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PREFACE

TO THE FIRST EDI”IION

THE assured posmon that Chemxstly now holds in English
education is shown .by its.inclusion as a compulsory or at least
an optional subject in almost*all examinations preliminary to
entrance on the learned professions, and by the fact that many
of the best schools now passess well-equipped laboratories and
give regular instruction in the elements of both Theoretical and :
Practical Chemistry.

LAy duectmg the attention of our nation to the study of-
Chemistry ‘as a means of scientific education; Sir Henry Roscoe
has led the way. His text- books have. given to generations of
students their introduction to a knowledge of the science, - His
Primer of Chemistry and List of Experiments prepared for the
Science and Art Department contain the subject-matter which
every schoolboy has till ‘recent times been expected: to know,

- every examiner has asked for, and few text-books have dared to
disregard. - The output of admirable text-books on these lines

_ has during recent years been so abundant, that the issue 'of

. another would be unjustifiable, if it differed from them merely
in detaxl and in unimportant features.

‘ But while the knowledge of the actual facts of Cnemlstry 15

- worth much, there has been a growing feeling that the methods
of paining’ knowledge are often of more educational value than

“the knowledge itself, and that a lad who starts life with hismind

. merely stored with facts is not so well equipped as one who has
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also Zearnt how to learn, not from books alone, but by direct
contact with realities. In a school curriculum Science is chiefly
valuable as a means of culture, and because ‘there are fai(:uities
of the human intellect, namely, correct observation, sound rea-
soning from observation and ‘experiment, and imagination in
seeing into the invisible causes of visible phenomena, which can
alonie find their development in a carefully considered course in
Physical Science. We are, therefore, even more anxious: to.
insist on the methods by which knowledge has been obtained
than on the actual facts of Chemistry. Sound methods of ob-
servation, moreover, remain valid, and may continually enlarge
and correct our ideas in studying the further development of
the science. At the same time the student must be sure of his
s before he begins to theorise. = \Vhy is . it,” Charles 1L ' .
is reparted 10 have asked “ that when' you put-a dead f sh ,
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problems by experiment—to work accurately, and with a clearly
deﬁncd purpose, and to reason from observation—the instruc-
tlon given -should eventually lead them to comprehend the
‘ natme of air, water, “fire,” earth and food.”
This syllabus of the Association of Headmasters leached us
afte1 we had nearly completed our work on the present book,
‘and it was a matter of satisfaction to us to find that almost the
whole of the syllabus and the detailed experiments for the
course - on Elementaxy Chem1stry were dealt with in our
manuscript.
‘While the aim of the course described in the present book,
and the object of the courses referred to above have alike been
- 'the cultivation of a spirit of inquiry and the prosecution of
~Science as among the best means of culture, there is, neverthe-
less, one difference between the lines on which they have been
worked out. ' '
The principle which has been our general guide in the selec-
. tion and treatment of subject-matter may be expressed in words
used in another connection by Professor H. A. Miers, in a
- recent inaugural lecture! at Oxford, in which he applied the
saying “of the Darwinists that the development of the individual
isan ep‘tome of the evolution of the race.
. “The order,” he said, “in which a subject can best be un-
i folded before a student’s mind is very satisfactorily marked out
. by the historical development of the subject : a profitablé course
- of teaching is suggested by the history of a science, and 7e
order in which Broblems have presented themselves 1o successive
veﬂémfzam is the order in which z'/zfy may be most naturally
resented 1o the individual”  This is, we believe, particularly
pp icable to study of Chemistry on the part of beginners.
ane time the progress of Science has often of course
'bcen hke a paper-chase with many false scents, and ‘it is not
sary for the logical apphcatmn of the above principle to
11 these blind alleys. o
Izmce at the Table of Contents mII indicate the course -
v»hlch we have been led to ddopt in our attempt to wolk out an
. X Wature, vol lw p 208 p :
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“Introduction to the Study of Chémistry.  We have referred at.
- the outsetto Alchemy and to some of the errors which were
«current till the seventeenth century, showing the readiness with -
- whicli errors arose unless checked by well-devised experxment
: and careful measurement. - In this way the student is led to see
" the necmmj/ of practical work and of exact measurement ala
Very e[my stage.. Measurements are then made of length, of
o mass, of the volume of liquids, of temperature, of densxtv of
"; the pressure of the air, and of heat.
' Then follows the practice of 1mportant chenncal operatmnb,
i such as solution, filtration, evaporation, and crystallisation, and
: the stident's powers of observation and descnptlon are exercised -
by the’examination of certain important raw mater!als, fmmdf
native in the crust of the earth.  He next learns how to p}epaxe
the most 1mportarxt auds and: alkaheq from hm raw mater 1a}s,
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A chapter on the Law of Definite Proportions closes the
Bowlh s |

‘We hold 'theh, that not only the order, but also the method, by
which Chemistry can best be unfolded before a student’s mind

~is suggested by its historical development. It is a necessary

corollary that' Chemistry cannot be learnt in the lecture-room
alone, and that the experiments should be Jor the most part
quantifative in character. Qualitative analysis has hitherto been

- largely used as the practical exercise in the science. It has

some merits. - We think, however, that practical chemistry should
not consist, to such an extent as is usually the case, of *“qualita-
tive analysis,” and that the right place for such a course is after
and not before a simple quantitative conrse. While practical
~work should be introduced at a very early stage, the lecture-
~room has of course a necessary place, and the student should
- not ‘start an experiment until ‘he thoroughly understands what
the object of the experiment is, what he means to do, and how
he meanstodoit.
- There are somewhat rigid limitations of time and circumstance
“which must be considered in selecting experiments suitable for
a school laboratory. The experiments must not require more
‘than two pairs of hands; the manipulation  must not be so
“difficult that accurate results cannot be obtained ; the apparatus
; fm'u‘st he cheap enough to allow of all the boys doing the same
experiment at once, and the whole experiment must not take
more than I or 14 hours, including the time required for putting
the apparatus away. These conditions exclude many important
periments ; for instance, the determination of the composition
of water by passing hydrogen over copper oxide may be done by
he teacher as a lecture-table experiment, but it must generally

b

, waste time. One per cent. aceuracy is
‘standard that may he aimed: at. - We have dwelt at some
: 1 the details which are necessary to exactness in the
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results of experiments. It isa,grekat advantage to h;wefsevei'a}
" boys working at the same time at an experiment, for example,
~on the weight of a litre of air or on the percentage of water in
a crystal; results should afterwards be compared and discussed.
A great deal of time is saved by letting boys work in pairs, =
‘moreover, a s[p‘irit of co-operation is cultivated, and they learn .
~at least as’ much asin doing the experiment. alone perhaps more, :
~because _they teach one another. = = ¥ * *oo%
 We would add that experience shows that a student’s mathc—
~ matics should be ready before he touches the apparatus of the
. laboratory. And this applies not only here. If any would-he

“chemists have not yet mastered the elements of arithmetic, ‘
demmals, the unitary method, percentages and propﬂrtmnal o
we. recommend them to close this book and go bac
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Richardson, M.A., Science Master of Sedbergh School, and of
S. H. Davies, M.Sc., Head of the Chemical Department of the
Battersea Polytechnic, London. Using typed copies of our
- MSS,, they have taught through almost the whole in their classes.
We have amended our text wherever their trial of it showed
alteration to be required, and we'are convinced  that the prac-
ticability and success of our scheme in actual class work has
thus been secured and verified. ' Mr. Richardson also made at
our request the first draft of the chapters on the Properties of
Gases, and he has from the first helped us with his experience
in the teaching of Science in schools.
We gladly thank also Mr. S. M. Walford, of the Hyde and
. Oldham Technical Schools ; Mr. Foster, of the Nelson Technical
! School, and Mr. S. E. Brown, of the Friends’ School, Ackworth,
for testing some chapters in their own classes. ;
Our colleagues, Mr. G. J. Fowler, Dr. A. Harden, and Dr,
W. A. Bone, have also given us kind assistance in c¢ertain details,
while Mr. P, J. Hartog has helped us with criticism upon our
chapter on the Law of Definite Proportions,!
While we have spared no trouble in a task which has been no
- light one; we cannot hope that we have avoided all error either
in judgment or in points of detail, and suggestions and correc-
tions offered by fellow teachers will be freely welcomed.
We may add that it is our desire to include in any subsequent
edition chapters, which are already in hand, on the Discovery

of the Metals and on Fuels and Food-Stuffs,

W, H. P,

: : BiL.

OWENS COLLEGE, :
- July, 1896.

1 See Nétun-, vol 1, p. 149, and Bistish Association Report, 1394, D. 518.: :
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must be assumed which a boy has not yet proved.  That is no
doubt the case, but his position is also that of the original
investigator of to-day.. John Dalton refused to accept t'he
results obtained by others, and to his loss. The scientific
method does not forbid such aid. Still, in an introductory
course it is desirable that not many facts should be borrowed in
the few typical researches pursued, in order that a very habit
of research may be formed; afterwards the student may
safely bring facts established by others to bear upon his own
inquiries.  Nor should it be forgotten that the scientific method
includes deductive methods as well as inductive. = Theories and
working hypotheses inspire research, and without ideas progress
stops. It is for lack of them that so few boys make any
profitable use of a laboratory if left alone without the help of
books or teachers. 'We have endeavoured to illustrate the
importance of ideas by the use we have made, for instance, of
Lavoisier’s Theory of Combustion, when investigating the
buming of Carbon and the explosion of Inflammable Air and
Oxygen.

In this connection it may be added that the comparison of
results and the discussion of them by the teacher isof the utmost
importance.  Instead of each boy repeating an experiment many
times as the original investigator may do, he should be led to

_compare his own result with those obtained by his comrades,

and to calculate the zzean result. The comparison of results
keeps alive a spirit of rivalry and a keen interest, and the mean
result of quantitative experiments is usually surprisingly accurate;
for example, the percentage of oxygen in the air or of carbonic
acid in chalk can be determined with an error of less than one

per cent. by means of the simplest apparatus.

There have been ominous warningsfrom Prof. G. H. Darwin !
and from Prof. Karl Pearson? against the growing luxury of our
laboratories and the costliness of apparatus; and this not

_because money is grudged for the cause of scientific education,

1 Preface to his book on The Tides.
2 Lecture on Science and National Life
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. but because these matetial things cloud our eyes from séeing
“the really essential thing, the encouragement of the spirit of

_research. To this end we are content to work in rooms with

~ simple fittings, and we have tried to avoid speqahsed apparatus,
nd to use combinations of rubber stoppexs and flasks and tubes.
his simplicity of apparatus results in great economy of e‘{pend‘

J ture and allows of a sufficient supply of balances and other

~ essential instruments of general research. Moreover, as Prof,
~ Ostwald has very recently pointed out, the simplest apparatus
_possible should be used that the attention may be ﬁxed onthe
“chief features of an experiment. . )
In this Second Edition the book is now dmded into. two.
volumes. The original volume covered two years’ full work,
d th s a dlstmct dxsadvantage in Ieavmd a book lon ut
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school, and it must always be kept in'mind that a boy, whilst
‘learning to use his tOOlb, will nced to be msplreci with a desire
to employ them. = ; ‘
Volume IT is purely chemical in character, and is mtended to
iedd the schoolboy of .15 or 16 _years of age along the P ths of
“inquiry, which ‘engaged the attentlon of ‘the great a,hcmzsta ﬂf 1
_the eighteenth century. . §

. These two volumes contain the bulk of what was in our firs
‘edition. To this we have added some new chapters.. Th
growing disposition to use Graphic Methods of representation
~and calculation, justify us in devoting a whole chapter to thi:
sub)ect to. which before we only referred incidentally. ' W'm\
exercises are added to show the use of squ.ned baper Doth for

‘o‘ s of results and a a means of amvm 41: new or
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work of revision, have encouraged us to add, at the end of
Volume 11, some papers which have been set by Public Bodies.
We think also that theyare important as evidences of the grows

ing harmony of view between teachers and exammets. “Some
. private examination papers which have been set in. schoo
: usmg our book have been appended to Volume I. TR
It has been the fashion lately with some to dec:y any use of
text-books. It is very noteworthy that young boys (st 12)

~leain very little from a chapter in a text-book, even after a
lesson on the same subject, while it is equally remarkable
~ how an older class (eet. 16) may realise; with fidelity of detail,
experiments they have never seen, and make rapid progress
with comparatively little help from a master. These two
volumes are not intended to take the place of a teacher or of
a boy's own note:book. ‘The impressions’ which a hoy’s mind
receives as he works in the laboratory must be expressed then
| there m hls own note~book, thhout the use of a te
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Nviii

the first draft of the chapter on Graphic Representation,'and we
_‘have throughout had .the assistance -of his experience. We
f'-vladly also thank Mr. S. H. Davies, late Head of the Chemical
",Depaztment of the Battersea Polytechnic, for notes which we
used in writing the new chapters on the Dxecovery of the \!Iemla» :

‘vand on Fuels and Food Stuffs.

A wugrist, 1901
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CHAPTER

“'THE BIRTH OF CHEMISTRY

. The Earliest Book on Chemistry. —Chemistry. is one of
 the most modern of sciences, and one which has been placed
upon a sure foundation only in the couise of the. last century.
Yet the actual beginning and the dawning knowledge  of
Chemistry ‘can be traced back to Egypt many centuries ago.
The oldest chemical record ! of which we have anyknowledge
is 2 papyrus found at Thebes in the wrappings of the embalmed
body of a goldsmith, who had lived about the time of the 'second
‘or third century after Christ. - From this note-hook of the gold-
smith, which is now in the library of the University of Leyden,
we find that he was acquainted not only with gold-and silver,
but also with copper, lead, tin, zinc, and arsenic. Recipes are
given for preparing imitation gold and silver, and for increasing
‘the weight of gold and silver by the addition of inferior metals
- such as lead without altering the apparent character of the
dodormeno o L0 i e :
The notes of ‘this fraudulent workman, which have been -
* . preserved in perfect condition in an Egyptian mummy, and
. have escaped the accidents of fifteen hundred yeats, show that
- at that ‘time the knowledge of the metals possessed by some
of the Egyptians was very considerable
author counterfeit true gold or silver, ¢
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tests arc given by which the imitation could be detected and
distinguished from the pure and genuine metal.

For instance, it is stated that gold should keep its colour when
melted.  If it becomes whitish it contains silver, if it blackens
it contains lead, and if it becomes rough or hard when cold it
contains copper or tin. ~ So also silver should remain white and
shining when fused. . Ifitis blackened it must be falsified with
lead, and if it is rendered hard and yellow, copper is present.

Alchemy : The Transmutation of Metals.—The imita-
tion. of the noble metals by the process of mixing the base
metals in various proportions, as the writer of the papyrus
described in the fourth century, was accepted in the next cen-
tury as an actual change or transmutation of the base metals
into the noble metals.  Extraordinary as it may seem to us, for
‘more than a thousand years such transmutation was believed in
not only by the ignorant and unlearned but even by philosophers.

.. Indeed, it seems probable that the very word Chemistry is de-
" rived from the Greek Clemeia or xnuela, transiutation, since the
transmutation of the metals was the chief object of the Egyptians.

‘About the yeat 640 the Arabians overran Egypt, and becom-
ing acquainted there with Chemistry, they prefixed to the word
for it the Arabic Article @/, so that with them the science was
spoken of as Alchenry. The Arabians spread through Northern
Africa into Spain, and founded many Universities to which
students flocked from all parts of Europe.

From the Egyptians the Arabian Alchemists had acquired
the firm belief in the possibility of the change of one kind of
‘material into another, and of the transmutation of the base into
the noble metals. - Their most earnest endeavours were given
to the search for the philosopher’s stone, a substance of such
extraordinary virtue that according to Roger Bacon one part of

.. it 'was believed to have the power to convert 1,000,000 parts’ of

~ base metal into pure gold, The possibility of the existence

~ of such a substance was accepted by the most learned ; for
instance, Van Helmont, a distinguished chemist, a physician
~and an honest man, recorded how in 1615 he obtained one
' ‘quarter of a grain of the philosopher’s stone and converted eight

- ounces of mercury into gold. . Helvetius, again, was an oppo- .
nt of the Alchemists until 1666, when he managed to obtain

c piece of the philosopher’s stone; with which he said he
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‘convcrted 1ead mto a yellow metal afte1wa1dsktested by the
Master of the Mint, and pronounced to be gold: :
. In some cases we can trace the frauduleut means by whlch‘
the apparent transmutation was effected. A certain' Duke of
- Wurtemburg kept an Alchemist in his service, and following his
directions, the Duke was accustomed to place the necessary
ingredients in a crucible, and then, all having left the room, the
door was locked, and the next morning, behold, pure gold was
“found in the crucible. It is recorded, houevel, that the gold
was obtained, not by the miraculous agency of any phﬂosophm S
stone, but by the hand of the Alchemist’s son, who had been
concealed in a cupboard within the laboratory.
i Remarkable as the belief in the transmutation of the metals
i appears to us, many facts and experiments may be mentioned. g
-which at first sight seem to confirm such a belief. The following ey
experiments will illustrate this point i~ '
b ExpT. 1., To obtain Lead from Galena.—Galena is a.

metaliimlocking mineral. Grind a small portion:to a fine = 7
‘powder in a mortar;  Make a small cavity in a lump ‘of char- .
coal, and place in it a little of the powder (as much as a small e
o shot) Turn a Bunsen flame s0 as to form a small lummoug s

flame.  Place the nozzle of the mouthfblowpxpe just within the
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flame, and force a gentle current of air into it.  Direct the tip = °
of the flame upon the galena on the charcoal. Heat till white
fumes are evolved, and a bright mirror-like surface of molten
metal appears, which will perhaps gather into a bead. Allow
' to sohdlfy, and then ttansfer the bead toa mortau anc
it isflattened out into a little plate of metal. s soft, m'u'ks o
~'paper, and has all the characteristics of lead. -
‘The production of lead from galena was famlhar to the

: Alchemlbts Moreover, since by suitable treatment they found ,

" how to extract a small amount of s:lver from a large amount of :
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- evalent in Egypt Pelsxa, and the East, that bees coud be

- generated from the putrid carcases of oxen. He specially

_ recommends a two-yeal-old bullock for the purpose, and pr
scribes the mode of killing it by suffocation and ‘beating, t

* the pounding and. mashmg of it, hide and all; and laying

. ~thyme and casma in a small shad chamber, with acce




"CHAPTER 11

THE METRIC SYSTEM. THE MEASUREMENT OF LENGTH
: AND OF AREA

Standards of Measurement.—It has already been in-
“sisted upon that measurement is the first and most important
step in the progress of any science, and it will be observed that
in the statement of any measurement there is the mention firstly
of a number, and secondly of a thing of the same kind as the
quantity to be measured, which is referred to as a standard
or unit. For instance, if it is desired to state the sun’s distance
* from the earth, the distance of the moon from the ‘earth may
be selected as a standard or unit, and it may be stated that the
sun’s distance is ‘400 moon’s distances. Similarly, the moon’s
distance may be stated in terms of the earth’s radius, as about
6o earth’s radii. - :

But whilst such statements convey definite meanings to the
.mind, since in either case the magnitude of the unit chosen is
_ comparable with the quantity to be measured, yet it would be
very inconvenient in scientific work to state quantities in terms
. of standards not universally recognised, for it would be ex-

that of another if they employed different standards. - It is on
 this account that a statement of quantities in yards, gallons, or
pounds is almost meaningless to a Frenchman or German. On
the other hand, the ¢ Metric System” of measurement, to which
 reference is made below, is understood by scientific. men; of. all
. nationalities, and indee it is almost exclusively employed in
scientific investigations. L e R

tremely troublesome to compare the statement of one man with '

»

1
|



CHAP. 11 THE METRIC SYSTEM

There is another objection to the English system for purposes
of measurement in the fact that there is no simple relation
between the different standards of Iength volume, and weight.
There is consequently much trouble in making calculaﬁons vmth
quantities expressed by means of them. The Metric System, on
the other hand, is a deczmal system, and the different standards
arerelated in a simple way to one another.
 We shall now refer to the standards of Length, Area, Volume,
and ‘Weight in the Metric System, which are used in chemical
investigations, and explain the nomenclature used in connection
with this system.

1. STANDARD OF LENGTH.—The Metre! is the
lencth at o° C. of a certain bar of platinum Lept in_ Paris.
n 1790, immediately after the French Revolution, a a_com-

prepaue a new :

its. .~ This’ com-~

ion decided i in favour of a
decimal system, with ‘the wunit
- of length, from which all other
units should be dcuvcd, itself
onnected with the size of the
_earth. This happy idea put the
_unit beyond reach of change
from temperatme or fxom other

causes.

The metre was mtended ‘
of the earth’s (ol
2). This would make

nce ‘of tbc, ear th 40,000 000 metres. A _plzz'zz'mzm
d s1 e was cons ‘ucted ‘Smce then

d to be. Bﬁt tlns»,
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‘me’cle bar is Stlll taken as the ultxmate standard of appea! and ;
ful copies ha‘e'ﬁj been made aud dlstubuted -among

uropean nations. i
Exa.mme a Metre Rule. Notxce ﬁrstly that theze ‘are!
‘ . great number of short lines upon it. Moreover, groups ©
'~ of these are marked off by longer lines, whicharenum-
‘bered, and there are seen to be 10 divisions in each
~group. . There are 100 'of these groups, and thergfore
there are IOOO of the smallest dn*zsmns in the. v;hole,
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 Delkametre aquals dzstance covered by half 1ength of cr 1cl~.et

- width of ﬁngel-nai,
O dice. : i
. mib of] pen, or thmk ‘ess‘»
“of 51xpence.

THE MEASUREMENT OF LENGTH

Obtam a small box- vood rule ma.xked thh a centxmetref
ale anng one edcre, and an mch scale divided into te
; med hald pen

EXERCI‘SES‘?

~»Dr'1w a lme 3 mches lnng Measure xts Iength in nnlhmetreq,
he nea stlwhole mﬂllmetre o
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B ‘Fig P 1‘epi'esents the edge of an inch scale.

 AB =07 inch to the nearest i inch .
"= 07+ inch, 7. between 07 and 0'8 mch ,,
=073 inch, esumatmg hundredths of an mch.

‘Sxmllaﬂy, a centimetre scale dwxdcd into’ mllhmetres can be
' read to the hundzedth of a centimetre.

EXERCISES

Notg.—In the following exercises read to 2 places of decimals.

t. Measure the dnsmncc ‘between the bottom and top lines in your
_ note-book in inches. X Gt
: Number the lxnes in your note book I, 2, 3, 4 S.c. - Measure thof' ;
' distance between' ‘the tenth ling
’A e ‘ P and the first line in inches. =
ey l T T ——— 3. Measure the distance between :
S the seventh line and the 'ﬁSL line
o ininches.
1 4. Measure the distance of the
" first Tine from each of the follow:
Fic. o ing lines in mchu. T.Lbuhm'
‘ your results.
5 Mea.sure (he distance belween Lhe temh ling and the frst Imc in
| centimetres, -
6. Measure the dxstance between the seventh line and lhe first Jine i m‘ v
‘centimetres. : i
7. Place a 10-to-the-inch scale againsta scale divided into ccnttmetrw
and millimetres. . Read off in inches and decimals the length of 1 em.,

CBCmL, 3eMN, e TO cm., esllmatmg to the neaxest hundredt
: of an mch I‘or mstance,

I cm, =g inchr
; zcm. =79

v ) scales togtther as, hefore Read off in nnlhmetres (.md o
o by estimation tenths of ‘a millimetre) the lengthsof 1,2, . .. 61 ins,
.. 9. Measure the diameter of a 'penny in ccnlmm 5, T
10, Take a st p of paper about 15 e, lo V\'Tmp it dm’efuﬂyf'
- rottnd the edg,e of a penny untﬂ it nverla und. then ‘prick

ho h ckne ,pm. ‘Measure in centi-
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length is equal to the cxrcumference “of ‘the penny The"
: 1enfrth of the circumference by that of the dmmcter State t

'Circumference” = = cmu
Dlamc.ter =
ercumff-rence e
e T e O,
Dmmetcr i

35 £ Lo

L Mca:,urc in the same way the circumference of

{a) a copper cylinder,
S(b) a bowood ball.

12 Repeat No 11, but wrap the paper three times mund the ball
and cylinder. !
35 Drawacxrcle of ‘5 cm. radits. Fmd the 1e~ngt G its cxrcu :
ference in cm. by means of a piece of cotton. Tie a knot near one
: end of the cotton.. ’\Iar\c any point on. the c:rcumft.rence, piace the
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“14. If a cnc{»et pitch is 2z dekametres Iong, how many kﬂomctr«,
oes a boy 3 run in making & century ? i
15" A fishing-rod has 3 joints and a total lentrth of 3 6 metres VF‘
e avcragéflength of each joint in cm. - i
16; How many hours’ will it take'to Walk 24 kﬂometres at thc rate siniil
of hecﬁometre per minute? :
i How mﬂmypms, each 25 ma. 10ng can be maclefrom I 1\11
of wire ?
18 Four pleces of 1 decm-xetre each are cut away from a metre of
rlass tubmg Into ‘how many lengths of 1 5 cn, long can the YEII]dmdf:
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© (3) Draw a rectangle 6 cm. Ioncr and 5'3 ¢ broad. What;:s

1t> area?
. ; Areq = 09 X 53 sq mm.
= 3657 sq. mm. "
PP e =36 7sqcm.f
The e examples will serve to show that in the case
frectano uIar surface :

EXERCISES

Obtam some paper divided by straight lines into square
ta recmngle 5°5 . cm. lonb and 24. mm. broa




d in. sq e, Lhe area of a postcard rz 5 m,
80 mm. broad,
7. How many pieces of zinc each 25 cm, b) o 8 cni. can be cut
. from a'sheet 16 dm. by 8 em, ?
- 8. How many postage stamps each 24 mm. by 20 mm. are requxred'
. to paper a wall 4 metres by 3 metres?
9. If the pressure of the air is z’ Ihs. per sq. cm., wha’t is that in -
cwts. per square metre ?
10, If 1.dm. equals 4 in, long, express 1 square metre in square.
! yards. ‘

e 80 em.
One
Cubic
Decimetre
A B
o i bl
o] o~
Bl Ry
» 2
-t
S
D C P
*3°3 000X
I‘xc,

3 STANDARD .OF . Q'UBIC (JONTENTS OR T
VOLUME —The unit of volume most used in laboratory
Jwork is the volunie of a cube each edge of which measures 1

cm. long.  This is mlled 1 cubm cent1metre~ it s denoted b
byl ee. i
: Exwuw To cut out 8 Gublc Centlmetre ~—Cut by
‘ but of soap a cube, arh edge of whxch shall measure 1 cm
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Make a mental note of its size. It is about that of a die. The
- capacity of a small thimble is also about that of 1 c.c.
. Exsrcise: To make a Cubic Decimetre.—Cut outa
stiff cardboard cross, 30 cm. by 10 cm. (Fig. 6.) Print
i 'mscnptxons on the faces as indicated in the figure. Cut the
- card half-way through along each of the lines AB, BC, CD,
DA Bend back the four squares and stick  their edfres
 together with gummed paper both inside and outside. Let the -
~gum dry. Then warm the hollow cube, and paint it over w1th
;;melted paraffin. .
Similarly make out of cardboard a cubic centimetre.
' How many cubic centimetres could be packed into the cubic
: ]decxmetre ? Imagine first that the bottom of the cubic

—»Ten cubes l’ke A would ‘make a row like 5. Ten rows hke B would mnke .
; a layer hke ¢, and 1.en such iaye)s would go mto the buv D.
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I decilitre
1 centilitre =

1 millilitre —1—0155 ”

~We have thus two names for 1oso litre ; it may be Lalied
ther L mﬂhhtre ‘or 1 cubic centunetre. The 1atte1 is more ot’te

- It, as al ady been shown that the volume or capac1ty of any, ~
ectangular solid is obtained by multlplymg the area of its'b
eight. Thus, if a biscuit-box is 5 cm. broad, 8 cm. long,
. nd 6 em. high, its capacity i i i
Of course - before. multxplymg breadtb X Iength X helght,
he numbers expressi
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ExampLES 1111
Metric Cubic and 'Capacity Measure

1. How many c.c. are there in 1 cu. dm. ?

2. A cube measures 30 cm. each way ; what is its volume in c.c. ?

‘3. How many cu. mm. are there in 1cubic inch, if 25 mm. equal
1inch long?

‘4. How many cu. mm. are there'in 1 c.c.?
5. How many c.c. are there in one cubic metre?.
6. How many c.c. are there in 3 litres?
. How many c.c. are there in 2 decilitres?
/8. Express 1234 c.c. in litres.
.9 How many c.c. are there in 5678 litres?

‘10.- Express in c.c. 1 litre + 2 decilitres.

11, The lead of a penczl is 2 mm. broad 2 mm. thxcL, and rso mm,
long, what is its volume in cu. mm. ? i
. 12. Find in c.c. the contents of a blscuxt box 15 cm hlgh, Iz cm

broad and 240 mm. long. i

- 13. Find in litres the contents. of a box, 8 cm. deep, 25 cm. long,
and 10 cm. broad.

14. How many times can a dekahtre bucket be filled from a tmugh
metres long, 50 dm. broad, and 40 cm.’ deep. -
15. 600 cu. ftu of air each is “allowed in a donmtory for 20 people
 How many litres is that for all ? (1 ft. long = 30 cm.)

.16, How many days will a hectolitre cask of water last for 7 people, i
allowmg each 3 pmts per day (1 htre = 1 pints).

/) 4-, STAND,ARDMQE WEIG-HT,——The unit or standard :
of welght in the Metric System is the gram. One gram (gm )
deﬁned as the wexght of I cublc centxmetre of pure “ater ‘

relation between the
gwen quantxtles of.i

0 grams t toi‘

: ¢ andin the succeeding 5ets of =
fir :sttxdymg the sibject, - Some
y o ,.:he next few chapters. .
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. Thereisno stich sxmple relatxon between the Enghsh measures
‘of volume and weight. . ~
i Muinples and decxmals of 1 cram ‘are named as &qfore' i
'iThere is therefore no difficulty in learning the followmg table,
. whereas Avoirdupois Weight is not made at all easier by havmg
‘ plevmusly learnt Long Measure :— - ;

'1000 gm.,

1 kilogram = ‘

I hectogram = 100 gm.

1 dekagram = 10gm.
1 gram

I decigram = ‘1gm.

