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This study gleans Irom related areas of education
griteria that may be useful in constructing & chemistry labora-
tory manual. Its survey begins with the broad aims of general
gducation and passes through ever-narrowing flelds: secondary
education, scignce edugation, chemistry education, to laboratory
instruction in chemistry.

The basis aim of education in the western nations is
training for participation in a democratic scciety, This traine
ing takes the form of a modification of individual growth, both
from the social and egoistic viewpoint, Historical evidence
guggests that the socisl viewpoint has been neglected., Involved
are factual kpowledge, skills, habits, attitudes, and ideals,

At the secondary school level, the emphasis iz on attitudes,
Science sducation including chemistry, contributes by its emphasis
on the selentific sttitude, Chemigtry makes its unique contribue
tion by presenting sub-surface phenomena of sufficiently subtle a
nature to permit the development of diseriminating enquiry. Dige
eriminating enguiry requires abstract thinking, In order to eme
phasizge this, the sims of chemistry education have besn stated at
three increasingly abstract intellectual levels:

{a) An understanding of the composition of matter and

the changes it undergoes, and the wmanner in which

- this knowledze aids man in the control of his en-
viromment, o

{b) 4 revelation of the organization in chemical change.

{¢) An appreciation of the elusive nature of truth, and
original cause, and an appreciaticn of the power of
directed imagination. o ,

lLaboratory education in chemistry serves to provide
conerete raw dats which to manipulate according to the scien-
tific method; it also serves to broaden the sensory impact of
8 learning situation. It should employ the simplest situations
snd skille in order not to confuse lts main functions.

This study surveys several current chemistry labora-
tory manuals to discover what is common practice. From such
common practice s number of eriteria  pertaining to format and
content arise, Among the more signiilicant are the following:
{z} Manuals sre commonly of the fill-in type emphasising indive
fidual performance, (b} For an experiment the object is clearly
stated, the method is fully and precisely prescribed, any neces-
sary preview of theory is provided. The smphasis is on clarifi-
cation of principles. '

The culmination of this ﬁtﬁﬁy is the application of the
various criteria in the construction of a lsboratory manual,
which is included in the appendix to the study.
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The Honitoba Matriculation Course at the secon-
dary school level includes a choice of either one or
two seimws- Irom chemistry, physies, or biology. The
cholce made covers a two-year course begimning in
Grade XI (Junior Matrieulation), and finishing in Grade
XiI (Senior Matriculation, equivalent to Pirst Year of
Avts or Secience at the University of Manitoba)., The
first year of chemistry introduces most of the fun-
demental generalizations of inorgenic chemistry and

provides the deseriptive chemistry of a number of common
elemente and their compounds, The second year of cheme
istry pursues the study of basic principles more thor-

oughly, adds a few new studies of such basic prineiples

ag the periodic law and oxlidation-reduction reactions,
introduces some elements af organic chemistry, and
expands the deseriptive chemistry to inelude a larger
numbey of industrial applications,

- Bach year of chemistry iz aex
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laboratory course, integrated according to individual
teacher ability with the regvlar elassroon work In
chemlzgtry btut taught In speelally equipped rooms.

The regquirements adjust themselves In practice to one
60-90 minute period of laboratory work a week. Gove
errmental inspection assures that this requirement is
met in Grade XIj ss well, in Grade XII the student is
expected to submit to an inspectoral test on labor-
atory work, for which he recelves standing apart from
that granted in theory.

The laboratory courses have changsd very little
in the past twenty years. To the knowledge of this
investigator, there has been no official attempt
scientifieslly %o appralse laboratory manuals in order
to discover how they could serve better the aims of
chemizstry education. In both years 3 evurse of
individual lazboratory exerciszes iz prescribed and
guided by an spproved msmual. Mo systematic exanine
ation of the nature snd content of these manuals had
taken place for about twenty years, until two years
ago a change in the chemistry text for Grade XI brought

about a change Iin the maauaﬁaz The Grade XI1 manunl

*arder, Frank, Outline of xaamm; v Experi-

g for w m'ma ;,,, to_be Hx ezl'
t of th ribed cour hemistry ;

Altena, Ean': T. W. Friesen and . ans, z?fi'ﬁ

R
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has not been reviged since & reprinting in 1%3é¢1 ot
only doesn this situstien warrsnt reappraissel of the
manual, but eriticisme over the years demand it, and
indicate the need for a‘ﬁéw manual .

Buch eriticisms for the most part come from the
elassroon teacher, who is concerned primerily with the
@f&@ﬁi@&i&%y of the guiéaﬁ@e offered by the old manusl.
The old (and still ecurrent) Grade XII menual does not
elearly define the purpose of sn experiment, 7The method
of procedure ie @aﬁl&ﬁaﬁ g@ﬁ?@@lygAit asstmes elther
laboratory competence on the part of the pupil, or con-
siderable guldance on the part of the teacher in labor-
atory skills and manipwlations., HNo instruetion is
given in the simpler skills, and very few precautions
are given that ﬁigﬁt assure both safety and pgood house
keeping. GQuantities sre stated in metrie wnits, when for
approzingtions & more fomiliar vnit night avoid misinterw
pretation, Frequently, the quantity is stated without
indienting the degree of precizion of ite measure,

This fanlt 12 partieularly apparent in the instructions
pertaining to the volume of a liquid, There is 1little

guldance of student observations by mesne of guestions,

%ﬁ@@ya éﬁﬁr@w¥ Sutline < :A?tgwyf;a°
Practieal Chemistry, ‘%:i.mi? gy M oba Text Hook
?:*@%% r@?rim%%é 19362 two gamyﬁlets, @na @ae? fﬁr
@riégw'ﬁi &n@ XII, 7The Grade XI pamphlet iz now out of
print,
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As a rule, the a@ﬁ&lﬁﬁi@ﬁ is left entirely to the
%@ﬂd@nt, who @ft@ﬁ doesg not know what iz expeebed of him.
Eiagr@@g are %m&liﬁ and nmot amplified with associated
description. The experiment s never preceded by a
review of the essential theory, in the 1ight of which

student performsnee could have meaning.

ﬁﬂ@ ne@d exgrﬁssgd for a new manval to guide
Grade Xil laboratory ﬁh@miﬁﬁry in %&@ Provinee af Harie
itoba provides the motivation of this investigation.
'éritieiam% have tended to h@ ﬁiﬁ@ﬁg&ﬂiﬁﬁﬁa Before they
can effeativ&ly guide th& e&msﬁrﬁetian,ﬁf & new mﬁﬂﬁal
they must be organized about sound eriteria bhased on
moflern educational aims and practice., It is the pur-

pose afyékis investigation to discover vhat modern

edueational alms and practice are, inselar as they

have s bearing on laboratory chemistry in the secondary
. schoole, in order to derive tharéfr@% eriteria which may
serve as guldes in the constructlon of a laboratory
'maﬁgai for Grade XIT chemistry.

Laboratory chemistry, like any other educational
eifort, 1, or should be, so integrated wﬁﬁh general
education that any widely accepted alim or practice will
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in some mopney h@?@H%ﬁ:ﬁff@@t,éﬂ it, Since 1t 4s not
”p@aﬁﬁiﬁal or even ﬁaﬁi&&%k@ o gt&ﬁy all ?ﬁﬁ%i?l% f&am
tors thet could elfeat iﬁ, this study gelscts only
‘those areas of modern %@ﬁﬁ@%iiﬁal effort that seem to
iﬁ?iﬁ?@ nost ﬁir@@%ly on iaﬁﬁra%@ry eha%&stry, and
| attempts to derive tﬁar&€?$m @@?ta&ﬁ eriteria thaﬁ :

| ;mm Felp in the construction of a manual. It will
'attemp% t@ aﬁgwar ﬁh@ f@ll@ﬁiﬁg %ﬁ&ﬁti&ﬁasllf'b R

l What @rit@ria arisa out of %h& @%§ﬁ¥ @f th@ o
&iﬁﬁ wi Qﬁ%%m@xz‘? o '

2. %hat eniteria.aris& out @§ aa,analyﬁi% of th@
ﬁ&tﬁre and funetion of ia%a%&tﬁ?y wmr%? | |

| 3‘ %ﬁaﬁ eriteria srise cut of the aﬁuﬁy of the
’@*?@@? of guiéam@@ on the ﬁ&furﬁ ‘and funeticn of
‘iahara%@ry‘w@rk? o '

&, What eriteria arise out of a study af coRmon
~§ra@ﬁiaﬁrin some current laboratory manuals?

5. Of the eriteria that may be formulated, which
wlll be selected as most applicable to the e@magrﬁetiaa
of a laboratory msmual for Wanitoba schools?

