test-tube. Heat '
very gently over a Bunsen burner,
and finally strongly until no further
action takes place. Note all changes.
Apply a lighted match to the vapors
that escape from the end of the tube and see if they are in-
flammable. Compare this experiment with the heating of
the sulphur (Experiment 8). How are they alike- and how
do they differ?

~ s

Experiment 9.—Heat a small piece of the metal magnesium
in the flame of a Bunsen burner. How does this result differ
from the one obtained by heating the metal platinum? (See
Experiment 4.)

Experiment 10.—In an evaporating dish half full of water,
drop a small lump of gum-camphor; light with a match and
observe the result. How does this experiment differ from
Experiment 5?

Experiment 11.—Place some sugar in a small beaker and
pour on it a few drops of concentrated sulphuric acid. What
change takes place in the sugar?



14 PHYSICAL FORCES INDUCE CHEMICAL CHANGE.

Experiment 12.—Place a small filter paper in an evaporat-
ing dish and pour on it dilute sulphuric acid (made by add-
ing one part concentrated acid to two parts of water); boil
- over a Bunsen burner until the solution is reduced to a very
small bulk. What change has taken place in the paper? In
what respect is this experiment similar to the last ?

Experiment 13.—Mix about two grams of powdered sugar
and an equal quantity of potassium chlorate on a sheet of
glazed paper; pour on an iron sand-bath and let fall on the
mixed powders a few drops of concentrated sulphuric acid
from a long glass tube. (Do this under the hood. Danger!)
Has a change of substance of the mixed bodies taken place?

Note.—Describe, in general terms, what you understand by
‘“ Chemical Change.”

Physical Forces Induce Chemical Change.
(a) Action of Heat.
Experiment 14.—Arrange a piece of platinum foil on a

pipe-stem triangle supported on a ring stand as shown in
sketch. (See Fig. 8.)

F1a. 8.
a

b dJ

Place a crystal of “blue vitriol” (copper sulphate) on the
foil and heat strongly with a Bunsen burner. Note the
changes that take place.

Experiment 15.—Place a few crystals of mlcrocosmlc salt in
a test-tube, heat gently, and note all the changes that take
place. Note the odor given off and the formation of liquid in
the cool part of the tube. Hold a piece of moistened red










PHYSICAL FORCES INDUCE CHEMICAL CHANGE. 15

litmus paper in the mouth of the tube while the contents are
being heated, and note the effect. What does this show ?

Experiment 16.—Place some sugar in a test-tube and heat
over a Bunsen burner. How is the sugar changed? How

does the residue differ from the sugar first taken ?

Experiment 17.—Weigh on the horn scales:

Potassium nitrate . . . . . 3 grams,
“ carbonate . . . .2«
Sulphur (powdered) . . . .1«

Pulverize each separately before weighing, and after weigh-
ing, thoroughly mix on a sheet of glazed paper with the
blending knife. Place a little of the mixture on a tin plate
and heat over the Bunsen burner.

Caution.—Be careful not to have the face near, as an explosion
takes place.

Query.—What experiments made under the heading “ Chem-
ical Change” showed the effect of heat in bringing about
chemical changes?

(b) Action of Light.

Experiment 18.—Pour a solution of silver nitrate into a
clean test-tube. Dissolve a little common salt in a test-tube,
and pour into the silver solution. Note the immediate forma-
tion of a curdy, white precipitate; this is silver chloride.
Allow it to stand exposed to bright sunlight for some time,
and note the change in color that takes place.

Experiment 19.—Dip a piece of filter paper in a solution of
silver nitrate. Then dip the paper into a solution of common
salt in water, and place it in a dark place to dry—(inside the
desk). When dry, or nearly so, place between two glasses and -
expose to bright light for some time, with part of the paper
covered with letters cut from black glazed paper. Then
remove the letters and note the results produced.



16 CHEMICAL CHANGES DEVELOY PHYSICAL FORCES.

Experiment 20.—Gently warm a glass cylinder, pour into
it a few drops of bromine water, and add two or three cubic
centimetres of benzol. Stand in bright sunlight for a time
and note the result.

Experiment 21.—Dissolve a clean crystal of ferrous sulphate
in distilled water, and place in two test-tubes. To the one
add a solution ‘of potassium hydroxide (KOH), and to the
other a solution of potassium ferro-cyanide (K ,FeC,N,). Stand
in bright sunlight for some time and note the changes in color
that take place.

What principles have been learned from the above experi<
ments ?

Chemical Changes Develop Physical Forces.

(a) Heat is Produced.

Fill two thermometers with a colored liquid as explained in
lecture notes.

Experiment 22.—Pour into a beaker, or porcelain dish, a
strong solution of caustic soda (sodium hydroxide). Place
one of the thermometers in the

F1e. 9 A. beaker and support by a clamp.
p (See Fig. 9 A.) Add concentrated
O hydrochloric acid little by little,

stirring the mixture with a glass
rod. Add the acid until the solu-
tion has an acid reaction. How
can this be ascertained? Note the
heat developed. Use an air ther-
6 mometer. Explain what has taken
place and why heat was produced.
Evaporate to dryness. What is the
powder obtained ?
Caution.—Be very careful in using alkalies and acids, as they
are extremely corrosive.

Experiment 23.—Place some pieces of quick-lime (calcium
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oxide) in a beaker and about half cover them with water.
Place a thermometer in the beaker. (See Fig. 9 B.) Note
the increase in heat. Explain what has taken place

and why heat was produced. F16. 9 B.

Experiment 24.—Place a few cubic centimeters
of dilute sulphuric acid in a test-tube, drop into it a
piece of granulated zinc. Note the chemical action
that takes place and the heat that is developed.

Experiment 25.—In like manner drop a piece of
copper into dilute nitric acid and note the results
obtained and the production of heat.

(b) Light is Produced.

Experiment 26.—Hold a piece of magnesium in the flame
of a Bunsen burner. Note the result.

Experiment 27.—Prepare the following colored fires : —

No. 1.—REbD.
Strontium nitrate . . . . 4. grams.
Sulphur . . . . . . 156 o«
Potassium chlorate . . . . 25 o«
Shellac . . . . . . 3. “
No. 2.—GREEN.
Barium nitrate . . . . . 3.2 grams.
Sulphur . . . . . .8«
Potassium chlorate . . . . 32 «
Shellac . . . . . . 3. “

Pulverize each ingredient separately and mix on a sheet of
glazed paper with the blending knife. Place a little of each
mixture in a tin dish and light. (Do this under the hood.)

Experiment 28.—Place a small piece of phosphorus, which.
has been dried by pressing for a moment between filter papers,.

in a clean iron dish. Drop into it by means of the forceps a.
3



18 CHEMICAL REACTIONS.

small fragment of iodine. Note the chemical action and the
production of light. .
What principles have been learned from these experiments ?

Chemical Reactions.

(1)—SyNTHESIS.

Experiment 29.—Burn a small piece of magnesium ribbon
by holding for an instant in the flame of a Bunsen burner.
Explain the chemical action that takes place. Write the
reaction.

Experiment 30.—Mix together some sulphur and some
copper turnings. Heat in a test-tube and observe the changes
that take place. What is the compound formed? Write the
reaction.

Experiment 31.—Rub together in a porcelain mortar some
sulphur and a little mercury. Note the change
in color. What compound is formed? Write
the reaction.

Fia. 10.

Experiment 32.—Boil a little ammonium hy-
droxide in a test-tube fitted with a perforated
cork and bent tube, and pass the gas given off
into a tall jar. In like manner in another tube,
similarly fitted, boil a little hydrochloric acid and
pass the gas evolved into another tall jar. Cover
each jar with a piece of ground glass, and invert
one over the other. Remove the covers of ground
glass, and note the effect of the two gases mixing.
(See Fig. 10.) What compound is formed by
their union? Write all the reactions that have

(-

=| taken place during this experiment.
= (2)—ANALYsIS.
=

Experiment 33.—Arrange an apparatus as
shown. (See Fig. 11.) Heat in the bulb tube of hard glass
some red oxide of mercury (mercuric oxide), using the strong










CHEMICAL REACTIONS. 19

blue flame of a Bunsen burner. Note the changes that take
place. Examine the gas that is given off.

See its effect on a lighted match. Note the Fre. 11.
silvery substance that drops into the jar on
prolonged heating. What are the two sub-
stances formed, viz., the gas and the liquid
silvery substance? Write the reaction that
has taken place.

Experiment 34.—State how the action of the electric cur-
rent on water is an example of analysis. Give a sketch of
the apparatus. What are the relative amounts of the gases
formed? What are the names given to the two gases that,
chemically combined, form water and have been produced by
its decomposition ?

(3)—METATHESIS.