I centigram =" oI gm.

1 milligram = roor gm.

EXAMPLES IV
Metmc System. We1ght

; F‘I—Iow many decigrams are there in 1 gram? Gl
. How many mﬂllgrams are there in 1 centxgram i B
‘Express 7891 grams in kilograms. : '
. What decimal of a gram are 2 der:lgrams?
What decxmal of a gram are 50 rmlhgrams?
.. Express 6°54 kilograms in grams. ‘
What decimal of a gram are 100 mxlhgrams ?
A Express 3 centigrams + 4 milligrams in mﬂhqrams
Express 2 decigrams + 5 centigrams in mx]hgxams
o ,Add 3gm. + 2 dgm + 50 mgm. prreSb in gmms g

AddrKgm +2ng +3gm{ i
20 gm. when empty and 45 g
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18. Sulphuric acid is 18 times as heavy as water. How many c.c.
- of sulphuric acid will weigh 99 grams?
o190 If 5 emn of wire weigh 25 mﬂhdmms, how many grams will 10
- metres of the wire weigh? g
20, If 1 square centimetre of metallic foil weighs 1 centigram, huw
‘many grams will I square decimetre weigh?

; The Relations between ‘English and Metric
Umts — :

: Sc)me rough equlvalents are worth remembering :—

1 foot equals 30 cm.
1 inch 5o 25 mm.
1 decimetre ;, 4 in,
1 kilometre ,, = 2 mile.
Iounce  ;, 28 grams.
secklitres e g8 pints.
i kxlogram ,,' 2% 1bs

) Mme exact numbers are useful for 1efexence —

1 metre equala 39°37 inches.

1 foot 53 3075 cmy

Goorgram o, 15743 grains.
Igrain ., 06489 granis.

1 kilogram,, - 2°20 Ibs.
o1 litre "3 176 pints.
Corlitre oy, 61703 cu. ins.

Tew i, 1638 c.c.

‘i Nw‘e -If 1 gram equals 1 543 grams, then 1 gram equals

L gram, or 06489 gram. .

The numbers 1 5~ 43 and 06489 are called fmpwt als. : e
Some Disadvantages of the Metric System S The
advantages of the Metric System over any existing" system for
rposes of scientific investigation are great. It'is under-
y.men of all natwnalzt]es, and the decxrnal re}auons =




an article at a j
1ce, and halfpence, the ehopman or

: as to be patd and t1e old woman manaoes tos
she is charged correctly.  But, in. France, with the de nal
: systcm, it seems always to be necebsary o wor :
§um out on a piece of paper
‘that it is

Moxeover, in dlfferent txades chffe1ent 1nits are found to be
convenient, and though the Government of France enforced as
long ago’ as 1839 the ob:uvance of the metric system, it s
remarkable that its use is even to-day not genelal in France,
4 Precmus stones are to-day bought and sold in carats fire-

wood in cordes ; milk in  pintes; muel in. toises ;- gmm,v ;

PO itoes, and charcoal in. boisseaux ;. sugar and tea among the
poor peoplc is de'zlt with in livres, demili fyres; &c,?

EXAMPLES V
Metric System. Miscellaneous
(a)

‘1. How many pieces of glass rod each 5 em. 1ong, can be cut from
a piece 1 metre long 2
o0 2. Tow many times can' 10 c.c. of water be ohtamed from a ha.lf
litre ﬂdak ?
'3, If 1 metre of wxre weighs 4 decxgmms, how 1mny mxlhglams w:ll
: 5 ey welgh? 0
4. A flask weighs 20 grams wlwn empty, 'md 120 grams when fall of .
wttu What will the flask we1gh when fuﬂ of mercmv, of wluc
e weighs 13* 5 grams? ¢
5. A train is travelling 100 Lxlometres per llom' What is 1ha't‘m 0
entimetres per second? i i e
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6. If a metal decxgxam weight measures 1 sq cm., ﬁnd in grams the
veight of a piece of metal of the same thtckness, measurmcr 4 mm. by
2 S,

@)
‘7. Add, expressing the answer in metres :— gy
U rKm. 4+ 2mm. 4+ 3em. + 4 Hmo 4+ 5 Dm o+ 6(1m. e
8. Find in sq. cm. the area of a post-card measunng 125 dm. by
Somm :
9 Flnd in cu. dm. the contents of a box measuring 150 mm, lugh
" 12.em. broad, and 24 dm. long.
.. 10, How many grams of soda are conlamed in 10 c.c. of a solnuon, :
" 1 litre of which contains 4 of a kilogram of soda? i
11, If 1 metre of wire weighs 120 centigrams, what will be the
length in centimetres of 60 milligrams of the same wire ?
1200 I‘md to2 places of decxmals the number of 'centimi tres
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21. How many times can a decilire flask be filled from a pneumatic
‘trough 10 cm. broad, 8 cm. deep, and 25 cm. long?

22. ‘A solution contains 1 ounce of salt in I pint of water. Howmany
grams of salt per litre of water would make a solution of the same
strength ? :

23. Ifa 100°c. . flask weighs 120 grams when full of water, what will
it weigh when full of mercury, whxch is 13% times as heavy as water ?

/24, If 30 cm. =1 linear foot, and 1 cubic foot of water = 1000
ounces, find the weight of 1 litre of water in ounces.




CHAPTER 111

THE MhAbUREMENT OF ’\’IAS‘%-—THE BALANCE




©box 40 cm. from O on one arm. Find where ‘the other box must

hor onta]ly'r’ If not, add sufﬁc:1ent tm»foxl to one or other‘
‘pzll-bowc (Fig. 8). i :
Remove the two hoxes and put 20 gm 1nto each Hang one‘

_be hung that the scale may balance horizontally : it hasito be
- placed 4o cm. from O on ‘the other arm. Now hang the first
box in a new position : again, the second box mwust be placed
at an equal distance from O to maintain equilibrium: It is clear
that equal weights will only balance one another when at z’gzm/
distances from the point of support. ;

Again, hang the two boxes 40 cm. from O, and on opposxte
sides of O. Place 30 gm. in one box, and add gram weights to
the other until there is equilibrium.  Is it not necessary to add
"an equal weight, viz. 30 gm.? Repeat with some other weight in

the first box. It becomes clear that fwo substances must have
equal weights if they balance ope another. when at egmzl distances. .
Jrom the point of support.

Suppose we desire to find the weight of some coppe1 turnings.
Place them in one box at A. Place the other boxat B, such that
the length BO = the length AO. Add standard masses or
“weights” to the box until there is equil‘ibrium Then we may
conclude that the weight of the copper is measured by the ﬂmount
of the standard weights in the box.

Of all the instruments which are at the present day in the
service of the chemist the balance .is the most important.. To-
day the balance is to the chemist as his very right hand, and
without it the rapid progress of the last century would have
been impossible.  The use of the balance has placed chemistry.
among the exact sciences, and so far as may be. chemical
problems are now put to the test in the I'tboratory and not
referred for an answer to the logician in his study.” How diffet-
_ent our opinion of the balance is from that of 3 ean Rey, a shrewd 4

physician, who said in 1630: S
- “I affirm that the examination of weiqhts Whlch is made by
G the Balance differs g mtly from 'that: which 'is made by the
reason. The latter is only employcd by the judicious, the o
former can be practised by the veriest clown. ' The latter is
\a.lways e\act 5 the former 18 seldom w1thout deceptm
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The ba.lance is a delicate mstrument and Jean Rey’s clown

cannot be allowed to play with it, or it will soon be injured,
. The Student’s Balance.—We shall now describe the
- balance to be used in almost all the expeuments and problems
- described in this book.

It consists of a beam A B (Fig. ¢) which can be raised from
‘or lowered on to a knife edge at C by the handle D. At 1ts two

’ds are suspended pans E and F A nendle H is attached_',
" rigld}y at right angles to the beam, and its point is in front ofa
-~ graduated scale. There are screw nuts at K and G by means
of which the Iengths of the arms can be shghtly altered. The
ts K and G should be so adjusted that when the pans are .
empt he needle swings over the same number of “degrees to -
the right and*the left of the €10 fpomt at the centre of the

bor laboratory work it is recommended o
= vkigé eby the baldnce is protected: from the -

a}anc‘e'is:SaI: Letter Balanca,No 12,
G Sal:er d Co.;, West Bro wmh pok :
‘one mi nwhat i kn

‘nll more dangerous eﬂ"ects of corroswe S

w quickly the approximate.



including the knife edges. Make.
ich the pan is supported. i
e Weights.—In a set of weights g
50 grams the followmg individual wezghts are usuaily found

5
FrLaT WHITE[ 65
‘\&EL‘AI 005

N otice that there. aye just enaucrh welghts to add up to any :
sum from "OI to I11'I0 grams.

For example, if a substance wexghmg 789 grams were L .

weighed, the welghts would be made up as follows :—
+ 50 + :
+ 5 + 2 : :
+ 5t 2 baes
; + 05 + ‘oz + 02
 The gram weight and those crreater than the gram a1e us
‘made of brass. ~
The Smaﬂer Welghts, whxch are always us
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‘Pbalance beam. - When placed at different points along the beam,
"its effective weight changes, and makes it possible. to weigh.
‘to milligrams or even to tenths of a milligram. The beam of
an accurate balance is divided into ten equal spaces. When
~the rider is put on the outermost of these, it is worth its full
- weight, ‘o1 gram. On the middle division it acts as '005 gram,
! 'md on the innermost division as "col gram.
 EXERCISE.—Remove all the flat welghts from the  box.

'\Axrange them on the squares drawn in Fig. 11 Ask your

5 2 1
Lo | oo | o |
A Fm:x o

eache ovhether you are rlght Realrange the welghts in: thelr
They should be in order of magnitude,  Never force a_
‘ ht into a hole too small for it, “Give each welght a separate.
. space if you can. The bent-up corner should be at the upper
 right-hand corner Ask your teacher whether thlS has been
properly done.

The Method of Welghlng —~The followmg pomts should ;
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ar tec heavy hefme subshtutmg hghter ones, and arrangmg ‘the.
1ght on thc pan m orde1 of magmtude, thh the l-mrger in the'y\
“centre. | - 0
T When the object is e‘{actly Inlanced wnte down the welg s
‘missing from their places in the box, and also the weights on the
alance pam, and see that the two agree.” :
8 Never wi elgh anything which has been heated, untﬂ it is cold

EXERCISES
Weighing -

1. Find whether the balance swings true, the . pomter v1bmung t
al dmtances on each side of the middle point of the scale;  Probe
it does not. Take a square decimetre of paper. Tear 1
; Letter one half A Tear the other half m two.’

z If the error of the balance is less than a cent1gram, use a centx
gram rider, and wnhout any. other welght fmd What welght woul
adjust the ‘balance.’

Pick out wexght lammmtmg to 87 65,
Dalance pan, the largest in the centre.

S “Add up the welghts on the balance pan

‘5. Add up the spaces in the box..

6. Take a set of Englzsh grain we1ghts, 600 grams to 10 grams, and _
find the weight of éach in grams to the nearest decxg:am next be/aw the.
true weight, | Write answers thus—11°9 +. ‘ ;

T Repeat exerc:seé to the nearest. cenugram next &e/aw t.&e z'me’j

Cut a piece of lead to welgh exactiy 16 grams
e




CHAPTER 1V
. THE MEASUREMENT OF THE VOLUME OF A*LIQUID )

The Units of Volume.—These are the litre for large
umes, and the cubic ‘centimetre for small volumes The'
tre is equal to 1000 cubic centimetres. ;
It is very important to remember that 1 c.c of Wa.ter»
! Consequently, we ‘may regard
,number of grams of wate
ing a volume expressed by



: ,Wezgh affam., Example»—« -

Wexg,ht of water which overﬂowed
: and Volume 5, 5}, b i
Hence, volume of pebble ... ‘

It is now evident that we can readily find the volume of a
- flask by first weighincr it when empty, and secon’dly when filled
with water. - For the increase in weight expressed in glams w1ll
© measure its volume expressed in cubic centimetres,
 EXERCISE 2. To find the Volume of a Flask up to'a
mark on the neck. Gum a label on the neck, and make a
. horizontal mark on the label.. Weigh the flask.
il it thh water up to the neck If the top
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. scratch a horizontal line on the neck to mark the lowest point of
©the curved surface bounding the water and the air. }
el The meaquunﬂr flasks most often used are htre, $-litre,

o and 100 c.c. fasks (Fig. 14). They. are usuall} fitted with
‘ ! ‘ «oround glass stoppers, and when filled
up_ to the circular line etched upon.
their necks contain at 15° C. the
volumes which are marked upon them.
" Measuring Jars.—These are tall
rylmdncal vessels, graduated in cubic
centimetres, and holding 100, 200,

250, 500, or 1000 c¢.c. (Fig. 15).
The student will understand how to-
i : ‘ read the level of a hquxd in.a measm»~ ;
',,mor Jjar after studym(r the use of a burette, i
P1pettes —Flasks and measunn J(—llb measure the T@

FiG. 14

: plpette is a glass tube open ‘at both ends, upon ;
\which a cylxndrlc‘al bulb has been blown (Fig. 16)- i
‘There is a circular mark on the stem. When filled
o with liquid up to the mark, the. plpette will' deliver ’
i vexactly that volume which is marked upon it. : ‘
. Exercise 4. To use a Pipette.—Place the = i
. pointed end of the pipette in water. Suck up the
| water till above' the mark. Quickly close the upper
- end with the moist thumb. Presmng gently, rotate
the pipette so that the water very slowly flows out (2>
_until the meniscus reaches the mark. Then press 0 ‘
tightly. The flow ceases:” Transfer the pipette to a
beaker, remove ‘the thumb, and let the liquid flow out. As i
oon‘as the plpette appears to be empty, let it drain for five
. seconds, with the tip just below the surface of the water in the
The drop of water wlnch is stxll in the pipette is /z/% ”

6. 15.

: and n blown out
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i - EXERCISES -
. Use of P1pef3te

1. Suck up water in a plpelte" Set to the mark. o e
‘Take a 10 c.c. pipette and a small’ heiker (2 oz.). Find}how i
Sy 10 cic. of water can be added to the beaker, :
3. Take a 10 c.c. pipette and a 100 c.c. flask. Fmd the level of 1he “
water after you have added 10 ¢.c. of water to the flask 1o times. © .
4.. Repeat No. 3, using a 100 c.c. measmmg jar in place of the
flask. o
5. Weigh an empty beaker. = Measure into it 3 quantities of water
10 c.¢. each by means of a plpette Weigh again, = 'What is the gain
B nght? ‘ L e

il I pld®
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placed a spring clip ; such a burette is more suitable for school
use. .
Exercise 5. To prepare a Burette for Use.—Fix the
Dburette upright in a clamp. Place a spring clip upon the rubber
tube.. Pour water into the tube through a small funnel, until its
level is above the top of the scale. Remove the funnel. Open
~.the clip, and let 'some water run out, so that no air is left in
the burette below the clip. The burette is now ready to deliver
- a measured volume of water. ST
. Examine the divisions and figures upon the burette. Draw
~the portion from 41 to 43 four times the actual size. ‘
.~ Burette-Reading.—The surface of aliguid in a burette, like .
. 'that in a flask, is curved, and is called the mendscus ; it is alw
T ol " the Jowest point of the
meniscus W ‘
“measured.
following point
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" tube answers é,dn)ifalslv At night, hrm ever, when the back-'

- ground is dark, a gas flame may be put on' the bench bnlow 1.0) ‘ : S

illuminate the meniscus. o
- {(3) The graduations are decimal, each fifth and tenth hne i

~ being longer than the rest. Notice the figures opposite the

d1v151ons 'Find whether they count upwards or downwards.

o Find how many ¢.c. or: what decimal of .1 ‘c.c. each scale-'
~ division stands for, :

EXAMPLES VI
Burette-Readmg

Read the position of the liquid in the figure of a'tube shown

con next page (Fig. 18), taking the two long lines W and X to represent . . i

respectively :— »
A.B C D E FooG ' H
36,40 .7 Boo 120 130 250 . 250 B
and 20 30 6. 9oo 100 150 200 300
L For instance, the two lines W and X represent 30
respecuvely in quesuon Ay 40 c

“of the hqmd shown in P Iy
f the curve in lenths of a scale ;
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g

Fie. 8. Fic. g,

(3) ‘Ch‘oos‘e a I00 grain pipette and a 50 c.c. burette, graduated to
tenths of 1 c.c.. et the liquid in a burette fo 50. | Measure ‘100 grains
' 'of water in the pipette, and run'it into the burette. Read the level
now. Run in another 100 grains, read again, and so on until you read
the top of the burette. ' Take the difference between each two consecu-
tive readings,  These differences ought to be équal; for each should Le :
 the number of c.c. occupied by 100 grains of water, If the differences
are not nearly equal, find out where you have made a ‘mistake,
Repeat. the exercise with still greater care, estimating terths of a

Bt

vision,: - R
 Stateyour results thus i



v MEASUREMENT OF VOLUME OF A LIQUID 35

EXPT. 1. Measurmg to1e c. . Exrr 2. Estimating ‘or c.c.

i D1fferences. e ~v~'DifféreveresL
*.o.nso_ it ELOBO AR T
L lagd e 4951{ i

. .6 Co 6'46
2 37'2] SR 37'055" ‘

J o 6’4 ot 6.49
3 308 ‘ ‘ 30'56] ‘ L
L6 - . 646
4 24'31 24° 10{ ,
1 . 648
5 17'8‘ 1762 :
’~ L6 } 6°48
6. 1174

11014 e
} ) .’ 6.45 .;‘ i

ol R - 4769

- empty beaker.  Run into.it exactly 5 cic. Welgh ‘Run in another |
© 5 c.c., weigh again, and so on until you have rin out 50 c.¢.  Take the
dlﬁerence between each two consecutive weighings. = These chffexences
should be equal if the burette is correctly graduated, A,
© 5. Youare provided with a small bottle Find its volume by means 2
ofa burette. . :

(b) Measuring ]a;s

6 ‘Make a drawing, twice the real size, of the portlon ofa meabmzng ne
Ja,r from 60 to 0. Show the graduatwnb and the figures, -
7. Add water to a mmsurmg jar unul the level of its sur{ace is exactly‘ :
At 74 c.c,
8. 'Read the level of thL water in the measuring jar prov:ded ‘
9. Vou are provided with 4 measuring jax and some marbles. Devise
: a method, of ﬁndmg thexr volume.‘ Fmd also the avclage volume of |
o marble. : ; ;

(t) Pzpai:‘m (sec also P 33)

0. Find the volume of a 100 gram plpette as féllows‘ Welgh an
mpty beaker. i Fxll the plpette w1th waLer, and run the watet ‘into the‘

4. Pour water into a burette. ' Set it exactly at 0 c.c. Wefg‘h ami
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beaker. - Repeat three times. ~Again weigh. Calculate the weight in
grams of 100 grains of water. :
1L I\ecahbmte the pipette provided, thus:—Gum a strip of paper
© 1} inch long upon the stem of a pipette. Find the volume up to the
bottom, and also to the top edge of the paper, proceeding as in No. 10
Caleulate’ whers the mark should be placed upon the stem, and mark
1. on the paper .




CHAPTER V
THE MEASUREMENT OF TEMPERATURE

Heat and Temperature.—Every one can attach some
meaning to the word Aeat. The sensation of heat is familiar to
all. - And yet we shall often make mistakes in judging whether
a substance is hot or cold by our sensations. For the same
room may at the same time appear hot to one man and cold to
another.  Indeed, the two hands may judge differently of the
same substance ; test this by placing one hand for a few
seconds in hot water and the other in cold, and then place both
together in lukewarm water : one hand feels cold and the other

‘warm. It is clear, then, that the sensations of heat and cold in
our bodies do not necessarily tell us anything of the actual
state of a substance with regard to heat or cold. ;

Nevertheless there is no room for doubt that different states
of a body with regard to heat and cold can exist, and we shall
proceed to consider how these different states or conditions can
be measured. This we can do without stopping to ﬁnd out
exactly what heat itself is.

Temperature.—If a poker be placed in a fire, the end out-
~ side the fire quickly becomes warm, and we understand that
"heat has passed from the hot coals into the poker. ' If the red-
. hot poker be placed in a bucket of cold water, the poker will be
rapidly cooled, and we say that heat has passed from the poker
. into the water.  Many instances are met with every day of heat

i passing from one body to another ; such -bodies are said to be

" at different emperatures, and the heat passes from the body
. which is said to have the higher temperature to that whlch is
- said to havc the lower: 1emperatmc ; !
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A difference in temperature between two bodies may be
compared to a difference in level between the water in two
cisterns.  When two bodies are so placed that heat can flow
between them, the flow of heat will always take place from the
body which has the higher temperature to that which has the
lower temperature, just as water will always flow from a higher
level to a lower.  Indeed, temperature may be defined as #ha#
condition of a body upon whick depends the flow of heat to or
[rom obher bodies. 1t is important also to ohserve that the
passage ‘of heat from a hot to a cold body will continue until
they reach a common temperature, just as water is said to find
its own level.

F1G. 20.

. Preliminary Idea of a Thermometer.— When heat is
~ applied to any body it may produce many effects, but none
is more noticeable than change in volume. In by far the
‘greater number of cases a body expands or increases in volume
when it is heated. :

. Expr. 1. To show that Iron expands when heated.!—
Support an iron gas pipe at its two ends upon two needles,
resting upon horizontal glass plates, and let the central portion
of the pipe lie within (but not touching) a gas furnace (Fig. 20).
- Fix to each needle a light straw to serve as an index.  Now light
thefurnace. In'a short time each needle begins to roll outwards
‘turning the straw. . This' movement must be caused by the
ngthening (expansion) of the bar. Note that the hotter the
omes the greater is the expansion, and the consequent

s s Lecture Table Experiment,
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the straws Allow 1t to u)ol \Ti)te“how ‘the

. Select a rubbet atopper, with
Wh}ch fits 1t closely Pass a narrow glass
tube, 5o cm. in length, through the cmk, e}
that the ‘end of the tube is ﬁush with. the
“lower surface of the stopper (Fig. 21).  Fill
the flask quite full with water coloured with
indigo. . Push'the stopper with the. tube
into the neck of the flask so that all air is
expelled, and the liquid rises a short way
- up the tube. Mark the level of the liquid
‘a piece ‘of gummed Tabel. - Immerse.
he whole of the flask in a vessel containing
: hot  water.
What do
you ob-
iserve?r: The‘
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Warm the flask first with the hand. A few bubbles: escape.
Then warm the flask with a flame.  The enclosed air bubbles
out much faster. Remove the ‘source of heat. Water rxses,
up the tube, showing that the air contracts on cooling. ‘
 In these three experiments we have illustrations of the ex-
pansion by heat of a splid, of a liquid, and of a gas. In each
.case the expansion indicates the flow of heat into them from -
sources which are at higher temperatures. Hence, if we find
'that a substance is expandmrf in volume, we may conclude that
heat is probably passing into it from something else which
* must be at a higher temperature. ;
The simple instrument described in Experiment 2 may

nstrument is left sufficiently long for the passage of heat
_to continue until the instrument and the ‘room have
acquired a common temperature. If the :

hat is to say, divided into equal ch
- emperatures may be. stated

be used to compare the temperatures on different days, or
_in different parts of a house, provided in each case the




~ were all exposed alike to one or two particular temperatures.

£l
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gladuated And, further, all thermometers should be maxLed'
s0 as to show the points at which the mercury" ‘would stand

Otherwise, it would be impossible to compare the readmgs i
of one théermometer with those of another. i
In graduating the thermometer it is customary in the first
place to mark upon its stem the points at which the mercury
stands when it is heated to two standard temperatures. It was
Newton who suggested that for these fixed points, as they

bu. 244

are called, the melting temperature of ice, wlnch is found to be
very constant, and the temperature of steam armng from boil-
ing water, which also, as will be shown later, is constant so
long 4" the pressure of the air remains the same, should be
employed ; :
v Gl e mark the Boﬂmg Pomt on . a Ther-“
”mometer.rmT'LLe a large flask containing some water, and fit
it with'a cork, File two ;,moves down the side of the cork, and
pierce it witha hole through which a thermometer can be thrust;
€0 that 1ts bulb is Just above the surface of the wai.er (F1g 4) e
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Boil the water vigorously. " The thermometer is now surrounded
by steam. Observe carefully the point to which the mercury
rises.  This point is marked one hundred degrees or 100° on
« a Centigrade and 212° on a F ahrenheit thermometer.
© ExpT. 5. To mark the Freezing Point on a Ther-
mometer.—Fill a funnel with pounded ice. Support it on
- atripod. Plunge the thermometer into the mass (Fig: z3),
~ Observe the point at which the mercury becomes stationary,
~This is marked 6° on a Centigrade and32° on a Fahrenheit =
thermometer.  Is your thermometer marked correctly?

Scales of ~T‘el'nper»a,t};x‘re.~~’1‘13e difference in temperature

between these two -fixed points is large. It is customary to,
subdivide the interval between them according to one or other
of three scales, named the F ahrenheit,fCentig’rade,and Réaum

we need only consider the first two. T

e Fahrenheit scale the freezing point is

iling point 212°, while on the Centigr:
d 100° ZTespectively (Fig. 26)
s therefore divided i
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Also observe the follomnq points :—
1. The eye should be at right angles to the scale at the pomt

1eached by the mercury (compaze p- 34).

. The thermometer should be read while its bulb is 77 the
'substance of which the temperature is being taken.
3 The ﬁuurcs count upwards.

F c

PP o i
21 2, 100 Boiling
g point

Freezing
point

EXERCI SES

1mbler Wxth cold water from the tap Place a C thermo- S

he water, Read the: tempcrature Change the water and

in a bea.ker and place a C. thermometer in
mll ﬂame - When the Lemperature reaches ;s
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3. Read the thermometers placed about the room and up the wall,

4. What is the lowest temperature that can be read with the thermo-
_meter provided ? - What is the highest temperature ? - ‘

5. Read the position of the arrow on.a clinical ‘thermometer,

O‘onversmn of ’I‘hermometrm Scales.—

o) Flnd the Centigrade reading corr espondmg to 60 F.

| 80° F. is(80° ~ 32°) or 48° F. above the freezing point.

48° F. 15:48°x § C. or 26°°6 C. above the freezing point, whxch is o
on the C. scale.’
Hence, the required reading is 26™6 C

o “(2) Fin ind the Centigrade reading corresponding to 20> F.

is (32 —20 °) or 12° F. below the freezing point.
12° F,is.12°x § C.oor 6°6 C. below the freezmg pomt, whlch is 0'
on the C. scale,

Hence, the xequlred readmg is =6°6 C

’F md the Fahrenhe1t readmg conespondmg to I 5 C.
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3. If the sun sets at 6.10 r.M. on September 16, and at 5 54 on
September 23, find the time of sunset: on September 21, i

‘4. A solution containing 40 per cent. sulphuric acid has the densxty‘
1306, and a 50 per cent. solution has the densny 1 398 What is the‘:'
- density of a 46 per cent. solutlon ? ‘

(i) CONVERSION OF THERMOMETRIC SCALES
What Fahrenheit temperatures are equal to :

5. 25°C. S 6 g C. 7. 80°C.?
What Centigrade temperatures are equal to

8. 50" F. 9. 95° F. 10. 122° F.?
Express on the Fahrenheit scale— ' ‘

i20°C. 12, -5 C. 13. 475 C.
Express on the Centxgrade scale—
' 14 40°F. 15 14°F. 16.-4°F.
17': On lhe Reaumur scale the freezm pomt is 0® and the ]

‘point 8%, What Réaumur tempexature is equal to'59° .
18, Wha.t Bahrcnhelt temperature is equal to 16° R.

EXERCISES
Thermcmetry

la bcaker w1th cold water from the tap. Place a
rmometet in the water. Read the lowest temperatures they
yas possable at the same time.:
at four more times.
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4. Now boil the water, and place the C. thermometer in it.  Arrange
two colummns in your note-book headed Time and Temperature, thus—

Txm: ; TEMPERATURE.
3hr. 20m. O sec. 1 100°2 C.
3 20 30 :
3 21 o i
3 21 30 |

Took at the second-hand of your watch, and when it is at the minute
- read the thermometer and at once extinguish the flame, but leave the
therimometer in the water. Put down the temperature of the boiling
water opposite to’ the first time reading.. Then, at intervals of half-
" minutes, take the readings of the thermometer to the first decimal place.
Take 16 readings. Plot the results on squared paper. (See Chapter
- XVIIL). ;
5. Half fill a flask with water.  Add about 10 grams of common
salt. Heat the flask until the water boils. Hold the bulb of a C.
 thermometer in the steam aboge the boiling liquid. What is the highest
temperature it records ? : : :
* Then place the bulbof the thermometer 7 the boiling liquid.  Is'the
reading the same?
6. Pound sbme ice in a mortat. Add a small handful of common
~salt. Mix thoroughly. ~Read the lowest temperature reached.




CHAPTER VI

THE MEASUREMENT OF THE RELATIVE D}"\ISITIES OF qounsy :
i ) AND LIQUIDS : 3

I THE RELATIVE DENSITIES OF‘ LIQU S

No one can fa11 to be aware that there are many different

methylated spirits, we ‘may also perhaps admlt that they 1 e ot
i equally hmvy But how can we actually compa.re the we1ght,

‘one and the sane volume of ,eacl
for instance Of ‘water ]
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with the follomn0 nnmbcw, which. were

: Compare your results
ohtained in the same way :—

- Methylated spirits ... 8o’z gm. Milk e . 10279 gm.
- Oil of turpentine i 863 4, Hydrochloric acxd 11471
Benzene . . 88205, Chloroform. ... 1471 5
Sea»water G L 1025y, Sulphuric acid ... 1782,

© It is evident that equal volumes of these liquids centam,
" different amounts of matter. This is usually expressed by saying:
~ that some liquids are denser than others, or that they po:sess
different densities.!
Now, it is convenient to compare the densities of different
iquids with that of some orie liquid, and water has been chosen
as the standard liquid. - We can at once obtain from the results
our xperlments numbers which wxll express the densﬂ;y of
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P Obselve the meaning that these numbers bear.
- ment that the relative density of mllls, for ;
~means that volume for volume, milk is 1°029 times as heavy

4 ‘as water, and that 1 c.c. of milk thetefore wewhs 1029

grams.
It is'important to observe that detenmnatmns with dlffereut !
samples of any one liquid—for example, il of turpentine—give

very nearly the same numbers. This fact leads us to suspect =~

that any definite liquid has a relative density which is a constant

property of it (at a given temperature). - So long as the liquid is ¥

not mixed with any other liquid, its relative denslty appears to.
remain constant, and to have a fixed value. = Consequently, it is
possible to dlstxnguxsh between liquids which may othezwise
‘resemble one another by a ‘refer- ;

“ence to their relative densities. For

instance, the adulteration of milk

- with water, or the addition of water

to alcohol, may be detected by
finding the change of relative den-
ty whlch results ﬁom the admh\ .
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. Membexb of a class are recommended to determme by
imeans of thxs bottle the relative density of some one liguid, e.g.
: methylated spirits or a solution of salt. Rebults should onlyd
‘difter in the third place of decimals. :

CALCULATIONS.——I. Find the wexoht of 50 cice of mexcury
_ relatwe dens:ty of mercury = 1375

Tec of mercury weighs 1 3 5 gm
EL RN ) ;1'3'5' ‘( 5o.gm
: _or 675gm. R




. What is the volume of the pipette ?

i mxxture?