It has been shown that the situation in Menitoba
iz ripe for s nev OGrade XII éhamiﬁtry iabaﬁaﬁary‘&aﬁa&;‘
The time lapse sinece the last revision of the p@a&anﬁ et
‘usl, together with the criticism since that r@vigi@n both
point to the need of s new ﬁ&ﬂﬁﬁl based on ma&ara ainsg

and practice, Buch a manwsl cannot be undertaken wntil
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a survey hag been made in that area of eﬂu@ati&ﬁ
directly related to laboratory chemistry, in order

to establisgh criteria that will guide in the construce
tion of the new menual. The survey must, if it is to
be reasonably comprehensive, start with thogze brosd
aimsg that guide edueation in general, and work its way
inwarde towarde narrower fields until it establishes
those aims that apply parti&ul&xly to ﬁhamisery'&ﬁ&gan
tdon, |



CHAPTER 11

CRITERIA ARISING OUT OF
THE AIMB OF BIUCATION

The basiec alm of eduestion hss been stated in
many ways, the majority of which tend to emphasize a

training for participstion in a demoervatic soeiety.

In the exposition of the basic aim, stress is laid on
individual growth both from the egoistic end the soedal
soints The basie als has been analyzed by the

Covmission of the Reorganization of Secondary Eduesw
tiontl %o include the followings

ls Command of health, both g&y@ia&& and mental,
2, Command of fﬁ&ﬁ&ﬁ?ﬁt&l processeas,
%, Worthy home membership,
. Vocational training,
5. Citizencship trainiﬁg
» Worthy use of leisure time,
?» Cultivation of an ethieal charscter,

%ﬁ@ﬁig@?g approaches the analysis in a slightly

different manner,: He considers that the sims of

Bulletin foe 35 T0TE- Wnehinstons ettt of
the | nﬁﬁri@r, ﬁﬁraa& &f Béﬁeatﬁmﬁ.

PPuediger, W.C.,; Teaching Proeedur
%@ﬁghﬁaﬁ o hy fliﬁ Ga., 1932,
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education are to produce certain desirahle changes

in the individual, and believes that these changes may

be viewed from the standpoint of their purpose. His

aims\may.ﬁe-summar&zéﬁ in the following breakdown of

the changes he hopes to achieves |
Physical...health development, ete,

Subjective Changes~ _

{ageistie) in Intallaat..knawledge,

~ procedures,

ﬁe&t&lv;in F&aling,,tﬁﬁtes ideals,
. attitué$a¢

in Motor Responses,..habits,

skills,

‘Gitiz@nship.ﬁgoiitiaai
, responsibvility.
1Scelal

{Home Making..soclal
responeibility.

3 Generalew
Objective

Changes =
{s0eial)

Personal..diversione, avocations.
{Voeational
The achievement of these changes in the indle
vidual repf&aents the aim of %ﬁﬁ&&t&aﬁ at 2ll educaw

tional levels,

At esch educational level there will be o shift
of emphaels in aims, For example, at the elementary
level the stress is placed on the acquisition éf gkills
and tools, the establishment of the fundamental processes

among varied individuals in = moanner sufficiently wniform
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to pernit socisl integration. A% the secondary school
ievel the shift of emphasis sppears to be touwards
attitudes and idesle., Kilpatrick's Philosouhy of

sdon fllustyastes this new emphasist

Az the individusl grows in maturity he must more

and more sceept the conseious why of what he doesy

othervise intelligent self-direction is not being

built, (We must, however, not expeet younger |

ehildren to think mueh of why they aet, This kind
- of learning ecomes but slowlys te push it too fay

hinder, not help.)i

sducation he seye:

Hlo lenger should students in the high scheel op
eollege be evnluated simply as to their knowledge,
‘however full or execty the resl coneern should be
behaviour--character and behaviour. Inowledge, to
be sure, is a hiphly essentisl part of the effece
tive character, tut it is not sufficient; it is
not true that to know what to do gsuffices te bring
about right behaviour, Fdueation then must ain

at the whole pergsonality, the allerownd inclusive
character, In this character, thinking and feelingew
disposition to think and to act on thinking,
attitudes to dispose thinking end aecting to construcs
tive endse.must suffuse and interpenetrate eseh
other and tegether penetrate all conscious setion,®

And sgaing

Gply on the basis of strongly built habite and.
attitudes can effective behaviour be expected,d

O secondayy

John Dewey ewpresses the same view:

Cur schooling does not eduecate, if by education be
meent s trained habit of diseriminating enquiry and

Ye1lpatriek, W. H., Philosophy of Vdugation.
New York: The Maemillan Coey 1951, p. 366,

QIM&%, Pe 220,
31pid., p. 407,



‘Gilzeriminating beliel, the ability to look beneath
the surface to deteet ?ha econditions which fiz the

- eondours of that zurfaece,; ang the forees which
ar@at@ its aave% and ﬁ?i%ﬁg.

Other genaral aim af seﬁ@mﬁary education have

b@@n prapaa@d* @ha gaai nay be w@rk@r and e@maamar

ewwﬁaﬁﬁﬂﬁ&, m@nﬁa? heai%ﬁ, oy eiﬁiz@aahig. E@ﬁ, h@we?er
the gaal ag axpx@wseﬁ, 1t resolves iﬁﬁ@&f into an |
emghasﬁ% on aﬁ%i%aﬁ&% aﬁﬁ ideal, The marrow iﬁ%ﬁ?@?@w
tation af a@msﬁmar e@myatenea as an aim, for axamrl@,
'smgﬁastg 11%%1@ mmr@ ﬁhaa the aeguigitiaﬂ of useful
 hablts and ski&l&, aﬁ%@ames %h&ﬁ are ﬁmghagiaaé in the
ﬁlﬁmamﬁary school and thaﬁ éaggriﬁﬁ a method of gﬁﬁe@&
ure rather tham a ayst@m af thimkxng, Iﬂ th@ %waaﬁer
sense, however, such a soclo-sconomie aﬁm éwgg imyiy &
system of thinking, for whieh sttitudes and ideals are
the gﬁiﬁes, %@nﬁa& ﬁﬁa&tﬁ re an edueational sim sugpests

an a@@@pﬁaﬁl@ ha&an@a of att&tuﬁeﬁﬁ Citizenship as an
educational aim s&gg&&ﬁﬁ attitudes sueh as co-operation,
tolerance, aleriness to veakness in soeial Institutions,
ete. 7Thus, perusal of secondary education indicates that
the basic aim 1s the cultivation of desirable attitudes.

o

- pewey, J., . New York: Tolt

and ﬁﬁa* 3.9?1% ?ﬁ}w cte




fince meience educntion is » cove study of the
modern secondary school curriculus it too wust sube
seribe to the aim of ewltivating desirable attitudes,
That 1t has not always done 2o can be seen byfaxawiﬁing
the history of seience aims, During the nineteenth
eﬁﬁt&rﬁ,twheﬂ‘thé theory of formsl discipline held
EWay, sclenee was taught mainly for ite informational
value. By about 1875 (in the United States) colleges
began to dominate the ewrriecula of gecondary schools,
There followed a peried, from which we are not yet |
free, when science was taught for iis prégﬁr%%ary;
value, With the beginning of the twentieth century
there came a period of affluence, when millions instend
of thousands flocked to the high schools, and vhen
attention was given to the psychology of learning; the
laws of learning, transfer of treining, individual
differences, ete, Preparation for college aﬁﬁ&é no.
longer be nccepted as an adequate aim, There followed
ﬂﬁrﬁng the Tirst two decsdes of the century g streas
on the practical spplications of seicnce, whethey
these oceurred in the individual's enviromment or ﬁat;
and then a gradual shift to those which @e@ﬁrraé in
the individual's environment, From about 1920 and during

- the next ten years the aim of science was to interpret
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. the individual's enviromment., The Commission on the

Reorganization ﬁf*ﬁﬂi&ﬁﬁ&ﬁi indieated how secience
interpreted enviromment from the aspeects of the
Cardinal Prineciples 1laid down hy'itg The civie aspect

- of environment began to receive more stress, as well

a8 the voecational, S8Since it proved difficult to fore-
tell into what vocation an individual might be inducted,
or for the future environment for which he should be
prepared, the trend ﬁg selence aims took another

direction,

It was the report of the Committee on the
Teaching of Beienes, National Scelety far the Study of
Edueation in its Thirty-First Yesrbook,* whieh marked
this new trend, It based its ain of sclence a&ueatian
on the prineiple that child psychology was the same as

sdult psychology, that any differences were relative,
-not absolute, It stressed two main objectives for all
seience teaching: | |
1. & functional un&ersianﬁiﬁg of the major prin-
eiples and generalizations of science.
2o A seientific attitude,
However important the first aim may be, it was stress

on the seecond that marke the new trend., The nevw school

1@?0 elit.
National Society for the Study of Fdueation,
Thir ;*F st Yearbook, 1t Program for the Ieach-

ing of Seience, (Dloomi egtan; 71 w2 Publie School
Publishi g 0.y 1932),
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i

af thovght shifts the emphasis from ineuleation of
facts and habite to the acquisition of attitudes and
ideals, |

Curtis, one of the members Qf the committee,
analyzed the selentifie attitude to include the follov-
ings | | ' ’

1. Conviction of basic cause and effect velations,
- making untenable . '
() fuperstitiovs beliefs in general,
{b} Unexplained mysteries,
{e) "Beats all' attitude, -
?» Fensitive curlozity coneerning ressons for
harpenings, eoupled with ideals
(2) of careful and aceurate observations or of
- equally caveful and aceurate use of per-
- tinent data,
{b) of patient colleeting of data,
{e) of persistence im the search for adequate
. .explanation, '
3, Habit of delaysd response, holding views tenta-
- tively for suiiable reflection.
4, Habit of weighing evidence with rvespect to its
- {a}) pertinence,
(v} sounédness,
{e) adequaey,
F. Respect for another's peint of view, an open=
%ﬁﬁﬁ@éﬁ@gf and willingness tc be convineed by
Wiﬁﬁ’ﬂﬁﬁu