Experiment 35.—To a solution of ferric chloride, add am-
monium hydroxide until alkaline. How may this be ascer-
tained? Filter, examine the precipitate. Save the filtrate
for examination.

Heat some of the precipitate on a piece of platinum foil.
Dissolve some in hydrochloric acid and add ammonium
sulpho-cyanide. What is the effect? What does this show ?

Pour the filtrate into an evaporating dish, evaporate to dry-
ness, and examine the powder that remains.

What was the composition of the precipitate ?

What was in the solution?

Note—By the filtrate is meant the liquid which passes
through the paper when the precipitate is removed by filtration.

Write the reaction that has taken place.

Experiment 36 —To a boiling solution of barium chloride,
add dilute sulphuric acid until the solution is slightly acid,
filter, and examine the precipitate.

Test its solubility in various solvents. Does it dissolve?

Heat a little on platinum foil. Does any change take place ?

Examine the filtrate as follows:



20 MIXTURES.

Evaporate a portion to dryness in an evaporating dish, and
hold a piece of blue litmus paper in the vapors given off.
Note whether a residue remains. What is the effect on the
paper? What does this show ?

To another portion of the filtrate, add a few drops of a solu-
tion of silver nitrate. Compare the results with those obtained
when a little of the sulphuric acid originally used is added to
silver nitrate.

In a small tube add a few drops of hydrochloric acid to -
silver nitrate and compare the result.

What have you now ascertained the action of sulphuric
acid on barium chloride to be? Write the reaction.

Experiment 37.—To a solution of copper sulphate (CuSO,),
add some caustic soda—sodium hydroxide (NaOH)—until a
precipitate no longer forms. Filter.

Note its color, appearance, etc.

What is the composition of this precipitate ?

What is contained in the filtrate ?

Write the reaction that has taken place.

Mixtures.

Experiment 38.—Take 5 grams of powdered sulphur and an
equal amount of finely divided iron; mix thoroughly with a
steel spatula on a sheet of glazed paper. Place a little of the
mixture on a watch-glass and examine with a hand magnify-
ing glass.

Can you distinguish between the sulphur and iron? Draw
a magnet over the mixture, and see if the iron can be separated
by this means.

Experiment 39.—Pour somé of the mixture into a beaker
half full of water and stir with a glass rod. Can the constit-
uents of the mixture be separated by their different gravities?

Experiment 40.—Take separate test-tubes, place a little iron
in the one, a little sulphur in the other; attempt to dissolve
each by pouring in a little carbon disulphide. Which one is
soluble in this liquid? Place some of the mixture made in
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Experiment 38 in a small beaker. Pour on it some carbon
disulphide; stir with a glass rod, filter, and examine the resi-
due to see if it is iron. (See if it is attracted by the magnet.)
Evaporate the solution on the steam-bath, and see if sulphur
is obtained.

Does it differ in any way from the sulphur first mixed with
the iron ? :

Caution.— Carbon disulphide i3 an exceedingly inflammable
liquid, and its vapor forms with air an explosive mizture. See
that no flame is in the vicinity when it is being used. Use great
care. -

Experiment 41.—Make a mixture of chalk and pulverized
sugar ; heat in a beaker with water ; filter ; taste the solution ;
note the appearance of the residue.

Have the two substances been separated by this means?

Experiment 42.—Examine a small piece of ¢ granite.”
Explain how this is an example of a “ Mechanical Mixture.”

Compounds.

Experiment 43.—Mix together on a sheet of glazed paper
some iron filings and powdered sulphur, or use some of the
mixture already made in Experiment 38. Place a little of the
mixture in a small test-tube, heat over a Bunsen burner, and
note what takes place.

When the tube is cool, place in a porcelain mortar, break,
and examine the substance formed.

Attempt to separate the constituents in the manner per-
formed in Exps. 38, 39, and 40.

Compare the results of these experiments with the experi-
ments under the heading “ Mechanical Mixture.”

Can the iron and sulphur be separated in the same way that
mixtures were separated ?

Experiment 44—Place about 50 c. c. of a solution of caustic
soda (sodium hydroxide) in a beaker. Add dilute hydro-
chloric acid, stirring with a glass rod until the solution is acid.
How can this be ascertained ?
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Pour the solution into an evaporating dish and evaporate
to dryness over a Bunsen burner. Examine the powder
obtained.

Has it the properties of the caustic soda or the hydrochloric
acid? Explain what has taken place.

Experiment 45.—Dissolve a few scraps of copper in a test-
tube with dilute nitric acid. Evaporate the solution to dry-
ness in a porcelain dish. Is the copper again obtained ?

Explain what has taken place.

Experiment 46.—Examine a crystal of calc spar. Prove
experimentally that this is an example of a chemical com-
pound. .

Explain the main differences between a piece of granite and
a piece of calc spar as illustrating a Mizture and a Compound.

Oxygen (O,).

Experiment 47.—Introduce a little mercuric oxide (““red
precipitate ”’) into a tube of hard glass and heat strongly with
a Bunsen burner. (See Fig. 11.)

Note the change that takes place.

Introduce a glowing splinter of wood into the tube and note
the effect. What gas has been given off?

See whether mercury can be distilled from the tube.

Write the reaction that has taken place.

Experiment 48.—Place about 5 grams of potassium chlorate
in a test-tube fitted with a cork and bent delivery tube, heat

Fia. 12.

carefully with a Bunsen burner. (See Fig. 12.) Apply a
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splinter of glowing wood at the delivery tube. Note that the
substance after liquefying becomes solid again; heat more
strongly and test the delivery tube again with a glowing
splinter.

Collect some of the gas in a large test-tube over water. Use
a pneumatic trough. Test the gas by introducing a lighted
match. Examine the residue left in the tube, dissolve it in
water, filter, and add silver nitrate. What does this reagent
show ?

Write all the reactions that have taken place.

Experiment 49.—Mix about 10 grams of potassium chlorate
with an equal amount of manganese dioxide on a sheet of glazed -
paper. Introduce into a flask of
about 250 c.c. capacity, fitted Fia. 13.
with a perforated cork and deliv-
ery tube, and heat gently with

a Bunsen burner. . (See Fig. 13.) (
Note whether the gas is evolved

more easily from this mixture /
than from the potassium chlorate '«S’

alone. Fill several jars with the
gas by downward displacement
of the air.

Experiment 50.—Place g little
barium dioxide (BaO,) in a tube
of hard glass and heat gently with a Bunsen burner. Test
the gas given off with a glowing match end.

Experiment 51.—Place in a large test-tube a little sodium
dioxide (Na,0,). Add a few drops of water, and test the gas
given off as before. What remains in the test-tube? Write
the reaction that has taken place.

Experiment 52.—Place a few grams of * nitre "—potassium
nitrate—(KNO,) in a porcelain crucible and heat over the
Bunsen burner until it mélts. Introduce a glowing match
end into the molten mass and observe the effect. Explain
what takes place.
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Study the properties of Oxygen gas as follows :—

Experiment 53.—Hold slips of red and blue litmus paper
in one of the jars of the gas and note whether there is any
change in color. Has the gas an odor? Is it lighter or
heavier than air?

Experiment 54.—Place a small piece of sulphur in a de-
flagrating spoon, light, and introduce into a jar of the gas.
Note the result. Smell the contents of the jar. (Caution.)
Introduce moistened slips of litmus paper.

Write the reaction that has taken place.

Experiment 55.—Burn a piece of wood in a jar of the gas.
_After the action is over, introduce a lighted match and note

the result.

Pour into the jar a little lime-water; shake around and
note change.

Pour the liquid into a small test-tube and add a few drops
of hydrochloric acid. Note the effect.

Explain all these changes and write the reactions that have
taken place.

Experiment 56.—Fasten a bit of candle into a deflagrating
spoon, light, and introduce into a jar of gas. Note the result.

Does lime water now give similar results to those obtained
in the last experiment ?

Leave the candle in the jar for several minutes and note the
change that takes place. Finally pour in a little lime-water.

See if a reaction takes place, similar to that in the last
experiment. Explain. Write the reactions.

Experiment 57.—Cut off a small piece of phosphorus un-
der water, (Remember the caution given in regard to this sub-
stance.) Dry for an instant between two pieces of filter paper
and drop into a deflagrating spoon. Ignite by touching with
a hot wire and at once introduce into a jar of the gas. Note
the result.

After the action is over, hold in the jar slips of red and
blue litmus paper.
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Pour a little water into the jar and see if the substance
formed is soluble.

Write the reactions that have taken place.

Caution.—Phosphorus is an exceedingly dangerous substance
and easily takes fire in the air. Keep under water and mever
touch with the fingers.

Preparation of Oxides.