VI RELATIVE DENSITIES OF

. ExAmprEs VIII
Relative Densities of Liquids
(a) : L
. Find the weight of 100 c.c. of chloroform : 1elauve densuy of
chlomfmm =147,
‘2. Find the weight of a litre of alcohol : relative derisity of alcohol i
= 0-8o.

3. 50 c.c. of turpentine weigh 43'1 grams.  Find the relativ*eadensitjz e
of turpentine. %

4. 60 c.c. of a sample of milk weigh 614 grams.’ Find the relative
density of the milk.
5- One, litre of a certain hqmd weighs 1 Lxloglam What is ‘the,.
liquid probably ?

6. Find the volume of 1 gram of mercury : 1Llauve den‘sny of
melcuxy = 13"5. d

7. Find the volume of 1000 grams of olive oil ; relatnc dcmxty of .
Ollve oil =09,

8. Find the volume of 1 gram of alcohol : rt.latxve density of alcohot .
=0"80.

'9.. Find the volume occupied by 513 grams of sea-water ; rLlatxvc
<density of sea-water = 1-026.

1o. ‘Find the volume occupied by 31 5 grams of glycerine : telau»e
deusuy of glyceune =11°26.

®) :
{dnswers to 4 significant foures.]

11.. Two beakers are placed one on each pan of a balance, and shot
dre added until the beam s.wmgs evenly. Then 5 c.c. of mercury are
‘placed in one beaker, and it is found that 6775 c.c. of water have to be
added to the other heaker to restore the balance. Calculate the densxty i
of meércury relative to- water, and the denszty of \water re]atwe to: .
- mercuyy. | i

12. A pipette comams 30786 grams of spirits, of re]atlve dcnmty 0" 81. .

13 What weight of sulphuric acid of relauve densxty I 86 wxll the "
| same pipette contain ? ? :
14,20 cocoof a liquid A of relanve density 1 arc added to 20 c.cu
"nf a liquid B of re!amc densny 081.‘ What is ‘the. weuohtvo‘f‘tht,‘ )

15 The mixtire rcferred to'in Bx. 14 measures only 33 5 C.cly owing
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to contraction having taken place. ~What is the relative denﬂxty of the

- mixture?
16, A flask weighs 25 grams when empty, 125 grams when full of

distilled water, and 1276 when {ull of sea-watt‘.l Find 'the relatne

" density of the sea-water.
17, How many c.c. of sulphuric acld «185) must be mea%ured Qut to

obtain r11 grams of it? =
18. Alcohol ( 8) and sulphuric acxd (1 85) are to be mixed in the
proportion T : 3 by weight. ‘What velume of alcohol should be ‘taken
with 200 c.c. of acid ?
19. A salt solution has the relatwe density 1°025 3 how many c.c of
water must be added to 1 litre of it to reduce its relative density to 1°020?
' 20. Find the relative density of a mixture of 100 c.c. water with-
100 c.c. spirits of relative density 0-81, assuming that the. hqmds oy
. contract by 2 per cent. of their original volumes on mixing. ; i
21. A 200 c.c. flask weighs 300 grams when full of water. Whaf b
11 it weigh when full of mereury (13'5)? i
. 220 A Dottle weighs 20 grams.  Full of water at. 4 C. it welghs i
.70 grams. ‘When filled with water at 65 C. it only wexghs 69 grams
Fmd the relative density of the hot watet. ;
.23, A tube 30 cm. Iong welghs 15 grams when empty, and 96 rrranm" “
full of mercury (I3 5 Find in sq. mm. the area of rhe c105=: sectlon' o

 ofthe e

I' THE RELATIVE DENSITIES OF SOLIDS ‘

All that h’xs been sald of hqmds, as recrards the d{ﬁ'erence: in
- density which are found to exist, is of course true also of solids.
 Although it would appear at first: sight more difficult to measure.
the re‘latwe ‘ ensmes of sollds, there are sewex al ways in wh}ch i
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these accurately in cm. and decimal. Also weigh the block.
Enter measurements thus :— :

iength = 50 cm.
breadth = 5'0cm.
height =25 cm.
+.volume of block = gx§x2'5c.c.
=623 c.c.
*.weight of an equal volume of water = 62°5 gn.
Also, weight of block = 4816 gm.
Hence, relative density of the oak = 4680—{5—6

= Q'77.

EXPT. 3. To find the Relative Density of a Copper
Cylinder.—Volume of a cylinder = (radius)®x 2-7'-2— x height.

“Measure the diameter and height of the cylinder in cm. and
decimal.  Then:—
. it height = 378 cm.
- diameter = 1756 cm.
.radius = 0778 cm.

: : N :
.= .area of circular end =.(0'78)* x = S cm. -

.-, volume of cylinder = (0'78)* x 2—7%»< 378ce.

‘ : =426 cc

. weight of an equal volume of water = 7:26 gim.
Also, weight of cylinder = 6454 gim.

Hence, rehuve density of coppex cylinder = —7i;754

= 8'88.

; EXL}\CISLG
nd e relahve density of—

cubes or rectangular blocks of different hard woods
} ‘an iron or brass cylinder.
- (3) & box-wood ball.or a large glass marble. -

[V um of sphere = 4—' b -—7~ % (radms ), ]
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g How can we find the volume of a numbf.r of glass stoppels, ot ;
leaden shot, a heap of sand, or a bundle of steel screws? - We
* shall describe three methods which may be followed in- -one case

or another. rik

(B) SECOND METHOD USE OF A MEAbURI\’(; ;
" JAR ,

S E‘\PT 4 To find the Relative Density of some‘
 Glass Stoppers.—Weigh a few glass stoppers. How can
“their volume be found? "They are too irregular for it to be

© 1 found by mensuration. But we can find how much water the

: stopper:, can dlsplace in a measuring jar. Choose a meahunngh‘

,, the narrowest inte which the stoppers will ea51ly ‘shides

ly fill the jar with water, and read the level. Carefully shv

he StOppers. The level rises. ead again. Thus :

i Welght of stoppf:rs B
Volume of water, stoppus outslde
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EXAMPLES X

Relemve Densxtles of Sohds

I. Tznd the rdatlvc densities of the following metals, given :—

(1) alitre of copper wuuhs 8950 grams,
(2) 75 c.c. of zinc weigh 540 grams,
(3) 676 cic, of cork weigh 169 grams.

(4): 300 ¢ ¢. of lead weigh 342 kilograms.

2. A rectangular block of marble measures 24 em. long, 16 cm. broad,

and 10 cm. in height, and it weighs 10°368 kilograms. ~ Find.its rclative :
| density: i : {
3. A cube of wood measures 8 cm. along each ed(re, and its we1ght‘ o
‘is 3072 grams. Find its relative density, Gt

4. Solids, weighing 10, 15, 20 grams respectively, were placed succes-
“sively in a graduated cylinder partly filled with water, the surface of which :
read 9% c.c. origihally,  When the first was added, the water rose to
99 c.ci, when the second was added, it rose to 106 c.c., and when the
third was added to 108 c.e.  Find the relative densities of ‘the solids.

5. A brass chain weighs 96 grams. - When lowered into a measuring
jar already containing 100 c.c. of water, it raises Lhc water It_vd to

a1z e Findits relative density,

6. A dozen shot, made from lead, of n_la.uve dcrmty 11 4, raise thc :
level of water in a measuring jar from 98 c.c. to 122 c.c. Find the
weight of each shot.

7. A shilling weighs 87 grains, and has the lelatwe density 104
What would be the weight of a platinuni coin (21°5) of the same size?.

8. Find the value of 1 c.c. of silver (relative density 10 5) when
silver is worth,2s. 64, per oz - Reckon 28 grams = I oz G

" i 9. If 1000 07, of water fill 1 cubic foot, and cast-iron is 7'z times as
heavy as water, find the Wew‘hf of an iron block 4 in. lung, 3in. broad i
and 1 in. high. :

to. Find lhz. volume of 1 cm. length of p]atmum wire (mla,twe

densxty 21 5), supposmg a plu:c 1 mure lcm;, to wugh r5 uams

TRA(:MF NTARY SOT_IDS

‘ i (C)* THIRD METHOD

De dctelmmed to the tenthiof .
: ¢ jar.. But by means'of a balance
er'to a centigram, that 15, to the hundledth
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4 cubic centimetre. Instead of noticing the rise of level in a

" measuring jar, we may find the loss of weight by overflow where

fragments of a solid are put in a relative density flask full of
water.

Exer. 5. To find the Relative Density of White

- Sand.—Weigh a dry relative density flask. Introduce some

sand, so that the flask is about one-third full.  Weigh again,

Nearly fill the flask with -water, shake gently so as to dislodge

air bubbles ; allow the sand to settle, and then carefully fill the

flask with water, and introduce the stopper. Weigh again.

FiG. zg.

Lastly, wash the sand out of the flask, and weigh it filled with

water alone. :
Then calculate the weights represented in Fig. 29, 1, 11, and
1L i

Example :—

Weight of flask ... ... = 14'80 gm.
| Weight of flask + sand G g e N B
Weight of flask - sand 4 water, dnséde ... = 4537
Weight of flask and water ... = 3080t

| Calcilation s—
Weight of flask ... [... = 14'80"
Weight of flask + sand =B

li

. ' Weight of sand...

gy 904 .o (i)
,Again~—~ il :

Weight of flask + water S = .39'80 ‘gm.
it Weight of flask + water + sand, owsside ... = 30'80 + 9'04

_48 84 gm. (ii.)
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But—- o e
Wexght of flask + water + sand msza’e L 45’37'g~iu.‘
VVemht of water overﬁowmg to make room

I

04-7 CEE '

for the qand v e = 4884 - 45737
o Weight of sand
I\elatlve densxt}r of sand L..en e e V\;e;;uwotomgég{\ :
= 9%
347
= 260

EXERCISES
- Find the relative density of— '

(1) powdered glass.
(2) lead shot.
(3) powdered antimony.
' (4) powdered galena.

. ExampLES X
Relatlve Densmes of Sohds :

Find the relative: den "‘y of sand from: the followmw weight
Flask + sand, 35 grams. Flask + and ﬁlled up
;’ﬁlled w1th water, 50 gram..
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of Syracuse. It is said that Hiero, King of Syracuse, sent a
* lump of gold to a goldsmith’s to be made into a crown. When
- the.crown was delivered he suspected that, though of the right
weight, it contained nevertheless an undue proportion of silver.
S0 Archimedes was asked to find out the truth of the matter.
Turning the matter over in his mind, it is said that he went to
have a bath, and noticing the rise ot the water. he jumped out in
great excitement, and ran naked through the streets of the city,
crying, Emel\a, Eureka, I have
discovered it ! ” But suppose we
make the following experiment.

Exrr. 6. To try whether a
Solid weighs the same in
Water as in Air—-(1) Suspend
a block of aluminium, or some
other object, from a T100-gram
spring balance, and read its weight
in ‘air.  Then allow “the block to
sink below the surface of water in
a tumbler, and again read the
balance  (Fig. 30). Is not the
weight of the block in water much
less than its weight in air?  The
water clearly supports part of the
weight of the block.

Similarly, weigh both in air and
in water an empty glass bottle and
a block of wood. These have no
weight in water, or rather the whole
. of their weight is supported by the

water, and therefore they foat. :
n) Le us ne*ct mdl\e mx ewpenment which w111 show a con—b

is completely 'zmmersed There is equili-
Pour water carefully mto the bucket 50 as
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to restore ethbnum, t'ﬂuno care that the cylmdel is sti
completely immersed and not touching the beaker.  How muc]
water have you to add? At the moment when the bucket i
filled up to the brim equﬂlbrmm is restored. * So the cylinder
- when immersed in water lost a weight which was equal to the
weight of water which occupled the same volume. The' experi- '
ment might be repeated, using turpentine or a salt solution or some
other liquid in place of water. This experiment has verified a
f'xct which is usually called The Principle of Archimedes,
: A solid when immersed
in a liquid loses a weight
which is equal to the weight
of the liquid which would
occupy the same volume.
" This is of great importance. For '
‘, instance, it follows that if a block
- of aluminium, which in air weighs
195 grams, weighs only 60 grams in
| water, Z.e. the loss of weight is 33
grams, the volume of the! block
must be 35 c.c. We can, in fact,
readily find the volume of any
solid which ‘can be wewhed in
water, ' ‘
The P‘rmcxple of  Archimedes
affords, therefore, a ready method Fie. 3n
for deétermining the relative den-
sity of a;y solid which' can be suspended and wemhed in
Jwater, ‘
EXPT To find the Relative Density of a Glass
; S‘bopper.—-—%uspencl a solid glass stopper by a thread above
the ' left-hand pan of the balance: (Fig. '32). Place a wooden
Dbridge across the pan. Place a beaker on the brldge 50 that
i ithe stoppe1 hangb freely within the beaker.  Weigh the stopper.
- Pour water carefully into the beaker until the stopper is com-
pletely immersed, and remove any An bubbles which cling to
‘the stopper v1th !amel"s hair brush, Wexgh it 'Lgam, - Thus.
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Hence, loss in weight of glass stopper ... ... = 6 gm.
or, weight of an equal volume of water = 0

-*. Relative density of glass stopper = 185
= 2'5.
It is clear that the last #7e¢e methods for determining the

relative densities of solids cannot be applied directly in the case
of one such as cork, which is lighter than water, or to another

i

such as sugar, which will dissolve in water. The student s
_ referred to other text-books for the special methods required in

023 T e ol "7'
084 Zine: R 7
093 Iron (cast) ...

|
i
ity
] Brass/ o inn aage
BF o Cepperaa g
v, 1 Silver L.t o
Shead s i Ofgge
l: Gold o vl gty
f - Platinum - g
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EXERCISES
Fmd th(, rela.uve density of—

(1) a solid glass stopper.
(2) a lump of marble.
- (3) a lump of sulphur.
{4) a copper cylinder.
(5) a brass cylinder.
(6) a lump of aluminium,
(7) an iron nut, screw, or bolt, or cylinder.

ExampPLES XI
Relative Densities of Solids ‘

A gold coin weighs 12°25 grams in air, and 11°55 grams m water. i
Fmd its relative density. S
. 2. A lump of marble weighs 2076 grams in a.1r, and 13'14 grams in
“iwater. - Find its relative density, i
3. Alump of sulphur weighs 261 grams in alr, and 13 07 grams in
“water, ' What is its relative denslty? :
4 ‘The Volume of glass stopper 1 5

metal cyhhder ‘weighs 64 65'grams in axr, and 57‘ gr
Of what metal does it -obably comsist ? ;
If a ﬂlver com welghs 41 6 grams, and has th

g 'aml 16 g ms in spmts
ive denslty ‘8, find the relative den51ty of the glass.

glass stopper weighs 30 glams in aj
Fi ;




CHAPTER VII

THE MEASUREMENT OF THE PRESSURE OF THE AIR‘

The Existence of the Alr.—wWe have no dlfﬁculty in
realising the existence of solids and liquids around us.
different with the air, and at first it s’ difficalt to 3
~there is an invisible substance swrrounding' us ‘on ‘every hand.
‘Yet the existence. of somethmg visible is at least suggested

he draubht from an open . wmdcw T

show thatan “Empty ‘Bottle o nt‘ ;
~Take an empt bottle and force it ¢
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- We are aware of the pressure of - the airina stmn v
“in aroom in which the au is at rest we are not conscmus Qf any
pressure. : v
i EXPT, 2. To, show tha,t Aw ~ exertmg a Ereasure
 even when we cannot feel it.—Bend a glass tube as ir

'Fm .35. Pour in some coloured water. The water stands ‘a

emctly the same height in both arms. Why? If we attaeh a

piece of rubber- tub:nff to the arm A B, and suck out some of

the air from that arm, what may occur? Try. The water

rises in the ‘arm A B, and : ' i
~falls in the other, as repre-
sented in Fig. 36 Secondly,

blow i inalittleair. The water

© falls in the one arm, and rises
‘inthe other. i

The rise and fall of the
~ water'in the arm-A B shows
.that the air was originally

: ,.exertmg a pressure equally

upon the  surface of the:
uid:in both arms and that“
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' ﬁlled Press a piece of cardboard against the mouth. C arefull\
lift the vessel out of the water, mouth downwards “Note that

" the cardboard remains over the ‘mouth. . Why? Clearly it is

held there by ‘some: pressure greater' than the qveig t of the |
water within the tumbler (see Fig. 37) W i
Expr. 5.—Fit a th1stle-funnel in ~one end ef a
tmck rubber pump tubmor

of ‘the funnel agamst it. Then proceed to’ exhaust the;
»,flom the tubmg Observe that the funnel is pressed ﬁrm




* fact that the air has weight, slight though
~ this be.

showed in 1643 in the following way how
“.to measure the pressure which the air is

 sure.of the Air.—Take a thick-walled
_ glass tube about 4 mm. internal dlametex,
. and 9o cm. in length. Seal one end in
* the blow-pipe flame. ' Holding the open

_yn  MEASUREMENT OF THE PRESSURE OF THE AIR 6y

~weigh it Then, leaving the weights on the pan, remove the

flask, and exhaust some of the air by means of an air-syringe.
Again suspend the flask on the balance, and observe that it is
now lighter than the weights. ' Lastly open thetap: air is heard
rushing into the flask, and it is then found to have regained its
‘orlgmal weight. .

It is clear therefore that the air has weight. As'a matter of
fact 1 litre of air.weighs only 1°2 gram. But just as the weight
of one eider-down quilt may be scarcely felt, yet many of them
one above the other would be very oppressive, so, extending as
the air does to a distance of at least 200 miles from the surface
of the earth, it may be understood that
the very considerable pressure of the air
at the surface of the earth is due to"the

Torricelli, an Italian physicist, first

always exerting.
Expr. 7. To measure the Pres-

end upwards,  almost ﬁll the tube by
pouring clean dry mercury* into it through Fie. 38, .~

a small funnel. Gently tap the tube so as

to dislodge air bubbles.. . Pass a bubble the length of the tube
$0 as to sweep out smaller bubbles. - Fill the tube completely’
with mercury.  Close the open end firmly with the thumb, and

" invert the tube in' a mortar containing mercury (Fig, 39).

‘The: mercury sinks in the tube, leaving a clear space A B
at the top of the tube. Tilt the tube: if the mercury does
not rise completely to the top, some air bubbles have not been
removed these must then be displaced by inverting the tube

agdin, and gently tapping. Measure the length of the:mercurial

column above the level of the meércury in the mortar. It is

about 76 cm. or 30 inches. From the way in whxch the tube

0l Ou Management of '\Tercury, see Appendw, Vol 11, o ey,
’ ozl
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was set up it seems 1mpossxble tlmt the space A B can. contam i
any air. ; ‘
- Let us repeat Expt. 7 in another form. :

. ExpT. 8 —Take a thick-walled glass tube about 9o cm. long,? i
e '*iosed at one. end and fix a piece of thick rubber tubing about 6 .=
o inches' long upon the open end.
Fix a short glass tube open at"
~ both ends into the free end of
‘the rubber tube. Resting the
closed end wupon the 'bench,
carefully pour mercury into the
apparatus until it reaches half
way up the short tube. Sweep
out air bubbles as before. Then
fix the apparatus upon a board

as shown in Fig. 4o. )

The level of the mercury in
the closed arm is again about
30 inches above that in  the
open-arm. If Expts. 7 and 8
were ' repeated  with . wider or
longer. tubes, the length of the
mergurial column would still be
found to be about 30 mches or
760 mm.

ExpT. 9. To show tha,t :
A B is a Vacuum.-(1)
Tilt the tube used in Expt. 7
gradually, keeping the unsealed
end still below the mercury in
the mortar. - The mercury rises

; : Cpletely fills it (FI A1) ;

(2) Pour some water above the mercury in ihe mortar,

- Raise the tube catefully 50 that the open end C lies in the water.. .
. The mercury at once runs down, and water not only Lakes 1ts

place ‘but completely fills the tube :

in the tube, and finally com:
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From thxs and the former experiments it appears that the
o column of mercury B C must be supported by the ﬁresszxfe o7
o the air on the mercury in the mortar,

. ' So also it appeats that in Expt. 8 the column of

mercury in the closed arm must be supported by
~the pressure of the air on the mer cury in the short
open arm.

ExpT. 10. To show that the Length of
the Mercurial Column varies with the
Pressure of the Air.—(1) Connectan exhaust-
ing air-syringe by thick rubber tubing to the short
open arm of the
apparatus used in A
Expt. 8. Exhaust
some of the air B
from “the short
arm : the mercury
immediately falls

~several inches \in
the other arm. Re-
Cadmit. air: the
mercury rises to
its former level:
~(2) Connect an
air condenser in
the same waywith
the open - end.
Gently force a lit- FiG. 41
tle air into the
~ short arm : the mercury is forced right up to the
| top of the closed arm.
 Robert Boyle, who invented the an'-pump,
aced the whole apparatus used in Expt. 7 within
the receiver of the air-pump. He found to his
delight that the mercury fell further and furtherin
lbe‘as the air was. gradually exhausted, until
‘ inch ‘or two above the level of the
dmitting air into the receiver, he
e to 1ts cugmal level i n the tube:
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il

the tube above the level outside is a measure of
- the pressure of the air. The instrument “was called by =
Robert Boyle a barometer,! and ever smce his. txme 1‘ ha
Dbeen in use for this purpose. ,
’Va,mamons in the Atmospheno Pressure -»-If e
“imagine ‘the earth to be enclosed in a vast ocean of air, we
should expect the pressure of the air to become’ less and less
. ‘as we ascend above sea- -level, and this should be'made ev dent
by our barometer. ' It was shown ‘to be so by Périer in
He ascended the Puy«de Dome, in the: Auvergne Mount
rance, and found. that the. mercury fell about 3 ‘mches




‘take thh advantacre showmg how to represent m 2 dxag m'a
number of readmgs of a barometer. .
A Weather Glass.—The weather glass sho ‘Fig. 424
- which is ﬁequently seen hung up in houses, contains a ‘barometer
-of the kind shown in Fig. 40. On the mercury in the short arm
rests a little float, which will rise or fall as the level of the mer-
“cury altexs This float i is connected. by a string which passes

3

b FIG.‘ 42A. : g FIG 428,

~ over a wheel with a weight, Wthh is shghtly ]1ghter than 1tself L
" The appar. atus, as seen from the back, is shown i inFigiaeB. To
_the wheel is fixed a long needle, which is to be seen on the face

: of the. appamtus. The motion of the float will clearly cause the

o wheel nd also the needle to turn round. Numbers dre engraved ot

face of the circle round which the needle can move,
 the number to hu:h the needle pomis shows the height of
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~ the mercury in the tube. The words 7wz, c/znge, Sair, etc,
- are also engraved upon the circle. o
The Sta,nda.rd Atmospheric Pressure.——The awmgeg

 pressure, however, at any place on the sea-level is represented

by about 30 inches or 760 mm. of mercury. It is cus-

'tomary, moreover, to regard the pressure which is measured by

760 mm. of mercury as the standard atmospheric pressure. In
other words, the pressure exerted
: by a column of mercury 760 mim.
in length i$ called a pressure of
one a,tmosphere. :

It is useful to remember that this -
pressure is about 147 1bs. weight
upon every square. inch, or 10336

centimetre.

A Water Barometer.—How
long 'a column of water could be
supported by the pressure of the
air? 'We must find out how long
a column ‘of water would exert the
same pressure as a column of mer-

cury 30 inches in length.
Expr. 11. To find out how
. 'many inches of Water will
Fm. 4‘3A. " Fe. 4ze. © balance 1 inch of Mercury.—
Bend a long glass tube into the
formof a U, and fix it vertically. Pour a little mercury down
one arm, so as to fill the bend and rise about 2 inches up the
arms; it stands at the ‘same level in hoth arms (Fig. 43A)
Then. mclme the tube, and  introduce water by means of a.
_Pipette into one arm, so that the column of water is between
13 and 14 inches in length Fix the tube vertlcally again,
i Measure CD, the length of the water column (Fig. 43B):
it i, say, 136 inches.: What balance& this column of
 water? /The . short Lolumn ‘of mercury EF  above  the ‘
Ievel of the ‘ercury in the other arm. | Meas,uze‘ 8 AT

grams weight upon every square :
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Hence, a column of mercury 30 inches long will exert the same -
- pressure as that produced by a column of water li%’i_?f_’ ‘

~or 34 feet long. - The tube of a water barome‘ter‘must, therefore,

be more than 34 feet in length. S e e e
. Glycerine has occasionally been used as the liquid in a baro-

‘meter : the tube must be more than 27 feet in length.

It is clear that in a water or glycerine barometer vaviations in b

~ height caused by the changes in the atmospheric pressure will

be much greater and more evident than in a mercury barometer.

 EXERCISES

I. Attach a U-tube containing water by means of a rubber tube .

' to the coal-gas supply. What do you observe? Can the ﬁres,sure

" of the gas be measured ? E SR
‘2, Find how many' inches of ‘glycerine will balance 1 inch of .

‘mercuty. ‘ : : : i




CHAPTERWII

FITI‘ING UP APPARATU§ )

'NOTHING is more frequently needed  in any Iaborator i
1¢ source of heat. If a chemist had no fire or flam

ervice; he would be able to do very httle.

enerally used some. form of fumace.
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Either the tube or the collar can rotate so that these windows
can be set app051te to each other, admlttmg air or .alternately
excluding air. -

(1) Close the holes. Light the gas. = The flame is yellow.
Bring a piece of white cardboard into the flame ; it becomes sooty.
. (2)" Open the holes.  The flame becomes blue.. Hold a piece

.of cardboard in it. It becomes brown and singed, but not
sooty. Hold a match

one inch above the tube.
The wood is burnt in two
places, showing that there
-is- an inner cooler region..
. Try whether you can in-
troduce a match head
into the middle of  the
“flame without lighting it.

" Is the blue flame hotter
than the yellow flame?
Yes.  Does closing the
‘windows make any differ-
enice to the steadiness of
i me? Yes, the yel-

W ﬁame s mller, andk
much less steady. :

3) Light “the burner
with ‘a blue flame. The
tube contains a mixture
of gas and air. Press
rently upon the rubber

pply tube, making the flame smaller and smaller. Suddenly
the flame will shoot down the tube,and it will be seen burning
2lot. Notxce he curious smell.  Light the burner at the top.
yellow, although the holes are open. . Any attempt
be will now lead to burnt fingers, since the inner
‘ It 1 betterto turn the gas out, :
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parency, (2) the ease ‘with thch it can be worked into any
shape when hot and plastic, ( _3) its not being attacked by most
~chemicals.  Its disadvantage is its brittleness. It is particu-

" larly liable to break on heating; because it is a bad conductor of .

heat; and therefore one partof the glass expands on being heated'
before neighbouring parts become warm. o

To Illustrate the Liability of Glass to Grack when
Heated.—(1) Heat one end of a thick, hard glass tube in the
flame of the foot-blowpipe. The glass cracks before the fingers.
feel the heat.

“(2) Warm another piece of glass tube very g,ladually Then
pour cold water on.it. It cracks. i
(3) Fill a test-tube one-third full of water. Hold it in the
flame so that the flame plays on the glass near the water line.

" 'THe tube cracks, -

To Boil Water in a Glass Vessel. —(1) Try again to

' warm water in a test-tube, as follows. Bend 2 doubled strip of
‘paper back on itself round the upper part of the tube, and hold
the tube by the paper. Let the flame play on the bottom of the

o test- -tube. Shake the tube gently so as to keep the water dancing

~up and down the sides of the tube, and =~

. boils without accident.

(2) Place a piece of i iron wire ganze
on a tripod-stand, or on a ring of a
retort stand. Place a glass beaker or
. flask containing 50 c.c. water on the
gauze. Put ‘a’ Bunsen flame under
‘ the gauze, ' The gauze distributes the
lteat over the bottom of the vessel, '

'md ‘the water can be heated unt]l 1t‘ i
e bmls without accident. i
(3} Place a little sand in an iron: .-

tray, and put the tmy upon a tripod-stand (Fig. 45). . Place a
- beaker containing ro c.c. water upon the sand, and heat the tray =
with a Bunsen burner. . The heat is dmtubuted by the sand, 50 :
" that thé beaker can be heated %ﬁ'ely until the water boils.
Observe that e,water heated over wire. gauze b()llb in much g
ess time th'm hat heated on:the sand. ; e
ing the sand: called a mm’ ém‘/’z

so warm them gradually. The water k
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To Make a Wash-Bottle ;
”venemﬂy be possxblc to fit up for ourselves the ap" V
- paratus required for our experiments. We shall leqmre g!ass: 1
. flasks, corks, glass tubmg, and  india- rubber tubmcr an :

. knowledge of how to use them. i Sl
08 pose we learn in the first place how to make the apparatus e
~shown'in Fig. 46. This is called a wash-doftle. It is useful
- for sending a stream of water in any desired duectxon By i
blowing at d a jet of water ~ k i e

spurts from ¢, and the ‘ 4l
india-rubber connection e ‘
allows of the water heing
sent in any direction. We
hall require an 8-o0z. flask,
dxk about 50 cm, of glass
1g; and a small piece of
rubber tubing. . 7
The corte (wooden)select—; &
ed must be just too large
‘to ﬁt into the,mouth of the‘ e
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“borer . carefully upucrht Drive it oently into the cork wnth a
. scréw motion, half a turn at a-time, pausing to see thatit. keep‘;
upright.  Along with a set of cork-borers is supplied
solid brass rod, whlch can be used both to press the core of
" out of the borer and as a handle to turn the borer round.
borers will require sharpening penodzcally) ;
. (2) Or; heat the end of a rat- tail file in a ﬂame
gently. through the cork. Enlarge the hole thh the ﬁle, but
take care that this is ‘done evenly, so that. the hole remains
round. It should not be made so larve that the tube ﬁts Ioosely
‘into the hole.
~To cut Glass Tubes «Take a sharp tnangular ﬁle Make '
' a'mck in the glass ‘tube about .15 cm. from one end. " Hol
ube. in both hands. The two fmeﬁngers should be together

s !