But a preseription of attitudes was not of
itsell eonsidered sufficient, vﬁaﬁvamiy mist there be
a mental set (in the form of selentific attitude), it
- et express itselfl by mesne of the most efficient
- gystem of thinking, This is the seientific method ,
in gr&etiaglgymbgbly inseparabie from the éei@ﬂtiﬁie

irpid,, p. 56.



attitude. The Thirty-Feurth Yesrbook of the Hational
Soeiety for the Study of Edueation presented an analysis
of this method by Curtis,” He suggested that an indivi-
dual mist obtain power ins |

- 1. loeating problems, '
2, Huking hypotheses igam faets,
3. Recognizing errors or defects in the conditions
or experiments éaseribeﬁ
L, Bvaluating data or proeedures, ' .
%e Evaluating eanelusians in the 1ight mf faets or
. cobeervations,

6, Planning and &aking eartain aﬁﬁ‘absarvaﬁians to
.. find out whether certain conelusions are sound,
7. Making inferences from facis and experimants,

8, Inventing check experiments,
2. Using econtrols,
10, Isolating the experimental faetars¢

Yet even in the reports of the 'hi

':-ig there was already a§p&§eﬁt ﬁivawganaa of thought
that spelled out a further shift of ewghasis on aime. In
the analysis of the selentifiec attitude by Curtis,
alresdy quoted,’ the emphasis is laid on the oulti-

vation of egoistic attitudes, i.e. development within
the individual by himself and for himself. All except
the last aatég@ry,_ﬂﬁaspect for another's p@iné of view",
tend to develop the individual without any partieular
rafereﬁa@ ta hia ralatians with his fellow man. A

ir, D, curtis, ”ﬁiagaasia and 3@&&&3&1 Treatment
iﬁ the Field of EBcience,” riy~Fourth 3 book, National
foclety for the Study ﬁ% Eéueat,an Blooni gt n 11li-
pois: Public fchool Publishing €Oy 1?33}, PDe 331~3%§.

20p. eit., p. 12, this study.
3see page 13 of ﬁh&ﬁ-sﬁﬁﬁy.




successful society depends as mmeh on such egoistie
éaveiﬁyman%'as‘it Goes on the development of desirable
soeial attitudes. It is even possible that such devele
' @pmﬁﬁﬁ‘wﬁil'bs sceompanied by a desirable change in

1 ﬁh@‘s@eiai‘atﬁitﬁﬁ@s,.bhﬁ there is no ‘assurance that it
will be¢ Th@«biat@ry of World %ar~12 has revealed

that maﬁ and socleties may develop a sound aeientifie
attitude without aequiring a desirable social attitude,
%he»megal%ﬁ*are such that %ﬁnﬁa%iaﬁ iﬁ“ﬁ@&kﬁﬁg to g@ﬁékv
ite f@meaa by a grﬂatar emphasis on the lattar, In the

same r&&;:t in the 3}f:‘#“*f‘#fj7fr .

that this emphasis hed not been overlooked even then by
&t least come of the members of the committee. He sug-
g@&%g that a selentifiec sttitude calls for an acceptance
of the fail&wﬁag appreciations:

1. Han's coneept of truth chenges,
- 24 Orderliness prevalls in nature,

3, The formation of hypotheses and the tagﬁiﬁg of
- them by experimental study are assen%ial steps

- in the sclentifie method,

4. Attainments in science have bred confidence in
]

the seientific method,
'« Mueh knowledge remsins to be revealed,

Inherent in this anglywi& iz an emphasis of
social attitudes, ztsma 1 and 5’3m@1y an att&taﬁa of
t@laraaaag item 2 im§lias an attztaéa of co=-operations
item 3 implies an apprecistion of directed lmsginetion
that may result in a sympathetic attitude towards the

1@@¢ @%ﬁn; P 12 of this gmyu '
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ereative arts and relipion,

Currently this emphasie on soveial sttitudes is
indicated by I. I. Rabi, Professor of Physies at Colume
bia University, and 19bL Nobel Prize Winner for his Qwrk
in ateomic physles:

What does the tradition of zelence teach us? It
teaches us moderation and tolerance of ideas, not
because of lack of faith in one's belief, bub
becanse every view i3 subjeet to change, =nd every
truth we know 12 only partisl. The strange thought
or custom wmay still prevail.

It teaches us co-operation, not only asmeng
people of the same kind, but also among the most
diverge origins and cultures, Seience is the most
sucecessful co-operative effort of mankind,

- felcnce Inspires us with s feeling of hopeful-
ness and of infinite posaibility. SHeience shows
that it 12 pessible to foresce and to plan, and
that we can take our future in our hands 1% we
but rid ourselves of prejudice and superstition,

The tradition of science %teaches us that ne
vested Interests in institutions or systems of
thought should esecape continual re-examination
merely beeause they have existed and have been
suceessful., On the other hand it teaches us to

- gonserve what iz operative and useful,

. Belence teaches us selfediseinline, One must
continually look for the mote in one's eye. The
%%gt@rg of science chows us that it is always
AETe e ‘ x :

Chemistry edueation, as one ares of seience
education, must subseribe to the aims of selence educs-
tion in general, with the same emyhesis on the cultie-

vation of desirable egoistic and soeial attitudes, Fut

, &Ea&i, X% I., "Faith in Seience®, The Atlantic
Homthdy, Vel., 187, Fe. 1, January 1951, p. 30. |
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it mekes its ovn unique contribution towards the achileve-
ment of these aims. AL the high school level, chemistry
more than physies deals with those subtle vhenomena
that are underneath the surfaece and that mould the sure
face contours, which, as Dewey says, call for a "tralned
%ahit of ﬁigawi%imﬁtiﬁg enguiry &ﬁﬁ éisarimiﬁaﬁiﬁg
belter.l Elology at the high sehool level, on the
other hané, is %ithar t@a shaliaw or @x%@nsﬁv@ to aff@g
much exer@ise Tor ”ﬁi&ﬁfﬁmﬁ%&ﬁiﬁg enguiry and %e&i&f”
or it ??@%@mﬁﬁ aah«ﬁaxfaﬁ@ g@aaa&&nn %ﬁa% &r@ %ﬂﬁ~@ﬁbﬁ1@
for anyone bﬂ% th@ ﬁp@@i@lﬁ@%. &1%@?&@3&%%1ng'aﬁqaixy
may ama&r at any 1@?@1 of @bﬁ@?ﬂ&ﬁi@ﬁg it s th@ é@gra@
of subtlety of ﬁigerim&ﬁati@a that appears t@ éi%%iﬂw
guish between the @due&%ianai values @f the different
@hyﬁieai seiences at ﬁhe high seh@@l lﬁvel. |

The &i@g of seisnce eéﬁeaki@n, and tharef@ra of
aha&&#ﬁry eﬁgeaﬁi@ﬁ, have been so ﬁampr@&&nsivaly stat&ﬁ
by @th&?;:gara competent, aa:h@ritieg'tﬁgt bagically
they are probably fixed. They appear to be directed
~ toward producer-consumer competence and the development
of a seientific attitude, A re-sssessment and restotes
ment of these aims i= defensible mainly becsuse there is
evidence that the modern commumity needs a strengthening
of its socisl attitndes. A restatement of aime of

Igee page 10 of this study,
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chemlstry education mey succeed in swinging the emphasis
tovards cultivation of those atiitudes which aid in the
soeial integration of the individual,

0 Inerder to provide the shift of emphasis
indieated, the following aims for chemistry edueation
are proposed:

{2} An wnderstending of the composition of matter

anévth@ changes it undergoes, and the manner iﬁ
whieh this knowledge sids man in the control of

- his environment, |

{?) 4 revelation of organization in the changes of

 the @ﬁmgﬁgitiéa of %&%ﬁé@u | .