Experiment 58.—Prepare copper oxide, CuO. (cupric oxide),
by passing a stream of oxygen or of air over copper filings
placed in a combustion tube and heated with the Bunsen
burner. (See Fig. 14.) Explain what has taken place chem-
ically. :

Fia. 14.
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Experiment 59.—To a solution of copper sulphate, add a
solution of sodium carbonate until the precipitation is com-
plete. Stir- with a glass rod and boil until the precipitate
turns black. Filter, wash, and dry with a gentle heat. The
powder obtained is copper oxide (CuO). Is this the substance
obtained in the first experiment? Explain all that has taken
place chemically.

Repeat, using NaOH instead of Na,CO,.

Are the same results obtained ?

Experiment. 6o.—Place a few pieces of granulated zinc in a
porcelain crucible. Heat strongly, stirring with a glass rod
until the zinc is all converted into a powder. Explain what
has taken place.

Experiment 61.—To a solution of a zinc salt, add a solu-

tion of sodium carbonate until the precipitation is complete.
T .
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Filter and wash thoroughly with water. Remove from the
paper with the horn spatula and place the precipitate in a
porcelain dish. Heat over the Bunsen burner. The powder
obtained is zinc oxide (Zn0O). Compare with the powder
obtained by heating zinc in the air. Explain what has taken
place chemically.

Repeat, using NaOH instead of Na,CO,.

Are the same results obtained ?

Yolume Composition of the Atmosphere.

Experiment 62.—Divide a large-sized test-tube into five
equal parts, by pasting on small rings of labels.

Place in an evaporating dish an alkaline solution of *‘ pyro-
gallic acid.” Invert the test-tube, slip over it a -
F16.15.  Jead ring, and let it stand in the dish contain-
ing the “ pyrogallic acid ” for some time. (See
Fig. 15.) Note that the liquid rises in the tube,
and that in time it will rise to the first division

on the paper scale in the tube.
What have you learned from this experiment ?

Experiment 63.—Take a piece of combustion tubing about
15 inches long and close one end of it with a
wooden cork. (See Fig. 16.)

Fill the tube with water, and then pour out
into a measured cylinder. Read the number of c.c.
This will give the capacity of the tube.

Dissolve about 1 gram of solid caustic soda or
caustic potash in about 50 c.c. of water, and a like
amount of crystallized ferrous sulphate in another
50 c.c. of water. Warm gently and stir each with
a glass rod to aid solution.

From a small graduated cylinder pour 10 c.c. of the soda or
potash into the combustion tube, and then add in like manner
10 c.c. of the ferrous-sulphate. Close the open end of the
combustion tube with a cork (or hold the thumb over the
open end), and shake vigorously for some little time.

Invert in a large beaker of water (See Fig. 17), remove the
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cork (or the thumb) and allow to stand a few moments. The
water will be seen to rise in the tube. Hold
the tube so that the two levels are the same F1e. 17.
inside and outside of the tube, then place the -
thumb over the open end, remove from the
beaker and invert.

Pour the water that is now in the tube
into a measured cylinder and ascertain the
amount (4. e., the number of c.c.). This
amount, minus the twenty 20 c.c. of fluids _
added, will give the volume of oxygen which
has been absorbed by the mixture introduced. Calculate the
per cent. of oxygen in the atmosphere. Assuming the re-
mainder to be nitrogen, about what is the ratio of these two
gases in the atmosphere ?

Experiment 64.—With the use of burettes and the Hempel
apparatus containing small sticks of phosphorus ascertain thé
ratio of oxygen to nitrogen in the atmosphere.

(Consult the Instructor.)

Experiment 65.—-Modification of the above experiment. Take
the 12 inch cylinder and arrange as shown in sketch. (See
' Fig. 18.) Ascertain the capacity of

Fig.18. the cylinder as in Experiment 63.
Attach a small piece of phos-
phorus to the bent wire. Allow to
stand for some hours, gradually
raising the phosphorus above the
surface of the water. Level as before
and calculate the percentage com-

—1 position of the atmosphere.

Experiment 66.—Show the pres-
ence of water vapor and carbon dioxide in the air, by expos-
ing a few piecesjof calcium chloride in one beaker and a
solution of calcium hydroxide in another. What results are
observed? What do these results show ?
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Nitrogen.

Experiment 67.—Place the cover of a porcelain crucible on
a cork and float in a trough full of water. Place a small
piece of phosphorus on the porcelain cover, light it by touch-
ing with a piece of hot metal, and invert over it a large
beaker. (See Fig. 19.) Note the
Fre. 19. result. Let it stand until the fumes
are absorhed. Why does the water
rise in the beaker? About how far
does it rise? What conclusions
can you draw from this? Explain
the action that takes place. Put
pieces of litmus paper in the water.
What substance has been formed
and dissolved in the water? Slip
under the mouth of the beaker a
square of ground glass. Quickly invert, and, partly removing
the glass, introduce a lighted candle fixed in a deflagrating

spoon. Note the result. Write all the reactions.
Bear in mind the caution given regarding the use of phosphorus.

Experiment 68. —Arrange an apparatus as shown in the
sketch (See Fig. 20), fill the combustion tube with copper

F1a. 20.

scraps. Heat strongly and aspirate a slow current of air
through the apparatus. Examine the nitrogen that collects
in the jar.

Experiment 69.—Mix a few grams of dried white of egg
(albumen) with an excess of copper oxide. Place the mixture
in an ignition-bulb tube, connect with a long ignition tube
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filled with copper scraps. Heat the contents of the bulb tube
strongly and also the long ignition tube, collect the gas
evolved over water. (See Fig. 21.)

Examine the gas in the tube. Explain all that has taken

place.
Fic. 21.
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Experiment 70.—Weigh out :—
10 grams NH,Cl (ammonium chloride),
10 « KNO, (potassium nitrite),
10 ¢« K,Cr,0, (potassium dichromate).
Introduce into a retort and pour in 30 c.c. water. Arrange
the apparatus as shown in the sketch (See Fig. 22), heat gently

Fia. 22.

and gradually over a Bunsen burner, and as the gas comes off
freely, lower or remove the flame. Collect several jars of the
gas over water. Examine its physical and chemical prop-
erties. Does it act in the same way as the gas obtained
above? Write the reactions by which the gas is prepared.
Why was potassium dichromate added? Make a mixture of
four parts of this gas with one part of oxygen gas in a tall
glass cylinder. Does it behave like ordinary atmospheric
air? What conclusions can you draw from these results?
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Experiment 71.—Place a coil of magnesium ribbon, resting
on a thin layer of asbestos in a piece of combustion tubing.
Arrange the apparatus as shown in the sketch. (See Fig. 23.)

Fi1a. 28.
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Pass a stream of nitrogen gas through the apparatus until all
air is displaced. Close the end (a) of the ignition tube. Heat
the contents of the tube strongly. Cool and observe the rising
of the water in the tube (b). What causes this? Explain all
that has taken place.

Water.

Experiment 72.—Heat a few fragments of wood gently in a
test-tube and observe the moisture given off. Repeat the
experiment, using a few small pieces of raw potato.

What do you learn from these experiments?

Experiment 73.—Repeat Experiment 72, using any organic
substance (starch, sugar, wood, etc.).

Are similar results obtained ?

What is meant by the term ‘ destructive distillation ?”

Experiment 74.—Burn a candle or a piece of wood. Hold
over it a dry beaker and observe the condensation of water.

Qery.—In all the above experiments how could it be
proved that water was produced ?

Experiment 75.—Introduce into an explosion pipette a
mixture of hydrogen and oxygen gases. Explode by means
of the electric spark. (Consult the Instructor)

Also burn hydrogen obtained from a zinc and sulphuric acid
generator and note the production of water. (Consult the
Instructor.)
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Also use the Hofmann apparatus for the decomposition of
water. (Consult the Instructor.)

Experiment 76.—Pass a stream of dry hydrogen gas over a
heated oxide. (Preferably copper oxide.)

Note the formation of water. (Consult the Instructor.)
See Fig. —.

Experiment 77.—Place in a heaker a little dry barium
hydroxide. Add cautiously a few drops of conc. sulphuric
acid. Note the result.

Write the reaction that has taken place.

Experiment 78.—Repeat, using calcium oxide (quick
lime.) Use great caution. Add only a drop or two at a time
of the cone. sulphuric acid. Are similar results obtained ?

Write the reaction that has taken place.

Experiment 79.—Place in a perfectly dry test-tube a little
barium hydroxide. Heat gently. Note the formation of
water vapor in the cooler part of the tube.

Experiment 80.—Bend a piece of glass tube, sealing one
end. (See Fig. 1 second tube.) Prepare three of these tubes.
Introduce into these tubes one or two crystals of « blue vitriol ”’
(CuS0,,5H,0), “green vitriol” (FeSO,,7H,0), and “white
vitriol ” (ZnS0,,7H,0), respectively. Heat gently and ob-
serve the liquid that collects in the cool part of the tube.