M'sta,k s t 'avcnd in bendmg Glass o
of glass tubing across the blue Bunsen ﬁatn

Fm

in two places. When soft, bend it. The glass is found bent in " o
‘two places. '(2) Hold a piece of glass tubing across an ordinary -

- flat gas ﬂame. The tube is heated this time in one. place ;

" Bend it. ' The tube is' flattened on the outside of the bend and‘_ .

 thickened on the inside.. When cold, try to bend the tube,
snaps easily at the bend.

To round the Ends of Glass Tubing.—The shaxp edges

left at the ends of the glass tubing must be rounded, otherwise
the tubes will not slide easily thxouuh corks, and are apt to cut.
any rubber tubes that are slipped over them. Round the ends
of the tubes just made—(z) by grinding the shar p edge on'a file |
or on a stone floor, (4) by holding the end in the edge of the blue
flame, at a point about two-thirds up the flame, as 5hown in’
Fig. 53, until the glass j Just melts at its edges.
To draw out Glass Tubing.—
{1) Holdmg a piece of glass tube in both hands, heat it at
. one place in the 6/xe Bunsen flame. Remove it when soft from:
.the flame and pull. = = i ‘ o
I‘ he tube is d:awn a httle at A (F;g 50)

At B it is ‘pﬁilgd'

‘out tuch ﬁner, becmuse 1t mppens to ]
'broken there because the pull was too hax
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in the cooler (entlal portlon of the ﬂqme, and never became
. properly heated. -

and turning it slowly round and round. -Pull the two ends :
: apart, T here is no lump, because the tube was he’Lted evenly, ke

FiG. 1.

© but the finely drawn out tube has softened at once, and is bent it
* down (Fig. 51). it
" '(3) Heat another tube as in Expt. 2 until the tube feels

limp in the fingers. Remove it from the flame. Draw slowly

the hands are wide apart.  Hold it rigidly f01 a few seconds, '
until the glass stiffens (Fig. 52). The glass is now drawn out
perhaps a yard long or more. "Cut the tube with a very sharpi
file gently at A and B. "Notice how elastic this section A B is.

_the pieces spring back straight agam Dip the énd B into

this fine tube into an mkpot, and note the result.. Then, A B'is

Fi1c. 52..

really hollow all through The end A C can be used for the

(2). Heat another tube in a ﬁai Same,; holding it Iength\wse“

Litae first, then more quickly, but gently rotating each end until .

‘Tt can be bent nearly to a circle. - If bent too far, it snaps, and

water, and blow at A Bubbles arise... Dip another piece of B

' wash-bottle jet. The very narrow tube A Bis called “capzllary i

. tubing” (Lat. mpzlla, a hair).
" The foot blowpipe flame is better than a ﬁat ﬂame for
drawing out glass tubing.
.. To narrow or close an End of a Glass Tube.-~lnchne .
Ga 01ass tube 20 cm: long downwards at an angle’ of 60° and

the, edge of 2 Bunsen flame at a pomt:
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' Remc)ve the tube frO'n the ﬂame before it is quite sealed up.
Cut the glass about 4 cm. from the end. Thls por txon can be
used for the wash-bottle jety

Hold one end of the remainder of the tube for a Ionger tlme‘ -

1 the flame, and close the end entirely.

Rubber tubing sometimes becomes stiff when not in use. .

W'alm gently and pull it'about ; it soon softens. Cut off a plece'
~-an inch and a half long for future use. If a rubber tube is too
wide for a glass tube, it can be made to fit
by doubling it back on itself. !
To fit together the Wash-Bottle.—
- Moisten the end « of the long tube a & (Fig.
. 46). Push the long tube throuoh the cork
~with a zig-zag screw motion. Hold the tube
near the coi'k, and avoid holding it at the
" bend 4, where it might break and cause a
‘nasty cut in the palm of the hand. Fit &
the cork also. Now fit the cork into the |4
The end @ should come nearly to {f
he bottom of the flask, but not so near as |
0 risk touchmg it. :
‘ —Tubes should never be pushed
when tl}‘eykare‘ﬁxed in the,mouths
nor should corks be fixed in the
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LABORATORY RULES, if not provided by a teacher, should be made
by the student for himself :— :

1. Each boy must use his own apparatus and work at his own place.
Experiments, calculations, or notes must not be made at the bench
reserved for balances.

. Clean apparatus, and put it away in its proper place as soon
as done with.

. Bench, drawers, and cupboards must be left clean and in order,
Test tubes must be left clean, and half full of water.

4. Solids (e.g. matches, filter-paper, rubbish) must not be  thrown
into the sink, but be put into the refuse pan. :

5. Never pour strong acids down the sink. Dilute them' with
water before throwing them away.

6. Stoppers must not be left out of their bottles on the bench,
but be replaced.

EXERCISES

Working of Glass. Fitting up Apparatus

1. Cut a tube 10 cm. in length. Round the edges. Bore a cork
to fit the tube tightly. Pass the tube through the cork.

P16, s4. F16; 550

2 Prepare tubes as follows 1—

* 2 tube 15 cm. long bent at 120° in the middle.
i Gy 15 oy 33 ¥ 9‘0Q T

e 15 ”y R 33 . 60° 3 I3 ;

R d0: SRS mto an equilateral triangle.



vt FITTING UP APPARATUS

: 3. Cut a tube 40 cm. long. Bend it at right angles near ope
- end, and at 60° near the other end, takmq care that both bends are
‘in the same plane.
4. Cut two tubes 10 cm. Iong, Round ;hen’ edges. Bore two holeﬁ
through a cork to fit the tubes.  Fix the tubes through the cork. :
5. Cut a tube 25 cm. long. Draw it out near one end; and sut it

Fia. :6

E : in two. - The shorter pieces can serve as wash bottle Jets, the lnnqel
ones can be used as pipettes.

. 6, Practise pulling out glass tubes to full arms’ length. Breakf up
the capillary tube so formed into 6-inch lengths, and save them.
7. Fit up the pieces of apparatus shown in Figs. 54, 55, and =0,




CHAPTER IX
CHANGE OF STATE—LIQUEFACTION AND SOLIDIFICATION

~ Weare acquainted with many dlffelent sohds and liquids.
What is the effect of heat upon them? ,
Many solids are changed into 11qu1ds by heat
hich solidify again on cooling. .
EXPT. 1.—Place some powdered sulphur in a testtube.
" Heat very gently in a Bunsen flame. The sulphur quickly
_.melts, and forms a yellow liquid. .The hqmd beccmes thlck
‘ treacle, and of a. dark red colour. = Then i
ligy again, and bevms to boﬂ Let 1t c
mcldy solidifies agai
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A further examination of the effect of heétihg metals in the air
and of the dross that appears upon the: surface. of molten metals
wxll ‘be made in Volume II Umpter I s :

Let us study One parﬁcu]ar case more fully. ;
EXPT. 4. The Effect of Heat upon Ice.—DBreak some
ice into small fragments, the smaller the better. Pack them
into the lower half of a wide beaker. Plunge a thermometer
into the mass. The temperature is
o° C. Warm the beaker on wire
gauze over a very small flame, and
stir the mass continually with the
thermometer,occasionally removing
the flame for a few seconds. Read
the thermometer frequently. The
ice rapidly melts. Although so much
heat is added, nevertheless the tem-
perature remains fixed at 0°to 1° C.,
- until the whole of the ice is melted.
. Onily then does the temperature
‘begin to rise, and continue to do so.

It is evident that while ice is
being liquefied 70 77se of tempera-
ture occurs. " In other words, the
change of state takes place at a
definite  temperature.  This  tem-
perature is called the melting
- point of the ice.

Othersubstances behave smmlculy
' 'to ice, and we may now proceed
to determine in a simple way the
‘melting points of some of them. ; F16. 57.

*Expr. 5. To find the Melt- ‘ ‘
ing Point of Paraffin Wax.-—l‘ake a narrow glass tube
" Close one end by holding it in a flame. ,Intx oduce some small
_particles of paraffin wax to a depth of about o'5 ¢m.  Attach it
' to a thermometer by means of ‘a thin slice of rubber tubmg S0
that the wax is opposite the middle of the bulb buppmt i
‘beaker, of about. 100C.C, capac:ty, half ﬁlled Wlth wa.ter, over wzre s
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‘gauze on a ring of a retort-stand. Place a glass stirrer, 6, inside;.
_the end of which has been bent into a’ circle at right-angles to
the stem. Support the thermometer so that its bulb is in the

*‘centre of the water (Fig. 57). Heat gently, stirring constantly.’ -
"As ‘soon as the paraffin  wax - melts, read the temperature.

Probably you have been too late, and the reading is too high. =
 Allow the water to cool slightly. Take a fresh capillary tube
containing paraffin wax and ascertain the erac? melting point, -
 ‘removing the flame from time to time, and stirring thoroughly,
© 50 that the temperature rises very slowly. Read to the nearest
" degree. a L

EXERCISES!

e Fmd the me'ltingfpoints of (1) iodine, (2) naphthalene, (3) wz{shin :
. soda, (4) Glauber’s salt, (5) sulphur, (6) “hypo,” (7) phenol..

We have found that different solids melt at different tempera:
res. . Usually, moreover, the melting point is .ch ca
definite. = Pure sulphur, for example, has a well-define

' : , on the other hand



h, adchtxon of 50 much heat. In a similar way heat apparently
isappears. while any other solid is being changed into a hquxd
This heat which alters the state of a sohd but does not raise its
emperature, and which therefore apparently dlsappears, was
rst 1nvest1gated by Dr. Black of Edinburgh about the’ year -
760. " The question may be asked, whether, when such a liquid--
is reconverted into the solid state, the heat will become sensxb]e ,
- again.
Expr. 6. To find whether Heat is given out when ,
. ‘a Ligquid solidifies.—Take some crystals of a substance
known to the photographer as “hypo,” and to the chemist as
_sodium thiosulphate. - Put them in a perfectly clean flask. Heat
sently, until the crystals are completely melted. Introduce a‘.
hermometer. Place a plug of cotton-wool in the neck of the -
flask. - Allow to cool in'a quiet place. Then remove the plu
ntroduce a small crystal of sodium thmsulphate. . The
id quickly solidifies. ~ At the- same time the thermometer =
rises many degrees, and the flask becomes quite hot :
It is ev1den "then that the. heat whlch apparently dlsapp s
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PROBLEMS

Find whether freezing mixtures can be made from—

(1) Glauber’s salt and strong hydrochloric acid.
{2) Ice and crystallised chloride of calcium.
(3) Salt and water.

(4) Sal-ammoniac and water.




CHAPTER X'
CHANGE OF STATE-~VAPORISATION AND CONDENSATION

WE have found that many solids are chancred into hquxds by} ,
- heat. What is the effect of heat upon hquxds ? '
. Many liquids are changed into vapours by heat
- which liquefy again or solidify on cooling. :

‘EXPT. 1. ——Place a few crystals of iodine in a test- tube* Heat

he ‘end of the tube very cautiously, holding the tube nearly '

~ level. Some of the iodine melts, but at once heavy violet
vapoursare given off. A dark deposit forms'on the upper and
‘cooler: part of the" tube Exan1~e it carefully

iodine have been forme '

.—~Place a drop cf mercury ina est-tub
£ efui)y n a ﬂame, holdmg the tube nearly lev el
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_ flask above the water, The white cloud consists of tiny drops
- of water—* water-dust” it has been called—condensed by the
" cold air from the invisible water vapour,
In all these three experiments liquids are found to chanc
" into vapours, and then on coohng into the same hqmds again.
. The state of each substance is changed; but there is ‘no chzmge
- in the stigff of which each consists. ~The solid iodine, for instance,
s chanﬂed into liquid iodine, and this into the vapour of iodine,
: and the iodine vapour back to the s
iodine again ; the substance is all.
time z'adz‘;ze; it is not changed into a
different - substance ; only its state’is
~ altered. . Such changes  ate Lalledf
hysical changes. !
‘Let us study one case. moze fully , :
ExpT. 4. To find the 'I'empera. ure




: ;VAPORISA"TI(V)N: AND CONDENﬁATiON :

either by the nec1~. of the flask, or if thlb is too’ large by a cork
Pour chloroform into the test-tube to & ‘depth.of about 2
Add cold water to the flask, so that the test-tube. Just dzps mto :
;the water. - Place the flask on wire gauze, and fixa thermcmeten
ina clamp, so that the bulh is within the test- tube, and _]ust
~ above the surface of the chloroform (Fig. 5g).  See that it does not"
touch the side of the test-tube. Place a small flame underneath,
and drop two-or three grains of sand into the chloroform, whlch o

will help it to boil evenly, As soon as the chloroform beoms to

‘boil vigorously, remove the flame,
and read the thermometer five or
six times. The heat of the water
is sufficient to keep the chloroform
‘boiling. ~What is the’ boiling pomt
-of chloroform?  About 60° Q.
D"fferent liquids are thus found
at different temperatures ‘
i er, when a liquid is pure,
the ‘boiling” point is usually very
deﬁmte and -readily determined.
Hence, itsho id be noted if possﬂole '
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‘the other end of the glass tube within a flask, 4, underneath a
tap of cold water (Fig. 60).  Heat the flask. As soon as the
" water has begun to boil, the steam passing down the tube is .
~ condensed on its cold surface, and when the glass tube becomes
very hot, in the other flagk.

The. Londemauon of the - steam, and the collect,xon of the
water produced, is spoken of as dlstllla,tlon Taste the water.
1t is flat and insipid.

- (2) The following is a better apparatus for the distillation of

- water. Take a ﬂask, and fix in its neck by means of a cork a

F1G. 6o,

thelmorneter and a bent glass tube, as shown in Flg 61. - Take
also a “Liebig’s condenser,” which consists of a long narrow
tube, the central portion of which is surrounded by a wider tube,
so that cold water: can be circulated between them. Select a

~ cork which fits the tube of the condenser, . Fix the cork on the =

tube in the flask.  Place some water and a plece of Clay pipe in
the flask. Then, supporting the flask upon wire gauze, connect
it with the ‘condenser. - Circulate cold water through the con-
denser. - Heat the flask.  'When the water has begun to boil,
the vapour, passmg the bulb of the: thermometer and down
the : tube, s complete]y condensed on the cool sirface of

; j‘(ﬁthe ‘tube. . Collect in a flask the ' water thus condensed

oo

k ‘Meanwhllga read the thermometer, It stands' constantly at
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: Non—Volatﬂe quulds.-——bome hqmds cannot be dxatzlled i

. or converted into vapours which will yield the same hquxds s
' again when cooled. .
' Exer. 7. Olive Ol cannot be distilled.— Half fll a small
retort with olive oil. - Fit a thermometer in a tubulure, so that .
the bulb is in the oil. © Introduce the neck of the retort into a
small flask. Heat the retort over wire gauze. - Observe that
the temperature rises continually higher and higher. = As soon
as 300" C. is reached, remove the thermometer, and replace the

B, 61.

.. stopper of the retort. Heat further. After a time vapour is at
S Cast evolved, and being condensed in: the neck; a few drops of
L liquid are collected in 'the Aask. Then remove the flame,

1 Notice the odour of the liquid in the receiver. It is very acnd

g S0 v and clearly not that of unchanged olive oil. Indeed, thls

' liquid is not olive oil at all, but another substance produced by
_'the heat breal».mg up, the oil,

Liquids such as olive 011 wh1ch camrot be dlstxlled axe sa1d ‘
to be non—volatﬂe.‘ i :
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EXERCISES -
ind the boiling points of—

(1) turpentine.
(2) benzene.
(3) pure alcohol.
(4) toluene.

2. Distil a mixture of 100 c.c. water, with 100 c.c. methylated spirit .
in the apparatus of Fig. 61. Read the temperature ofthe thermometer
every-minute. - Collect the distillate in separate samples of about 25c.c.
each.. Find the relative density of the first and last samples,




CHAPTER XI

CHANGE OF STATE—THE EVAPORATION OF WATER AND OF
OTHER LIQUIDS E

The Evaporation of Water.—We are often, perhaps,
. “inclined to suppose that it is only when water is boiled that
© it is converted into vapour. Yet this is far from being true.
" 'Wet clothes become dry when hung in the open air, particularly
'‘on a windy day, and the puddles in the road after rain are
quickly dried up in the sunshine.  The quiet and invisible
‘passage of a substance from the liquid to the gaseous state at
‘all temperatures is called evaporation. :

So large a part of the surface of the globe is covered with
water, in sea, river, or lake, that an enormous amount of eva-
poration is always going on. It is evident, therefore, that the
air must always contain a very large amount of aqueaus
vapour:

' But is there any limit to the amount of aqueous vapour which
the air may contain, and what conditions affect the rate at-
which evaporation proceeds? = We must now search for answers
to these questions. ' : :
Valuable information about the evaporation of liquids can be
obtained by introducing them into the Torricellian vacuum of a-
barometer tube. ; e
~Expt. 1. The Evaporation of Water in a Vacuum.—-
‘Fill two dry glass tubes, A and B, each sealed at one ‘end,
with warm dry mercury, and invert them in a trough of mercury
(Fig. 62).  Introduce a drop or two of water into B under the

-mercury by means of a pipette, C, with a curved end. The

" ‘water, being lighter than the mercury, rises to the surfacé in




. exceed a certain maximum.

" Hence 1=
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the tube. The mercury column at once falls a considerable
distance. This cannot be due to the weight of the drop of

_drop. of water has nearly or entirely disappeared. The water
‘has then evaporated very rapidly in the vacuum. The
depression of the mercury must be due to a pressure which the
-invisible aqueous vapour is exerting, in the same way that air
exerts a pressure. : :
. Supposing we introduce some more water, will the mercury
i - sink further? We must test this
by experiment. Add a few more
drops of water, so that a little water
rests upon the top of the mercury
column.  The mercury does not
sink any further after this, even
though two or three drops of watér
are added. Measure the difference
in level of the mercury in the two
tubes. This difference measures
the pressure which the aqueous
vapour is exerting. i
From this experiment it appears :
that (the temperature remaining -
unchanged)— : X
/(1) Water evaporates very rapidly
in a vacuum. ‘ Dl
(2) It is not possiblé for an un-
limited amount of water to evapor-
ate into a given space; but onlya
o ‘ | certain maximum amount.  The
. space is then said to be saturated. e i
(3) When water is allowed to evaporate into a given space,
. the agueous vapour exerts a pressure, but this préssure cannot

‘What will be the effect of an increase in temperature upon
_ the aqueous vapour pressure? Gently warm the upper end of
| the tube containing the water vapour with the hand; and then
' with ' a. Bunsen _burner. . The mercury sinks still *further.

@A the!

tempepaturé is “gr'radbu‘alls e

~water. Observe closely the top of the mercury column. The



Wat Vapoux- «-—]ohn Dalton was the first to carefully study
his subject, a.nd his own account of his e\penments may be B
quoted : =
“1 take a'cylindrical glass tube open at both ends, and of
two inches diameter and fourteen inches in Imglh, 10 each end
of which a cork is adapted, per- :
forated in the middle so as to
admit the barometer tube to be
. pushed through and to be held fast
by them ; the upper cork is fixed
two or three inches below the top
. of the tube, and is half cut away
. so-as to admit water, &c., to pass
by, its service being merely to keep
the tube steady. Things being thus
circumstanced, water of any tem-
| perature may be poured into the
. wide tube, and thus made to sur-
round the upper part or vacuum of
the Dbarometer, and the effect of
temperature in the production of
| vapour within can be observed from
. the depression of the' mercurial
column.”
¢ .1 The experiments previously de-
~scribed show that water evaporates
lat ordinary[ témperatures below
. 100°. The pressure of such vapour
- formed at temperatures below 100° :
is often called aqueous vapour Pressure, whllc the pressure
-exerted by the vapour arising from boiling water is commonly
spoken of as steam pressure. The term steam, as commoxﬂy it
used, means either the vapour arxsmg from boiling'" water, or else
aqueous. vapour out of contact of water heated to temperatures i
. above 100°. e

‘ ~hows the pressure of aqueous vapour for |
,‘measured, mﬂhmenes of mmcury- that
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s to say, by the number of mﬂlxmetrea of mercury through
- which the aqueous vapour at each temperature would depress a
i column of mercury : o

PRESSURE OF AQUEOUS VAPOUR

Temperature, Pressure, Tempemture Pressure.
0% L. i 4 mnn 40 e 547+ mm.
[ e A ‘ e 148
10 i e gt A e 80 e 35474
CI5 e 120 4 90 L. 5254
20 Ll e 170+ ] 100 ... ..o 7600 +

Saturated and Unsaturated Aqueous Vapour.—We .
have seen that if water be placed in a closed vessel the water
_.evaporates very quickly if the vessel is vacuous, but that there
_is a certain maximum pressure corresponding to any given
temperature which cannot be exceeded. ' If the vessel contains
‘air; it is found that the only dlﬁ'erenc‘e is that the evaporation
15 slower : crradually the maximum pressure corresponding to
the temperature is attained, and cannot be exceeded. ' In either
‘case the air is said to be saturated with aqueous vapour.
Brxeﬂy then, at any definite temperature the air is capable of
taking up only a fixed amount of aqueous vapour.

aqueous vapour be reduced, what will be the consequence POAL
the reduced temperature the maximum vapour pressure is less
than at the original temperature. = Hence some of the aqueous
. vapour will have to be parted with.  What can become of it ?
Will it not be condensed as water or dew again ?
| We are really well acquainted with many instances of this,
- In a hot room there may be a large amount of aqueous vapour,
. yet not sufficient for it to be saturated. Close to the windows
“on a cold night, however; the temperature of the air will be
greatly reduced, so that there will be more than sufﬂcnent
- agueous vapour present for it to be saturated, and as we know
.2 heavy dew will be deposned upon the cold gIass. So also the'
. 'dew often found in the morning on the grass, and on the surface
. of leaf and flower and cobweb, comes from the cooling of the air
around them to such a temperature that the invisible aqueous'

Suppose  the temperature of air which is saturated with

apour-is in excess of that which can be contamedr.  the airat

this tempelature, and it is therefore deposxted
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ExpT. 2. To show the Deposition of Dew from the

- Alr of the Room.—Make a freezing mixture with Glauber’s
 salt and hydrochloric acid in a test-glass. Notice the deposition

~of dew on the outside of the glass.

If air containing aqueous vapour be slowly cooled, the tem-
perature is sooner or later reached at which the air is saturated
with vapour. = The deposition of dew will begin at this tempera-
ture, and it is this temperature which is called the dew-

_point. '

" The “dew-point” is the temperature at which the

‘aqueous vapour actually present in the air is

| sufficient to saturate it.

The Boiling of Water.—In the above table the number

760 mm., representing the pressure of aqueous  vapour - at
‘100° C., shows that the pressure of agueous wvapour at 100° is

equal to the normal atmospheric pressure. Now it is exactly at
 this temperature that water evaporates in that rapid and violent
~way which we speak of as the botling of water. This suggests
that a liquid boils at a temperature such that the pressure of its
vapour at that temperature is equal to the pressure of the
atmosphere. How do experiment and experience bear this
out? T e ‘

. If this be so, it follows. that water should boil on a mountain
at a lower temperature than at the sea level, for on the topof a
mountain the atmospheric pressure is less than at sea level.
This conclusion is borne out by Professor Tyndall’s- discovery
that on the top of Mont Blanc water boils at 85° or 15° below

the temperature at which it ‘boils at the sea level. Indeed, for

~every 600 feet above sea level the boiling point of water is

found. to fall about 1° F. But we do not need to ascend a

mtain in order to alter the boiling' point of water. At any
given place the height of the barometer varies, and consequently -

he boiling-point of water is found to vary, slightly it is true, but

perceptibly. It changes 1° C. for an alteration of 27 .mm. in the

height of the barometer. - ' s . i

: Franklin’s Hxperiment: to show that

will boil below its ordinary Boiling Point

when the Pressure above it is lowered.—-Fit a strong
ound-bottomed flask with rubber stopper, glass tube, rubber/
e, and clip, as shown in Fig. 64.. Introduce some water; and |
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the flask is condensed through the pouring on of the cold water.
Consequently the pressure on the surface of the water is so far

‘diminished that it is less than the maximum pressure of aqueous

o ‘];apoul at the temperature of the wqtez, and tht water thc1 efore
oils

PROPLDM

'suppmt the flask over wire gauze. Open the clip, and boil the
- water vigorously till all the air is expelied, and its place taken -
~ by aqueous vapour. Then remove the flame, and close the clip.
- Allow the flask to cool until all* boﬂmg ceases. Then pom

~some’ cold water over ‘it.  The water begins to boil. The,
" reason of this is that a large portion of the aqueous vapour in

; lace 5 ﬂ&Sl\. contammg hot water undex he air pmnp, or cormecL B

a ‘thh a B nsen. pump Can you make the water boil?

Then agau, 4 supposmg the press re above the surfacey ot
| not the boiling point be raused‘i’ 3
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- EXPT. 41 To show that the Boiling Point of Water
~ can be raised above 100> C.—Pour e water - into a
_ strong flask, and close it with a rubber stopper, through. which
are passed a thermometer and a glass tube bent at right-angles
(Fig. 65). Attach to the external end of the tube a piece of
rubber tubing bearing a screw clip. Leaving the clip open,
. heat the flask on a flame until the water boils, and observe the .
temperature. Then close the clip until only a narrow exit is
left for the steam. The result is that the pressure within the
flask is gradually increased, and consequently the water boils’
at a higher temperature, As soon as the lemperature is seem to
rese 2° velease the clip at once. ; R
Definition.—The boiling point of a liquid is that
temperature at which the pressure of its vapour
Just overcomes the pressure of the atmosphere upon,
the surface of the liquid. R

. EVAPORATION OF OTHER LIQUIDS.

, We have considered the evaporation of water in some detail. ,
b - Do other liquids evaporate at temperatures below their boiling:
~points? Can the statements made of aqueous vapour be applied

to the vapours of other liquids besides water ? L

Expr. 5. To compare the Hvaporation of Liquids.—
. ' Place drops of ether, chloroform, alcohol, benzene, water, and
olive oil upon a slate. Observe that some disappear or are
evaporated hefore others. i

EXERCISE

Repeat‘ Expt. 1, using (1) alcohol, (2) ‘gther,‘(;;) chloroform, ' in
‘place of water. Fa ot ¥ ! it

The:mercm'y sinks further when alcohol is used than with ne :
- water, and still further in the case of ether, the temperature
~ Dbeing the' same in each case. Try also in each case the
. influence of an increased temperature, S
. Itis evident then that the vapour pressure of alcohol or ether ..
. is greater than that of water at ‘the same temperature. - More-
_over, in every case the vapour pressure increases as the tem-
perature rises. - It follows from is that with alcohol or ether
D |1 Lecture Table Txperiment. / i
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-the temperature will probably be sooner reached at which the
_vapour pressureis equal to the pressure of the atmosphere—in’
other words, the temperature ‘at which the liquid will boil," If
;reference is made to the table of boiling points, p. 91 it is
- found in agreement with this conjecture that ether boils at 35 s
: f and alcohol at 78°'"

LATEWT HEAT OF VAPORISATION

We have found - that. while the vaporisation of a liquid is

: proceedmg by boiling, although heat is being continuously added,

nevertheless there is no simultaneous rise in temperature, - This

i heat which apparently disappears but can be made sensible

again is termed the latent heat of vaporisation.

In the process of boiling this heat is supplied from an extemai

source.

. Is heat also rendered latent when a liquid simply evaporatesV '
low the boiling pomt, when' no heat is supphed from a ﬂame
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h\tFRcrsE

" Put some ethel in a beaker.  Wet the outsxde ‘the beaker with.
- Stand it on & wooden block. Can you‘freeze the beakerf ,tp the i

EXPT 8. The Cryophorus “This is an mtelestmg piece
“of apparatus devised by the physicist Wollaston (Fig. 67). It
consists of a closed glass tube, bent twice at right. angles, with .
a bulb at each end, anid contains some water and water vapour,
but noair. Run all the water into the bulb B. Immerse,t-hg
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is an instrument which enables us to do this.  One thermometer
serves to recorg the actual temperature of the air. The bulb
_of the other is surrounded by a piece of muslin, one end of -
‘which dips into a small vessel containing water, and by these
‘means the bulb is kept moist. = On a dry day the water on the =
wet bulb evaporates, and a lower temperature is recorded than
by the dry thermometer. Moreover, the magnitude of the
difference between the readings of the two thermometers gives
a measure of the degree of un-saturation of the atmosphere,

Fra. 68

 for, the drier the air, the more rapid is the evzlporat‘ion,‘ and the

. greater the lowering of temperature. . On a thoroughly damp

" day the two thermometers record the same tefnpéfatu're. ‘
Conclusion.—It has been shown that the air always contains

invisiblf‘: water vapour: Sometimes the air'is saturated, and the
vapour is readily condensed as rain or mist or dew in the open,
v on cold walls or pipes indoors. But far more often
1d in that case evapotation must result

the open air, water is evaporated
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from seas, lakes, and rivers, from the soil, and ﬁom the leaves of
. all trees, from the grass and all flowers, and if the heat is great,
~ and the evaporation therefore rapid, these may fade and w ;
And in a warm, closed room, which is not well ventilated,
'especmlly if it is heated by hot pipes or by a closed stove,
_evaporation will often take place so rapidly from growing ferns
~or other plants that the fronds or leaves dr ‘00p and dle evapora-
tion of water will also take place from the surface of the skin of
fany occupants of the room, fi equently causing exhaustion ‘and
oppression. Such a condition of a room may be prevented by
'not allowing the temperature of a room to exceed 60° F. by
proper ventllatxou, and by having some water exposed in vesse]s
in the room. fee

PrROBLEM

Hang up a piece of salt seaweed. Compare 1[5 condltxon, day
’day, thh the readings of the wet and dry bulb thermometer.




