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PREFACE

THIS manual is intended to accompany " Chemistry, an 
Elementary Textbook,” by the same authors, but it may 
be used advantageously in connection with any other text. 
It will prove interesting to teachers who wish to present 
that kind of chemistry which appeals to students because 
of its intense human interest.

The work outlined is intended for classes having eight 
to ten periods (approximately 45 minutes each) per week 
to devote to the subject. It is realized that this is more 
than can be given in all schools, so that a choice will some­
times be necessary. Yet the better students need not 
be tied down to the amount of work required of the 
slower members. Where the allotted time is too short 
for each student to perform all the work, it will prove in­
teresting if some students perform one experiment while 
others are doing another, both to be reported on in the 
classroom later. An abundance of material from which 
to choose is preferable to a minimum which must be 
amplified.

The beginning student should be given an extended 
experimental introduction to the subject of chemistry, 
inasmuch as its methods of approach are unfamiliar to him 
and many of its facts beyond his personal' experience. 
Hence, more time should be devoted to experimental work 
at the beginning of the course than later.

Every teacher realizes that good lecture table experi­
ments are quite as important as any feature of the course. 
There are included, therefore, a goodly number of experi-
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vi PREFACE

ments intended to be performed by the instructor while 
the class takes careful notes. These are generally too 
difficult for the average student, yet they cover points of 
such importance in the development of the science that 
students should see these demonstrations.

The following experiments should be required of all 
students: 1, 2, 5, 10, 18, 19, 21, 22, 24, 26, 28, 29, 30, 34, 
36, 39, 41 or 42, 44, 46, 49, 50, 51, 52, 53, 54, 57, 58, 59, 
61, 64, 65, 67, 69, 72, 73. As many others should be per­
formed as time will permit.

Suggestions for the improvement of this manual from 
teachers who have used it with classes will be appreciated 
by the authors.

W. C. MORGAN.
BERKELEY, 1912. J. A. LYMAN.
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SUGGESTIONS TO TEACHERS

IN the following experiments the shelf reagents are 
supposed to be about 10 per cent solutions; say 100 g. 
of the solute in a liter of water. Concentrated reagents 
are of the specific gravities given below and the dilute 
reagents are made as specified.

Hydrochloric acid, Sp. Gr. 1.19. Pour into 4 volumes of 
water.

Nitric acid, Sp.‘Gr. 1.42. Pour into 5 volumes of water. 
Sulfuric acid, Sp. Gr. 1.84. Pour into 6 volumes of 

water.
Ammonium hydroxid, Sp. Gr. 0.90. Pour into 4 volumes 

of water.

A pneumatic trough may be made of a deep baking 
pan and a single muffin tin with two   
round holes cut in it by any tinsmith, (A go—kk) 
as shown in Fig. A. Painted with Yae 
asphalt varnish they will last for- $==34717 
ever. Fxo. A.

Capsules for sodium may be purchased, or made by 
cutting 3-inch brass tubing (wall 37 inch) into 1-inch 
lengths and soldering a disk of brass air-tight on to one 
end. A 10-inch piece of copper wire, one end wrapped 
several times firmly about the capsule, serves as a holder.

Rubber stoppers are much better than corks. Only 
best quality rubber goods should be purchased; the 
poorer grades oxidize quickly and become hard. Good 
rubber stoppers that have become hard may be softened 
by boiling in a 10 per cent NaOH solution.
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SUGGESTIONS TO TEACHERS xi

To cut glass tubing of large diameter, make a short 
scratch with a file. Fold a filter paper so that its edges 
are parallel and moisten it. Wrap such a piece about the 
tube each side of the mark, leaving a space about } of 
an inch wide exposed. Heat this space in a blowpipe 
with a fine flame, rotating the tube until it breaks; or 
touch the hot ring with a drop of water.

To avoid repeated weighings on the part of students 
(see Exp. 22) make small measures out of glass tubing of 
appropriate size sealed at one end. Weigh out 1 g. (if 
this is the desired amount) of the substance, insert in the 
tube, and jar it until the powder lies in the closed end. 
Cut off that part of the tube filled by the powder, affix to 
a wooden splint by means of glue and tough paper, and a 
serviceable measure has been made.

Magnesium ribbon usually runs uniform and can be 
measured more accurately than weighed by students (see 
Exp. 41).

The larger schools will find it very convenient to keep 
in the laboratory three Kipp generators, one fitted for 
hydrogen, one for hydrogen sulfid, and one for carbon 
dioxid. An oxone generator for oxygen is very handy.

If a gas holder is not available, a satisfactory method of 
handling small volumes of gas is illustrated in Exps. 47 
and 59.

It is advisable to keep on hand in the laboratory a 
bottle containing olive oil and lime water (equal parts) 
to be used on burns. Shake thoroughly before applying 
to the burn and bandage to keep from the air. A dilute 
solution of baking soda may be substituted for the lime 
water.