What has taken place ?

What name is given to water chemically combined in this
manner ?

Experiment 81.—Dissolve a small crystal of potassium per-
manganate in hydrant water, and prepare some distilled
water, using the apparatus shown in Fig. 28. Put into a
bottle and label.

Evaporate a little of the water on a piece of platinum foil,
see if a residue remains. Also evaporate a little Schuylkill
water and sea water (made by dissolving salt in water) in like
manner. Compare the results.
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Experiment 82.—Take two watch glasses; in one place
some crystals of sodium sulphate (Na,80,.10H,0) and in the
other a fragment of calcium chloride (CaCl,); leave exposed
for a few days.

What changes take place?

What two terms are used to express these changes?

Solution.
(¢) Gas in Liquid.

Experiment 83. — Boil a little ammonium hydroxide
(NH,OH) in a test-tube. Quickly invert and place in a dish
containing water and a little copper sulphate solution.

Explain what takes place.

(b) Liquid in Liquid.

Experiment 84.—Place in a test-tube a little water colored
with a dyestuff, and in another put a little alcohol. Carefully
add one to the other and observe whether they are miscible
in all proportions.

(¢) Solid in Liqusid.

Experiment 85.—Place in beakers pulverized copper sul-
phate, potassium dichromate, and common salt. Add water
to each. Stir with a glass rod. Boil and note whether they
dissolve more easily in the cold or with heat.

Evaporate down to small bulk, and set aside to crystallize.

Examine the crystals formed and see whether or not they
contain water of crystallization.

Query.—How could you show that the water had dissolved
the various solids used ?

Solubility of Various Chemical Compounds.

Experiment 86.—Determine the solubility of the following
compounds :—
NaCl
K,Cr,0,
CaSO,
Na,CO,
KNO,
NH,NO,.
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Fill a large beaker with water. Place this over the Bun-
sen burner and heat to boiling. Fill a large sized test-tube
about three-fourths with distilled water. Place in this enough
of the compound under examination to form a saturated
solution at 100° C., the temperature of the boiling water.
Shake the contents of the test-tube thoroughly to insure com-
plete saturation of the solution.

Keep the test-tube immersed in the beaker of water and
place in it a thermometer.

Draw out 2 c.c. of the clear solution by means of a pipette.
Place in a weighed 50 c.c. stoppered flask, and when cool
ascertain the weight, and transfer to a weighed evaporating
dish. Evaporate to dryness and ascertain the weight.

Remove the Bunsen burner and in like manner remove
portions of 2 c.c. at varying temperatures as indicated by the
thermometer. :

Tabulate the result in the form of a plotted curve. (Con-
sult the Instructor.) )

Hydrogen.

Experiment 87.—Fill an evaporating dish with water acid-
ulated with a little sulphuric acid.

Fill two small test-tubes with acidulated water, invert and
place in the evaporating dish. Slip over them leaden rings
to keep them in an upright position. Connect a wire from
the electric light above the desk and pass a current of elec-
tricity through the water, having one wire inside of one tube
and one in the other. Use a direct current.

What change takes place?

What are the respective volumes of the two gases obtained ?

What is the behavior of each toward a lighted match ?

Experiment 88.—Place water in two evaporating dishes.
In the one throw a small fragment of sodium, and in the
other a small fragment of potassium.

What takes place in each case?

Why is flame seen in one case?

Write the reactions that have taken place.

Caution.—Metallic sodium and potassium should be always

5
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kept under naphtha or some other liquid which does not attack
them. Never touch with the fingers, but use the forceps.

Experiment 89.—Place some water in a large-sized evapo-
rating dish. TFill a large test-tube with water, invert and
place in the dish of water, slipping a leaden ring over the
tube to keep it in an upright position.

Introduce a small piece of the metal magnesium into the
tube.

Pour hydrochloric acid into the dish, mix with the tube,
and observe the action on the metal.

Test the gas obtained with a lighted match. Does it burn ?

Write the reaction that has taken place.

Experiment go.—Arrange an apparatus as shown in Fig.
28. Introduce about 10 grams of zinc (granulated) into the
flask. Cover with water and pour in dilute sulphuric acid
through the thistle-bulb tube.

Collect several jars of the gas given off, using the pneumatic
trough and collecting over water.

Write the reaction that has taken place.

When the action is over, pour out the contents of the flask
into an evaporating dish and leave to crystallize.

What substance is obtained? Do the crystals contain water
of crystallization? How could you show it?

Experiment g1.—Examine a jar of the gas obtained. Note
whether it is heavy or light; whether it has an odor or not,
and if it reacts with litmus papers.

Experiment g2.—Ascertain if the gas burns and if it sup-
ports combustion. Mix a little air with a jar of the gas;
light, holding the jar mouth downwards and observe the
result.

Experiment 93.—Arrange an apparatus as shown in Fig.
24. Place in the piece of combustion tubing a little copper
oxide {CuO). Pass a stream of dried hydrogen gas over the
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powder, and heat at first gently and then strongly with a
Bunsen burner. Explain what takes place.

Fia. 24.
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What is meant by a reducing agent ?

Explain how this experiment shows hydrogen to be a strong
reducing agent. Write the reaction that has taken place.

Make a tabular statement of the physical and chemical
properties of hydrogen.

Ammonia.

Experiment g4.—Ammonia can be produced by the de-
structive distillation of any organic substance containing
* nitrogen.

Query.—Recall what is meant by the term ¢ destructive
distillation.”

Place in dry test-tubes a little egg albumin, or a small
piece of meat. Heat strongly over a Bunsen burner. Test
the gases given off by means of moistened red litmus paper.
Note the change in color. What does this indicate ?

Explain what has taken place.

Experiment 95.—Mix thoroughly equal parts of ammon-
ium chloride and quicklime (NH,Cl and CaO); place the mix-
ture in a flask and heat gently. Collect the gas in a glass
cylinder by upward displacement. (See Fig. 25.)
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Write the reaction that has taken place.

Note the odor of the gas obtained.

Use great caution in smelling this gas!

What is left behind in the flask ?

Pass some of the gas into water, using the device shown in
Fig. 26.

Fia. 25. F1a. 26.

U

Pass the gas by means of a rubber tube into the retort

through the tubulure. Remove the gas generator, close the

rubber tube by means of a pinch-cock or a bit of glass rod,
and observe the water rise in the retort as the gas dissolves.

Query—Why is the gas not collected over water, as was
done in experiments with other gases?

Experiment 9g6.—Try the action of the. gas on a piece of
wet litmus paper; on filter paper wet with a solution of cop-
per sulphate; with mercurous nitrate.

What is the result in each case?

Hold a glass rod wet with hydrochloric acid in the gas.
What is the result? Explain what takes place.

Experiment g7.—To a solution of ammonium chloride in a
beaker, add a solution of sodium hydroxide or potassium
hydroxide. Stir with a glass rod and warm gently.
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Explain the reaction that takes place.

Test the gas that comes off as in the experiment above.
Do you get the same results?

Query.—Could any salt of ammonium be used ? Ascertain
this experimentally.

Nitric Acid (HNO;).

Experiment 9g8.—Arrange an apparatus as shown in the
sketch. (See Fig. 27.)

Fia. 27.
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In the retort place about 25 grams of sodium nitrate
(NaNO,) and pour in through a small funnel enough concen-
trated sulphuric acid (H,SO,) to cover it.

Replace the glass stopper and heat gently over a Bunsen
burner and collect the distillate in a small flask cooled by a
stream of water from the spigot.

Examine the liquid.

Dip bits of litmus paper into it; also bits of filter paper,
cloth, ete.

What is the action ?

Write the reaction of the sulphuric acid on the sodium
nitrate.

Properties of Nitric Acid.

Experiment 99.—Try the action of the liquid on small
pieces of copper, zinc, tin, and lead, placed in shallow evapo-
rating dishes.
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What takes place?

What are the products formed in each case?

How does the product obtained from the tin differ from the
others?

Be very careful not to breathe the fumes given off.

Caution.—Nitric acid is an extremely corrosive and dangerous
substance. Use great care. See that none of it touches the skin or
the clothing.

Experiment 100.—Add to some nitric acid placed in an
evaporating dish, ammonium hydroxide until the solution is
alkaline. Boil down to small bulk and set aside to cool.
Save the solid mass that forms for future work.

What is this solid ?

Experiment 1o1.—Place a little concentrated nitric acid in
an evaporating dish. Heat over a Bunsen burner, and when
quite hot introduce a glowing match-end. Note the oxidiz-
ing effect of the nitric acid on the carbon.

Experiment 102.—Place a little dilute indigo solution in a -
test-tube. Add a few drops of nitric acid and note the result.