CHAPTER XII!
CALORIMETRY

The Unit of Heat.—We have already seen that when a
solid is melted, or when a liquid is vaporised, heat becomes
- latent (pp. 85, 9o and 102), but we cannot endeavour to measure
. the guantily of heat which becomes latent until we have fixed
~upon some standard measure, that is upon a definite wmif of
" heat. ~ :

The effects of heat are numerous, and any one of them which
can be accurately measured might be used as a unit of heat s
for instance, we might select as our unit of heat the quantity
‘necessary to produce a definite increase of. volume in unit mass

of some standard substance. Asa matter of fact, the effect of | .

heat selected is that of increase of temperature, and the unit of
heat is the quantity of heat required to raise the
temperature of 1 gram of water from O° C. to 1° O, ;
this unit is usually called one calorie. ' Hence, if 50 grams of
water are to be heated from o® to 1° C,, 50 units of heat will be
required. : L
. Pending further inquiry, we shall assume that the quantities
of heat necessary to raise the temperature of 1 gram of water
1° are equal wherever that degree may be on the scale of

temperature ; for instance, the quantity of heat necessary to . -

. raise the temperature of 1 gram of water from 80° to 81° may be :
.. taken as equal to that required .to raise the temperature of
1 gram of water from o to 1% It follows from 'this that if the

Y T Teachers—As t}iefcali:uldtiqns involved in'this chapter are usually felt to be
rather difficult; the chapter may, if circumstances allow; be postponed with advantage |

to alater period in the course,
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temperature of 1 gram of water be 1alsed from o° to 80, :
80 calories are required, and if the temperature of 20 grams of .
“water be raised from 30° to 55 s 5 X 20 Or 5 caloriés wﬂl‘ v
,be required. -
« It must be assumed also that, when a“given welghf of :

water, or indeed of any substance, is cooled through any range
of temperature, it gives up exactly the same ‘quantity of heat
“that is required to raise ‘its temperature through the same

range. ) i
, Let us next consider what occurs when we mix together two.
' quantities of water at different temperatures.

Expr. 1. The Effect of mixing Two Quantmes of,
Water at Different Temperatures.—Support a small
cylindrical vessel, @, made of sheet brass,! on corks inside a
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i  quantity of water left in the flask. * The foIlowing humkbers were
obtaied in an experiment :— AN

o

 Weight of warm water measured out ... ... ... 50 gm.

KR g left in flask ... GotE

(" Syl e ased L 49°5 4,
Temperature of warm water ... .., L. i 5271 C
Weight of water originally in calotimeter ... *.., 56 gm, "
Temperature of water in calorimeter ... L. 1971°C.
Temperature of mixture observed. ... ... ... 3571y,

It is evident that the water in the calorimeter gained heat,
while heat was lost by the warm water added to it, If there
was no-loss of heat, and no interchange of heat except between

“the two quantities of water, we can readily calculate what the

common and final temperature should be, and this should agree

‘with the final temperature observed, viz. 35%1. :

‘ Probably the simplest and most convenient way is to calculate

- the quantities of heat which both quantities of water contained
above that they would have possessed were their temperatures

o". These were :— . ‘
50 % 19°1 or 955 calories in the case of the water in the calorimeter, .
49'5 % 52°1 'or 2578795 calories in the casé of the warm water.
Hence, e f ; o e
955 +2579 or 3534 ‘calories of ‘heat were ahsorbed by 50 4+ 495 or

99°5 grams of water, RS oEer

Hence, the common temperature shou]d’ be g:;é;‘ or 85°'5, whereas

-1t ‘was actually found to be 3571,

- The difference between the observed and caleulated values is
probably due to'a slight loss of heat from the water ;: for
instance, a small. amount of the heat in the warm' water goes
_ to heat not only the water in the calorimeter, but also the '
_ calorimeter itself and the thermometer. (See Expt. 4, p. 111.) o

e SPECIFIC HEAT : )
- When equal quantities of heat are communicated to.equal
weights of water, the temperature of .each is raised by the same

_ amount. » But if equal weights of different substances are heated
~until they have acquired the same temperature, will they be
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_found to have absorbed the same quantities of heat? .
“« words, have different substances the same capac r
, Expr. 2. To find whether Different Me ;
 'same Capacity for Heat.—Take cylmdezs of lead ti

' and copper, of the same weight, say 5o grams in weight eac

- Suspend them' by threads in boiling water for five minutes.
- Take three calorimeters, and measure 50 c.c. of water at the
ordinary temperature into each. - Place a thermometer 'in. each.
Then remove the cyhndets at the same time from the sboiling
water, and place one in each calorimeter. . Stir carefully wnth
the thermometer, and read in each ! F
case the highest temperature attained.
Have the metals heated the water
to different temperatulesF Which has’
ed the temperature of the water
e most?  The copper.
follows from this expenment that
if equal quantities of heat are given to
equal weights of &7 tfferent substances,
the temperatures of each will be raned
% ffmerxt amounts. o
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passed another thermometer, the bulb of which must be

- surrounded by the metal. - Heat the metal as neaﬂy as possible

‘to 100° C. by suspending the test-tube for sometime in a flask, &,

’ containing boiling water. = Read its temperature, read also the

temperature of the water in the calorimeter, and then transfer

the metal as quickly aspossible into the water in the calorimeter,

stir with the thermometer, and observe the highest temperature
1eached Thus—

Wewhtofmetal e i e e e SOgML
1 water ... .. cei s e . 100 gmu
Temperatme of metal beime oxpenment v i e 1000 Gl
. ,,  cold water before experiment ... ... ... 12°C.
' ,» ' water after experiment ... ... .. .. 16°C.

Assume calories lost by metal = calories gained by water;
then,

Metal"fal‘l in temperature ... .. Ioo—16or 84 degrees.
 Water increased in temperature .. 16-120r 4 degrees.
“Watér gained... 100 % 4 Or 400 calories,
. metal lost .. 400 calories.
If 50 gm. metal cooling 84° lost 400 calories,

o e °lost 222 % X or § calories.
: 50 8 81

Specific Héat of metal =0'095.

€. student should observe that (1) the metal must be
thoroughly heated, (2) as the difference of temperature to be
" measured is very small, temperatures should be read to the
~ nearest tenth of 2 degree 1 ; ;
 Water Equivalent of a Calorimeter.—If warm water
added to a calorimeter, cont'umng a thermometer, which: is
the temperature of the air, the calorimeter and thermo-
meter are heated and: on the .other hand there 1s a loss of

Vote for:, Teacker.—The method described above is only moderately accurate, but
mstruc ve, and does not take too long. ' The student realises at least ‘what is
". which'is the important ‘thing, 1t may be noted that the.

C and that it is assumed that 100 C.Ch =100 grams ;
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calorimeter and thermometer ‘absorb in being heated through
. any range of temperature. This equivalent amount of water is.
. called the water equivalent of the calovimeter, and must be
~“ allowed for in accurate determinations of specific heat. = :
Expr. 4 To show the Absorption of Heat by a
 Calorimeter.—Support a calorimeter as before on cork in'an
outer zinc vessel. Heat 100 c.c. water in a beaker containinga -
thermometer to about 35° C. 'As soon as this temperature is
. reached, remove the flame, stir well, read the temperature; at
once pour the water into the calorimeter, put the thermo-
- meter in the calorimeter, and stir well, watching closely the
thermometer. - The temperature falls rapidly through a small
range owing to the absorption of heat by the calorimeter. " Read
- the temperature. - From this point the temperature contmues to
_ fall slowly, owing to the cooling of the apparatus. ;
State thus —

Temperature of water in beaker = 354 C..
55 calorimeter =345 C
I‘qll in tempeutme =09 C.

For a fuller treatment of this subject the student should refer
to books on Physxcs

‘ TABLE OF SPECIFIC HEATS

Sovips:

Magnesium..> ... 0250 | /Zinc.. i sl L 0096

Aluminium... ... 07214 4 @'Copper S ey 000
/Glcm Speniel o188 i VSilver L0087
JSulphur (ol ety L TR L 01086
" Diamond’. ... .ae’0'147 0 mGold o 0032 .
; dhom Gl et @ ead o e Gra
. S Ltouins i
 Water... .. i 10000 s Oilof turpentnm ‘04462 e
+Aleohol = 0615 | Mercury o~'033‘ g
Etherciii .‘.“‘o 503 : T

It is seen at once from: these numbers that “the specmh
heat of water veiy greatly exceeds that of most othe1 'sub-
'stances ‘ ‘ ‘ Lt
: See p- x17 for Emmples on Speczﬁc Heat.



112

LATENT HEAT OF LIQUEFACTION
We have alteady found that heat becomes latent when any
-solid -substance is melted, and we are now in a position to
measure the latent heat of liquefaction of ice.  But ﬁrstwe—m’ust k
define exactly what it is we wish to measure. o
. Definition of Latent Heat of L1quefact1on : T/}e
latent heat of liguefaction of any Substance is e n mber of
lovies of heat absorbed by 1 gmm of it in passing a the
Izd lo the lzgum’ state without rise af lemperature. i
‘N.B.—This is equal to the number of calories of heat ev ved
when a gram of the liquid substance is reconverted to the sohd
state without fall of temperature. '
Exrr. 5. To measure the Latent Heat of qu_
ction of Ice. —Weigh a small sheet-brass calorimeter.
of water, and wemh -again. Heat 1t carefully to bout
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. Therefofe,
i heat gained by 9'3 grams ice = 83x 3 calones
But the calories gaxned by 9°3 grams of melted ),
1c at o due to i2° 5 rise of temperature
; i . ‘ 1:6 25
: Hence, the number of ca?ozxes absorbed in melt« % = 8313-11 6 i 5
: mg 9'3 grams of ice ...
; : 71508
: Therefore, s )
: number of calorxes absorbed in meltmg 71 5 05
o gram of ice - ... B } or 76 9

'The value obtained here for the latent heat of hquefactmn of
nust be’ slightly 1naccu1ate, owing to a. small ‘loss of he
‘the apparatus, and to the ice bemg shghtly wet on the
- The true value lies between 79 and 8o, but in row
rs it may. convemently be taken as 80 ~We have arrwed
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LATENT HEAT OF VAPORISATION

- Just as heat disappears whenever a solid is liquefied, so also
we have already seen that when a liquid is vaporised heat
becomes latent.

Definition of Latent Heat of Vaporisation.—7%e
latent heat of vaporisation of any liguid at a given femperature
is the number of calories of heat absorbed by 1 gram of it in

gain into a hquxd the heat whxch,
sksen51b1e again, and the number"
‘qua.l to the number previously absorbed
sure th La,tent Hea.t f V.
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gra.ms of steam were condensed
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heat the water. Also take a wide glass tube, A B, closed by
stoppers, through the lower of which a straight glasstube is passed.
Connect this apparatus, which is to serve as a trap, with the

flask by means of the bent glass tube. The trap servesto catch

the condensed water which is carried over by the steam. When
the steam issues freely from the end of the tube, measure 3o c.c.
of ice-cold water into a weighed brass' calorimeter or beaker,
and place it so that the end of the tube reaches nearly to the
bottom of the calorimeter.

The steam is condensed with a loud noise by the cold
water, and the temperature rapidly rises, till finally the water in
the beaker itself is raised to near the boiling point. Then
remove the flame, and also the beaker, and observe that the
volume of the water in the beaker is only increased by about

‘one-fifth. . If the increase in weight of the beaker is 10 grams,

this shows that 10 grams of steam at 100° in changing into 1o
grams of water at 100°, set free sufficient heat to raise the
temperature of 50 grams of water from o°to 100° C. What
value does this result give for the latent heat of vaporisation of
water ?

This experiment shows that the latent heat of vaporisation of
water has a very high value, and that therefore steam should
never be needlessly wasted

(2) Try to measure accurately the latent heat of vaporlsatmn
of water. For this it will be necessary to stop the condensation
of the steam, when the temperature of the water reaches about
50°% because at higher temperatures its loss of heat by cooling
becomes much greater. Proceed thus :—Measure 100 c.c. of
cold water into a calorimeter, and weigh. Read its temperature.
Pass steam in until the temperature rises just. above 50° C.
Then Lift the delivery tube out from the calorimeter, stir well,
and at once read the temperature.  Thus : v

Weight of cold water ... = 100 gm.
Wexght of ‘calorimeter when cold T VR e
55 warm SEATAR ey
Temperaturc_ of cold water . A =880
iy BT warm water =53"3.C,

Ilence, 100 grams of . water were w'mned from I’«; to 5373 C., and 7

12
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" Now, the stéam “wa;v Jirst condensed, and, &‘emndly; ‘céalyd 70'53%3 c
: jhe,at;gﬁinyéd by Watet ‘= heat lost by 'stcam.; ‘
: heét ‘gAihe‘d by water = 100 X (53-3 —13)

e = 4030 calories.
% heat lost by 7 g, of steam 40, J,cz calories.

4 the calones ngen out by the condensatwn of 7g rframs steam
grams water at 100°

he true value of the latent 1eat of vaponsatxon of wa
oo’ is. und to be 537 i :
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EXAMPLES )\II
(a) Spemﬁc Heat

1. Calculate in each of the followmg cases. what the common tems
perature should be, assuming 1o loss of heat :—

. 50 gm. water at 51° C., added to 50 gm. water at 16° C.
“ 49°5 2 50° C. i) %) 3 157 C.
.50 % 95° F. 0 o 16%C.
iv.‘ 1 litre 4, 09” C. »s Q00 C.C. oy, 10° C,

2. How many calories of heat are required to heat—

i. 50 gm. copper from o’ to 100° C. (S. H. copper = 0'095)
M50y e 10°to 95° C. -, Hoi
1i. 25 gm. lead from 20° to 100° C. (S. H. lead = 0'03)
iv. I kilogram iron from 20° to 100° C. (S. H. iron ' = o 11)

- Find the specific heat of a silver watch chain, havmg given :

We1ght of chain .. .. .. .. . gogm.
Temperature of hot chain ... ... . . 99° C
Volume of cold water ... ... '... ... '100c.c.
Temperature of cold water ... ... ... .., 15° C.
Temperature of mlxture B 19 ‘1.C,

4. If 200 grams of mercury.at 100° C. are mixed with' 100 grams of
T water at 7°.C., and the xesultmg tempemtme is13° C., hnd the specific

; heat of mercury.

i 510 grams of a certain substance are heated’ to 100° C. and placed
o in 75 grams of water at 4> C. The final temperature of the water is
10° C.. Find the specific heat of the substance. :

6. Find the final ‘temperature of a mixture of 100 grams alcohol at
10° C. and 100 ¢.¢. water at o° C., asqummg that the S.H. of alcohol.
is *6, and’ that the only htat change is an lnterchange between the
alcohol and the water,

7. Find the final temperature of 100 grama of water or1gma1ly at
i C., after dropping into it 10 grams of copper naﬂs at 100 C. (S/H.
~of copper = ‘095.)
. 8. Find the resultmg temperamre when 16 grams of water a.t mo" C i
are poured into 4. copper vessel at o’ C. wexghmg 100 grams. -H. rrf :
‘copper = '005.)

9. What would be th ise 01’ temperaturc on droppxng,,
cad shot’ at; Iom C ‘00 gtams of water at o’ C.?
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1o. How many grams of silver at go"if dipped into 100 grams alcohol

. at 10 would raise its temperature to 20°C.? (8. H. of silver = "057;
- alcohal = *615.)

11, What welght of mercury at 100" if mixed thh 100 grams of water

Loato would raise its temperature to 10° C? (S. H. of mercury =)

(6) Latent Heat

'~ 12, How much heat would be required to melt 1 kzlogram of ice
without rise of temperature?
13. Calcu]ate the latent heat of liquefaction of ice from the followmg
data iy i S
: (i) (11.)‘ : (m.) !
,'»'VVcitflxt of water ... ... ..]1oo gm.]| 7o'5gm.| 100 gm,
S -k melted 10611045 2 76'3 » :
mtxal temperature of ‘water ...| 21°4 C.| 21°5 C.
' 5 17"-1 C'f 13° 9C

How many grams of steam would be requnfed to.r:
“of water fmmo to“Ioo C (L H ‘o




CHAPTER XIII

- SOLUTION

THE SOLVENT ACTION OF WATER.—What
_occurs. when a solid substance is placed in water ? ‘Placea
1p of sugar in a small beaker of warm ‘water. ‘The sugar .-
_crumbles dO\vn, melts, and disappears in the water, R
. The sugar is said to be dissolved in the water, or to' ]
luble in the water. And this sort of melting and
appearmg in the water is- called solutlon, and the water is

the muer tastes sweet, | Is there any
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material such as blotting-paper, which

- will allow the liquid part to run through
while the floating solid particles are
caught and retained on the paper ? Try.
Expr. 3. To filter the Milky
Liguid containing Plaster of
Paris.—Take a circular piece of a
kind of porous paper called filter-
paper.  Fold it once across a diameter.

FiG. 72.

Then fold it again in two. Open the folded paper so that it

forms a cone, as shown in Fig. 72.  Place

it in a dry funnel,

the cone of which is larger than the paper cone. It springs up

plaster As. retained  on the paper, w
rough ; this latter is called the

if the paper does
not fit the glass:
closely - all ‘round ;
alter the folding till
it fits well.  Now
moisten the paper.
with water to keep
it in place. Place
the funnel in the.
mouth of a  flask,
-or in the ting of a
retort-stand  above
a clean beaker.
Take the = flask
containing the
water ' which ' has
been  shaken  up
with' the plaster ‘of
Paris.  Pour  the
contents  down a
glass rod into the
funnel (see Fig.
73),-and take care
that the liquid does
not rise: above the

: top of the paper.

hile a clear liquid
ﬂlbra:be, If the
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ﬁrst few drops are not qulte clear, pour them on the ﬁlte
again. ;
£ the clear filtrate is evaporated the wate1 wdl be drwen off.
olid plaster of Paris does not evaporate into the air. It seems
probable, then, that if the clear filtrate be evaporated ‘solid
plaster of Paris will be left behind, if the water has 1ea11y dis-
‘solved any of it. :
- Expr. 4. To find whether the Clea.r Flltra,te conta.ms
Dissolved Plaster of Paris.—(1) Place a drop of the filtrate
on platinum foil. Hold the foil by a pair of tongs over a flame.

Fic, 74

A white stain is left. It is clear, then, that plaster. of Parls is
slightly soluble in water.
" (2) Pour some of the filtrate into a glass basin. Place thc ;
basin on a sand-bath (see Fig. 74), and heat it so that the liquid -

is evaporated without spurting. = The volume of hqmd gradually L

Tlessens, and a white deposit crusts the basin. -

(3)" A still surer method for avoiding ]oss by spurtmw 18 by

_evaporating the liquid ona “ water-ba The basinisin this
case put on 2 beaLer in wluch watel is bemcf boxled as shown‘\::
in Flg. 7540 : s :
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PROBLEMS

Examine the solvent action of cold water upon powdered nitre, salt,
green vitriol, garden soil, gravel; chalk, Epsom salts.

- SOLIDS IN NATURAL WATHERS.—Do your results
not bring out the fact that several substances which occur in
nature are soluble in water? Then will not water which has flowed
over or through the crust of the earth be found to have dissolved
something ?  We can readily find out whether this is so.

Exrt. 5. To find whether Spring Water contains
Dissolved Solids.—Take a clean glass basin.! Measure 1o
c.c. of clear spring water by a pipette into it. Evaporate the
water by placing the basin on a sand-bath or water-bath. =~ After
the disappearance of the water, a slight solid residue is seen to
be left.

PROBLEMS

: ~‘E1"n‘d whether rain water, river water, sea water,? do or do not leave
a solid residue on evaporation.

You have probably found that while the rain water leaves

¢ little or ho residue the sea water leaves very much more than
~ the spring or river water.

. Then rain water—i.e., water which has not been in contact
~with the surface of the earth—is almost entirely free from dis<
solved solid impurity. = Spring and river waters, on the other

“hand, are waters which have trickled through or over various

strata of the earth’s crust, so that it is probable that much of the

~solid matter they contain has been dissolved out of the rocks

_and soil over which they have passed. This will account, too,
for sez water containing so much dissolved matter. For the
ver: v down into the sea, carrying with them that which
they have dissolved out of the earth, and as the water of the sca

‘evaporates the solid material remains behind, just asin the above

periment. A mineral wateris a spring water which contains

3 nal amount of dissolved solids. : L '

e the following table. Why do some river waters
«more dissolved solids than others ? ' e

-1 Or a watch-glass, 3" diameter, i

2 Sea water is supplied by miost.chemical fitms,
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SOLIDS IN GRAMS PER 100,000 C.C. OF NATURAL WATEAS.

Average of 200
samples ... ... 28 s

Rain ... average 3 grams. "Lakes — U ,
 Rivers : — : i ; Loch Katrine ... 28 grams,
Neva ... . 55 5 " Thirlmere ... 27 4
Irwell near source 8 ,, 1 Mineral Waters i— i
55 below Man- : lr Vichy ... ... 503
chester = ... 56 i " Eaude Seltz ... 407 ,,
Rhine 16-32 ,, | Sea Water :— .
Thames, at Londcm, 40-43 5, } Black Sea IOy,
Jordan TP (v14 i t Indian Ocean ... 3,400 s,
Nile © woo oo 158 » | North Atlantic
Springs and Wells :— ! Ocean... ... 3,849
\
|

Dead Sea... ...17,000 -,

We have seen that a solid residue is left when a water con-
taining solid matter is evaporated. If, as we have really
asstmed, the whole of the dissolved matter is left behind, the
water which evaporates must be free from such impurity.

: Expr, 6. Can Pure Water be obtained by Distilla-

. tion ?~(1) Distil about 100 c.c. of sea water from a flask, as in
Expt. 6, p. 91.  See that the water does not boil violently.:
Throw away the first 10 or 20 c.c. of the distillate, which will
have washed out the tube and ﬂa%k, and may therefore contain'

- some dust. Then collect some more, and find whether on
‘evaporation 1o c.c. leave as much residueas before, E\tmmcly
little or none.

(2) Colour the rest of the sea water with a few drops of mk
and distil the coloured water. Is the distillate colourless ? . Yes.

We have, therefore, in the process of distillation a means of
obtaining pure water from such water as sea water, which con- :
tains much dissolved solid matter, and is unﬁt fm drinking

_purposes. '

' Rain Water is Dlstllled Water. »—letxllatmn is always :
occurring in natuxe From' the wide expanse of the waters of

the ocean, ‘evaporation is continually taking place. Leaving the
dissolved matter behmd the water vapour ascends, to descend
_again in the form of pure rain water upon the surface of the . -
_earth. The rain whu,h falls towards the end of a downpourin
the countzy far frorn the smoke of cmes is the purest water m
nature. :
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~ HARD AND SOFT WATERS.—The differences which
‘are found between the amounts of solid matter contained in
 various natural waters are notable, and of much importance.
- Waters which yield a lather with difficulty with soap, so that
much soap is used up before its cleansing action can be utilised,
re called hard. = g A e
~_Exer. 7. To make a Soap Solution.!— Cut a piece
~ Castille soap so that it weighs 10 grams. Cut it into thin slic
‘and place them in a large flask. Add 400 c.c. methylated spirits
Warm gently, and shake until the soap is dissolved. Filter the
solution into a litre flask. Wash out the other flask with a little
‘alcohol.  Add spirits so as to make the volume up to 1 litre.

tore the solution in'a Winchester pint bottle. S
_Expr. 82 To compare the Hardness .of Different
il a burette with the soap ‘solution. © Take a

the

re a permanent
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~ been found to contain about equal quantmes of dissolved sohds, "

. and therefore, since one of these was nearly three times as hard
_as the other, it would seem hkely that the hardness of a water
'depends not only upon the quantity of dissolved schds, but also
: "[upon their nature - Test this :— ;

PROBLEM

S‘naLe up rain water with a little of each of the fonowmg natuta]l}
occurring - substances : take as much of the powdered substance as

- would cover a sixpence.  Filter, and find the quantity of soap solution
reqmred to form a lather with 50 c.c. shaken with

(@) soda, (%) gypsum, (c) Epsom salts.

- Again; some results may be quoted —

50 c.c. rain water shaken with soda required - 2. c.c.
s ) ey gypsum sy 50+C‘.C;-‘ ¥
s S e - Epsom salts ', 504C.C.

It is clear, therefore, that the presence of soda in a water will
not make it hard; the spring water referred to above which:
required only 3% c.c. soap solution ‘to form a lather 2 as a matter
of fact contained soda.  On the other hand, chalk, or gypsum;
Hann on Epsom salts, will render a water hard. And it is the ex-

i perience of those who live in chalk or 11mestone districts that
the well water is very hard. '(There will be a further discussion
of the hardness of waters contamm'r ch'LIL later: see Vol. I1,,
A Research on Chalk.) S
~ Itisevident that hard waters are ill adapted for washing pur-
poses, and that the softness or hardness of a town’s supply of
water will greatly ai’fect the ammal consumptzon of soap in
‘every household. - i
Exer. o. A Hard Water when boﬂed deposﬂ;s a,‘ G S
. Solid Cx_'ust ~—Take some water which you know to be very = @
hard. Half filla perfectly clean 8-oz. flask with ‘the water.
Boil steadﬂy for some minutes.  Then pour out the water, and
‘examine the inner. surface of the flask. A thid film of solid
_ matter has been depomted 'herever the water Was in contact‘ i
| lwith the glass. ‘
‘Examine the 1n51de of a kettle in whlch hard water has fre—
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Thus it is clear that a boiler in which immense quantztles
_of water are heated will in the course of time become coated
with a thick solid crust, if the water is hard. This leads some-
~ times to dangerous accidents, because the iron, if protected by
" the incrustation from the water, becomes greatly overheated,
Hence, a water which contains a considerable  quantity of

solid matter. in solutxon is cenexallv il suited for use ,in,," :

boilers.
Itmay be added that soft waters are much better adapted than '

" hard waters for cooking purposes, whether for making tea and

- bread, or boiling vegetables and meat. ~ On the other hand'it is
- found that soft waters have the disadvantage of attacking metals,
. cspeually lead, much-more than hard waters do. :

PROBLEMS

~ Find 1he volume of soap solution requxred to form a petmanent
with 50 c.c. of a hard water which has been treated in each of

- the following Ways i— :

."Heated, and then tested whﬂe stxl[ hot.

Bolled for a fLw mmuies, and then ﬁltered 'md €06
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with cold water. Add some common salt, and shake well. If
it is entirely dissolved, add more until some remains undissolved.
‘Note that it is impossible to dissolve an unlimited amount in
“the water. At the temperature of the experiment the water will
- only dissolve a certain amount of the salt. The solution is then
sald to be saturated. Allow it to stand. If the undissolved
" salt does not quickly settle, filter the solution. Weigh an
evaporating basin or clock-glass. = Carefully suck up 10 c.c. of
the clear solution into a pipette, and transfer to the basin.
Evaporate the solution to dryness on a sand-bath. Weigh.
Calculate the weight of salt dissolved in 100 c.c. of the solution.
 In an experiment,

10 c.c. solution contained 3'04 gm. salt.

‘(2) Notice, however, that in the last experiment we measured
. the weight of salt dissolved in 10 c.c. of the solution, not in 10
. grams of water. - In order to find the “solubility,” we must also

aweigh 10 c.c. of the solution in a flask. - Thus,

locc solutidnweighed 11°80 gmu

Hence, 3
1 ‘S0~3'04 or 8 76 gm wafer dissolved 3'04 gm. salt.

§'76 X100 gm. salt

=347 gm. salt.

: ,Therefore,‘ 100 gm. water dissolved

PROBLE\IS

Fmd what welght of each of the following substances can beé dissolved
¥ 100 grams of water, saturated at the ordinary temperature :—pow-
ered mtre, garden soil, powdered gypsum.

Do no‘ our Tresults. brmg out the 1mp01tant fact that sub—

‘ned the solubx 'txes of substaﬂces in
But is it not possxble that



" nitre dtssolves. Add mm N nin‘ré nitre. It can also be
- dissolved. Hoid the te, - ' v




beakel three tlmes thh wa.rm water into’ the ﬂas . The
now hot, and will'contract on cooling, Run water ove
utside of the flask to cool it Dllute carefully to the ma




130 INTRODUCTION TO STUDY OF CHEMISTRY  cHAP.

PROBLEMS

: Find whether there is any change of temperature when the following

b are dissolved in water. Take 30 grams of each and 100 c.c. of water ;:—

Sal ammoniac, potassium chloride, salt, soda crystals, ammonium
nitrate, Epsom salts.

" DISSOLVED AIR IN WATHER.—Have you not noticed
the appearance of bubbles on the sides of a beaker or flask in
which water is being heated, before the water has begun to
‘boil ? These look like air-bubbles, and if they are such, the air

must have been dissolved in the water. ~And if so, the air must
be Iess soluble in hot water than in cold water, while - the
reverse is almost al-

“ways the case with ..

solids. - This sug-

gests heatingalarge
quantity of water till

it boils, in order to

see whether any air

1s expelled.

Expr. 14.  To
find whether Air
can be expelled
from Water by
Heat.—Fill a 16-
oz. flask complétely
with water (prefer-
ably from a spring.
Why ?)  Fit it with

~a rubber stopper,

and a glass tube

bent as in Fig. 76,

~ one end of which

is < flush with the

lower surface of the
lel the tube with water, and then push the stopper .
he neck of the flask.’ -Support the flask on wire gauze. -

- the other end of ‘the tube dip into water in a tumbler.
: tube with water and invert it above the mouth of =

Proceed to ‘hea 'he flask unml'tle water."’ =
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~boils.  Air is carried over into the tube. After boiling a few
_minutes, remove the burner,
.. Measure the volume of air collected when cool, and also the
~ volume of the flask. = Calculate the volume of air obtained
. from. 100 c.c. water. - A certain spring water was found to
| ‘contain 3 c.c. air per 100 c.c. water. What do you find ?
Taste some of the water which has been boiled in the flask.
Itis very flat and insipid.” It seems likely that this is dwe 7o
the loss of the dissolved air. Now' drinking water is often
obtained at sea from sea water by d1st1lht10n, but such con-
~densed water is very unpalatable, unless it is afterwards e\posed
in thin streams to the air. If such water be then heated as in
‘the last expenment, air is given off again.