- {2) An apprecistion of the elusive nature of
cause and of truth, and an appreciation of
the power of directed imsgination,

It &@ﬁé&rs implieit in thoge nime that & sclenti-
fic attitude will be the weans of their achievement, Of
theneelves they do not differ much from previously
stated alns; and would no wore stress soeial attitudes
~ as mentioned by Rabi and others than do the latter,

The recognition that they represent three different
intellectual levels of approaeh is the significant
contribution of their presentation. I% is suvmitted
that such recognition makes possible o direction of
émgha@is ﬁﬁ%ﬁ?ﬁﬁ desirable a%%iﬁﬁﬁ&ﬁ, by placing in s
subsidlary rank the kmowledge end skills thet also will



- 10 -

be outeonmes of chemistry education. The three intele-
leetual levels of approsch ir a chemistry lesson may

be considered the general objectives; they ave described
ae followss

{n) The lowest level of intellectual approach is
factual description and knowledge. It iz represented by
the first alm, It ic necessary in order to provide the
raw material from whieh to generalisze. It provides
interest by relating the new areas of investig-tion to
older, more familiar concepte. It precents new vietas
te the enquiring mind. Rather frequently the bulk of
text-content consists of material furthering this level
of approach. Its outcomes will be knowledge, skills,
end habits. Of itself 1t does not provide for the
development of attitudes and idesls,

(b} “he next higher level of intellectual approach
involves organization, which mnkes generalizstion
poesible. It iz reprecented by the second aim stated,
Elementary orgenizing ability is probably inherent,
but attitudes of diserimination, ﬁa&@raﬁee, co-operation
eall for a more complex organizing abiiity that must be
developed, Attitudes snd ié@azs grow from, smong other
- things, uwnderstanding and appreclation. Complete underw
standing requires the reslization of relationships,

exprecsed as gen@ralizgti@as. If the grester emphasis
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iz placed on the generalizations of chemistry (the
~ laws and ﬁhaariea), and less on the raw data from
© which these ariga, ak@mistry becomes a 3@@1 eapable of
developing attitudes and tdesle,l |
zn the ﬁevalaﬁmant and use of chemiecal geaeru
| alizatiana the need far %&sarimina&iag eﬁqaiyy is so

o apperent, the aanseguﬁnaeg of a lack of &ntezlaatual

 ations for Chemistry XI., A study of these examinations

h@nasty so 1mmadiats, that chemistry lends 1%&&1? well
“ t@ ﬁhe ﬁﬁltivatiﬁﬁ of %haaa attitudes, When the ehem~
is*mr student sees ﬁhat the sum %ﬂ’k&i afz m mmaaga

x%hat this is r@aagmizeﬁ hy loeal educstional
suthorities 12 indicated by the long-term trend in the

Manitobs Department of Educstion Matriculation Examine

covering & gpan of forty~two yvears results in the cone
alngiﬁnas

x« !3 »y ‘ ,, m *m Lrend in mark

.Nasa? @ Ive oh ¥ MOYY
. aquat fons are tending to ree@ivs fewer marks siﬂ@e
about 1935, Mathematical probleme 1ikewise have
tended to receive fewer marks, although there is

g suggestion of & reversal of thzs trend during
the past few y@ara. Language ahaws no particular
trend. ZLZuesti: on, ’&xﬁ lows and theor &w shw

Ce B ? PELG _ouares sn ineresse o3
allctment,..There it “Somie 1nd Tt 5 simi-

Lar er&as& of amnhaszﬁ is heginniﬁg with respect
to aﬁh@r items siressing logleal responze, namely
chemical shorthand which requires intelligent
manipulation, and selentifiec logic other ﬁ&an that
dealing with %ha laws and thearias.

Sfarder, Fraakéy“& Study of Trends in Test

Stendards as Reveaiaé the Matrieulation Tests in
Chemistry XI issued by the Manitoba Department of
Edueation" (Unpublished course gtudy, Faculty of
Fdueation, University of Manitoba, 1952),
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coneerning ih@»gﬁwm resulted from the combined efforts
of Jews, Germans, Fusslans, Americans, Japanese, and.
¥nglishs when he sees that the eo-operative efforte
total more than the sum of the individual efforts, then
he has been brought to a state of ?ea@in@&s for such
attitudes as co-operation and %gleranee. -When he sees
that even the most revered figures in science made
errors, and that these were #evaalaﬁ in a spirit of
wnemotional enquiry, he is likely to appreciate aﬁﬁ
| accept the spirit of éigarimiﬂating enguiry into the
most holy of his traditions, and thereby lay the
foundation for intellectual indcpendence,

 (e) At the highest intellectusl level of approsch,
chenistry education stripe man of his concelt by
revealing the limitations of his understanding, end
th@ elusive nature of the truth he seeks, It reveals
and exalts the value of directed imagination. The
'ﬁiff@raﬁﬁ% between the raaknané“fiia laboratory
technielan and the genius who explores the unknown
lilez in this ereative spark, this directed imagination.
1t reveals to him the need for at lesst gualified
ageceptance of the iﬁ%aﬂgi%le, ag in the case of the
graviton and the meson known to mgﬁ only by their
yﬁaa@n&ary manifestations, It re@aalg to him that
sclence, like religion, seeks that ultimate theory

whieh will explein all phenomens, fuch revelation



e

makes possible at least a tolerance for, and g@?ﬁaga_
e eonsiderable sympathy with, the ereative arts, veligion
and philosophy.

The chenistry tescher must atiempt Yo approach
sny lesson at all three levels. The ex%ent to whiech
each will be emphasized depends on the capacliy of his
students, which he, among @éﬂ%&%i@ﬁﬁistgguis best
fitted to judge., At the General Seience level of
Grade ¥ it is pr@ﬁ&%l& thet he will not go much beyond
the lovest intellectusl level; the scarcity of data
about sny focus prevente the development af conprehoie
sive generalization. The Orade XI level, at wmié&
chemistry instruction is begun in Manitoba, will
receive Instruetion st the firet twe intellectual
levels, with emphasis on the second. The third intel-
lectual level will have limited application in Grade X,
occasionsl appliestion in Grede I, and more freguent -
appilieation in Grade XII. It is perhaps g@p&y@mﬁ that
thiz third level of approach will never be fully
explored even at the university level. Yet the teacher
mast be alert for opportunitiesz to work at this highest
level vhenever possible, since it is at these upper two
levels of approasch thet gains may be mede in developling
personal and soelal attitudes snd i@@alsf

No facet of chemistry instruction can be free
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of the influence of ite aims. Dut one facet, such as
laboratory work, may stresz only a portion of the
total aim. Chemistry, along with the other physical
ﬁéiéﬁﬁ%ﬁ, possesses the somewhal wnique nerit of being
able to present to the individual in the laboratory
‘the conerete raw data at an intellectual level that
permite early departure into the abstract. A laborae
tory course that presents isolated fuets, properties,
applieations, and $%§§$'%ﬁ%@@; is ﬁ&t~$@rviﬂg to its
full extent the general aims of chemistry edueation.
That abstraction is one of the aims in general
education is indicated by the British Colvmbla educe-
tional authorities: | ' |
A child'e systenm of thought becomes more and more
independent of fmmediste conerete objectz as he
matures. The abllity to work in the imaginstion
and to builld up a system of idens iz essential in
edueation. To limit the eurrieulun to that which
has lmmedlote practieal application is to overlook
the truth, Projects form the $ﬁa?t%ag£§@int of
learning, but they are never the goal,
laboratory exercises comstitute the projectework nmen-
‘tioned by the British Columbia authorities, valuable
as a starting peint of learning; ut the achievement

of = generalization is the goal. This view is supported

by John Dewey when he sayss
Shere 1s no sclence without abestraction and shetrap
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tion means fundamentally that certain oceurrences
are removed {rom the dimensions of famllisr prace

o tiead exg&ri@meeliﬂt@ that of reflective or theoe-
retieal eaﬁairy.

@h@ baﬂkgr@ﬁﬂﬁ for eh@misﬁry é@ﬁ&&%i@ﬁ hag &@@n
@atlia@é, alb@it in 2 sketchy ;&ghian, %avarﬁﬁglaw“,
certain criterla stand out that m&y serve in g&iéiﬁg
the ai&.ef‘a chemistry course at the high school level,
Thﬁﬁ@ ares | | | v i

- 1. The vasic aim of @ﬁﬁﬂﬂﬁi@ﬂ in’Canada anﬁ the
‘nited %ﬁ&%@w i= ﬁrﬁiﬂimg f@r gartiaipaﬁi@n in a demo-
eratie society, )

- 2. Ihis trai&iﬁg is brought about %y @h&@giﬂg
or @altivatzng skills, habite, ldeals, and m%tiﬁu@es.

3o At diiTerent levels in the school system
different a#g&etg of this besic ailm xﬁa&i$ﬁ‘amghaﬁié.
&% the a%aa&é&rg sehool 1ﬁvaiiﬁﬁa emphasis appears to
be ¢n the cultivation of desirable attitudes,

L, Science education in the secondary school
cantributes to this cultivation of desirable sttitudes
by its emphasis on the sedentifie attitude, |

. The changes in attitude may emphasgize the
egocentrie or =oeial nature of these, lNistory suggests
that the egocentric attitudes, alithough desirasble, have
tended to erowd out the &wl%ivaﬁi@n of g&eiai,attituﬂ@m‘

ivewey, John, The fourees of ?‘j~ }§j,ﬂ Féuege
tion (ﬁew X&fks §§vﬁyiﬁfég‘a;Lfv, ﬁg;‘iﬁa;g. L



An attempt chould be made to ereate grenter socisl
conseioumness by emphasizing the social stiitudes.