Experiment 103.—Place a small piece of phosphorus in a
porcelain evaporating dish. Pour in a few c.c. of nitric acid.
“Warm gently on the water bath until the phosphorus has all
disappeared.

Danger! Use great caution in doing this. Test the solution
for phosphoric acid in the following manner:

Pour into a test-tube, add ammonium molybdate, and
observe the formation of the yellow ammonium phospho-
molybdate.

Experiment 104.—Place some nitric acid in a small flask
and add sulphur. Boil for some time and test the liquid for
sulphuric acid by means of barium chloride.

Observe the formation of BaSO, white insoluble precipitate.
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Oxides of Nitrogen.
(N,0. N,0, N,0, N, 0. N,0,)

Experiment 105.—Preparation of N,0.—Place in a retort
the ammonium nitrate prepared from the last experiment.
Connect with a bent delivery tube. (See Fig. 22.) Heat
gently and collect the gas evolved over hot water.

Why is it necessary to use hot water?

Collect several jars of the gas, and examine its properties.

Write the reaction that has taken place.

Experiment 106.—Preparation of N,0, or NO.—Place some
copper scraps in a flask fitted with a bent delivery tube. (See
Fig. 28.) Pour some dilute nitric acid through the thistle-
bulb tube, and collect the gas given off over water.

F1a. 28.

Write the reaction. Fill several jars with the gas and ex-
amine its properties.

What takes place when this gas comes in contact with the
air?

What compound is formed ?

What constituent of the air has combined with it? Prove
this experimentally.

N,0,,—What is the name of this oxide?
What acid does it form when it combines with water ?
Give the formula.
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What name is given to salts of this acid ?
Give examples with potassium and sodium.

Experiment 107.—Preparation of N,0, or NO,—Place in a
perfectly dry retort 25 grams of lead nitrate. (See Fig. 29.)
Heat at first gently and finally rather strongly. Pass the gas
evolved through a U-tube placed in a freezing mixture of
cracked ice and salt. Pour the liquid obtained into a slightly
warmed tall cylinder jar.

Examine the properties of the gas.

Write the reaction that has taken place.

Fra. 29.

N,O,,—What is the name of this oxide?

What acid does it form when it combines with water?
Give the formula.

What name is given to salts of this acid ?

Give examples with potassium and sodium.

A Study of Neutralization.
Acids, Bases, and Salts.

Experiment 108.—Weigh 10 grams of solid caustic soda
(NaOH) in a small beaker, and dissolve in about 200 c.c. of
water. Add hydrochloric acid (HCI) slowly, stirring the
solution with a glass rod and examining from time to time by
means of a piece of blue litmus paper. So long as the solu-
tion is alkaline it will cause no change in the color of the
paper, but the instant it passes the point of neutralization the
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paper is turned red. When this point is reached transfer to
an evaporating dish, evaporate to complete dryness and see
what is left. Taste the substance.

Does it suggest any familiar substance ?

Is it alkaline, acid, or neutral to test papers?

Heat a little of the powder in a test-tube with a few drops
of sulphuric acid (H,SO,). :

What gas is given off?

Write the reaction.

Dissolve another portion of the powder in a test-tube and
add silver nitrate (AgNO,). ’

What takes place ?

Write the reaction.

Heat another portion of the powder in the loop of a plati-
num wire in the flame of a Bunsen burner.

What color is imparted to the flame ?

The presence of what substance is indicated by this colored
flame ?

In consideration of all the above facts, what have you
learned in regard to the action of hydrochloric acid (HCI) on
sodium hydroxide (NaOH)? '

Write the reaction that took place between the two sub-
stances, stating the relative weights that entered into chemical
combination.

Query.—How much hydrochloric acid was needed to exactly
neutralize the 10 grams of NaOH used ?

Experiment 109.—Repeat the same experiment using nitric
acid (HNO,) instead of hydrochloric acid. Examine the
product formed as in the experiment above. Also heat a
little of it in a glass tube closed at one end.

What takes place?

Explain the action of nitric acid on sodium hydroxide and
write the reaction, stating the relative weights of the two sub-
stances that have combined.

Experiment 110.—Similarly use sulphuric acid (H,S0,) and
caustic soda (NaOH).

Note.—Use diute sulphuric acid. Write the reaction and

6
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state, as before, the relative weights that have chemically
combined.

Query.—Do similar reactions take place when potassium
hydroxide (KOH) is used instead of sodium hydroxide
(NaOH)?

In all these cases of chemical combination of an acid with
a base, note the heat given off. This is always an indication
that chemical action has taken place.

What are the invariable products resulting from the action
of an acid on an alkali (a base)?

Experiment 111.—Place about 250 c.c. dis-
tilled water in each of four glass-stoppered
bottles of convenient capacity. Add to the first
about ten grams solid NaOH ; to the second
about the same amount of solid KOH; to
the third about 10 c.c. conc. H,SO, and to
the last about the same amount of strong
HNO, Shake the contents of each bottle
thoroughly and label each. Thoroughly
clean and rinse out a pair of burettes (50 c.c
graduated in {th of 1 c.c.). Label the one
“alkali” and the other “acid.” (See Fig. 30.)

Pour some of the dilute NaOH previously
prepared into the “alkali” burette. Rinse
it out with this solution and then fill to the
zero mark. In like manner fill the other
burette with the dilute sulphuric acid.

Take a small perfectly clean beaker and
pour into it about 100 c.c. distilled water.
Now run in carefully from the burette a
measured quantity of the dilute sodium
hydroxide (say 10 c.c.). Add a few drops
of an indicator (use litmus solution or phenol-pthaléin). Run
in from the acid burette a sufficient quantity of the dilute
sulphuric acid until neutralization is effected. Stir constantly
with small clean glass rod, and note the point at which the
color of the indicator changes, thereby showing the point

Fia. 30.
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when neutralization is reached. (See Fig. 81 for the con-
struction of the valve of the burette.)
Repeat this two or three times, taking the F1G. 81.
" same quantity of the sodium hydroxide each -
time. Now repeat several times taking
different quantities of the sodium hydroxide.
Record all results and tabulate these results
in the form of simple ratios. . 14
Repeat all the above using the dilute
solutions of potassium hydroxide and nitric
acid. As before record all results and tab-
ulate in the form of simple ratios.
If time permits repeat using sodium
hydroxide and nitric acid, potassium hy-
droxide and sulphuric acid.
What important fact has been learned
from these experiments?
Give a brief summary of all that you have
learned from this Study of Neutralization.
Prepare a table showing the relative
molecular quantities of bases and acids that
neutralize one another on a basis of one
atom of replaceable hydrogen. Use the fol-
lowing bases and acids.

NaOH HCl
KOH HNO,
Na,CO, H,S0,
Na,CO,.10H,0 H,PO,
NaHCO, HC,H,0,
NH,0H H,C,H,0,
NH, H,C,0,.2H,0
Ba(OH), - H,BO,
Chlorine.

Note.—Perform all the experiments under this heading
under the “ Hood.”

Caution.— Be careful not to inhale any of the gas.

Inhale alcohol fumes as antidote.
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Experiment 112.—Use the Hofmann apparatus for the elec-
trolysis of hydrochloric acid and chlorides.
(Consult the Instructor.)

Experiment 113.—Place in a small test-tube a little common
salt (NaCl); in another a little MnO, (manganese dioxide).
Add some dilute H,SO, (sulphuric acid) to each ; heat in the
flame of a Bunsen burner and note the results. Hold in the
mouth of the test-tubes bits of litmus paper. Note the results.
Now pour the contents of the test-tubes into another large test-
tube, heat and observe the results.

Note color and odor of the gas evolved, and the effect of it
on a piece of litmus paper.

Experiment 114.—Arrange an apparatus as shown. Use
a flask of one litre capacity. (See Fig. 32.)

Place in the flask a mixture of

FiG. 32. common salt (NaCl) and MnO,

V (about 25 grams of each); pour

through the thistle-bulb tube some

dilute H,SO,. Heat gently and

‘collect several jars of the gas by

downward displacement. Write

the reactions.

Note the color and odor of the

gas. Does it support combustion ?

\ Note its effect on bits of moist-

I ened red and blue litmus paper.

H \ \ Is the gas soluble in water?

:":ET'

Prepare about 200 c.c. of “Chlor-

qp[L i ine water.” .
I FEEn ) Experiment 115.—Place a so-

lution of sodium iodide in one
test-tube and a solution of sodium bromide in another. Add
to each a few drops of chloroform. Add now a few drops of
the chlorine water prepared in the previous experiment;
shake the contents of the tubes and note the results.
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Explain the action of the chlorine.

Write the reactions.

Why is chloroform used ?

Could anything else be used in its place ?

Experiment 116.—Place some MnQO, in a 250 c.c. flask
arranged as in Experiment 114, add some HCl and heat
gently.