Moreover, since atmospheric air is necessary for the life of
- man, it seems probable that it is the air dissolved in waler
which supports the life of Jfishes and of all aguatic animals.
This is confirmed by the fact that no fish can lwe in. x\atell
which has been boiled.

We may, therefore, conclude that unless water is boiled or
distilled it will contain dissolved air, and that the small amount of -
air which is found dissolved i in water is really obtamed from the
atmosphem : :

SOLVENT .A.C'TION OF OTHER LIQUIDS.—We
aye up to the present studied the solvent action of water alone
pon solids. But though water is by far the most important

and common of hqmds, there are many others in frequent use ;
for example, ether and methylated spirits. - 'Will the same
sub ances dxssolve m them as in water : ? Are tho»e substances :

me is near; since ethex vapour is very mﬂamma ol:. o

m:l) obtam ether frum a burette, :
: A2
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' The experiment shows that the solvent ‘action of ether is very
different from ‘that of water. It is probable, therefore; that
other liquids will also be found which will dissolve substances
~ though they may be insoluble in water. Carry out Exercises
g and 10 below. Tabulate your results. ‘

PROBLEMS AND EXERCISES i

Solution

kFin‘d whether the substances A, B, C, Dlare . .~

() soluble in cold water ;

(&) more soluble in hot than in cold water.

d whether the following are soluble in water. In each case
stat the evidence on which you form your conclusion :—

bu]phur, bleaching powder, pyrogallic acid, permanganate of potash,

i repan. ‘solutions ~in- water contammg 50 grams per 1000 c.c. of
Common sait ; Bichromate of potash.

" 4. Measure out 50 c.c; of each of the solutions made in Exercise 3,
1to 4 glass basin, and find the weights of the dissolved substances.
5. Pre are. a solution of common salt contalmng 58" grams pet

6. I’re,pare a solution of silver nitrate containing 17 grams per htre

7. From the solution made in Exercise 5 prepare a weaker solutiorf

: contammg 585 grams per litre.

8 From the solution made in Exercise 7 make another solution con-

mmng 5 grams per litre.

9. Find whether the following will chssolve in ether at the oxdmary

: temper ture : — :
‘ Paraffin Oil Jodine. -

Rosin. Sl AN ater, :

Olive Oil. ~ Methylated'spirits, -

Lard. - o Nitre: -

Ca‘mphor.‘ s i8alt ;

10. Find the solvent action of /(1) meth} Iared spmts, (2 benzene on

- the substances gx 1 in Lxermse Qi ;

3 E‘g Pb (NQs)g KCI Rochellc Saltl s:hca.{ :
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CRYSTALLISATION

GRYSTALLISATION —In by far the larger number of
es: the solubility of a substance in water is increased.] by in-
‘¢rease of temperature. - Consequently, in general, if hot water bé
saturated with a substance, some of this substance will separate
‘out in the solid state when the solution is cooled. In many
cases it will ‘separate out in crystals, :
ExpT. 1. To recrystallise Nitre.—Measure about 100 c.c.
of waterinto a small flask and heat it. Weigh out about 60 grams
of nitre. - Powder the nitre and dissolve it in the hot water.
Filter the hot solution [into a crystallising dish, and allow it to
‘ycool gradually. When cold, pour off the solution from the
‘crystals. which have formed.  Transfer the crystals to some
filter-paper, and dry them by gentiy pressing them with other
‘pieces of clean paper.  What weight of crystals have you
btained ? “About 40 grams should be obtained.. Select a good
ge crystai or bundle of cr ystals, and draw it twice the actual

Clrcumstances a,ﬁ'ectmg Grysta,lhsatmn — Perfect

1 are ‘har The  conditions of thelr growth
ing experiments :—

arm saturated solution of nitrein a test- i

qual portlons Put one asxde to cool ;

with a glase rod A fine. cr\s< s

1st portion larger, pointed,
In fact, when a solution

stals may fm'm ; shakmrr and rapld o

v sm 1t rystals.
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: w'—Disso'l'\‘re soﬁxé‘ crysta1€ of Glauber's salt (sodium
F 1lter into a clean ﬂask
~Allow the oluhon to become qulte c:old ‘and

shakmg it. It does not crystallise.  Remove the plug
t faH some: tmy specLs of sohd Glaubers salti mto the solutlon

at dust particles tend to act as. centres round whlch crystallisa
may start, and that from a strong solutxon crystals form all

: To prepare good 1a.rge Orystals of Al
- strong hot's 1utxo of alum by dxssolvmg 15 grams of
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* boiled down just enough, take out a single drop of it on a co/d

glass rod; and wait to see whether thlS drop crystallises. Do
”not let the rod get hot in the ;
~ solution, for if so the drop re-.
moved -would evaporate on the
hot rod, and crystallise before
the bulk of the solution was
ready to do so.

The shape of a perfect alum
crystal is that of the regular
solid ' called the octakedron,
hounded by eight flat sides or

. faces, each an ‘equilateral triangle

| (see Fig. 77). In less perfect

. specimens two of these faces are often enlarged at the ‘expense
‘. of the others.

“Almost every chemical substance has a certain shape or
shapes in which it can crystallise. Draw’ good-sized crystals

Fi1G. 77.—PERFECT CRYSTAL.

FiG. 79 :

of rock-salt and of calcspar. The crystals of salt are cubes, :
those of mk&par rhomés.. -On the other hand, crystals of
nitre are pmtlons of six- sxdcd ;ﬁnsms, with bluntly -pointed.
v‘ends | h e




rock-salt. Brealx it roughly with a hammet or m

& mortar, Examine the fragments. ‘1
cubes or portions of cubcs Now break down a p1ece of glass
rod in the same way. The fragments are of all shapes, and
‘they appear to have no 1e1at10n to one another. . :

EXERCISES

: Cmsh a crystal of calcspar, and dwm ibe i in wmds the qhape of (he

* fragments ;

2.’ Find whether cf ysmls of potmsmm felrocyamdc are equally easxly‘ e
cut in all dzroctxons

The cryst‘al of rock-salt séems then to possess definite lines.
along which fracture takes place, while the glass is broken as
2 readxly in‘one direction as in another. = These lines along which.
‘the cryst'il can be readily broken or cut are called Znes of
a’mﬂm A characteristic of 'a. cr ystal seems . to be | th t "t Y

poqsesse adeﬁm structure. ’ i
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- EXPT. 6 6—To show tha,t the Oo : espondmg ngles of
' ysta,ls of Calcspa.r are Equal. ar

‘pin as a pivot.  Choose two good
crystals of calcspar. - Place them
_on the bench in the same relative
position. . Take up one of the
crystals, and place it in the angle
hetween the two slips of card-
- board, so that each slip lies along
“a face of the crystal (Fig. 8o).
Hold: the slips in this position,
Now  take up the other crystal, G
and see whether the correspond- Fic. to.
angle in it will fit exactly gt
into the angle betwecn the slips of cardboard. It is found
to do SO : , e

EXERCISES

1. Compare other correspondmg angles on thc same two cryslals of
‘mlcspar ‘
; 2.. Compare 'a thxrd crystal ‘of calc%par thh one of thos,e aheady
! taken
: Compare corresponding angles of crystals of

(a) ) rock- sqlt
(&) alum.
" {e) chrome-’ﬂum

It is found that however the general shape of a cr ystdl may :
torted Zhe :orregﬁon(lmg angles remain constant, o
'THhis is well shown in snow-crystals, whmh assume, many i
rfantastlc shapes, but they are all bmlt up. fwm a stmple Stdt‘ i
whose rays intersect at 60’ ; :
The thought wil 1eadﬂy ocmr tlm 1t is.the s mz“ure,\;;poken v




uare byac rdboard rim fastened at the corners Plle otller' :
- in the ollows between the balls Then adcl vet another layer
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(x) 7o recover the Nzire fram e Salulzavz —»If we only
equxre some of the nitre, we need not wait for it all to run
through the filer. Evaporate the clear nitre solution in
porcelain. basin on wire gauze until it is sufﬁmently concen-

trated to deposit uystals, then pour the solution ‘into a small -
‘“beak&r, and cool it by floating it in-a tumbler contammg cold ;

~ water. Dry the crystals on filter-paper. i

(2) To clean the sand, ~which was left wet Wlth the mtre: ~
lution: . Pour a little hot water on' the sand in"the beaker.”

~ Shake. - If we wish to get all the sand, this washing must be i
un, through the ﬁlter-pa.pex
‘similarly: several times,
transferrmg the sand. to the
- 'Some of the sand clings

& inately to the side of - theg
Use the jet of the

Qttle to dlslodge the

Wdlt till: the |
mgle.tely run’ o
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hot. water. ' What method would you suggest for separating
e from a mixture of nitre and salt? Weigh out 30 grams
nitre and 30 grams of salt, and grind them together in a
‘mortar. - Measure 4o c.c. of water into a porcelain basin, heat it,
- and then slide in the mixture. Continue to heat with a small
flame, and stir with a glass rod ; a white granular substance
refuses to dissolve (what is it ?). -~ Meantime heat a funnel fitted
- with a cone of filter-paper by pouring boiling water through it
. several times, and then at once filter the boiling solution,
- catching the filtrate in a small beaker. Cool the beaker by
~ floating it in a tumbler containing cold water ; long needles of
nitre crystallise out. ' When cold, pour off the mother-liquor as
completely as possible, and 'dry the crystals on filter-paper.
These crystals may, however, still' contain a small quantity of
_ Redissolve them, therefore, in the least possible quantity

oiling water. - Again cool ; much of the nitre again crystal-
es, but there is ample water to retain all the salt in solution.
. Dry the crystals on filter-paper. Find what weight of nitre has
been recovered. :

 WATER OF CRYSTALLISATION

y the following experiments :— il &
“XPT. 10. To observe the Effect of Heat on Crystals
of Blue Vitriol.—Heat a few small crystals of blue vitriol in

‘a small dry test-tube, holding the tube nearly - horizontally.
. Observe that a heavy dew is deposited on the upper part of the
tube, and at the same time the blue crystals become ashen grey
and non-crystalline or amorphous. - Steam also escapes from
the mouth of the tube. Allow to. cool : then add 4 or 5 drops
~of water to the residue in the tube. - What do you observe ?
‘appears that heat drives water out of the blue crystals, and
‘at the same time destroys their colour and crystalline form.
The addition of water to the amorphous residue restores the

 blue colour. - Can 'the crystalline form also be restored ? . :
T. 1. To attempt to recover Crystals by the
tion of Water to the Amorphous Residue—

Warm the test-tube containing the residue, to which a few drops
f-water have been added.  Pour the hot deep blue solutionintoa

-glass, and allow to cool. Crystals of blue vitriol are formed.
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Thcn it seems that the t‘ry5tdlhne form has been recove

crene} allv the crystals can be re- fmmed by the addition of watk
”W shall find that there are many solid crystalline substances
. soda crystals, Epsom  salts, which contain such water,
though there are others, g nitre, calcspar, which do not’:
contain any. water. e
xpr. 12. To find the Percentage of Water f
Crystallisation in Blue Vitriol. —Weigh a small dry
pmcelam crucible and lid. ‘
o 2-grams of finely
: ered blue vitrioL. Weigh'
Place the crucible
n( baﬂ; mth the. hd‘ ‘
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PROBLEMS AND EXERCISE
Crystallisation

1. Prepare crystals of the following substances :—Rochelle salt,
chrome-alum; * copper sulphate, ferrous ammonium  sulphate, zine
qulphaln

2. Prepare crystals of salt by pouring a saturated solution of salt into
a s.oup plate, and putting it where it may gradually evaporate undis-
turbed and free from dust.

3. Pour a dilute warm solution of sal ammoniac over a warm  sheet
of glass. "Allow to cool.  Examine the crystals which form with a
microscope, and draw their shape.

-4 Find what happens when crystals of chrome-alum are placed in'a
crystallising solution of common alum (potash alum).

5. Make a ‘mixture of chrome-alum and potash alum solutions.
: Crystalhqe

‘6. Make mixtures. of the following substances, and then separate
: %amples of the constituents by means of water :—

Chalk and common salt.
Nitre and charcoal.
Sand and sugar.

7. From the muddy liquid, containing a soluble and an insoluble
substance,! separate the whole of the latter, clean and dry.

8. From the given powder,? containing 4 soluble and an insoluble
substance, separate the whole of the latter, clean and dry.

9. Find the percentage of insoluble matter in the given mixture,®

10. Separate from gunpowder the part which is soluble in water.

11.. Mix thoroughly 40 grams of chlorate of potash with (@) 40 grams
potassium chloride, (8) 40 grams bichromate of potash. - Refer to a
text-book for their solubility curves. Then separate by crystallisation a
sample of pure chlorate of potash from each mixture.

12. Find the percentage weight of water of crystalhs'mou in 100 grams
of the following substances : A, B, C, D, E.?

1 Z.g. KCIOg and MnOs; KMnOj and MgQ.:
2 e }\‘)Croo- and C: xLO‘; 3 KCIO3 and ’\InO, 3 NaCl and SJO;

= The foﬂowms dre suitable substances : CuSOj .5Hs0, ZnS0y.. 7H:0, ‘\TanCOg,
10H0, MegSOy, 7H0, B’\(.]n. 2H»0,
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ic form the crust of the earth are not every he
e nature, - The purple hue of Welsh slate, the
o Derbyshxre spar, the sombre may of Scotch
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1. COMMON SALT

, Common salt is always present in sea water along thh other
e ,substances, and for ages men have obtained it from the waters
. of the oceans. If sea water be evaporated, cubical crystals
 of common salt separate out. These must be purified by
o fre-cryst'ﬂhsanon In warm climates the evaporation is often
- done in great basins on. the sea-shore, and the crystals of salt
are raked off. “Bay salt;” which may be purchased thlough a
hemist, shows the cubical crystals.
Common salt also occurs as huge deposits of rock-salt in
“various strata of the earth. The chief of these in England is
_at Northwich in Cheshire,” where there are two great heds
of rock-salt, together nearly 6o feet in thickness. It s
able ‘that this rock-salt” was deposited ages ago by the -
oration of sea water. A common method of bringing
‘the salt to the surface from these buried stores, is to bore
'~ down to them and to pour water into the boring. After lying
' “in contact with the salt beds, the water becomes thoroughly
saturated.” The rich brine is then pumped up to the surface
nd evaporated. One hundred parts by weight of brine wﬂl
~y1e1d about 235 parts of salt.
Expr. Is Common Salt changed by Heat ?_Place
“a little, common salt in a small dry test-tube. Heat it with
~a Bunsen burner. . The salt is scarcely changed in appearance.
. If the salt be pure, no vapour is given off. Flequentlv common
. salt is moist; if 'so, a dew of water will be deposited on the -
*ﬂassk ‘A crackling noise is also heard as the crystals break
and fly into smaller crystals. If the flame is 4 good one, the
t may at last melt. : ; :

2. CHAﬁK S : :
alk is found right across England from Flambofdugh"
Head, along the Wolds of Yorkshire and Lincolnshire, past

Jewmarket and the Gog Magog Hills in Cambridgeshire, to -
ahsbury Plam “Thence 1t stretches in the North and’ South
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bed at the bottom of the Atlanur, on whxch the telegraph cable.s
est (see I‘xa 83).

- EXPT. To find the Tmy Shells in Chalk Wxth a;
‘camel’s hair brush dust the surface of a lump of chalk into a
‘watch-glass containing some water. S g

| water from the watch-glass, and then fill it ‘up again with water.

“In this way wash the dust again and again with water, “The
heavier particles sink to the bottom, the lighter are swept away.

T Examme the, lesxdue with the mxcroscope Real chalk must be

Fia. 83
-used for thm e\peument not the c\oft “chalk ” used on b lack-
boards. ‘
. For further mformatlon the smdent is 1ecommended to tead‘
"Hu\.ley “ Physiography ? on this subject. -

Exprr. The Effect of Heat on Chalk: Formatlon '
of Quicklime.—Heat a little powdered chalk .on’ platinum
foil in a Bunsen flame. It does not change in appearance.
Remove it, and allow it to cool. Taste a Very small portion:
It is very caustic, and not earthy like chalk. ‘

It has long been known that when chalk or limestone is ex-

~ posed to a violent heat, it is converted into this caustic subn

4

stance, called guicklime. :
: In chalk and limestone districts’ you may hzwe seen the kxlns
*in which quicklime is obtained by heatmo A mixture of chalL or

. limestone with a little coal.

. Limestone is the gerieral name given to many stones whxch
when burnt in a kiln yield lime.  To include all such stones we

; ought to call chalk and marble limestones. A large patt of the ‘

‘ Permme Range consists of hard dark blue- gray stone. streaked
S mmemus
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~ Crossfell and Ingleborough to the Peak. The streams which
flow over it, like those in chalk dlstncts, are hard. ~ Their wa.ter :
dissolve the rock into fantastic caverns, .
Another sort of hmestone called Dolomite or A[zzgﬂeszom
Limestone, e‘(tends in'a narrow band from the coast of Durham =
. past I\naresborough and Pontefract in Ymkshue, to Notting-
ham. , ‘

. SopA CRYSTALS

Up to-the begmnmg of the last century the sea«weeds cast
‘up' on the coasts of Normandy, Scotland, and Ireland were
.the only source of soda. The seaweeds were burnt, and their
ashes—called 4e/p—were dissolved in hot water. On evaporat-
~ ing the liquoy crystals of soda were obtained. It is now made =
~from: common  salt in  very ’arve quantities .and ‘by more
' ‘camphcated processes. ,
. (1) Examine and describe someé soda crystals. : They areof .
‘irregular shape, white, and semi-transparent. : ‘
" (2) Taste a crystal. It has a peculiar brackish ¢ alkahne’
aste : !
(3) Shake a few powdered soda cxyatals w1th Cold water in a i
. test-tube. - They dissolve extremely easily. ' Place a drop or two
. of the solution on the palm of the hand, and rub with a finger.
It produces ‘a soap-like sensation. = Hence, ‘the substance is
called Washing-soda because it is found to have the same
cleansing action as soap, but it is sometimes slmply called
soda.
(4) Find the effect of heat on soda cxvstals Proceed exactly
as in Expts. 10, 11, and 12, p. 141 Do you' not find that the
rcrystals seem to contain a good deal of water of cr ystallns’ttlon ?
: ‘How much? Nezu ly 63 per cent.

4 POTASH 1

: When land plants are burnt, an ‘ash is left which contmm A
substance very similar to soda. This used to be done in large
pots, and so the ash was c.illed pot-askh. ' The ashiwas then ;
 treated with hot water, and the solution so obtained was filtered
m. any und1ssolved matter. On evaporatmg the solutlon,a Y

1 Porawmm car
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‘brown mass of crude potash was obtained. . To purify it, it was
heated strongly, and then re-treated with water.

(1) Examine and describe potash. It is a white granular
non-crystalline powder:

(2) Taste a little. It has the same alkaline taste as soda.

(3) Try the action of cold water on it. It is extremely
soluble, and the solution produces the same soap-like sensa-
tion.

(4) Find the effect of heat on potash in a small dry test-tube.
Does it melt? Isvapourgivenoff? No. -Potash differs, in fact,
chiefly from soda in not containing water of crystallisation.

5. SALTPETRE OR NITRE

In certain parts of India, the soil, after the rainy season,
becomes covered with small crystals of a different salt from
any referred to so far in this chapter. This “salt of the rock”

. was called sa/ petre by the alchemist Geber, and is known at
the present day as salfpetre or mifre. To separate this sub-
stance, the'soil is scraped and treated with water, in which the
nitre readily dissolves, and on the evaporation of this solution
the nitre crystallises out.

(1) Examine and describe carefully the appearance of nitre.
Make a drawing of a good crystal. It is a long 6-sided prism,
with wedge-shaped ends.

(2) Taste a small crystal of nitre. It has a bitter cooling

. taste. i

(3) What has been found to be the action of water on nitre ?
(4) The Effect of Heat on Nitre.—Place about 1 gram

of nitre crystals in a dry test-tube. Heat in a Bunsen flame.

./ The crystals melt, and the liquid seems to boil, and a number
of little bubbles are evolved. Allow to cool. It solidifies,

forming a white opaque cake, which is crystalline unless the
© | nitre was heated a long time. ‘

6. SULPHUR

_Sulphur or brimstone (burning-stone) has been known since :
' very early times, for it:is often present in large quantities in
' yoleanic districts.  This is particularly the case in'the island of
e ‘ Se L
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where it -lies embedded in' the rocks. VExamiﬁe ‘a

n of native sulphur. .

“we have already found is readlly melted and will
In oxder therefme, to separate the Sulphur from
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- quickly solidifies. The fine light yellow powder is called
“fowers of sulphur »

This process is carried out on the large scale by boiling
sulphur in an iron retort, G, and sending the vapouts into a
great brick chamber; A, 200 cubic metres in capacity (Fi 1g. 85}
'After a time the walls of the chamber become so hot that the
vapour is not condensed as flowers of sulphur, but as a hqmd
~which collects on the floor. It is then run out and cast in
wooden moulds in the form of sticks. This is called roll
sulphur Thus the
process;is a dlsullatxon,

“and all impurities are
eft behlnd

: Make‘ the‘ following
imple experiments with
some roll sulphur.
{1) Examine and de-
cribe a piece.. Crush
t gently with a pestle
in a mortar; it is very
Nouce a fresh.
_and  observe
‘that the lump is a mat-
‘ted mass of crystals. ©
e ‘Heat a few small
pieces in .a dry test-
«tube, and ‘notice the
hanges it undergoes. : ,
(J) nvext a cruCIble lid on a ptpc clay triangle. - Place a
11 plece of sulpl ur on the lid, and heat the lid until the
\Iotlc:e the blue cnnbent flame, and the

It is.

ina hq\; LaHed c'ubon bmulphxde. Shake‘ ;

th a little carbon bisulphide ‘in a dry test-tube. ' The

| e solution into a watch-glass, and let'it evaporate inva
rystals of sulphur are recovered,
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Expr. To prepare ‘“Plastic Sulphur.”—Fill a large -
hard ‘glass test-tube about one-third full with po“dered roll
sulphur ‘Fill a beaker with cold w ater, and invert a funnel in it.
~Heat the sulphux cautiously, until it is a very dark mobile liquid,
_and then pour it in a thin stream into the water, round and
round the funnel. Lift out of the water the funnel with the
sulphur, and notice that it is no longer crystalline and hard, but
“soft and elastic like india-rubber.
' That this curious substance is still sw/phur, though in a
“different form, is shown by the fact that in a few days it
* becomes hard and opacue, and like ordinary brittle crystalline
“sulphur, This soft variety of sulphur is called “plastic
. sulphur.”
SleRinn 7. IRON PYRITES
Iron pyrites occurs very widely in many different places.
When pure it has a brass-like colour.” Small quantities of it
“may frequently be found in lumps of coal.
. Examine a piece carefully.. Perfect crystals of iron pyrites
 take the forms of the regular solids ; the cube and the octahedron
“are common forms.
- Expr. The Hffect of Heat on Iron Pyr1tes —
:‘Ponder a small quantity, and heat it in a dry test-tube. A
‘sulphurous vapour is given off, and a yellow deposit of sulphur
- is formed in the cooler part of the tube, while the mineral
acquires a deep red colour. If the yellow deposit is heated, it
melts and moves up the tube.

8. GREEN VITRIOL!

When iron pyrites is long exposed to the air and moisture, a
rrreeni‘sh liquor is obtained. If the liquor is evaporated, large -
green glass-like crystals form. These were known to the
Ichemists under the name of green vitriol?

. At the present time larfre quantities of green vitriol are
. obtained in this way from the pyrites occurring in the coal of
South Lancashire. .
I Exqmme and describe some green vitriol. %
Taste a small crystal of green vitriol. It has a sweet and

0 Sulf:hg’gé of irqﬁ. s 2 Latin ,m'trm}:, glass.
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3. Try the action of cold water on it. It is readily soluble.

4. The Bffect of Heat on Green Vitriol.—Place a few
crystals in a dry test-tube. Heat cautiously in a flame. It
. melts; boils, and a dew of water is deposited on the cool upper
‘partl‘of the tube. Soon it becomes dry, and a hard white ‘mass
is left. - Then heat strongly. A sulphurous vapour is given off,
and the mass becomes red, where it is-in contact with the glass.
This red substance is used as 7ozge.

9. BLUE VITRIOL

The drainage water from copper mines has frequently a blue
colour. If such water is partially evaporated, and the liquid is.
_then allowed to cool, fine blue crystals are obtained. =~ These
were known to the alchemists as blue wityiol.

1. Examine and describe some blue vitriol.

‘2. Do not taste blue vitriol. It is poisonous.

3. Try the action of cold water upon it. Itis fairly soluble in
cold water, and much more so.in hot water.

4. What has been found to be the effect of heat upon crystals

of blug vitriol 7 See p. 141.

10, SAL-AMMONIAC®

A remarkable salt’ was prepared long ago in Egypt from
camel’s dung.  When the dung was burnt; a heavy soot was
deposited, from which the salt called sal-ammoniac was made.
Inthose days; just as at the present time, it was widely used
as a medicine.
Later, it was prepared from the soot obtained when such
“animal refuse as hoofs, horns, and hair were heated.

1. Examine and describe ‘the appearance of sal-ammoniac.
' It consists of minute white crystals.
5. Taste a small quantity. It is sharp and cooling. -
13, Try the action of water upon it. It is very soluble. ‘
4 The Effect of Heat on Sal-Ammoniac.—Place a

small amount of sal-ammoniac in a dry test-tube. - Heat gently..

White fumes are given off. - Finally the whole of the sal-
. ammoniac disappears from the bottom of the tube; part has
.| escaped into the air, but much is fou

5 : ! 11 Ammonium chloride.

nd on the cooler part of -
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the tube.  Examine some of this deposit: taste it, and try the
action: of water upon it.© It behaves inexactly the same way
as the original substance.

This is an example of what is called sublimation. The
sal-ammoniac which has been re-formed on the side of the tube
by the condensation of the vapour of the original sal-ammoniac
is called a sublimate, and the original sal-ammoniac is said to
have sublimed.

PROBLEMS AND EXERCISES
Raw Materials

1. Describe fully a piece of slate.

: é. Describe fully a lump of granite.
- Describe fully the appearance of the substances, A, B, C, D,

L, F &

4. Find the effect of heat on the substanccs, Gyl 3, 7 K, L2

5. Identify the-substances, M, N, O, P; Q, R.3 »
6. Find whether any water is gontained in the substances, V, W, X,
Yoz

7. You are givena powder.> Describe

(1) its appearance.
(2) action of cold water upon it.
(3) effect of heat in a dry test-tube.

Note for the Teacker. —Fllc following are suitable substances, ¢ g+ HgO; Hgl,
Ph,m NH NOy, HeS, SbuS
2. NaHCQOg, Pb(NOn)w, ZnS0y, 7Ha0, KClOgz, camphor, iodine, cobalt
chlond Rochelle salt.
3 .0 K\:xu KNQOg, CuS0y, Ca0, NHyCI, NapyCOs,
4 eg \Iagbo,g 10H90, Rock Salt; KNOs, KoCreQ7, ZnSQy., 7HsO.




CHAPTER XVI

’ THE PREPARATION OF THE COM‘\ION ACIDS AND ALKALIES

T Alchemlsts made numberless experlments w1th th raw

frequent use than certam
lkaline ” tastes. ‘
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. Isithe water in the test-tube still merely water ? 4 Pour two
 or three drops into another test-tube. Taste these. ~ The liquid
has a ‘very acid taste. 'This acid liquid, thus' prepared from -
 green vitriol, was called by the early chemists vitriolic acid. -
i A better method of preparatlon has been discovered since the

k “time of the alchemists, but this is not the place to describe it.

; Transfer the residue in the retort @ on to a sheet of white
‘ papcr Observe that those portions which were mc)st strongly ,
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the water on the side of the glass.  Measure into another
“test-tube about one-eighth of this volume of acid. ' Pour some
. of the acid into the water in a thin stream. It sinks to the

hottom ; so the acid is heavier than water. Stir the water .
round w1th a glass rod.  Add the rest of the acid in the same
way. Grasp the test-tube in the hand. The mixture has become
quite hot, and steams.

0il of vitriol when mixed with water becomes sometimes -
hotter than the boiling point of water.  What would happen if
a little water were poured on to strong oil of vitriol ? " Being
. lighter, the water would float on the surface. The liquids would
mix at the bounding surface, and become very hot, hot enough
‘to turn some of the water to steam, and throw the acid about
 ‘with explosive violence. - Hence, never pour waler. on to strong
ol of vitriol.
¢ ExprT. 4. To show the Destructive Actmn of Oil of

 Vitriol.i— (@) Write a word with some dilute oil of vitriol with .
a glass rod on a piece of paper. Dry the paper thomughly by
gently wafting it above a Bunsen flame. The papm is ‘charred
~where the acxd was traced.

(4) Place about Io grams of Iump sugar in a tall beaker or

. _]dl - Add about 10 c.c. of hot water. Place the beaker on a
plate or dish.  Then add at once about 10 ¢.c. of strong oil .of
vitriol. ' The mixture blackens at once, and froths up.

(¢) Mix 1 or 2 c.c. of oil of vitriol with about 10 c.c. of water.
Pour the mixture on'a small piece of s/zncin a beaker or basin.
There is a violent effervescence. The zinc is dissolved.

j\/oz'c on Sulphuric Acid.—(1) Should any acid Dbe spilt, throw. on

" some quicklime or powdered chall, and ' mop up with an old duster.
(2) Never let the acid boil 5 lhe fumes are very disagreeable,

Aftcr the discovery of oil of vitriol the alchemists tucd the
effect of heating it with many substances, with the result that
 they were led to discover other acid liquids; as will be descnbcd
iin thc course of the following pwes ik : :

Spmt of‘ Sa,lt 1

Another acid hquld was obmmed hy the alchgmxstq by
‘heatmg common  salt with certain subbtdnccs (zhuber, who;m_
: 1 Hydmchlonc Aczd or Mum.tu. Acxd : d
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at the beginning of the seventeenth century, ﬁrst prepared ,
ommon salt and oil of v1tr101 and it is always made at
the present time from these.