6. Belence education ean so direet its training
in secilentifie attitude as to emphasize its soeiasl
implications, |

7« Chenistry iz one facetl of zelence education
that pregents phenomens that ar&‘ﬁaiﬁh@r too obvious
not too subtle for discriminating enguiry and bellef
at the secondary sehool level. Discriminating enguiry
and bellef are functione of s socislly-centred scilentifie
attitude, |

| 8. Diserininating enguiry and bellef are funce
tions of shstract thinking. In order to emphasize this,
the zims of chemlstry education are expressed at three
inereasingly abstract intellectusl levels, thus ranking
teaching items in order of thelr edueationsl signifi-
Gcanee s
{a) An understanding of the compomition of matter
and the changes 1t gﬁéargmas, angd the manner in
whileh ﬁhiﬁ knowledge alde man in the control of
his environment.
(b) 4 revelation of organization in the changes of
the aamﬁasitiéﬁ of matter,
(¢) An appreciation of the elusive nature of cause,
and of truth, and »n sppreciation of the power

of directed imaginaition.
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In chenistry education the emphasis should alwayes be
placed on the highest intellectual level that the
4teaching situstion will permit.

. In laboratory chemistry the emphasis must be
on éiﬁ@?i&iﬂaﬁiﬁg enquiry (whieh implies intellectusl
honesty), and on g&mar&lﬁz&ti&ng that emphasize abstract
‘thinking. _ | }

Having developed the broad beee on whieh a1l
chemistry education will rest, it 1s possible now to
direct attentlon towards the narrover field of labora-
tory chemlstry, The nature and funetion of this area
of aaea&ﬁary_eﬁaﬁaﬁian have at times been confused with
those of other areasz, with the result that elaims have
been zade for it that either could not be upheld, or
which could be achleved more economicslly by other

mesns. For example, the Nova fcotls Hondbook to

tourge of Study after listing such habits ag carefulness

and skill in manipulating appsratus; accuracy of MEA SUTEw
:meﬁt; careful observation; system, order, and neatness
in the arranging of apparatus; sccurate and methodiesl
errangement in reporting; legible writing; clesr snd
neat drawings; statess
Lah@ratﬁry'iﬂgtraetimnvig the great agent in dev~
eloping these hablits. It had been said that the

calibre of the chemistry instructor iz indicated
by the manner of the student's "housekeeping' in
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the laboratory.® .

If this is the chief function of laboratory
chemietry the gquestion might arise vhether some other
means, less costly in time and money, might not achieve
the same results, Certainly, before attempting to
egtablish further eriteria for laborstory guildance it
is essentisl to define, at least for the purpose of

this study, the nature ané function of laboratory work.

1&@@&?@@@&% of ﬁﬁaaat&&mi Hova Scotia, Hendbook
the Courge of Study, 193%, reprinted as z wartime




CHAPTER IXT

CEITFRIA ARTRING OUT OF THE NATURE
AND FUNCTION OF LABOBATORY WORK

What 4= the eszsence of laboratory procsdure?
Is 1% individual manipulation of raw data? If =0, the
term seeme to have been usurped by other educstionnl

areasy @.g. whole schools are organized on a Dalton

Labvoratory Flan,
of the term 'laboratory method' thus:

- The term laboratory method has been variously
interpreted and variously applied to almost the
whole gamut of school subjects in the secondary
field, According to Webster, the word laboratory
was originelly apvlied to the workroom of a2 chemiet,
8 plaecs devoted to experimental study in natural
selence...to testing, analyzing, and preparing
verious chemiecal materinls, ete., Hence the term
lsboratory method was first widely used in the
phyeleal aciences to charscterize a teaching pro=-
cedure making use of experimentation with apparatus
and materials in order to verify vhysical lawe
and other facts, as well as to study relationships
and to discover new faets if possible., Sueh Proe
cedure was introduced in many American secondary
schools as early as 1880, but 1%t wae not used
extensively until about i@&Q‘

Following the early introduction of laboratory
work in the physieal seiences, the ides of applying
the same philosophy of dealing Gireetly with matere
dales in the classroom was soen proposed in othey
fields, VYor example, the souree method of teaching
history was proposed in the 80': and was put into
practlice in a considerable nmumber of schools in the

- 28 -

Thomas M. Pisk snalyzes the meaning
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o0's, In 1896, Dewey, in his book "The School

and foelety" set forth his philosophy: 'We learn
by doing', thereby giving lmpetus to the labora=-
btory attack not only in home economics and manual
training, bt in all subjects, Since that time,
variocus adaptations of laboratory procedure have
been tried cul in many subjleetz, more particulsrly
in the physical snd biclogieal scilences, the soceial
sclences, English, mathematies, and the vocatlonal
gnd commercial subjects,

We may define the laborstory procedure as ,
planned learning activity dealing with the original
or 'raw?' data in the solutlon of problems, The :
lsboratory idea means f{irst-hand experience with
materiale or facts derived from investigation or
experimentation, for the purpose of solving some
problem or aansvering some guestion, instead of
hunting for a ready-made book answer. The method
way first interpreted to apply to the uvse of raw
datz handled experimentally or obtained experl
sentally, but the meaning was graduslly broadened
to 1nelu§@ work with eny meterial so long as the
laboratory technigue was used, This interpretation
makes it skin to supervised study, and as often
unged nowy this is really vhat 1t amounts to,

Thig development of the term *1aboratory prow
cedure' emphasizged the application of the scleptiflie
method to raw data in order %o solve a problem or
ansver a guestion. The physical seiences have the
ﬁg?@i&l.&@V&K%&gﬁ of permitting the extensive use of
conerete rav data in the labhoratory, ze contrasted with
extensive use of source materisl iIn the form of printed
pecords. It must be noted, however, that the high school
chemlizstry laboratory is not involved exelusively with

problem solving in the true sense., What are termed

1?152, Thomasz M., Prinelples and Practices of
An the Cecondary Sehools (Few York: American
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exporinents are frequontly exerciscs in which the
Individunl demonstrates Lo himself the chemical charace
teristies of an clement or compound, thus broadening out
the sensory impaelt to result in s better sssimilative
situntion. As has h@@n‘iﬁéiaateﬁ,l such exerclses

should, vhere pozsible, lead to generalization.

‘?h@ thirty-firat Yesrbook of the Nationsl Soelety
for the Etudy of Hdueation is %ﬁé first comprehensive
report by that body in the field of seience @ﬁu@%ﬁiﬁﬂa
3ﬁﬁgimg by the frequent references to it in curriculum
construction it mey bhe asoumed t@ b@ & highly authori-
tative source., In it Ralph E, Watkins sugpests certain
objectives that may be stiained by laboratory instruetion
in the bigh schools

1. The developmoent of simple laboratory techniques,

sueh as welghing, glass~hending,.microscopic mani-

pulation, ete., '

P« Proving and establishing for the pupil himself

principles vhich have long since been well established
- and generally accepted. _

3. Usning the laboratory as an instrument of object

or 'thing® teaching, according to the historigal

concepts of Pestalozzl, Comenlus, and Basedow.

%o Using the laboratory for the purpose of develop-

ing betier understanding snd interpretation of the

prineiples of reience, ag a means of better i1llus-

tration. :

Y« To produce training irn the scientific method,

6. As a means of possible training in the experi-

mantal solution of the pupil's own problems.

7. The use of the laboraztory as z workshap for the

teoe page 2k of thi: study,
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study of solence problenms which arige in the seience
elass or in the 1ife of the mapils. '

It is particulszly regretiable, for the sake of
elarity of aim, that a high auvthoritative sourece of this
nature should initiate a tendency to list as of equal
merit the various objectives of an edueational effort.
An examination of the objectives quoted suggests that
there is little difference between ohjectives 2 and b
objectives & and 7 are less signifiﬁanﬁ corollaries ox
extensions of cobjeetives 2 and 4, Objective 1 is a wesns
towards the other objectives: 1t cannot be eﬁﬁsié@r%&
an objective ltself in the light of the eriteris for
chemietry sducation as previcusly sstsblished in this
study. The get of objeectives quoted anight offer superw
jor gniﬁanﬂa to chemistry education i£ it were rearranged
to emphasize the relative lmportsnce of the different
objectives, &ﬁeﬁréing‘ta the criterlias already developed,
this resrrangenent ﬁigﬁﬂ be somewhat as Follows:

1. Using the laboratory for the purpose of devels
oping hetter understanding and Interpretation of
the grimeiylaﬁ of éei@naﬁ, as a means of better
illustration, |

(*Proving snd eetablishing for the pupil hime

lﬁatkinﬁ} Falph K.g *Instruction in the ?%g'ﬁeal
fejences In the «gaﬁnﬁary ‘chools", Thirty.Tiret Ye
 Eook, ¥ational Soclety for the utuég’mf Baucation aﬁlﬁamn
3ﬁg?on, ill.: Publie Gehool Publishing Co., 1922), p. 27C.