Examine the gas evolved.

Is it the same as the gas obtained in the last experiment ?

Write the reaction.

Collect several jars of the gas, as before.

Experiment 117.—Place some bleaching powder in a test-
tube, add dilute HCI and heat gently.

Examine the gas obtained and compare results with the
above.

Is the same gas obtained ?

Properties of Chlorine.

Experiment 118.—Into a jar of the gas under examination,
shake from a piece of paper a little powdered antimony (Sb).

Note the results. '

What has taken place ?

Attempt to dissolve some of the powder formed in pure
water and in water acidulated with HCl.

Experiment 119.—Into a jar of the gas introduce a leaf of
“ Dutch metal ”’ (an alloy of copper and zinc).

What takes place?

Explain the result.

Experiment 120.—Moisten a bit of filter paper with a few
drops of hot turpentine and introduce by a pair of pincers
into a jar of the gas.

Note the results.

Explain what takes place.
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Experiment 121.—Into another jar of the gas introduce two
pieces of red litmus paper, one dry and the other wet.

Compare the results.

Explain the chemical principle of the bleaching power
of Chlorine.

Write the reactions.

Make a table of the physiéal and chemical properties of
chlorine.

Hydrochloric Acid (HCI). .

Experiment 122.—Arrange an apparatus as shown. (See
Fig. 32.) (Use the Hood.) Place in the flask (of 1 litre
capacity) about 30 grams of common salt (NaCl). Pour in
through the funnel tube, gradually, about 50 grams of dilute
sulphuric acid. Note the gas that is evolved. When the
evolution of gas slackens, warm the flask gently, and heat
until all the gas is expelled. Write the reaction that has
taken place. Collect a few jars of the gas by downward dis-
placement. Note the effect of the gas on pieces of litmus
paper. Hold a glass rod wet with ammonium hydroxide in
a jar of the gas. Explain what takes place. Invert a jar
of the gas in the pneumatic trough filled with water.

Is the gas soluble in water ?

Pass the gas into a small flask in which water has been
placed.

Pour a little of this solution into a few fragments of zinc
placed in an evaporating dish. Explain what takes place.
What gas is evolved? How could you prove it?

When the contents of the large flask are cool, dissolve in
the least possible amount of warm water, filter and set the
clear solution aside to crystallize.

What substance is left in the flask after all the hydrochloric
acid has been expelled ?

What is the composition of the crystals obtained ?

Experiment 123.—Precipitate the following insoluble chlo-
rides :—

AgCl, Hg,Cl,, PbCl,.










HYPOCHLOROUS ACID. 47

To solutions of silver nitrate, mercurous nirtate, and lead
acetate, placed in test tubes, add the solution of hydrochloric
acid prepared in the foregoing experiment. Note the color
and appearance of each chloride formed.

Hypochlorous Acid (HCIlO).

Experiment 124.—Arrange an apparatus as shown. (See
Fig. 33.)

Place in the retort a filtered solution of “bleaching powder ”
(CaCl,, Ca(C10),).

Add a little dilute nitric acid (one part of acid to three
parts of water).

Heat gently and examine the liquid that distils over and
collects in the small flask.

Note its action on pieces of litmus paper. Explain why it
bleaches. Write the reaction by means of which this acid
was prepared.

Preparation of Potassium Chlorate (KClO;).

Experiment 125.—Dissolve 50 grams of potassium carbon-
ate in the least possible amount of water. Pass a stream
of chlorine gas through the solution until it no longer has an
alkaline reaction.

Dilute to about 200 c.c. and set aside to crystallize.

Reaction :—

8K,CO, + 6C1 = KC10, + 56KCl + 3CO,.
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Preparation of Sodium Chloride (NaCl).

Experiment 126.— Calculate the theoretical amount of crys-
tallized sodium carbonate (Na,CO,10H,0) that it will be neces-
sary to take to obtain 25 grams of sodium chloride (NaCl).

Weigh this amount as accurately as possible. Choose clear
crystals. (Why?)

Introduce into a flask of 1 litre capacity and add hydro-
chloric acid (HCI), little by little, until no further action takes
place and the contents of the flask have an acid reaction.

What gas is given off ?

Introduce a lighted candle and note the result.

What compound is in the solution ?

Write the reaction that has taken place.

Pour the contents of the flask into a large evaporating dish
that has previously been carefully weighed. Rinse out the
flask and add the rinsings. Evaporate to dryness, and gently
ignite -until the excess of acid has been expelled. Cool the
dish and carefully weigh.

The weight of the dish subtracted from this weight will
give the weight of the sodium chloride.

Record the weights, and explain the result of the experi-
ment.

Dissolve the sodium chloride obtained in the least possible
amount of hot water.

Set aside to crystallize spontaneously.

Note the curious “ hopper-shaped ” crystals obtained.

Bromine (Br).

Experiment 127.—Arrange a retort and flask as shown in
sketch. (See Fig. 33.)

Introduce into the retort a few grams of sodium bromide
(NaBr) and a little nanganese dioxide. Add dilute sulphuric
acid, pouring it into the retort by means of a small funnel,
and warm the mixture gently.

Observe the red liquid that collects in the small flask.

Note—Keep the flask as cold as possible with a constant
stream of water from the hydrant.

Write the reaction that has taken place.
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Experiment 128.—Pour a drop of the liquid into a jar
which has been previously warmed. Note the fumes pro-
duced. Drop a little powdered antimony into the flask.

What takes place?

Experiment 129.—Into another jar that has been warmed
pour a drop of the red liquid prepared in the first experiment.

Do the vapors support combustion ?

Introduce pieces of moist litmus paper.

What takes place?

Experiment 130.—Pour the remainder of the red liquid in
the flask into a jar; add water and see if it dissolves. (Save
the result for future work.)

Note.—Make a table of the physical and chemical properties
of bromine.

Preparation of Bromides.

Experiment 131.—Place the “bromine water”” obtained in
the last experiment in a porcelain evaporating dish and add
a solution of sodium hydroxide, until the color has nearly
disappeared. Stir constantly with a glass rod. Evaporate to
dryness and then thoroughly ignite the residue.

What is this residue ? .

When cool, dissolve in water and keep for future ase.

Experiment 132.—Precipitate the following insoluble bro-
mides :—

AgBr, Hg,Br,, PbBr,.

To solutions of silver nitrate, mercurous nitrate, and lead
acetate, placed in test tubes, add the solution prepared in the
above experiment.

Note the color and appearance of each bromide formed.

Todine (I).

Experiment 133.—Prepare iodine in the same way that
bromine was prepared. (See Fig. 33.)
7
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Note the appearance of the substance that collects in the
small flask, and the color of the fumes.
Write the reaction that has taken place.

Experiment 134.— Dissolve a little of the solid obtained in
the above experiment in alcohol. Prepare in a beaker a little
boiled starch. Add a few drops of the solution and note the
result.

Query.—WouldJchlorine or bromine give similar results?

Experiment 135.—Ascertain if iodine has any bleaching
power.

How does it compare with bromine in this respect ?

Note.—Make a table of the physical and chemical properties
of iodine.

Preparation of Iodides.
Experiment 136.—Prepare sodium iodide in the same way
that thelbromide was prepared.
Dissolve in water, use the solution to prepare the following
insoluble iodides. Note the color and appearance of each.

Agl,
Hg L, , Hgl,
PbI,,

Precipitate these in the same way that the bromides were
precipitated, using solutions of silver nitrate, mercurous
nitrate, lead nitrate and mercuric chloride.

The Halogens.
(Chlorine, Bromine, Iodine.)

Comparative Study.

Experiment 137.- Place in three dry test-tubes a little
NaCl, NaBr, and Nal, and add to each a few drops of con-
centrated sulphuric acid.

What results are obtained ?

What do these results show ?
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Experiment 138.—Place in three dry test-tubes powdered
manganese dioxide (MnO,) mixed with NaCl, NaBr, and Nal
respectively. Add to each a little dilute sulphuric acid, warm
gently and note the results obtained in each case. Place in
the mouth of each tube a bit of moistened red litmus paper;
compare the results obtained.

Experiment 139.—Prepare a thin solution of boiled starch
paste. Pour a little into three test-tubes and add to each a
little chlorine water, bromine water, and a solution of iodine.,
Compare the results obtained.

Experiment 140.—Place a number of clean test-tubes in the
test-tube rack, and precipitate in them the chlorides, bromides,
and iodides of the metals silver, lead, and mercury. Make a
comparative study of these compounds.

Query.—What is formed when a caustic alkali is added to
chlorine, bromine, or iodine ?

Make full tabular comparisons of the properties, both physi-
cal and chemical, of chlorine, bromine, and iodine; also of
the results obtained in the above experiments.

Sulphur.
Physical Properties.