EXPI. 5. Preparatlon of Splrlt of Salt ~J:\feicrh ou
- about 30 grams common salt.. Introduce into a htrc flask.
. Attach a cork fitted with a thistle-funnel, and a delivery tube
. bent twice at right angles. ~Attach an inv erted funnel, &, to the
end of the dehvely tube by a small piece of rubber tubing
~ (Fig. 87). Support the flask upon wire gauze on the ring of a
retort~stand and place the funnel within a tumbler, 4.  Add
T enough water 'to the tumbler
to cover the mmxth of ‘the
funnel. e

‘Measure out 30 c.c. st1om,
011 of vitriol.” Pour it little
by little . down. the  thistle-

are given off; and bubbles are
forced through the water.” As
' soon as all the acid has been
added, heat the flask guzz‘/y'
Soon the bubbles cease to
come ' through the Aater!
After a time the water in' the
tumbler = begins ' to = fume
strongly.” As soon as this is'
the case, remove the tumbler and also the flame, ' Dilute the |
contents of the flask, and pour away.
Has anything passed into the water in the tumblel ? It seems
. probable from the way in which it fumes. = Dip a glass rod into"
the water, and place a very small drop upon the tongue. | Itis .
very acid, and has a different taste from oil of \ItHOI ‘Where .
. has the acxd come from 2. The alchemists thought that it was a
spirit 'which the oil of vitriol had driven: out of the salt. They.
therefore called'it spmt of salt. Later it was called muriatic
acid, from the Latin muria, brine ; but the fummg acid hquld
'1s ‘now called hydrochlorzc ac1d ‘

must: be tak that tha waten in the tumhler does 1ot rush back 'ﬂong Lhrf o

/ "Lubeb}nto the 1 ins'to.do so, ar once heat more: :;trongly, 0; remove the o
Ctumbler. Fl ) ! i

 funnel on to the salt, Fumes.



amd mto a por celam dish. Heatit gently overa ﬂame. JAci
vapours are given off it, and it is soon’ completely evap rated.
cIry whethel sp it ’f salt will attack pape1 and zinc.

Splrlt of Nitre

The alchemlst Geber, who lived about the twelfth centm),
- described an acid liquid obtained by heating nitre with green
- vitriok. * Since the acid liquid was obtained by means of nitre,

Fic. 88 : :

it used to be called spirit of nitre. 1t is now usually termedf
nitric acid. ;
Although spmt of nitre can readlly be obtzuned by Gebe1 'S

; method, it is now usually prepared by heating nitre with oil of |
vitriol in place of green ' vitriol. - Glauber first prepared it in
thi y, and he called it “spiritus nitri fumans (Jlauben” or

s fuming spirit of nitre?
Preparatlon of Nltrlc Acld from Nltre and ‘
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flask: buppolt the flask under a tap or in a trough, and keep it
: v1th runnmg water.
 Slide the nitre into the retort, dnd poul the oil of vitriol in
- through a funnel, taking care that neither gets down the long
~tube ‘of the retort. Replace the stopper of the retort. IIeat :
~gently, The nitre melts, and the liquid begins to boil. A ruddy
vapour rises, and drops form and run down the tube, A
yellowish liquid collects in thé flask. Keep the liquid just
“boiling, but do not let the temperature rise unnecessarily. As
. soon as the liquid in the retort begins to' thicken, remove the
flame.
Pour the remaining l1qmd from the retort into an empty
evaporating basin. Put it aside. On cooling it hardens into
“a solid mass. . If this had been left in the retort, it would have
been rather difficult to get it out. - Wash out the retort when
cold.
- Can nitric acid be evaporated just as spirit of salt (hydro-
.chloric acid ) ? ;
Expr. 8, Is Nitric Acid Vola,tﬂe ?—Tests for Nltmc
‘Acid. —(1) Pour about 5 c.c. of the liquid into a porcelain dish. ‘
Heat gently until the liquid is ev apomt(,cl Vapours are evolved
| possessing a pecuhm odour qu\te unhke the fumes of 011 of
" vitriol or of spirit of salt.. -
* (2) Place a small drop of the llqmd upon a ﬁngex ‘nail, and
another upon the skin of the hand.  Wash them off after a fm\
seconds. " Bright yellow stains are left.
(3) Place a small piece of copper in the liquid.  Red fumes
are at once evolved, and the hqmcl becomes green or blue.
Show that oil of vitriol and spirit of salt do not attack copper
in this way. On account of the corrosive action of nitric acid
it.used frequently to be called aqua fortis (Z.e. st:ong watet) ‘
Try whether mtnc a.ud will attack papel and ZIe

4 *Vmeg'ar or Acetm Ac1d

e Acetic acid ' is another acid which is 1 equcntly used and !
. therefore may be mentioned here, altlmu;,h it 15 not pxeparul o
i from any materials which are found native in the rocks or crust
of the earth.. Tt was the only acid known to the ancients. :
‘ cer ora weak wine such as c;l..uet is leﬁ exposed to




. odour, which is quite different from that from any of the other .

i “of trying this ,yoursc_lflatc (see Volume IL).
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the air, it quickly becomes sour. This is beume.e the almhol
has been changed into the acid called acetic acid or'v mcgdr

~The best way to conv ert weak wine into vinegar is the '
; «Gem}an qmuk«vmewm process.” A large cask with perforated

sides is filled with beech-wood sh‘wm«fs, which are moistened
- with a little vinegar. - Weak wine is then poured in at the top,
and it trickles slowly through the shdvmrrs, and the liquid which =
~collects at the bottom is again and again poured down until all
the alcohol is changed into vinegar. A kind of fungus called
;;z)wdema ace?i is found on the bha\ ings, and it is this which
in the presence of air effects the change.

EXPT. 9. Is Acetic Acid Volatﬂe ?—Heat about § c.c of
the acid in a basin, . Observe that the vapour has a very pungent

‘}Luds Little or no residue is left.
'113. whcthm acetic acid will atmck zinc, copper, or paper

‘(B.,) SOMECOMMON ALKALIES

~ We must now learn a little about some substances very
o differ ent in character from the 'mch wlmh the ftlr‘he,mxsts also
ukne\\ how to pxep’ue‘

o Caustlc Soda

It was fmmd long ago that if a solution of soda crystals was .
‘j'hedtcd with lime the solution changed in character ‘and
“xgquncd a very caustic nature. You. wﬂl have an oppmtumty' '

. If such a solution is allowed to stand till clear, and i then
. evap AtLd, a white non uystdlhne sohd is obtamed A piece‘
ot olict - :
‘when placed upon th& sLm It aIso destmys vegetable ﬁble,
e wood or ﬁltel-papel, On this account it is called caustlc‘ .
1 1 must bz, 1mndled thh care.
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‘hands are greasy with oil, try \vashing them in a dilute caustic
- soda solution. They will become beautifully clean. A stronger
‘soda solution would remove the skin as well as the dirt.

2. Caustic Potash

Another caustic solution is formed if a solution of potash is
heated with lime. If the clear caustic solution is evaporated,
" a white solid is obtained which is almost exactl) similar in
appearance to caustic soda.  Moreover its solution in water has
a very similar caustic and alkaline nature.
This substance is called caustic polash. 1t is usually sold ‘in
“white sticks.

3. Volatile Spirit of Sal-Ammoniac or Ammonia

~ EXPT. 10. Preparation of Spirit of Sal-Ammoniac or
~ Ammonia.—Weigh out 10 grams sal-ammoniac. Powder it.

eatmg it cently ina b’tsm ona sand bath. Allow
Meantime weigh out ‘1 5 grams quxckhme, and
Mix the two together. Put the mixture in a large
Fit the tube with a cork and a delivery tube
_right angles. Attach an inverted funnel to the
* Support the test-tube on the ring of a stand,
dips "nto a tumbler half’ ﬁ}led thh water, :
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with its mouth juss below the surface of the water, as shown m‘
Fig. 8. :
Heat cautmusly by waftmg the flame about under the tube.

At ﬁrst bubbles of air are forced up through the water, and then =~

these cease. Heat five minutes longer. Take care that the water
in the beaker is not sucked into the test-tube, Then remove
 the beake:, and afterwards the flame.
Observe the pungent and peculiar odour the watex in the
“beaker has acquired. As this liquid was acquired by heatmg
sal-ammoniac  with lime, the early chemists called it the
volatile spirit of sal-a,mmoma,c It is now usually called
ammonia. ; , e
Ammonia can also be prepared by heating shavings of horn.
Indeed, this method of preparation was at one time so commonly

sed that the pungent nqurd came to be known as ¢ spmts of : .

hartshorn,” a name which is still common for it,
' 1. Tests for Ammonia,.—( (1) Pour a little of the

ation into a porcelain crucible.. Heat over a small flame. . It .

qmc,klyempﬂmmd and the pours posqess the charautenstw/“
odour alrmdy ob * :
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ing it to settle,  The shaking is repeated to strengthen the
olutlon The clear liquid is then decanted or sy phoned off.
“The acid and alkaline solutions we have been studying are
- commonly spoken of as acids and alkalies.

PROBLEMS AND EXERCISES
The Common Acids and Alkalies

o 1. Find the effect of evaporating the liquids, A, B, C, D, E/lina
: porcelam basin.

2 Youare given samples of the following pairs of liquids. = Dis-

g tmgmsh the members of each pair.

: “Qil of vitriol and nitric acid.

Hydrochloric acid and nitric acid.

Qil of vitriol and acetic acid.

“Acetic acid and ammonia.

3 Fmd the effect of heating 1 part of nitre with 2 parts of green

" “vitriol in a small retort the neck of which dips info a little water in
o oaflask.

A Fmd the effect of heatmg sal-ammoniac with oil of vitriol, as in

1d the effect of heatmg thle saltpene with oil of \mml as in

cher—é.. NHLOH, Ca(OH);, Ha80,, HCL, HNOy, CHy . COOH.




CHAPTER XVI

. THE ACTION OF ACIDS AND ALKALIES UPON LITMUS—THE
L : FORMATION OF SALTS

CHEMISTS found 200 years ago that the acid and alkaline
substances we have just learnt to prepare had a curious effect
on certain vegetable dyes. Of these dyes Zmusis one of those

{ eadily acted on, and it is therefore very suitable for our ex-
iments. It is a solid blue substance, which is extracted from :

iin kinds of lichen. ‘ :

1. To make an Infusion of Litmus.—Weigh

5.grams of solid litmus.  Grind it up in a mortar, and

nto a flask,  Half fill the flask with cold water, and

ake well.  Allow the powder to settle, and then pour off and

4 ' the liquor. In this way certain impurities are washed

thelitmus. ' o of T g

To the residue add 100c.c. of water, and heat the flask nearly

ing for afew minutes. Allow to settle! (if possible for

in a warm place). Decant off the intensely blue

he sediment, and place the solution in a bottle.

2. To find the Effect of Acid and Alkaline
o theg'?Bl‘ue; Litmus Solution.—Let us write
tes of the acid and alkaline liquids we have on our




gle
arefully observe any chanve ‘in colour: by lookmg down the
: ftube. State the effect you notice m a table thus :— :

Liguid taken, -~ *

| Effect on the Blue Litmus solution,

Sulphuric acid. Change to brick-red colour.
- Hydrochloric acid, ;

etc,

You have probably found' that all the acid liquids turn the
blue litmus solution red, while all the liquids possessing an -
alkaline instead of a sour taste leave the litmus solution blue,

o or render it still more blue. By this colour change, then, it seems
that we can readxly drstmcrmsh between an acid and an alka-

. line solution.  Buthave no 0the1 liquids beside acid and alkaline
“solutions any colour effect upon Ixtmus 2. This question must be

" tested by expeument ; , ' : G

PROBLEM

Find whether blue litmus solution is affected by alcohol, benzene,
~a solution in water of common, salt, washing-soda, or of any other
; stxl)stance‘}’OLI can think of.. State your Qbsc:rvatians in a table.

E:\PT 3. To make Red and Blue Litmus Papers —
Take a stmng blue infusion of litmus,, some very weak nitric.
acid, and some very weak caustic soda solution. ‘Divide the blue
‘htmus solution between two porcelain basins.  To one pmtlon
~ add afew drops of the dilute acid till it is justreddened. Tothe
other portion add one drop of the weak caustic soda solutior SO
| thatiit has 2 blue colour. Soak pieces of hlottmg -paper in each’
. solution, Dry Lhem as.on p. {39. Then ut them mto strlps, ]
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PROBLEM

Try the colour-effects of acid, alkaline, and other liquids upon these
- red and blue litmus papers, by puiting drops of the liquids upon strips of

each kind by means of a glass rod.  State what vou observe in a table
thus, !

Liquid. | Effect on Red Litmus, . | Effect on Blue Litmus, |
: : - N e
. Sulphuric acid. ;  No visible change. f Red colour. !
- Hydrochloric acid, | i |
| |

! - oete. :
i ! ; !
I

R RN ST it t

~ ExpT. 4 To try the Delicacy of the Litmus Test for
“an Acid.—-Add a cubic centimetre of strong sulphuric acid toa
litre of water. Shake well. The acid is now diluted one thousand
- times, Put a drop on a blue litmus paper. It is reddened. Find
whether the acid can still be detected when this weak solution is
~ made 1o times and 100 times weaker still.

Expr. 5. To prepare a Purple or Neutral Litmus

~ Solution.—Take some blue litmus solution. in a porcelain

basin, very weak acid solution, very weak alkali, and a pipette.
Drop the dilute acid into the blue litmus solution, and stir
“with a glass rod until the colour is half-way between red and
blue. Probably you will overstep the mark. If so, add  the
- dilute alkali drop by drop very carefully. If the Litmus changes
in colour sharply from red ‘to blue, weaken both' the acid and
alkaline solutions, and try again.
You will at last succeed 'in getting a purple or neutral
- litmus solution, intermediate in colour between red and blue,
To two portions of the purple or neutral litmus solution add
‘acid and alkali respectively.  One changes to red and the other
to blue. . Then, if we keep a stock of this one neutral solution,
we can Use it to detect both acids and alkalies, instead of using

~ both red and blue solutions or papers. WL
~ Keep the neutral litmus solution in a glass-stoppered bottle.!

Coie VT the solution loses its colaur, the eolour will be quickly restored on removing the
st L ()

v and shaking the solution with a little fresh atr.

20




pal blue-purple and ed -pt
bet een blue and purple, a d red qnd pmple respectm.ly

of soda, common salt, mhe, borax, mllk, sour mﬁk ete., have fmy

e,f'fect on neutral litmus solution. :
3. Find the effects of acids and alkalies upon solutmns in alcuhol ot .

ethyl orange ‘and phenol, phthalein ; and upon infusions in of
2, e, ‘logwood, and violet leaves.  Fill one-third of a te t i
‘add one drop of thc solution, and then one drop of an amd :

alkali by apxpette
THE FORMATION OF SALTS

ve found that of the a’ci j and lkalies L.n
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D vou obsewe the escape of any amd fumen’

: Has ot
Dmbolve a httle m water ina test—tube, and try

the solution is alkaline or acid. Taste a very small' f

Do you not find it to be common salt ?
then, is an unexpected and important result. By the
tion of caustic soda with hydrochloric acid we do not -
btain merely a mixture of the two with properties which are
hetween those of the acid and the alkali. On the contrary, we
nd common salt to be produced, a substance which is very .

different in its properties from either of them. Is a similar’ '

result met with when other acids and alkalies are “ neutralised ?”

PROPLEMS

i x, 20 c.c. caustic 130tash with nitric acid.
|20 20 c.c. ammonia with hydrochloric acid.

2,
rate each solution, till the residue is dry, in.a basin’ over a ;
Carefully examine and endeavour to ide the. substances

you obtain by reference to appearance, aste, s.olv‘en actim (

and the actxon‘of hea( ina dry test tube.

problems that in each case a  solid crystalhne substame 15
obtained, which is neutral to litmus and has a salt-like taste.

dther neutral mixtures of acids and alkalies might be mad
: case you would obtain a neutral saline produc

are L;ﬂled Salts T he term ¢ salt,” 3 then., a8 :
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. earth. . Fossil names mark the'progress of a 'science. For
‘example Spmt of salt,” was the name given quite suitably by
 the alchemists to the volatile liquid obtained by distilling salt
with oil of vitriol. = The investigations of chemists during the
last hundred vears have however led to the abandonment of the
name “spirit of salt” and the adoption of the name “hydro-
chloric acid.” And because this latter name is the one that is
probably to be found on the bottles in the laboratory, it will be -
more convenient to use it, although we cannot ourselves as yet
~ attachany meaning to it, as we can do to * spirit of salt.” Hence
as a matter of convenience we shall adopt in many cases the
more recent name, although as a matter of principle it would be "
better to retain the earlier name until we have found out for
ourselves the reasons for employing what is really the more
suggestive name,
- The older names are still often used in commerce and in the
‘houaehold while the more 1ecent names ﬁnd favoul in the
: labomtory
 Names of Salts.—Salts 'ue named after the acxdb ﬁom
: whtch they are formed. Thus—

Salts formed from sulphuric acid are called sulphqtes

sy 100 mitric acid 4y, mitrates.
e . hydrochloric acid ', chlorides.
kA acetic acid Uas o acetates.

The salt formed from caustic soda and hydrochloric acid is
called chloride of soda., Nitrate of potash can be made from
caustic potash and nitric acid. = For réasons which will appear
hereafter, chloride of soda is more often called sodium z//larzde,
‘and nitrate of potash gosasszum nitrate.

Some of these substances may be recognised in ta&.tc and

i ‘appe'zrance as already familiar under other names. ,
It will be convenient to have a list of these names of Sdltb dnd
‘of some other: substanccs at hand for 1eference —

; TABI,N E OF SYNONVMS ;
Old m’\Hou\e/zold Mzmes S  New Names

‘ Su]phunc ac1d‘ :
y Hydrochlonc amd i
, ‘Nxtnc acxd ‘
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011)’ or Hazm/zm’ 7 Nawmes New Name.v
Vmcgm : i Acetic acid
.. Washing-soda, mild qlkah, or soda . Sodium carbonate
- crystals, . L S
~Caustic soda, or caustic allmh . Sodium hydrate
 Potash ‘ Potassium carbonate
' Caustic potash : - Potassium hydrate
~ Sal-ammoniac Ammonium chloride

Spirit of sal-ammoniac, hmtshom, : i

i or ammonia Ammonium hydrate
- Common salt . Sodium chloride
Nitre or saltpetre : Potassium nitrate
' Chile saltpetre Sodium nitrate
- Epsom salts Magnesinm sulphate
- Green vitriol - Ferrous sulphate
" Blue vitriol i i Copper sulphate -
Chalk, ; Calcium carbonate
Quicklime Caleium oxide
‘Slaked lime or lime Wa.Lcr ‘ . Galcium hydrate -
- Fived Air : " Carbonic acid, carbon dm\xde
o KivesAdr o0 Ll Oxygen:
U Speilt Air Nitrogen
oo Inflammable Air 0 o Hydrogen
o NHrons Ay e Lo Nitrie oxide
Volatile Hulphumuq Adid oy * Sulphur dioside
PROLI ml:

. You' are pmded with a stick of caustic potash and with some
htmng nitrie acid. Prepare a well crystallised sample of nitre. )
2. Try to prepare diy and clean crystals of a salt—-—sulphate of .
sh—from a stick of caustic potash and some &.ulphuru. aerdii
3. Find whuhe.r thc. sohxuons A B C, are ac1d alka. 1nt, or'
‘neutml. ; : : ;




CHAPTER XVIII

GRAPHIC REPRESENTATION !

- Areas of Countries.— It is often difficult to 1ech qukaIv
figures which state the sizes of thmws, and the figures often gue
no clear idea to the mmd Thus it may be stated thatm i f

Area of Bntlah Isles 121,115 S0 nules. i
o Area of Indian Empire , ; = 1,700,000
R Ny under Native rule = 750,000 ",

i

It

i

Iyndiém Empire

British
Isles

Fi6. ‘go.
"But a much clearer picture of these areas 1s. obtamed 1t a,
diagram is made showing squares drawn in propornon to these :

xmbers as n F 1g 90 ' ‘

! o c'all the attentlon of' tenchers to! Profi P Tectures at
J rmyn Street in 1809 " (nye ‘and Spomswoode,ﬁd ), fron whu,h they ha ‘obtamcd i
‘sotne valuabl suggeanon : ; )




i fga,rmooo !
26,252,000 |

- 26,920,000
12,080,000
13,800,000

3,450,000

Stampq
Land T

Crown L:mds

| “Suez Shares ...
- Miscellaneous

£130,384;000

T
atii
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. large quantities: like these are not easily grasped, but their
- relative sizes may be shown by drawing on: paper lines Propoy
tional in length to each.” The most ‘convenient paper is ‘what

is called “squared paper.” - This is covered with parallel
horizontal and vertical lines at equal distances, and every tenth
 line is more distinet than the rest.. On a sheet of squared
~ paper draw a horizontal line, AB; along one of the thick lines:
~Then lines drawn at right angles to AB may be taken to repre-
sent millions of pounds. 1f, as is convenient, the paper is ruled
in inches and tenths of an inch, a line one inch long may be
taken to represent ro millions of pounds. ~ On this scale of a
line one inch long representing 10 millions of pounds, proceed
to draw with a sharp hard pencil straight lines at right a
B, to represent in order the above items - of the nat

ncome (see Fig. g1). Test the accuracy of your diagran

eading from it the magnitudes of the several it
aring your readings with the above table:




Coxvm . GRe pmbkﬁpms ,mﬁA*rmN‘

29 mches, we need only represeut the heights adove ”'9 mches,, «
~and so make the diagram more compact. "
. Begin, therefore, by drawing two lines OX and OY At xxght[ ,
angles to one another (see Fig. 92), along two of the thick
,I‘ines upon squared inch paper. '(These are often called the
axes). Mark every tenth line along OX, 10, 20, 30, and along
OY mark O as 29, and the next thick line 30, and the nest 3I.
‘Procecd to mark points on the paper with a sharp- pomted hard
¢ penul to represent the above barometric helghtb

LY
el I S 1] f
o Barome ,é!'r at York, dct' er 1300
g
o o
'E AN r/ r \
- N » \
530 ! S
g v 7 : ]
8 o i 45 -
i g v
e i ; Bl
e~ )
_"E
""‘-E’ '!,' a ‘
Q. ! k » L}
el ] R R
i ]I ! )
(o] B ‘10 AR es 30X

Days of the Month

'Luthcr, ce tlze bdwmetel ch(mx.,es contmuously fmm one S

t to the next, we may mchc,tte thls by jommg thc pomtq, o




9 3 whlch sho
Darly Chronicle weather cha,r ,for four days o
. Observe that there was no reason to join the tops ‘of the,
. straight lines in the Revenue Diagram (Fig. 91), because the
© lines in it represent different thmgs, not one thing which varies
continuously in magnitude. . So also xf we ‘were to plot the dallyv

MONDAY. | TUESDAY., WEDNESDAY. | n!mssnu'.

b, Noow 8 Mo, “'mu ”' S Naow By w8 Hoow o 8

Fro. 03,1
nmf’tll we should not. attempt to dmw a curve connectmg the

measuremerits, since the quantity of rain changes abruptly, not.
continuously, ﬁom one day to another : :

EXERCISES

: In the followmg exercises plot the tabulated quantrtxes on
 squared paper. Inall cases state on the paper what it is you, -

have  represented, and also name the different scales. 'In

- choosing the scales avoid those which would make the qurams
clther too lar, ge, too long or broad or too ct owded. :

St From (xregory 'md Sxmmon% & Zemem‘my 1’/ ystm' :tmf L)’wmm‘ry, Part I
bl !
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“Anptal Expenditure of Families,

A, :
Average of Twelve
Averwe of T\'s enty |
: Artisan I‘amlhes : 'I}l*iﬂemc lass

~Rent

© Food .

- Clothing " ... ..
Fire and Lwht
Doctor ..

Edumnon
Travelling and Hohday
Charity 4

: ]‘ amf F E) ﬁmdzmn o ]’mm’mzr .S c&oo/ 1899 i

: ,go346 { Dried Fruits ok ,{,240 5o
10116 I Vegetables and I*rmt 314 3
' 3943 | Coffee and Cotoa
22873
110
‘ 49‘9( :

n‘ztn nf i/le British and f*arezw)z J’z&/&» Socwzj' L
‘ k (Founded 1804.) : :
! 1854 i
‘1264
- 1o74
1884
L 1804
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Hazel e 32
; Coltsfoct G TR
Primrose .. ..
- Lesser Celandme
Sweet Violet ... 71
. kAnemc‘me e e 76

5. Dateof A}ﬁmmmgof Wild Flowers.' (Average of 10 years.)
i ;The numbers give the date counting from January I;. e.g., the
. numbers 1-3I indicate dates in January.

| Marsh Marigold - 77 | Purple Orchls o I24
i Cowslip ... ... 81 | Hawthorn... ... 135
i Cuckoo-flower... 95 | Red Clover ... 137
o | Bluebell ... ... 113 | Forget-me-not ... 148

Crab .. .. 116 | White Clover .. 155
Upright Butter- “ Wild Rose ... 170
cup veo ol 116 {

6 Bdi‘ﬂﬂzt’fﬂt Rezm’mrrs at York, January 1884.

o Jan 1o 3044 ins.

Ian 1§ RO 29°81ins. ! Jan. 21 ... 30°301ins.

12 ... 3032

0 & SR 3039
14 .....730°30 |
15 . 30°49
16 ... 3060

55 § B 3054

I8 30 T e
19 . 3048
20 Ui 30 28 i

d r.‘

'~ 7. Bezlf(}knetrz'c ]’eadz'/zos éu‘ York, Decem&c? 1886

j Dec. 1 5uin. 29° 77 ins.

Ob: 'rved at Manchester, dunng parts of September and Octobex 1895

Dec 11 29731 ins. :Dec 21
12 ....,29°08 | 220
1300, 2969 I 123
14 ...... 29°59 {os g
15 .0 20718 | 25
16 ......2033 | 26
ST 2964 il ey ol
18 o 29°58 | 28 ..
o I9al2974 | 29
o 2050 3004 i 30

Lo gy

. Plot on the same paper.
- Moaximun.




. Sunshine and Rain.
Observed at ’\Iauchesler, during p'lrls of September and October, 1895'

Sunshine. I\’am

" Hrs. Mins,
Sept. 20
o210

4
7
8
.
6
4
4
S
7
8
6
I
T
(e
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o8SUIe of Water Vapour.»-On pdcre 98 a table Awas
vptessule of wa.te) v’tpoul mz.asmed in mxlhme,

1000

= lf“f ‘\ |

Pressure. of v : Vapcjur "




xvin . GRAPHIC R .PRES’ENTATiON 5

Temperature
&

Pmceed to. mark these measmements by means of small

rosses upon squared millimetre paper, marking degrees Centi-

rrade off along a horizontal axis, and mm. of mer cury up from i

along a vertical axis (see Fig. 94).  Observe that a cury ed
line. may be “drawn sweeping through the pomts ‘marked byu
‘the: . Endeavour to draw the curvel Any,

:  be ‘more readily detected if the paperis held
such. a way that the eye can look along it, close to the paper
Observe (see Fig.04)~

the slope of the curve beCOﬂ]Eb steeper and steeper
rature rises : this Shows very cleaily that the pres-.
of water vapour increases much faster as the tem ‘
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~ Nitre. 0 Saln | Chlorate of Potash.’

I3 gm. 35" 5 gm. gm:, b
cooero 388 ;
3L 361
5 364

e e
L0000 S L

, ong a homontal axis on a sheet ‘of squ,
pape marI‘. off imz;ﬁemmm ﬁom 0% to 100" C
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. At what temperature are salt and chlurate of potash equally
soluble in water? ;




¢ in 100 grams of water, saiurated at 35° cools to’
10. How could Imakc a sqution coniammq 25 :;r'z.ms of chloratc
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Ilm m]Inmng mb’ln ahms the wlume of I gram of water dt’
rarious temperatures i—— :

ot Ol 1rooo12g e, | 6" C. 1000030 c.c.
At roo0oy2 ' 7° 1°000067

2° 1000031 8" 1°000114

57 1000009 ’ 9° 1°000176°

4 1000000 10° 1'000253

5% 1'000010 '

These volumes  differ very slightly in actual magnitude, only
in the last three places of decimals’; but nevertheless, on plotting
them, such scales may be chosen that the diagram shall be
~of a reasonable size, and so that the differences between the
¢ volumes shall be evident. - It will be necessary to magnify the
~scale representing the volumes. Use squared inch paper ;
- mark temperatures along a horizontal axis, and mark volumes
- along a vertical axis, letting each o't inch represent 0°000010 c.C
" Draw a curve through the points (see Fig. 96).

~ Times of Sunrise and Sunset.—An almanac predicts the
following times of sunrise and sunset for a part of September :—

Al : s B
Sunrise. Sumnset.
‘sept 16 e el e e 6 T DM,

17 3.40 S 6l
1§ S s SR g
19 L 5.43 e e 058
20 ' 5.44 AR o
21 Siabon st e Bg
22 5.48 PR e
R R A G T e
RN e D b 00 663
2B B3 L L ST
26 5.54 e e
27 5.56 i RaL Ry 50
2800 BUSZE e e

e T Hekpnai g sl
Syt 6x 539

s
-0

: the predmtcd umes of sunrise on, succesaave days upon.
aquared paper, ma mg d'iys of September, startmg thh the
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15th along a horlzontal axis, and times starting \wth 5.30 :
vertically up from it. (Express the minutes as decxmalb of an
: ur.)  Join the points marked, and observe that the joining "
line is ot a regular curve (see Fig. 97, AA). ‘Why is this? The
- times tabulated are not quite accurate ; they are only stated to -
‘the nearest whole minute. And, mdeed, it will frequently be

AN
: eat \

% d}’&d’e
» &
6-0 - 7 A
N\ee//
5 N WA

o
o]

sl
Py

<

Hours of Sunrise and Sunset

~.*A : ; ”"B

o0

?5 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
. ‘Days of Month .S‘eptember

Fm

found that a series of o/ gzzz/c accurate statements will give an
irregular curve such as this,

So, also, labomtory experiments’ iny 01v1n<r measurements
_certain to contain some ‘errors, and if thc observations
i plotted the joining line will be somewhat irregular; ‘

.o In such cases; if we are confident that the points ought to be
nnected. by a smooth lme, we may draw evenly: among the
‘ ﬁozm‘:asmooﬂ% line. Proceed now to plot the predicted times

'8 'a1ght I H‘e may be drawn passing

are
are
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evenly anong the points (see Fig. 97, BB), Ze. so that there are
as many points on one side of the line as on the other. This
line represents the most probable connection between the times

- of sunset, and even enables us to see whick of the mbzz/az‘ed tinmes

are incorrect, exthex too early or too late.