SUGGESTIONS TO STUDENTS

When you enter the laboratory, learn the names of the 
apparatus and see that you have the complete list. If 
not, report it to the instructor.

Wash your apparatus at the beginning and keep it 
scrupulously clean and your desk neat. Slovenly work 
causes experiments to go wrong, necessitating repetition. 
When work is completed for the day, put away the ap­
paratus and clean the desk.

Vessels of thin glass may be heated with safety. With 
thick glass, uneven heating causes irregular expansion 
and breaking. Always place a wire . 
gauze between a beaker or flask and the /L 
flame. Test tubes and porcelain may i .. 
be heated in the flame. Never heat glass Y 
containing a liquid at the surface of 2/ 
the liquid. It is sure to break. Heat 
as shown in Fig. B^ using a strip of 
paper several times folded as a substi­
tute for a test tube holder, if necessary. —
Shake the test tube continually while Cn " 
heating to prevent explosive boiling. Erd P 
Direct the mouth of the test tube away from yourself 
and your neighbor as well.

Before attempting to insert glass into rubber, wet both. 
Don’t push or pull, but twist a glass tube into position in 
a rubber stopper, thus avoiding cuts from broken glass.

Before boring, soften a cork by rolling under the hand 
or foot. Select a borer one size smaller than the tube 
to be fitted. Place the cork against a board and with a 
gentle pressure rotate it until it cuts neatly through. Do 
not attempt to push it through, as this makes ragged holes.

xii



SUGGESTIONS TO STUDENTS xiii

Be sparing in the use of reagents. Too much is often 
as detrimental to good work as too little. If too much of 
a liquid reagent has been removed, throw the excess 
away. Never pour it back into the bottle. The quanti­
ties of reagents specified are usually only approximate 
and meant to be estimated rather than weighed or meas­
ured. Learn to know how much 1 and 5 g. of ordinary 
substances are. An ordinary test tube (6 x 2 inches) 
holds 30 ccm. Learn what 5 and 10 ccm. are.

Fig. C.

Never lay the stopper of a reagent 
bottle down on the shelf or desk, thus 
contaminating it with other sub­
stances. In obtaining reagents from 
bottles, turn the palm of the hand up 
and remove the stopper by grasping 
between the fingers and holding as 
shown in Fig. C.

Never taste any reagent unless definitely told to do so, 
for most chemicals are poisons. In smelling, waft the 
fumes toward the nose with the hand.

Dilute acids and solutions of reagents are always meant 
unless concentrated acids or solid reagents are specified.

Always place the substance to be weighed on a piece 
of paper on the balance, never on the balance pan itself.

To insert a powder neatly into a test tube, place it on 
one end of a narrow piece of paper folded lengthwise. 
Insert the paper into the test tube, turn upright and jar 
the powder from the paper.

Throw only liquids in sinks; all paper and other solids 
in jars or boxes. After pouring acids into sinks, flush 
out with water.

All temperatures are Centigrade; volumes and weights 
are in Metric Measures, familiarity with which is presup 
posed on the part of all students.

(Hood) means perform under a hood.





LABORATORY MANUAL IN CHEMISTRY

PRELIMINARY EXERCISES

THE BUNSEN BURNER

Apparatus. Bunsen Burner and about 60 cm. of rubber 
tubing. Ring stand or tripod. Wire gauze. Beaker.

Note. This burner was first made by the distinguished German 
scientist, Bunsen. Probably no other invention has done so much to 
facilitate work in the laboratory.

Procedure, (a) The parts of the burner and their uses.
Unscrew the tube of the burner, and notice the various 

parts. Then put the parts together again, using a little 
oil if the joints appear rusted, and connect the burner 
to the gas pipe by means of the rubber tubing. Having 
turned on the gas, light it by holding a burning match 
close to the burner tube about 1 cm. below the top.

Turn the ring near the base of the burner until its 
openings coincide with the openings in the tube. This 
allows air to mix with the gas before the latter reaches 
the flame above. Turn the ring until the air is shut off. 
What changes are brought about in the flame by varying 
the supply of air ? Ascertain by means of a wire or glass 
rod which flame is hottest and which deposits soot. 
Which flame is most suitable for laboratory purposes ? 
Hold the wire in different parts of the blue flame. Which 
is the hottest part of the flame ?

While the flame is burning blue, hold a lighted match 
against one of the holes. The flame " strikes back " and
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2 LABORATORY MANUAL IN CHEMISTRY

Fig. 1.

burns at the base. Notice the odor, 
the character of this flame and the tem­
perature of the burner tube. This flame 
is unsuitable for laboratory purposes. 
If a burner during use strikes back, the 
indication is that there is too much air 
mixed with the gas. To prevent the 
trouble, turn on more gas or shut off 
some of the air. If a burner strikes 
back, a sharp blow with the fist on the 
rubber tubing will usually restore the 

flame to its proper condition. If not, the gas must be 
shut off, after which it may be lighted again.