-3 -

zell principles which have aﬂg:inma%u%*
eztabllished and ave gﬁﬂ@?aiiy @eaﬁyteﬁ’ is
meraly the inductive approaseh 4o this same
ohjeetive. This oblective 1s fundanental to
the aneguisition of desirable attitudes, accorde
ing to the criteria slready ectsblished.)
2. To produce training in the seiontific method,.
2 Using the laborstory as an instrument of oblest
or "thing' teaching according to the historicsl
coneepts of Pestaloazzi, g&ﬁﬁﬁiﬁﬁﬁ and Dasedow,
As secondsry objeetives, vhere the situation permits,
the féllﬁ%iﬁg shonld be noted:
%, As & means of pessible training in the experi-
maatal solutlion of the pupil's own pﬁ&bi@m%,
Thie is an extension of the objective, 'to
produce itreining in the scientific ﬁﬁﬁhﬁ@'ﬁ
s The use of the laboratory as a workshop for
the study of seience problems whick arise in the
‘seience class or in the life of the pupil.
This is very similar to objective U just
yreeédiﬁg. These two objective:s represent
the type of extension of laborstory functicn
that Increases the cost of the laboratory work
both in time and in uonoey.
The sequisition of lsboratory skills should be kept at
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a unindms in ovder not to confuse the wmajor objectives.,

The general direction of chenistry education

2

in the laboratory becomes less clear-cub If the objec-
tives are net ranked in orvder of importance. The result
sometimes lg & growth of expensive and elaborate
laborstory workshops whose exact funetion is no longer
certain, That this has teken place 1s indlented by the

eriticisme of' the laborstory by Henry €. Hovrisons
Thet cur elsborste lahorstoeries can he Justifiled
as appurtenances of general educstion is szearcely
open to doubty they heve no purpose in general
edueation. They belong to the period of specislized
training in which the primery purposze is to develop
investigators, that is, professional people who
will know hov te settle meoot points which arice in
profesgional practice...laboratory msterials of the
selence type in the secondary sehool shounld be linited
to what the student can uege, The use of such mater~
isle In the assimilation period iz limited %o the
need of putting the pupil within reach of experience
which ean arise out of physicsl contaet with conerete
vpliences and observation of procegses in thelr
phyeicel manifeststion., /ssimdlation is learning
from experience, and in science the meost 11lumirne
ating experience often arises out of the contempla-
tion of processes st work. The only justifieation
for assigning s lsborstory exercise to be worked
is an alflirmative amswer to the gquestion Will tre
gxercise proposed muake tetior sssinmilative materdal
than 2 demonstration which the teacher can prosent
or a ceytaln series of pages in the ageigned
readling? I the apmerstus acsigned for us is so
elaborate that the jupll is obliged to learn o
difficult task in menipulation, it is erxtremely
wilkely that any psrticular asaimiiﬁﬁive value on
the unit itself will be eontributed,

e Froctice of Teaeching in
Lniversity of Chicago

?.0,. 5 4 Ty K ind b

“HMorrison, Henry C.y I
the feeondary fchool (Chicsgos
Fress, 1931}, pp. 208280

I g
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dorcison's coudemnation ig of the ﬁi&%ﬁ@&%@
laboratory enploying elaborate laboratory skills., He
makes it plain thet in hisz opindon the aeguisiilion of
laboratory skilis is ol secondary imporiance, It is
further evident that to him the laboratory is of itself
no end, but rather aerely snother tool by wmeans of
whiech assimilstive material may be presented to the
individual.

Authoritative epinion has been clted in order
im show that the nature and functicn of laborstory
work are governed by the following criterias
| 1. Chemistry laboratory work emphasizes the
aspplication of the scientific method to first-hand,
'eﬁﬁaﬁﬁt@, raw calta, in order io solve a problem or o
answer s guestion.

2. The problens or questlons to be dealt with
shouid be related to some generalization of chemistry,
and should help to elarify it.

3« Chemlstry laboratory work also serves to brosden
the sensory impael of a learning sitwation, so that it
may result in a betler assimilation.

%o The acquisition of laboratory skills is a
mesns towsrds the more important ends juet stated.

- 5. Laboratory work should employ the siumplest
procedures and skills that will suffice to illustrate

or elarify s problem.



These criteria earry the impliestion of guid-
aree andé even of restraint at the high school level.
It is diffienlt %o im&giﬁe the average high school
student able to dirset his &fférﬁs efficiontly and
economically towsrds the goales suzgested without oule
side guidence, low is this outside guidanee to function,
and what must hﬁ»i%&Am&tara, to avoid that extyeme of
restraint that ends iﬁ4§u§y®t~§érf@rmanée on the part
of the student? It is logleal that the next vhage ‘
of this study shall desl with the effect of guidance
on the nature and f&agﬁiﬁa of laboratory work, in @réé§
to seek criteria for sueh guldance that will stxiﬁé &
balanes b@ﬁw@eﬁ‘ﬁﬁ@ extromes of no guldance and overe .

guidanice,



CHAPTER IV

CRITERIA AVISTHG OUT OF THE KATURE OF
GUIDANCE ARD ITE EFFECT OFN LABOBATORY WORE

| | L&baratmry wnrk iﬁ?@lves aiﬁhar yrahxﬁm salviﬂg |
or iliugtrati@ﬁ. In ‘elither ease the gruﬁlam or 1Ziaa~
ﬁrati@n mugt be &sala%eé frnm.a Bass of irr%levant data
b@for@ it can be hﬁﬁdl@é iﬂtglligﬁntxy. ?h&a t@&k is
g0 éiffiemlt that uguﬁlly it must be maﬁ@r t@aeh@r or
m&nﬁaz gﬁiﬁaﬁﬁ@. ?ﬁe éag@aa @@ éafinzng %h@ protien ;
é@t@rminaa to a ian@ extent the ﬁ@gr@@ of student
1niﬁiativa &ﬁﬁ ﬁ%ﬁﬁenﬁ thinkingg ﬁﬁrtharmara, after
the g%ahlam heg been limited, student performance must
still be guided for sake of econonmy, efficiency, and
clarity of thought. This guidance strengthens the
discipline necessary for discarding interesting and
perhape worthwhile side~isgues that might detract from
the main purpose of the laboratory ezercise,

The extent of pguldance strongly influences the
thinking, the spontaneity, and the initiative of the
imﬁiviﬁu&l. Indeed, in an average class it may reduce

B
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the elfort of the les: aggressive individusl to s puppete
iike performance under the c¢lose guidsnce by teschey op
maruale Under such conditions sduestion is replaeed

by training. This ls the dilemme which faces the

author of th&km&mgalz either to provide a gitustion
with m&aim&&vgugé&naa where tﬁa s&nkf@ruswim policy will
produce for sﬁme'atuéanﬁs a tr%l? asaimi}&tiV@ expers-
ience at the @%é@RS@'af mumber &%hér aas&i%tiﬁsg erlté
provide close guidance in order to prevent these numerous
G%ﬁﬂai@ﬁ%ﬁ* at th@'rigz of ﬁﬁaitgfgingfsﬁuéan@ ing&ﬁaity
and -initiative. Where classes sre uniformly amall zgf

is @@ﬁ@i@iﬁg af'aaﬁysa,-@a»givé 1ﬁéiviﬁual't?%aﬁmﬁﬁt

that avoids hnﬁh,exﬁraﬁag, ﬁuﬁlin me

28 efucation &
choiece must be made, ‘ ,

the Forty~{ixth X&a:&ﬁs@ of the Hationsl gaeiéty
for the ftudy of Education discusses this dilemms thuss

Problem solving setivities are an integral part of
selence teaching and learning, and the science
laboratory is a natural place for the pupils to
-engage in these activities. To svold the "eooke
book® type of laboratory work, the following approa-
ches are suggested: \ . '

in raising and dofining wortbwhlle p gblems, ¥ael
experiment chould contribute to the gointion of &

problem, Pupils should be sncouraged to share in
the stating of problems and in the plamning of their
solutions. 4 eco-operative approach may be used in
whiek the teacher opens up the field of investigoe
tion, draws upon the experience of pupils to suggest
where probleme exist, and then encoursges them to
state the problem in thelr own worda., The teacher
should guide the pupils in stating problems clesrly
and conelsely. Eaeh problem shovld present a single,
eclearly defined gquestion whieh the class ean reasons
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ably be expected Lo solve on the basls of data
vidich they obtain., Throughout the laboratory
period the teacher should meke every eiffort to see
that the pupils keep the aﬁ%ee% af the e%@@fiﬁ@ﬁt
'ﬁﬁﬂtiﬂﬂallf in nind,

i1 ‘ nentatl $11$ ﬁé&ﬁl& uaéars%&ﬂé

: el&arly the ﬁﬁaa@ﬂ‘ﬁr ﬂ$ perulitiing only one varisble
in an experiment. Ffa@uantly by wise questioning
“and discussion the teacher can get pupils to state
the purpose of the experiment, Lo suggest the ¢xper-
imﬂngal faet@rz &mﬁ %ﬂkglam tﬁﬂ i@ﬂa%gary aan%wmia.