Experiment 141.—Examine a piece of roll sulphur, note its
appearance, color, odor, hardness, taste, etc. Rub the piece
of sulphur briskly on the coat sleeve, note the electricity
developed and the power that it now has of attracting small
bits of filter paper.

What change has taken place?

Is it physical or chemical ?

Experiment 142—Place a small fragment of sulphur in a
test-tube, heat gently, and see if it can be made to assume the
liquid and gaseous states. Heat more strongly and note the
differences in viscidity of the sulphur at different stages of this
experiment.

Be careful that the sulplhur does not take fire and burn.
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Experiment 143.—Determine the solvent action on sulphur
of the following: water, acids, alkalis, alcohol, carbon disul-
phide.

To determine the solubilities, place small quantities of the
sulphur in test-tubes, add the reagents named, shake well and
note the effect.

Chemical Properties.

Experiment 144.—Attempt to light a small piece of sulphur
and see if it burns.

Query.—Is the kindling point of sulphur high or low ?

What is formed when sulphur burns?

Experiment 145.—Determine if sulphur can be made to
combine directly with metals.

Heat together in test-tubes small quantities of sulphur with
iron, copper, lead, and zinc.

Is a new compound formed in each case?

What are these compounds ?

Allotropic Modifications of Sulphur.

Experiment 146.—Dissolve a small fragment of roll sulphur
in carbon disulphide in a test-tube, pour the solution obtained
into a large, clean, dry beaker and allow it to evaporate spon-
taneously. Note the form of the crystals obtained.

N. B.—Bear in mind the caution before given in regard to
carbon disulphide. See that no flame is in the vicinity.

Experiment 147.—Fill a test-tube to the depth of about an
inch with sulphur, warm until the sulphur is melted and
limpid, remove the heat and as it cools watch the forma- .
tion of crystals as they shoot out from the comparatively cold
walls towards the centre of the liquid. Note the difference in
form between these crystals and those obtained by evaporat-
ing the solution of sulphur in carbon disulphide in the previ-
ous experiment.

Experiment 148.—Place some sulphur in a test-tube, heat
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until it turns dark colored and commences to boil; pour
into a beaker full of cold water; note the plastic non-crystal-
line form of the sulphur obtained. (See Fig. 34.)

Dry some of this plastic sulphur; keep for a
few days and note the changes that take place in it.

Caution.—Be careful that the sulphur does not
take fire and burn in this experiment. The fumes
Jormed by burning sulphur are very choking; be
careful not to inhale them.

Hydrogen Sulphide (H,S).

Experiment 149.—Pass dry hydrogen gas over a few frag-
ments of sulphur placed in a combustion tube and heated
with a Bunsen burner. Test the gas that escapes from the

Fia. 85.
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end of the tube with a paper moistened with Pb(C,H,0,),.
(See Fig. 35.)
Explain all that has taken place.

Experiment 150 —Repeat the above, using a sulphide such
as CuS in place of the sulphur.
Are similar results obtained ?

Experiment 151 —Place a few fragments of FeS in a flask
fitted with a thistle-bulb tube and delivery tube. Add dilute
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H,S0,, or dilute HC], and examine the gas given off. (See
Fig. 36.)

Does it burn? Pass some of this gas over a heated oxide,
such as CuO or PbO. What reaction takes place?

Fia. 36.

Sulphides (H,S).

Experiment 152.—Arrange an apparatus as before and
prepare H,S by the action of dilute hydrochloric acid on FeS.
Pass the H,S gas into a bottle filled with water until the
solution smells strongly.

Use this solution of H,S in water to precipitate the sul-
phides of the following metals:—

Silver . . . . (use AgNO,).
Mercury . . . . (% Hg(NOy),).
. Lead . . . . . (“ Pb(CH,0,),).
Bismuth . . . . (* BiCl).
Mercury . . . . (“ HgCl).
Copper . . . . (* CuS0,).
Cadmium . . .. (* CdSO,).
Arsenic . . . . (“ AsCl).
Antimony . . . . (“ SbClL).
Tin . . . . . (“ SnCl).
Tin . . . (“ SnCl).

Note the colors and properties of the precipitates obtained.
Write the reactions that have taken place.
Note.—Prepare the solution of H,S under the hood.
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Experiment 153.—Prepare a solution of ammonium 7sul-
phide by passing H,S gas into a solution of ammonium
hydroxide, placed in the bottle marked “ Ammonium sul-
phide (NH,),S.”

With this solution so prepared, precipitate the following
solutions :—

Iron . . . . . . (use FeSO,).
Aluminium . . . . (“ ALCl).
Chromium . . . . ( CrCly).
Nickel . . . . . (* NiCL).

Cobalt . . . . . (“ CoCL).
Zinc . . . . . . (*“ ZnCl).
Manganese . . (*“ MnCL).

Query.—Do aluminium and chromlum form sulphides?
If not, what is the composition of the precipitates obtained by
adding the (NH,),S?

Note the colors and properties of the precipitates obtained.

Write the reactions that have taken place.

Note.—Prepare the solution of (NH,),S under the hood.

Sulphur Dioxide.

Experiment 154.—Place a small lump of sulphur in a
deflagrating spoon, light it, and introduce into a glass jar;
examine the gas formed. Note its bleaching action on moist-
ened litmus paper or delicate tinted flowers.

Experiment 155.—Place in a flask a few scraps of copper,
cover with a little concentrated H,SO,, and heat. Note the
gas evolved. (See Fig. 32.)

Is it the same gas as that obtained in the experiment
above?

Write reaction.

Experiment 156.—Place some powdered charcoal in a test-
tube and cover with concentrated H SO‘, warm gently and
note the gas evolved.

Is this gas the same as that obtained in the two experiments
above ?

Write the reaction.
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Sulphur Trioxide.

Experiment 157.—Strongly heat a crystal of ferrous sul-
phate in a test-tube ; after the water of crystallization is driven
out, note the gas evolved ; hold pieces of litmus paper in it;.
note the effect.

Write the reactions that have taken place.

Experiment 158.—Heat some fuming sulphuric acid, H,S,0,,
in a test-tube and note the gas evolved.

Isit the same as the gas obtained in the expenment above?

Write the reaction.

Query—In what ways can you distinguish sulphur dioxide
from sulphur trioxide ?

Caution.— Be very careful not to inhale the fumes of SO, nor
of SO,. They are very suffocating.

Sulphurous Acid (H,S80;).

Experiment 159 —Pass a stream of sulphur dioxide gas
through water contained in a beaker; prepare the gas by
acting on copper with sulphuric acid. (See Fig. 32.)

Examine the solution obtained ; notice its odor, immediate
action on blue litmus paper and the subsequent action.

What is the action of NaOH on this solution ?

Is its odor changed ?

Is its acid character changed ?

Why are these changes produced by the NaOH ?

Write all reactions involved in the above changes.

Experiment 160.—Pass a stream of sulphur -dioxide gas
through a solution of sodium or potassium hydroxide. Pass
the gas until the solution smells strongly of SO,; now add
NaOH or KOH, drop by drop, until the solution is neutral to
litmus paper. Concentrate the liquid so obtained and allow
it to stand to crystallize.

What is the composition of these crystals?

Write all reactions involved in their formation.

What gas is liberated upon the addition of acids (HCI or
H,S0,) to this salt?
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Sulphuric Acid (H,SO,.)

Experiment 161.—Place about 5 grams of flowers of sulphur
in a flask and cover with concentrated nitric acid. Keep this
mixture boiling gently for 15 or 30 minutes. (Do this under
the hood.)

What is the action of nitric acid upon sulphur?

In answering this question, consider whether nitric acid is
an oxidizing or reducing agent (see lecture notes on nitric
acid); consider also the action of the resulting liquid on a
solution of barium chloride, observing the facts that the pre-
cipitate is white, is insoluble in water and in acids.

Experiment 162.—Arrange an apparatus as shown in Fig.
37. In “a” place some copper scraps and cover with concen-

Fia. 37.

£

—

trated sulphuric acid; in “b” place a few scraps of copper
turnings and nitric acid (1 to 1); and in “c” place water.
Boil the water and cause the steam to pass into a litre flask ;
boil the Cu and H,SO, and cause the gas to pass into the same
flask ; also pass in gas from Cu and HNO,. When the brown
fumes from the last are present in excess, discontinue their:
addition until the contents of the litre flask have again.
8
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become colorless; then pass in the brown vapors once more,
- remove them when again in excess, and so continue alter-
- nately until an appreciable amount of liquid has collected at
the bottom of the litre flask. Remove the three generators
and pour the contents of the flask into a beaker. Pour one-
half of the liquid into a clean evaporating dish, and evaporate
to a syrupy consistency. Note the similarity between this
and the concentrated sulphuric acid of commerce, “Oil of
Vitriol.” ’
Examine the behavior of the other half of the fluid toward
litmus paper, sodium carbonate, and barium chloride. Record
‘the result in each case and explain the action. Observe the
action of the concentrated acid obtained above on a piece
of filter paper.
In the light of the preceding experiment, give an explana-
tion of the formation of H,SO,, by the method just employed.