(b) The use of wire gauze.
Place the wire gauze on the tripod, and set the lighted 

Bunsen burner below the gauze. Notice how the gauze 
moderates the heat by distributing it over a larger sur­
face, due to the fact that metals are good conductors of 
heat. A beaker of water may be boiled on the hottest 
part of the gauze without danger of breaking (see Fig. 1).

THE MANIPULATION OF GLASS TUBING

Materials. Glass tubing, outside diameter about 5 mm. 
Rubber tubing, inside diameter a little less than the out­
side diameter of the glass tubing. or

Apparatus. A sharp, three-cornered file. Al 1/ 
Bunsen burner and wing top (Fig. 2) ; or a W 
common fishtail gas burner. FIG. 2.

Procedure. (a) To cut glass tubing.
Lay a piece of glass tubing on the table, and at the 

place where it is to be cut make a scratch with the file. 
Then grasp the tube firmly with a hand on either side of 
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the mark, and press with the tips of the thumbs opposite 
the scratch. The tube will usually break evenly across.

(b) To smooth the end of a glass tube.
Notice that the broken end of a glass tube is very sharp 

and would cut any soft object with which it comes in con­
tact. Round off the sharp edges by heating in a Bunsen 
flame, rotating the tube until the glass begins to melt 
slightly. Where it is not desirable to heat the tube, the 
sharp ends may be smoothed by sandpaper or by the flat 
side of a file.

(c) To seal glass tubing.
Heat a piece of glass tubing about 30 cm. long about 

5 cm. from one end in the flame of the Bunsen burner,
rotating it so that it may be evenly 
heated. When it becomes very soft, 
gently draw it out as shown in Fig. 3. Fig. 3.

Allow the tube to cool, then scratch with a file at the 
points A and B, and break as previously directed. Hold 
the narrow end of the longer piece in the flame, rotating 
it until the edges melt together and the end is closed. 
Repeat the drawing out, cutting, and sealing on the other 
end of the tube and you have made a stirring rod.

(d) To bend glass tubing.
Hold a piece of glass tubing lengthwise in the flattened

Fig. 4.

flame of a fishtail burner or Bun­
sen burner with wing top, as 
shown in Fig. 4, so that about 
5 cm. of the tubing is heated 
where the bend is to be. Rotate 
the tube so that it may be evenly 
heated. When it is so hot that 
it bends readily, remove it from
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the flame and immediately bend it into the desired shape, 
holding it in that position until the glass hardens. If the 
Bunsen burner has been used, turn off the supply of air, 
and by holding the tube in the yellow flame allow the bend 
to become covered with soot. This allows the tube to 
cool slowly, thus preventing unequal strains in the glass. 
This slow cooling, called " annealing,” makes the glass 
less liable to break.

If the bend is not smooth and even like Fig. 5 A, the 
tubing was not heated through a sufficient length, result­
ing in flattening, B; or else it was not heated uniformly,

Fig. 5.

producing kinked and unsightly bends which usually break 
readily, C. Never attempt to make a bend by using the 
ordinary flame of the Bunsen burner.

If a bend is needed near the end of a piece of tubing, 
make the bend in a longer piece that may be handled 
readily and afterwards cut off such portions as are 
unnecessary.

Make exit and delivery tubes of the shapes and sizes 
indicated in A, D, and E, smoothing the ends in the flame, 
and preserve for future use. Three pieces like A will be 
needed in some experiments.



EXPERIMENTS

EXP. 1. CHEMICAL AND PHYSICAL CHANGES

Materials. Colorless rock candy. Platinum wire. 
Magnesium ribbon or wire. Wooden splints.

Apparatus. A mortar and pestle, small beaker and a 
test tube. A Bunsen burner, ring stand or tripod, and 
gauze. A test tube holder.

Procedure. Examine a specimen of rock candy, notic­
ing its properties, such as color, taste, hardness, and crys­
talline form. Judging from its taste, of what does the 
rock candy consist ?

1. In a clean mortar pulverize 5-10 g. of rock candy. 
Note any change in properties. See whether the charac­
teristic property, i.e. the taste of sugar, has been changed 
by the grinding. Is the substance still sugar ?

2. Partly fill the beaker with warm water and dissolve 
a little of the pulverized rock candy in it, stirring with a 
glass rod as the candy is added. What properties are 
changed? Taste the solution. Has the sugar been de­
stroyed, or is it still in existence?

3. Heat some of the powdered rock candy in a dry 
test tube, applying the heat gently at first, noting carefully 
the progressive changes. When no further change takes 
place even at a more intense heat, remove the test tube 
and its contents from the flame. When the tube is cool, 
break it and examine the substance within. Taste it. 
Will it dissolve in water? Notice its color and softness. 
See whether it will burn. Does the sugar still exist? 
What does the new substance resemble?
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