1berpr ‘:‘ Be  bidll dn &ﬁtE¥§?€ﬁiﬁg @viwaﬁaa and
drawing fgﬁ@rana@s ﬁa the solution of problems
depends, 4n large measure, on the ability to orgah-
izey arraﬁﬁ@ end anslyze data. Puplis need to be
givgn &ﬁﬂﬁiﬁ%ﬁ&@l& opoortanity for practice in
analyzing dats from problem situstions, Too fre-
guently in laboratory work we pass lmmediately from
“date to conclusions,  Hors time should be gilven to
- proposing and testing hypoiheses, ag these abllities
are &xe&&mi&gﬁy i@§ertant iﬁ modern liviag¢
, g zin spopel b pe between student ewolore
ﬁtits and & T cuid aﬂza Hany tea hers a@sigm
‘iaaﬁwatary manusls or workbooks 1o guiﬁe the
student in the coapletion of laboratory wark, The
opposite extreme of this praetice iz the ‘sink-ore
swim? method in which the tescher provides the
metorial but ewpeetsy the student o Invent hic own
method of investigation., With the large nunmber of
pupils noet teachers have to tesch, and wlth the
great varisbility in intsrest and iﬁtﬁ&lig&ﬁﬁe
found in secience classes, it seems likely that a
?a§py:§®ﬁ§ﬁm %@tﬁ%ﬂ@ %h%ﬁ% twm thramaﬁ may be

The keynote in these suggestions is a proper
‘balance between teacher or mepusl guidance and student
ex@lﬁraﬁi@a.: This balance is &ff@ﬁtaé by the ability
of the individusl teacher and by the nature of the

r lpeise, Flvood .y "Ihe Role of the Laboratory
in Teaching %eieaeeﬂ i;f’ﬁ?xtkv?@ffA!&k of ﬁh@ %aﬁi@n&l
eei@ty for the @tvﬁy 2 P s Selenc
}“i&? ,& s ?,; ;r JE :
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individual situstion. Tt canrot be assumed that the
individua!l teacher ié always competent to give thoroush
guldanee, A& printed mamual is of necessity rigld, and
predeternmined te Tit what iz thought te be an average
gltvation, not m&ea&&aﬁiiy the individual situation.

4 wey out of the éilemms would be to construct
a maimual thalt provides fairly %h@?ﬁﬂgh and ecomplete
gul@ance, then augment this, as much ac the individual
situation will permit, by teacher guldance., The labore
atory period could begin, without ?@f&?&ﬁm& to the
manual, by & eco~operative development and diseuseion
of the problem. Where ih% situation permlts 1% might
lead to some individual exvloration. The gxpﬁﬁim@nt
would then be undertaken by the class as a whole,
neing a manusl with rather g@m@i@%@ guidance, %Egn the
data have been accumulated, there could then be a class
diseussion on their use, falling back later on the
marual directlons, in the eave of the bright student
for corroberation of the thought developed by himself,
and In the case ol the dull or disinterested student
for a echamnelling of his thovght,

& survey of some recent monualst indieates that

the cholee commonly made is to provide extensive and

Yiarder Frank, "An Investigatlon of the Curri-
eular Content of feveral Chemistry Manuals" {Unpublished
course study, Faculty of Fdueation, University of Hanie
ﬁﬁb&g i§q3} % ~
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elose guldance Jirected at the sverage individual;
superior individusle are ??ﬁ?iﬁ%% for by extrs exercises
with minimm guidence, provided either by the teachor
nale, This is the eriterion which will be
sfopted 4n the construetion of a manual during this
study, ”

or the wsan

Tepending on the extent of guidance, there may
be very 1little difference betw

een teacher-operated and
student-operated experiments, ezeept in the setual
manipulation. If the aim ie elosely to direet student
performanee and thinking 4t sight be wiser to remove
from his path all extraneous obstaclss. Lot the temcher
manipulate theraw material, perform the experiment, and
' 8t each step in the g@rfﬁ?%anaé ask for observations,

invite suggestions for further procedurs
ete. The student mind may be kept from wandering,

and might be direeted more effectively into desirable
channels, This, however, raises the gﬁ&&tﬁaa of student
participation, Thorndike's lav of Effect s&gﬂ&aiéeg

the preference of student perticipstion in order to
stimulate interest and to meke move vivid and imprescive
the learning situation., In large elasses student
partieipation i= wore apt to assure the close attention

s eonclusions,

of the mejority eof students, Yet student §artiei§at&@n
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1% normally at the expense of &im@; teacher effort,
and money, The ﬁi%uatﬁea has giﬁaﬁ ria@ te a rumning
debate on the ?éﬁ%@tm@ efficacy of teacher or lecture-
desk d&%ﬁﬂﬁﬁratiaﬂﬁ VS, gtmé@nﬁnagewaﬁaé @ﬁ§%¥i&@ﬁtﬁ»
ﬁvailab&a litaratar@ laek& reports on 1nva$~"
%1gatians é@aign@d to éisaavay whathar gome other method
of yyagaﬁt&ng a@axmﬁlativ& mater&al, perhaps less expon-
sive in ti&e, @ffart anﬁ moneyy ean reglaee laboratory
warkg i% is, hﬁﬂwvar, rgeh in reports on 1nva$t&gatians
wdertaking th@ eaa;aria&n @f the 1@@tara~égﬁk denon-
sﬁratian with the ﬁtﬁ&@ﬁt«@g@f&t@ﬁ @x?eriMﬁnt, The
results, on the whole, of these investigations ﬁhbw
ﬁ# eonclusive evidence af‘%ha sﬁgewiarity of one
method over the other, Perhaps Morrison's critiaiam&
of these investigations explsine the seeming futility
of attespting to prove sither method superior: |

The method iz eommonly that of the emntrolled
experiment, Mr., 4. selects two groups of pupils
of as nearly as possible equal ability, and he
industriously eliminatesg all the variablas he ¢an
think of, ut he does not validate his own class-
room ta&ﬁnique his material of instruetion, his
test meterial, (sava a8 he secures a staﬁiaéical
validation on the basis of unvalidated sssumptions)
or his theory of education, YHe eventually ‘proves!
ordinarily a negative, that is, he proves that
there iz not muach éif%@r@nae b@ﬁﬂ@%ﬂ two proce-
dures,..lecture table and laboratory in this case.
The sad thing is that we do not know whether ¥r, A
can teach by any method, 7The value of ten thousand
such experiments would be wiped out if a single

Mr, B should show that an expensive and elaborate
high sehool labovatory could be made to ﬁraéﬁﬁa .
results quite beyond what lecture-table degomsiyrue-.
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tions can do, provided Hr, B eould analyze his.
results and shﬁw why his facts are what they are.
A single issue would then arise:s 1Is Hr, B's
procedure essential to the educative proeeast II
the answer be in the affirmative, then we must all
learn somehow to do what Hr. B ﬁ@?s and £ind thﬁ
noney for the eguipment, -

The speciflic question iz %yg&eal of q&?ﬁtiﬁﬁﬁ
which eannot be srrived ai experimentally. The
problem is historical and analytiesl, and exper-
imentation ig valusblie only for the purpose of 1
£aat~finé&ag on @p@eifie points in the aﬁalysiﬁg

Frﬁnﬁi% T, Curtls, who maé@ e ea&gr@haﬁaiVﬁ

gﬂrvay'ﬁf 1n¥e5tigat&ams att@&gtiﬁg ta aamyare the twa
msthgﬁs of gr@@eﬁtati@m, sume wp. bia fiaéings iﬁ ﬁh&
' {enrbook of thﬁ ¥ational %@eiaty for ﬁke

mﬁ&y M" Educations |
) ﬁach method effara tra&ning in eaxﬁaﬁn know-
ledges, skills, and habits not offered by the

other,
2. In the interest of economy bhoth of time and
money, it seeme desirable to perform more labora-
tory @X@?ﬁﬁﬁ&ﬁ by the demonstration than by the
1nﬁ1viéual method,
3, At the beginning of every laboratory course
there should be a sufficient use of the ﬁamansﬁra»
tion method to ecquaint the pupll with apparatus
and some of the accepted methods of axgﬁr entation.
Following this period of orientation the pupil
‘should be sllowed to perform some exercises indiviéw
ually In order to acquire, sarly in the course,
desirable manipulatory skills and laboratory
tecinigues snd habits,

» 1he time saved in ecach course by the uee of
thﬁ demonstration method should be used for other
types of learning exercises, which might iInclude
additional laboratory sxargiaea, reading project
individual investigations, obsesvations. and ardll
upon essentlale,
&, Among the sxercises to be demongtrated in each
a&&rae should be thosze whieh are ﬁang@reus if per-

iﬁyg eit., p. 289,
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formed carelessly or wnskilfully, at least some
of those requiring delicate ﬁ&ﬂigﬁl&t&@n and acoure
- ate obgervation, and those requiring speeial
expensive apparatus,
6, In general, especislly with the more elementary
- courses and the younger or less capable students,
demonstrstions by the teacher are 1ikely to prove
more effective than those by the pupils, wless
the teacher ﬁﬁyﬂ??i@@ the é@m@ﬂﬁtr&ti@ﬁa vary
clogely. 1 o
| This a@vaaaev of teacher éeﬁﬁﬁsﬁraziags applies
particularly teo elementary courses snd ta’yauﬁger and
 less eapable students, %emmmmﬁmrthwmwm
“are being developed iz a ﬁaaané veay ﬁﬁamae in Grade XIX
ahamistry; the game emphasis on teacher é@gwhs%ratiens
need not apply. It appears a useful @ri%@ri@n to leave
to the classroom instructor the choice, 2n-%h@»1ight.af
‘his particular situation, of g@rfarming th@ experiment
himself or of ﬁ&ﬂiﬁg'hiﬁ yvupils gﬁrfawm it,
The criteria effeeting the nature of guldance
that have been developed may be
1. Pupils should be @neﬁurageé to share in the
stating of problems, and in the planning of thelr
solutions,

2, The interpretation of date should, at the

VIRADG uy ﬁmﬁlﬁf o

secondary school level, be a co-operative eifort by
pupil and teacher,
3. For the sake of maintaining interest and

-

lop. Cit., ps 9.
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attention the majority of the laboratory experiments
should be performed by the papélgﬁ'rﬁhﬁra is little
‘evidence of the superiority of either the teacher
- demonstration or of the aﬁaﬁanﬁw@arfarméé exy%rimanﬁ.