- Price Lists.—The price of any article frequently varies
from time to time. A record of the price, which can be read at
a glance, is afforded if the prices are plotted. Thus Fig. 98 is

~a record of the grice of india-rubber from 1877 to 1898. It shows

[Phiee . TEARS.
%a:tm:. lWi&am&rm_@% 1888]1889/18901831 1892 1825,1894]1835 1896 1897 1852
LT ]
als s {
e s / \\ |
30 3 /
29 4 1
3.7
35 A Z
i ! s 7
5 7 I N
; / | N A B
2.8
i / \ !
3 Vi t
2,8
209 +
i U |
f":s N i
Fic. ¢8.1

_ thatin 1877 the price per Ib. was about 2s. 24.,and in 1878 1s. 112,
the lowest price in the series of years.. In what years was a
. 'maximum price reached ? 1883 and 18g8. =~ Between what two:
years was there the greatest change in the price? 1883-84.
Again, the price of any one kind of manufactured article
varies with its size.  Suppose a manufacturer of Janlern screeus
wishes to publish a price list of various sizes. Suppose he has
made screens 6, 9, 12, and 15 feet square, and arranged their
. prices thus :—

“a'screen 6 fect square .. .. .. A1 5 0 = f125"
Di 9 e e 117 6 = 1875
g L 8 3000 D e 30EO,
0= 1 600

S B

i Qumed lw Gregory and Sxmmonu, from the J\ceu .Bulleém, in lezmiar_y :
s mm’ Ch mzstry, : : ’
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lot these sizes and prices on squared paper as, i
, and draw a curve through the points.

. Any point on the curve then shows the size and the prol
'xce,of a lantern screen.  The malzufacturel- can now rea

of

e

0o

Screen in Pounds =

/

ce o
)

7

Pric

‘I"

g 11 13 14
S/de of Screen in Feet Gy
Figigg:

ﬁndSM

i ascreen 7~‘> fect sqmm qhould hg prxced Nl SN

190
73 39 e Gl 2,6 0
ey iy i il B (o' o

‘the use of mterpol'xtmn.

Poplﬂa.tlon —The followmd number; give the populdtmn

g

he plobable pmces ‘of othcx' sues of screen ; for mstanre, he''

- his calculation of prices ()f screens in. size ]ymcr &ez"z.mm :
those of which the prices are known is anothcr ﬂluatmt:ou ot“

‘of England and Wales at mtervals of ten years durmg the u)tb j
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: 1841 ... .. 15,014,000 187!‘ 22,712000
a8gt i ... 17,928,000 1881 ... ... 25,974,000
1861 °o,060 000 s 189r 29,003,000’

Plot these numbers on squaxed paper, and dlaw a curvc

. .lying evenly among the points marked, as int Fig. 100,

From the curve we can state what was the pxobable popum- o
ftxon of England and Wales in any particular year between 1801 .
~and. 1891, But also, by continuing the curve beyond the last
- plotted point corresponding to 1891, we can find out what it was

'~ likely to be in 1901, ten years after the last census in the Table.

. We see that in 1go1 the population of England and Wales was

likely to be about 324 millions,! Observe also that the slage of
curve becomes steeper and steeper as the yeats advance;
 this means, of course, that the rate of increase of the populat}on
ecomes greater and greater. :

P pexf‘for curve plottlng is. manufactmed ll’l :
nch s:de, wnh evely tenth lme thxckened




GRAPHIC REPRESENTATION 189

EXERGISES CURVE PLOTTING

In the folim\mg exercises plot curves to represent the tabu-

“lated quantities. ~ Those scales should be avoided which are
obviously inconvenient. Scales should be so chosen that,the
plotted curve is not crowded in one corner of the paper. No.
exercise is completed until the scales and the namies of the, i
plotted quantxtles are clearly indicated on the paper. :

1. Grams of Solid dissolved in 100 grams of water.

f | Temperature. Barium Nitrate, Potash Alum, Sodium Sulphate. }
E e e e e o ] L
o G 52 39 50
i 107 | 70 9’5 96
I 20° 92 15°1 19°4
! 30° 116 {o 22°0 400
40° 142 30°0 488
50° a7 g4t 467
607 2073 66°6 45°3
4707 236 907 444
8o 270 134°5. 437
i 90° 306 ‘ 209°3 43°1
100" 322 e 38708 4275

2. Pressure of Waler Vapour above 100" C.
'lempemturv | Pressure, ; "Temperature. - ' Pressure.
: B (N 16573 Coi 7atmospheres
[AIgETE ‘15 e
201°09 5
204 9» :

19
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4. Price List of Bottles, white glass, English, stoppered.
‘Capacity:oz. o1 72 '3 4 6 8 10 1z 16 20
- Price per doz. 4/- 4/6 5/6 6/- 7/- 8/- 86 10/6 12/~ 14f- 15/

Does it appear that the price list has been correctly made
out? '

5. Price List of Basins, porcelain, Berlin, for evaporation,

Diameter : inches 28 33 3% 3% 4 4% 43
Price, each... .. /4  -/6 -/8 -l1o 1/- /2 1/6

6. Price List of Rubber Corks, solid.
"."D‘ia,m. $mall end, in inches 2 % [ % 114 1}
- Price per doz. ... 16 1/9 2[4 3/- /3 af9 6/ 79

 Diam.smallend,ininches = 13 1§ 15 13 2 2} 2} - 23
.~ Price per doz. ... . 9/ 10/~ 11/3 12/6 16/ 22/- 33/- 40]

Price .Lz'.ré' of Filler Papers, Rhenish.

' Diameter in cm. 425 5% 7 9 I 125
Price per 1000 2/g 219 in 3 ale salo sl gl

185 24 27 3z 385

8/9 15/9 22/-- 26/10 31/6,

| 181 .. .. .. 3062000
2,091,000 | 1871 .. .. .. 3,360,000

2,364,000 1885 3,736,000
T : 2,620,000 1891 ... .. .. 1,026,000
1851 .- 2,8%.000 | o e

Estimate th pgpulatidn of Scotland &% 1901,

Premiums for Life Insurance.—To insure the payment of
00 at death, the Government requires the following

yearly premiums 10 be paid throughout Jife.  (Change
and pence into decimals of £1) =
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i
’&ﬂe of Insm'er

1
e «

What premium should be paid if the insurance is made at the
y'lge of 10 years? "

- Premiums. . . Premiumis.

n
s
1
!

e

10 (‘o;werszmz af Dz/z;mﬁezi and Cenf/gmrz’e Tempemtures :
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13. Tomes Jor lLghting Cycle. Lanps.
January 21 ... 5.28 .M | July 21 9.2 P.M.
February 21 6.24 i August 21 ... 8.10
March 21 7.12 ‘I September 21 7.1
April 21 8.4 October 21... 5.5
May 21 8.50 November 21 5.3
June 21 9.19 December 21 4.51
14. If ‘a smooth curve can be drawn among a series of plotted
points, it is probable that there is a relation between
the two sets of quantities plotted. Find whether there
is a relation between the Distances of the Planets Srom
the Sun, and their Times of Revolution round the Sun.
Distance in Millions | Times of Revolution |
iles. in Days. ‘
! |
i Mercury 35 87 |
| Venus 66 224 i
Earth 92 365 |
Mars : 141 686 |
Jupiter 480 4,332 |
i Saturn Soid 881 10,;59 i
Uranus ... [ 1,771 30,688 |
Neptune ., L 2,775 60,181 !
f E
1 5‘.3 Find whether there is any connection between the quantities

tabulated below :—

Lithium ...
Sodium
Aluminium
Potassium
dron ...
Zicy,r et
Silver
R

FoToding 7 b vl

Platinum .,

Mereury ...

f

|
{
|
i
!
|
|

Specific Heat,

094
029
0°20
0166
0'112
0093
0056
0054
91054 ¢
0°032
0'032

* Atomic Weight.”




Coxvin SRAPHIC ‘REPRESENTAT‘;()N ey

16, The Freesing-Point of Carbolic Acid—Fill ove-quarter
of a narrow test-tube with pure crystallised carbolic acid.
~ Plunge the bulb of a thermometer into it and fix the tube nearly
 horizontally in a clamp. Warm the tube very gently until all
 the carbolic acid is melted, but do not let the temperature rise
“aboy * C. Then allow the tube to cool, and read ‘the
temperature accurately every half-minute, until it falls to nearly
30" €. Between the readings stir gently with the thermometer,

- but take care not.to take the bulb out of the carbolic acid. Plot:
your observations, marking temperatures along ' the vertical

‘axis. - What temperature does the curve show to be the
. freezing-point of carbolic acid ?1 o
17, The Freesing-Point of Sulphur.—Proceed as in No. 16,
but take readings every 1 5 seconds, as the temperature falls
' from 130° to 100° C. ' By S

18 The Freesing-Point of Paraffin Wax.—Proceed as in No.
116, but take readings every 135 seconds, as' the temperature falls
from 60° to 4o° C. PR v ; ‘ s

nteresting additional exercises may be obtained from'
Vhitaker’s * Almanac, ‘Chambers’s Mathematicalk Tables, th
Nautical Almanac, and from the daily newspapers.
oint of 2 substance is tha“témpemmrt{ at \\’11inﬁ A sﬁbstz{xice
hanging from the solidto the liq}xid state, | P




EXAMINATION PAPERS

The following papers have all been actually set inschools as terminal
examinations upon the subject-matter of this volume. ~Not more than
two hours were allowed in each case. The azerage age of the Forms
examined was not less than 13% years nor more than 15 years.

(a)
1. What roughly represents () length of 1 decimetre ?
(5) volume of 1 cubic centimetre ?
How many grains are there in I ounce?
2, Add, expressing the answer in grams and decimal of a gram :—
1 Kgm. +20mg. +3 C. +5 D. + 200 mg,

. Add, and express the sumin c.c.

‘ $litrz 420 c.c. + 200 demhlrea
4. A tin measures 150 mm. high, 12 cm. broad, and 24 cm. deep.

How many kilograms of water will it hold ?

5. If 1 metre of wire weighs 120 centigrams, what will be the length
of 60 milligrams of the same wire?

6. Write out a list of the weights in a box where the least is 0'0I gram
and the greatest 100-grams.

7. Diraw a portion of a burette stem including the figures 10, 1T, and ;
12, and show the surface of water within it st'mdmnr at 10718 c.2.

8. Describe {ully an e\peumem which shows that aliquid up’mds
; when heated.

9. Write a_description of a mercurial thermometer.  What numbers
mark the ¢ fixed points” on a Fahrenheit thermometer ?

10. Draw the ‘apparatu‘; used to mark the boiling. point on a’
thermometer :
11 l"md (a) the C. reading corresponding to 122 F. and 14° P

{0) s ey sl 55 20° Coand —5° C.
12. Describe somt. way in whlch the velume of a glass stopper could



"

105

130 If one end of a straw is dipped into some lemonade and you ‘suck.
at the other end the lemonade ascends the straw.  How do youaccount
for this? ‘ : B T
. 14 Describe in detail how to set up a mercurial barometer. - What
owill bedits usual height in inches? T - :

Why does the height of a barometer change sometimes,
- (&) in the course of a railway journey ?

(8) at the same place in the course of a few hours?

15. What differences are there between the two flames which ean be
‘obtained with a Bunsen burner?  State exactly what kind of flame and
~what part of the flame you would use
(a) to bend a glass tube, )
© (%) to-smooth the sharp edge of a glass tube,

160 A beaker is full of powdered ice and a thermometer is plunged

init. State fully : St ,

. {«) what changes you will see, : ' k Gk

© {#) what temperatures the thermometer will show if a flame is left

under the beaker until all the ice is melted, and the water
fmrmed'ﬁnally boils. : b :

o 17, Explain what is meant by the statement that when certain sub-
stances are heated ‘“physical changes” may take place. = Give one

example, : ; i
18, Draw a Liebig condenser in section,
L el
19. Find (a) the F. temperature corresponding to 187 C.
ohets V A g ' : o N
. V’) L3 G PR ; 9y :‘1‘23 I
.. 20, How have you proved that there is a vacuum above the mercury
. ina barometer tube ? Gl il ; LR
- Why does the mercury stand so high 2 W hy does it not reach up to
}‘t;tf)lx"ofthe tabe g v i ; W e
.21, Describe'what occurs on heatir
ey tinin'an iron spoon, g
4) ‘mercury in a glass test-tube, S
7 {e) olive oil in a flask. - i :
‘22, Eixplain fully why' the tumb
ymetimes become bedimmed wi
3« Define or explain the |




TR( DUCTION TO STUDY OF CIIFMIQTRV

25 ;Whm do ycm Lmdcrst.md by the terms “hard” and “suﬁ. as:
pliec ‘What would be the eﬁcct on: thL w lmrdm,as 6
~‘hard’ watcr of-—~ ; : :
o) shakmg it with washing snda,
 (8) shaking it with G)psum,
(¢} boiling it;
(d) distilling 1t7 . :
" 26, 10 c.¢. of a solution of salt were found to xwxrrh 11° bﬁ grams.
and to leave 3'05 grams residue after evaporation. Calculate the amount
of s{lt dnssolved in 100 grams of water, :

(@)

2%. Define the u_latwe density 7 of a substance ? ‘ ‘
You are provided with an irregular lump of granite. = Describe in.
: det'ul two methods by which you could find its uhtzvc densuy Whu,h
*will give the more accurate result?
. 28 A glass stopper weighs 60 grams in air, 35 grams in water, .1.11(1
| 40 grams In spirits,  Find the relative density of the spirits. /5
'20. A clear liquid ‘is said to' be pure water. = Describe all tho .
_experiments you would make in order to prove whether it is so or not.

30. You are provided with some surface soil, which contains a small
quantity of nitre. . Describe in detail how you would obtain from it
pure crystals of nitre.

. 31. What is ““water of crystalhsqtmn R Inst‘mcc two Lmds Of
crystals which contain it, and two kinds which do not. il

32, Calculate the solubility of potassium’ chlorate at . the mdmarj
tempcmture if 16:14 grams of 'solution on eupon.umn are found to

montain 1°01 gmm of the substance, ;

(&
i 1;3 Plot the fouowmg barometri¢ heights  in ancﬂ on: squared
‘ mper. ,
Jl.lnt! bagiAuE wSOTIG ins. g ’une 9 i ‘oo 35 mm i
. 2994 5y : KN (o e e L SO L
1130724 by o 30725 4,
BOMEAL G L el A
30N E e e Logdia
30723 4, ik 74 29799 1y, o
30'05 Sy

‘30‘30 La e 7,‘

Explam c]early how it is ‘that (a) mmlzzm, and (b) we :i creasc

Le at Whl(: & wet road dries. - L

long frost is Imved by a few warm days the wal!s,
‘often fo lnppmg wuh mamiur ! Accuuni for
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.. 36. Youare provided with some muddy water. Describe in ‘detail
~how you would prepare some pure water from it. :
:37. Define a calorie, and the specific heat of a metal.
Calculate the specific heat of a metal if :1—
Weight of metal G e e an 25
Volume of water B T (S oy
Temperature of hot metal e .o 100° C
iy cold water ... .. 11°C.
: I water after experiment 15° C.
38 Draw carefully the apparatus which was used to measure the
latent heat of vaporisation of water.

39. Ifthe L.H. of liquefaction of ice is 80, and the L.H. of vaporisation
‘of water is 540, calculate the amount of heat required to change 1 gram
of ice at 0° C. into steam at 100° C. :

(/)

“40: Four experiments were made to find the percentage of water in 4
crystal s— :
N N (@) 264 grams lost 0°65 when heated
(b) 2'97 53 : 3 0‘75 '!1 33
(¢) 233 s '58 BT 33
S s (({) 2 -06 23 . : 2 23 -
- Calculate in each case the percentage oss in weight, and also the
erage result. - . [ . :

If you were given a ‘muddy liquid containing a soluble and an
oluble constituent, describe in detail the steps you would take :—
(@) to separate the zkole of the soluble portion,
() to obtain a specimen of the soluble portion
' +in erpstals; if possible, ;
- 42. Describe how you would distinguish between :—
' saltpetre and sal:ammonia,
- caustic soda and washing soda,
+ sulphuric acid and nitric acid. : §
¢ apparatus required fo- the preparation of hydrochloric.
¢ the chemicals used. e oy
hat do you call the substance which can be made from hydro-.
oric acid and i¢ sod: e e o e
_in_strong solution, and the soda in solid. sticks,
ou would prepare a sample of the pure compound:

sulphuric acid ? 'What is the




'PRACTICAL EXAMINATIONS

The following practical tests have all been terminal examinations

- which have been actually set in schools, The average age of the Forms

examined was not less than 134 years nor moré than 15 years.

(e) 1. Hour
L ‘Makea hst of, and add up the welghts on the pan of the bAmec.
Read the level of water in the burette.
. Read Lhe temperature of the runnmg W’ILCY. -

8% casure Lhe chatance between the Ista 1oth lin :

Aa) in inches md decimal,
(/)) in cemnmtres zmd decmml
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; (¢) 15 Hours
11. Find the relative density of the glass stopper.
‘12, Describe the appearance of B.
Heat some of B in a dry test-tube. Describe in détait what you
observe,
13. Find the percentage loss in weight when about 2 grams of B are
heated in a crucible upon a sand-bath,

14. Find the action of water, both hot and cold, upon B.
Prepare from B as large crystals as the time permits—both clean and
~dry. . Describe your method. .

(d) 1% Hours
15. Heat C2ina dry test-tube. Describe what occurs.
16, hIdemify the two solids D and E, and the two liquids G and H.

17. You will be provided with a stick of solid caustic potash. Prepare
a good specimen of the salt which can be obtained from it and
sulphuric acid.
(¢) 11 Hours
18, You are provided with a solution of a certain substance ® :—
(@) Find the relative density of the solution.
(#) Prepare by crystallisation some of the dissolved substance.
; Leave a specimen for inspection.
(¢) Describe the appearance of the crystals obtained.
(&) Heat some of the crystals ina dry test-tube, and describe
. in detail what you observe.
(¢) Find the percentage loss in weight when about 2 grams of
the crystals are heated in a crucible upon a sand-bath.

(/) 1% Hours.

19. Find the percentage loss in weight when about 2 grams of K4
. are heated in a crucible.

20, What ‘is the action of water upon K? State what experiments
- you try.

21, Separate from K a sample of each of the two substances which
it contains, - Describe your method.

1 Powdered ZnS0y . 7HeO. 2 Hels. o # ZnS0y . 7HL0.
.4 50 percent, Si0y + 50 per cent, CuS04. sHyO. e




ANSWERS

Examrres L

“Metric Prefixes : Length.

‘socm. 10,
0mm. ‘ 15

10,000 m. : | 12,
1,000,000 Dm0 g,

(Page 11.)

12,3456 cm.
40 o

S : 14. - 2
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R N R R

C1odgnn

ExampLes IV,

Aetidec System : Weight.

jooan

10 mygim. Loz,
7801 Kgm. e
02 gm. o 14
005 gm. Loas.
6540 gm, |16
0°1 gm. 2
34 mgni, : 18,
250 mgnL. i 19.
325 g I 20.

ExamrLes V.
Metree System : Miscellaneous.

(@) ]

L a0, j 3.
20050 B4
3o 20 mgm, I Is5,

L T37OEm |16,
8.0 277777 om. per see. Loy
0. ool gm. L8,

!
(%) |
7o 014507632 m. Lo10,

8. 100 sq. cm. 20,
Q. 4732 e doe 21

10, 04 g LB

1L orsgm. 23

12, 30°48 cm. 24.

ExasrrLes VI

Biwretle Reading.

(Page 19.)

25202 gm.
10234 gm.
25 ¢.c.

27 gm.
I150 gm.
8ooo gm.
1350 gm.
55 ¢.c.
5gm.

I gin.

(Page 21.)

(e)
1020 c.c.
8o73.
6 gm.
4125,
5 1.
237 Km.

(@)
2400771 gni.
100 gm,

20 times.

50 gm,

1370 gm.
37°037 ounces.

(Page 35.)
20T
K130z,
1. 1068,
Miiz3-2.

168,

10468
Biibga. s
Q. 868,

R. 680,
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! Iﬂtarpalatzou C'aizwr.s'zmof Tﬁemmme/mc Suzle.v

T, l 10.
L . II.
g . [ 1z
4 I. ‘ 13
5. . 14.
6. s 15.
A F. 16.
8. . | 17.
9. | 18,

,‘25 214, 10

E‘{AVIPLES VIL

Relative Densities of Lz}‘;zu'ds.y

, (a)
1. 147 gm. 6.
20 800 gm. 7.
3. 0862, 8.
4i11°023. 9.
5. Water. 10
@
110 13'5 5 [07407. 18,
12, 3809 cic. 19.
13, 70°85 gm. 20,
14. (362 gm. 21.
I5. ' 7940. 22,
16, 1'026. 23.
17. - 60 e
Examrres IX.
: } ]\’e/ézﬁg'z’a Densities of Solids.
LATysaR e [
i deledl e e,
gl A
G (4;1“;- £ B
22 ‘ L9
306 { i (o
4 e

 (Page 46.)

50° C.
k68"

23° F.
40 1 F.
474 C.

- 10°C.
- 20°C.
12° Ro
68° F,

ExampLes VIII.

(Page 53.)

‘074 ¢.c.
11117 ¢.co
1'25 c.c
50 c¢c.c
25C.Cr

150/ ¢.C.
250 ¢ic.
923,

"boo gm.
‘98,

20 §q. mm.

,(I’ztgc 57.)
8 '

‘22 '8 gm.

irfee et

40 05 Iriri pa
50 ozl e e
000 c.cy
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-

)

N

R

Copper: 891,

Examrres X. -~

Relative Densities of Solids,  (Page 59.)

3. 11°4.
4. I45gm.

ExampLes XI.
Relative Densities of Solids.  {Page 63.)

1772 ! 6. 37_'61§m.
272 [ 7. 77 lbs.
2-00. l 8 24
2:62. | 9. o8.

! 8-6.

I0.

Examrres XII,

(@) Spectfic Heat. (Page 117.,

|

100 LN O g

: f(/)) Latent Heat. (Page 118.)
: 15, 18672 gm.
16, - i 520.

ii. 515, -

|
1
é 17. 717 calories.

- © Exampies XIIL
- Solubility C)trz'gi‘. k(Pa‘ge‘fISo.‘)

ne oo P 6, T gram per degree.
- (i) 1475 Co :

L) 61° C.

o (i) zoo gm.

(k) 50 gm..

33 8m,
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: EXAMINAFION PAPERS. (Page 194 )
'glooo75gm : S )28 e

3 20,520 ¢.c. S 320 66
o4 '43° Kgm. AR 37. 0004, .
55 i 39. 720 calories. .
TIL ,(a) 50 C.and - 10°C. 40. - {a.) 2462 per cent.
(&) 68 F. andza F. (b)) 2528y,
9. (a) 648F. T | (c)aass
) -sC o @) esa

Average = 2 5 oo per ccm




INDEX

VACID, acetu:, 158 : CaLoRIE, the, 106
s - hydrochloric; 155 Calorimetry, 106
iy mmc, 157 : Caustic Potash, 160

ulphuric, 153 Caustic Soda, 159
cids, action on litmus, 163 Centimetre, 8 :
5% prepamnon of common, 15 Chalk, 125, 1 i 2 B
neutralised by a]k'&hcs, 166 Cbange of State, 84, 89, 04 i :
issolved in warer, 130 Chloroform, boiling-point of, go i
tence of, 64 b Coal gas, 74 S
re of, 64 ; - Condensation, 89 y ]
©oyy o weight of) 06 : g Conversion of»thermometric scales, 46 :

Alchemy, 2.5 A Copper converted into silver, 4

Allealies, preparation of common, S 39 : Cork, to bore a, 77

Alkahm. taste, 146, 159 i (,orrespondmz angles, 136

crystals of, 134 - S Cryophorus, 103

Ammoma, preparation of 160 ; P Crystalli‘sation, 133

Apparatus, : : = water of, 140
Aqua fi : G : Crystals, 136

vapour pressure, g7 b Cubig cennmet:e, 15

des, Principle of 61 : - 'Cuttme; glass; 78

easurement of u.ctangular, 127
Atmosphere, ‘the, 64
2 pres;ule of one, 72

i A e A

DatroN, Joux, g7 e
Demmetre‘ 8 e ’;
s cubic, 16 : -
Density, relative, so
4y definition of, 50
Gy bottle, 51, 58
Dew-point, the, gg
Distillation, gr, 123
Dra\'. ing out glass tubmg, 79

TR 5 FGYPT, origin of chemistry in, 1
Boiler cruq:’, 6 :  Bther, eva.pcranon of, 701, 102
Boiling-point, of water, 6o, 69 ooy osolventaction of, 137
definition of, o1 Evapo*auon, of water, 04 . ‘
of }mm 1 : S of other hqmds, FOT
E pan:wn, of iron, 40
of aliquid; 41
of air; 43

~ Fitting up apparatus, 74
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g Fwed-pomts, ona thennumeter, 4z ~Me e]tmg-pomts of -,ohda,, 86
- Mlask; volume of, 31~ - - Meniscus, 31, 34
Plo'ttmg solids, 6o Mercury, effect of heat on, 8
F ragmeutary solids, relatwe dcnsuy of, ;,7 Metals, effects of heating, 84
. Franklin’ sexperiment, g9 'y moble and base;
- Freezing-point, on a thermometer, 430 transmutation of Z .
: Freenng-mx\ture%, 87 . Metre, the, 7
: : Metric system, 7
GALFNA, LEAD FROM, 3 3 ] e ‘Millimetre, &
Geber, 147, 157 : : Minera]l waters, 122 )
Glass, propemes ofy.75 : - Muriatic Acid, see Hydrochlonc Acxd
4y tocut, 78 :
4y to bend; 78 < NATURAL WATERS, -:ohds m, 122
4 to.close'an ‘end of, 8o : airiny 130
5 todraw out, 79 Neutrallsauon, 166 :
». totound edge of, 79 Nitre, crystallisation of, 13
Glauber, 155, 157 : 5y ¢ QeCeurrence of, 147
Gram, the, 18 : 1 xts sepamtmn from sand; ng
Graphic representation, 170 L iy its separation from salt, 140
- Green Vitriol, 150 Nitric acid, preparation of, 137
~ Gypsum, 125 128 ) : N on»mhuke liquids, 93
i HARDNESS OF wwrmzs, 124 . OCTAHEDRA, 13
Heat 39 - Ol of vitriol, 1
.-specific, 108 Olive o1, eﬂ'ect of heat on, 93

unitof, 106 - .
ydrochlorxc Ac:d, prapamtxon of 135 PAPER FOR CURVE'PLOTTIN

. - - Paraffin: wax; 84, 85
ZCE, ‘effect of heat on; 83 i Périer, 70y

latent heat of hquef‘tctmn of uz o Philosopher’s stone,

i Interpclatmn, 46,179 : o Physical:change, go

ﬁectaf heat on 8q Pipettes; 32, 3
5 L Plaster, :;»f 50

. Potash

éPans, xxg

stic,: 160 )
ure;’ o( the Air, 6

! LT Preesure of WaLer vqpour,
quuefacuon 87, uz G Price lists; 1850
. of solution, 129~ v Pringiple of Arghi ed
i boof ‘vapotisation, 102, 114 :}Pure w'xter, 125
gth, measurementof, 9 Vi
tandard of; 7

; 2
S Raw mateﬂalﬁ, 143
Relativ demme



INDEX

Salt, common, solub:hty ot’ 127’
7 Baltpétre, see Nitre
o ‘Sa.ll:s, formation of, 166
g names of, 166
e Sand bath, use of, ;6
- Baturated agqueous vapour, 96, 90
Scales of temperature, 43
! iy conversion of, 46, 19:
- Bea water, 122,131
" Separations, by crvst"ﬂhﬂtxou, 138
* ‘Soap solution, 124
Soda, caustic, 139
- Soda, crystals, 146
Soft water, 124
Solidification, 84
Solids, in natural waters, 122
5y - solubilities of 126, 179
Solubilities of solids in water, 126, 179
Solubility curves, 180
Solution, 119"
latent heat of 120
Sulutwns of known strength, 128
Solvent action of water; 119
. .~ of other llqmds, 131
; .":pt.uﬁc gravity, 5o
'Specific heat, 108
Spirit, of sal-ammoniac, 160
oy of salt, 155
oy oof nitrey 157
onm'meuus generation, 3
Spring waters, 122
Squared papu, 12, 172
© Standards of measurement, 6
Sublimation, 152
Sulphur, effect of heat on, B4
5 flowers ofy 148
3 plastic, 150
“rolly x40
‘hﬂphurm acid, 155
CSunrise and ‘aunset time: of' m
Syringe, action of, 65

'Iu.mmm'rwzr, 3
scales 0y 44
’Ihe:rmnmuexc., mercurial, 42
: v o read, 44
| scales of, 4
Wt,t 'md dr) bulb, 03

4 W’ullm’mu, 103

Tm, effect of heat on, 84
Torricellian vacuum, 68

© Transmutition of metals, 2.

T yndall Profcs.sor, 99
UMT, a, 6; :

Vacuum, 68
V. aporﬁanon 89 .

e latent heat of, 114
Varntmne in pressure of the air, 70
Ventilation, need of, 1035
Vinegar, 5,1
Vitriol, blue, 140, 151

s o green, 130

5, - oilof, 153
Volume, standards of, 15

s of ret.t'tngular sohd:, 17

» of a'pebble, 30

s of a flask, 51 ;

5 of rgram of water, 182

WASH-BOTTLE, co make a, 77
Washing soda, 146
Water, air dissolved in, 130/
4w as asolvent, rig
barometer; 72
sy | bath, 1ar -
v 'bmlmg of, 89, 99
S distillation of, o1, 123 1 !
i» | equivalent of a c.donmeter 110
»» . evaporation of,
s freezing-point of,
y,  hard and soft, 1 124 .
5, latent heat of V'\pounuon of; 1!1
4 ' natural, 122 o
5y of cryitalhﬂtmn, 140
4 solids dissolved in, 122
vapour pressure of, 97

o \Veather -glass, 71

Weighing, method of, 28
Weight, standard of; 8
‘Weights, the, 27

£ 'Wet and dry bulb thermnmeter, ma

Wire gauze, use of, 76

 END OF VOL. L.
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