Properties of Sulphuric Acid,;
Experiment 163.—Observe the chief properties of sulphuric
acid. Explain its action on organic substances.

Is it a bleaching agent?
Add dilute sulphuric acid to solutions of :—

Lead acetate (Pb(C,H;0,),).

Barium chloride (BaCl,).

Strontium chloride (SrCl,).

Calcium chioride (CaCl,).
What is the composition of the precipitates obtained ?
Write all reactions.

Preparation of Vitriols.

. Experiment 164.—Green vitriol (crystallized ferrous sul-
- phate), FeSO,, 7H,0.—Dissolve 25 grams of iron (nails) in
about 200 c.c. dilute sulphuric acid (1-4), heat gently to aid
-the solution of the iron, and finally, when the action has
. almost ceased, pour into a clean evaporating dish. Filter if
necessary. Allow to crystallize.

Write the reaction which occurs when iron dissolves in sul-
phuric acid.
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Experiment 165.— Blue vitriol (crystallized copper sulphate),
CuS0,, 5H,0.—Dissolve 25 grams of copper in nitric acid
(1-3), evaporate to remove the excess of the acid. Dilute with
water, heat to boiling in a porcelain dish and add sodium
carbonate solution until a precipitate no longer forms. Filter
the black precipitate of oxide of copper and wash it with hot
water. Finally dissolve this precipitate in hot dilute sul-
phuric acid, being careful to avoid an excessive quantity of
the acid. Concentrate and allow to crystallize.

Write the reactions and state the reasons for the various
operations performed in the preparation.

Experiment 166.— White vitriol (crystallized zinc sulphate),
ZnS0,, 7TH,0.—Dissolve granulated zinc in dilute sulphuric '
acid, (1:4) keeping the zinc in excess so that the whole of
the acid will be neutralized. Filter when the action has
almost ceased and allow to crystallize.

Write the reaction involved in the solution of zinc in sul- -
phuric acid.

Prove the presence of the water of crystallization in the
vitriols. ‘
Why do they bear the name * vitriols?”

Preparation of Alums.

Experiment 167.—Common alwm, Al,(SO,), K,SO, 24H,0.
—Dissolve 20 grams of aluminium sulphate and 10 grams
of potassium sulphate is not too large a quantity of boiling
water. Filter the solution into a clean porcelain dish, protect
from dust, and allow to stand until crystals form.

Experiment 168.—-fron ammonium alum, Fe(SO,), (NH,) -
SO,, 24H,0.—Dissolve 20 grams of crystallized ferrous sul-
phate in water, add 3.5 grams concentrated sulphuric acid,
stir and add a little concentrated HNO,; heat to boiling, and
continue the addition of the HNO, until the liquid is of a
pure yellow or brown color and no further change seems to
take place upon the addition of more acid. Evaporate the so-
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lution and add a filtered solution of .ammonium sulphate (3.5
grams). Allow the liquid to crystallize.
Query.—Why was the nitric acid added ?

Experiment 169.— Chrome alum, Cr,(SO)),, K,SO,, 24H,0.—
Pass a stream of sulphur dioxide through a concentrated solu-
tion of potassium dichromate (K,Cr,0,) containing H, SO, until
the deep red solution has changed color and smells strongly of
SO,. Allow the solution to stand in order to crystallize. If the
solution is boiled or heated too hot, crystals cannot be obtained;
hence make the solution sufficiently concentrated before passing
the SO, gas, so as to do away with any necessity for evaporation
after that operation. (Prepare the SO, from Cu and H,SO,.)

Why was the SO, employed ?

Is its action in this case in accordance with its general
character ?

How could you show the presence of water of crystallization
in the alums?
Write underneath one another the formule of these three
alums, thus :(—
Al(SO,), K,SO,, 24H,0.
Fe,(SO,),, (NH,),SO,, 24H,0.
Cry(S0,),, K,SO,, 24H,0.

Do you notice any relation between these formuls; any
reason- why they should all be designated by the common
term ‘“alum ?”

What is an alum ?

Chromium. Acid Oxide (CrO;).

Experiment 170.—Dissolve a few crystals of ¢ chromic anhy-
dride” (CrOy) in water.

What acid is formed ?

Add sodium or potassium hydroxide until the solution is
neutral. Evaporate to small bulk and set aside to crystallize.

What compound has been formed ?

Experiment 171.—Add some potassium hydroxide to a
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solution of potassium dichromate, placed in a beaker, until
the color changes from red to yellow.

Explain this change.

What compound has been formed ?

Experiment 172.—To solutions of salts of silver, lead, mer-
cury, bismuth, and barium placed in test-tubes, add respec-
tively a solution of potassium chromate.

Note the characteristic chromate formed in each case.

Write all reactions.

Experiment 173.—To a solution of potassium dichromate
(K.,Cr,0,) placed in an evaporating dish, add a little sulphuric
acid (H,SO,) and then a few drops of alcohol. Boil gently
and stir with a glass rod.

What changes take place?

Explain the action of the alcohol.

Write the reaction.

Chromium. Basic Oxide(Cr;0,).

Experiment 174.—Pour a solution of chromium sulphate
into a beaker, boil and add a solution of sodium or potassium
hydroxide as long as a precipitate forms. Filter and wash
with hot water.

What is the composition of the precipitate ?

What is contained in the solution ?

How could you show this ?

Experiment 175.—Heat a little of the precipitate on plati-
num foil.

What takes place?

What is the composition of the powder left on the foil ?

Make a borax bead on a loop of platinum wire; when hot
dip it into the powder, then hold in the flame again, fuse well,
and note the color of the bead obtained.

Experiment 176.— Fuse some of the precipitate on platinum
foil with a mixture of sodium carbonate and potassium
nitrate. (Use the dry substances.) When well fused, cool and
note the color. Place in the beaker, add water and acetic
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acid until the substance is dissolved ; boil the liquid, and then
add a solution of Ph(C,H,0,),, What is obtained ?

Explain all that has taken place chemically during this ex-
periment. '

Query.—Why was the acetic acid added ?

Write the reaction.

Carbon (C.)

Experiment 177. —Heat some fragments of wood in a test-
tube fitted with a perforated cork and bent tube. (See Fig.
7.) Observe the products formed.

Is the gas given off inflammable ?

Examine the residue.

What is it ?

Explain what you understand by the term ¢ destructive
distillation.”

Experiment 178.—Repeat, using a piece of soft coal instead .

of the fragments of wood.

What is the residue left in the tube?

How do the products differ from those abtained in the pre-
céding experiment ?

Experiment 179.—Place a little granulated sugar in a porce-

lain evaporating dish, pour on it some concentrated sulphuric
acid (H,SO,) and note the result.

What is the black substance formed ?

Explain the action of the sulphuric acid.

Experiment 180.—Mix together some copper oxide (CuO)

and charcoal (C) and introduce into a test-tube fitted with a
F1a. 8. perforated cork and bent tube.

N Heat gently. (See Fig. 38.)

What gas is evolved ?

Allow it to bubble through
a solution of calcium hydroxide.

What takes place?

What does this experiment
show ?

Write all the reactions.
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Experiment 181.—Examine a bit of charcoal (carbon, C).
Is it fusible ? :

Does it dissolve in any of the ordinary laboratory reagents?

Experiment 182.—Examine a piece of graphite (plumbago,
black lead). Compare its properties with those of ordinary
carbon (charcoal). Place a small piece in a combustion tube;
heat strongly with a Bunsen burner; draw a current of air
over it.

What is the product formed ?

Experiment 183.—Repeat, using a piece of ordinary char-
coal. Compare the results obtained.

What are the chief properties, physical and chemical, of the
element carbon ?

Carbon Dioxide.
(Carbonic anhydride) CO,.

Experiment 184.—Arrange apparatus as in sketch. (See
Fig. 39.)

Fia. 39.

Introduce a few pieces of marble (CaCO,) into a flask and
pour through the thistle bulb tube some dilute HCI.

Collect the gas evolved by downward displacement. Ex-
amine the gas obtained. Note color, odor, etc.

Introduce a lighted candle. Does it support combustion ?
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Pour a jar of the gas on a lighted candle placed in a beaker.
Is the gas heavier or lighter than air?

Experiment 185.—Pour a little lime-water (Ca(OH),) into
a jar filled with gas, shake about and note the difference in
appearance of the liquid:

Write the reaction.

Experiment 186.—Place some lime-water (Ca(OH),) in a
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