L, It 13 sdvissble to leave to the teacher the
ﬂh&iﬁ@ of éamﬂnsﬁraﬁiaﬁ axp@r&mentﬁn

- Be A labaraﬁafy wanual ﬁhﬁﬁiﬁ graviéa f&irly
complete guz&&aeea its use shaui& be aagmenteé by
ﬁl&ﬁ& digcussions ﬁhat will &eve&ap the grahl@m, @xpiora
g@rtinant %aekgrgﬁné, augg&st means of aﬁxving the |
gxﬁblﬁm, and weight ﬁhﬁ av&éane@*‘ A 3&&&&1@&@ bﬁlaﬁ&&
~ between the use of the manual ané ﬁa&@h&r gﬁi&aﬂ@ﬂ of
class discussion can provide the ayys?tuﬁity for the
brighter student to exereise hia initiative, ingeﬁuiﬁy,
and thinking. o :

It will be shown in the following chapter that

the majority of these criteria funetlon in the common
practice found in several current laboratory manusla,
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CRITFRIA ARIBING OUT OF COMMON PRACTICE
I¥ SOMP CURRENT LABORATORY MANUALS!

The ﬁféeﬁiéﬁlvéX@ﬁﬁﬁiﬁh @f the criteria developed
is the next logical stage in %hié(iﬂv&gﬁigatien,v_Eaﬁ,
in order that this execution mey not reflect too com-
ﬁlageiy the iﬁiﬁﬁyﬁﬁraﬁiﬁﬁ of am,iﬁéiviéﬁ&i, itfwaﬁ

cﬁﬁzié@y%é th&t gra@%ieal ﬁz@&atiam ﬁh@ﬁlﬁ h@ ﬁf?ééﬁ@@

by at l@&sﬁ 2 iimi%eﬁ %ﬁ?ﬁ&? of @muwwm,grﬁﬁﬁieE$‘ia
¢uyr%nt manval e%ﬁﬁtyﬂgﬁian¢ | ,

¥ifteen la%&ra%@ry @an&ala vere ﬁvail&bi@ for
the inves ﬁiga%iaﬁ, 11 except one hwé been gﬂﬁlﬁwheﬁ
or revised ginge 1940, A1l except two ﬁéra of the
£ill~in type; of these two, one had been y&%&iaﬂaﬁ prior
to 1940, and one was identicel in econtent with a
companicn-manual of the f£ill-in type published by the
some guthéraq These twoe were disearded fronm the invesw
tigation., One nmanual was such s thorough fusion of
theory instruction, work-book, and laboratory manual
-that it wes eliminated because of the éiff&ﬁ&l%i@ﬁ of

iﬁarﬁ@? Frank, "An IﬁVastigaﬁiau of the Cur~
rieular Content af Several Chemistry Hamuals® (Unpube
lished eourse %tﬁﬁy, Faculty of Eduecation, ﬁﬁ&vargiﬁy
of Manitoba, 19%53).

- k5 .
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isolating ite lsboratory components, Four manuels
revealed, either by thelr content or by the text which
théy served, that they were essentially for university
studente; these were slsc eliminnted from the investi-
gation, This left eight manuals, mxmb@reﬁ'z, b, 5, 6,
7y 10, 11, and 13 for purposes of diseussion and so
‘1isted in the biﬁli@grgphy, Thage manualﬁ, with two
&xueptiaﬁg, are first editions published sinee 1540,
ﬁne ef the @xeeptiens haé been pnbli«h@é in three prior
eﬁiti@ng' the ethsy exeagtian haﬁ been published in
five editions, the first in 1921 and the l&wt in 1?k9.
'ﬁf thes& two manuals the final eéitian vas inv@sﬁigateé.
. ﬁheya is immaaiaﬁe indication of ecertain common
praatica‘ The @ighﬁ manuala retained for qtﬂéy are all
of tha Fillein tgp@. All ei@arly indicate the ynr@@s&
of each experiment. All use large, clear diagrams,
‘_ Fone of them are demonstration-centred, and most of them
leave to the iaﬁaratary ingtructor the choliee of whether
any a@yerimamt will be a t@aeher'damanﬁtrgtiaa or &
yugi&_axpﬁrimanty

Ihe Choice of ¥videnes

Certain aspects of laboratory manuals are
easier to discover, and seem to be better guides to the
chemistry teacher than others in the preparation of a

new mannal,



In order to evolve criteria for the construce
tion of a laboratory manual the writer attempted to
discover how common practice in the eight msnuals
being surveyed snewers the following qaesti@net

(a) What is the stated funetion of the labvoratory?

{(b) Which experiments are basie to high scheol
laboratory courses? |

(e} What is the nature of basic laborstory exper-
iments, and what 1s the distribution of the
different types of experiments? ’

(d4) To what extent is there systemstic introduetion
to the laboratory course?

(e) How completely is the necessary theory reviewed
for each experiment?

() How completely is the method of proeedure out-
1lined for the student?

(g) What degree of freedom of eholce is there for
the teacher or student? |

To elarify this part of the investigation it
iz essential that certain terms used are clearly underw
astood,

An experiment iz 2 situstion in ﬁhi@h‘a new
problem is raised, a new procedure is indicated, or
different apparatus 1z needed, Hovever, the definition
is not too precise., In general, the titles used by the



authors are each %akan'ﬁe'r@p?égéﬁﬁ one experiment, -
ﬁﬁl? oscasionally, where the presentation makes it
‘obvious that one title covered several experiments,
was a breakdown attempted, Lacking precision of defin-
* ition, a degree of subjectivity enters into the use of
this term. In general, where the nev problems, proced-
ures, or apparatus are very simple or elementary, they
are not rated as separate experiments. For example, to
show the difference between a compound and a mixture
one might (a) draw o magnet through the mixture,
(b) shake it with carbon disulphide and filter, Al
though these are éifferent procedures they are of such
a simﬁla'ﬂa%ﬁre that they are not rated ss separate
experiments. : -

‘ﬁasié’exper&manta‘ava thoze wﬁi&h egeour in at
least three of the eight manusls being aurv@yeé,v For
the purpose of simplification they arve listed under
goneric headings; thus, if it 48 found that all eight
menuals have experiments under the generie heading
tOxygen' it does not follow that there is identity
between the different experiments so classified,

The characteristics that define the nature of
pose of this study are taken

an experiment for the pur
to bes

These invelve only the handling of simple laboratory
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apparatus, vwith no fitting together of individual

items, They demand no mathematical caleulations, end
the minimm of laboratory skills. They demand mainly
student observation and interpretation, | |
the fitting together of several items of common laborae

These involve

tory equipment. They demsnd, besides student observa-
tion and interpretation, a measure of laboratory skills.
(e) guantitative experiments: These demand either

precise messuvement, or precise measurement and mathe-

matical calculstion. Besides demanding observation,
interpretation, and possibly laboratory skills, they

ecall for meximum precision and accurscy.

fince some authors do not indicate which experiments
are é&mﬁnﬁtréﬁiané, but do suggest in the preface that
~such should oceur in the course, a classification is
made of experiments which by Manltoba standards would
likely be demonstrations, The eriteria of choice weres
1) if the time required exceeds ninety minutes
and the experiment cennot be done in sections;
| ii) if the equipment is costly or rave;
111) if the techniques involved are too advanced



for firet year students of about age sizteen
ivy 1f experiments call for the handling of
considerable qmanﬁit%eﬂ of noxious gases, (Few Hani-
tovs laboratories aréhéqaipyaé with individual fume
hoods, and often there is a lack of proper ventllatien,)
v) 4if the experiment is considered unsafe for
individuals working in pairs in large classes, wit&
miﬁianm zuyervigian. _
 The first three definitions @faaxperiméntal
types make it clear that the investigator aﬁngi&a?s
them roughly in sscending order of difficulty. Other
terme will be defined gs they are introduced.

General

Procedure

Individual experiments from the elght manusls
selected were appraised by the standards indicated, snd
arranged under generie hesdings. Thus, experiments
like 'Prepavation of Oxygen', 'Finding the Molecular
Welght of Oxygen', 'Combustion', were all listed under
the generic heading, *Oxygen'., All generie headings
{themes) or experiments occcurring in fewer than three
of the eight marmale were discarded. The remaining
themes vere arraﬁgaﬁ in descending order of freguency
by manuals to make the Master List. 1In order to show
the degree of uniformity of occurrence of different
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themes or sf'éifferaaﬁ exper riment types in the different
manuals &n.aaaiyﬁis wag made af the Masgster List. This
ig giveﬁ in Table 1. It will be noted that snother
eategory, ﬁtﬁﬁénﬁwﬁgwﬁ&tﬁﬁ qualit&ﬁive axgeriﬁ@nts, was
devised. This was @btainsé by sﬁbﬁracting from the
total mumber of exg&rimaﬁtﬁ the quaﬁtitaﬁiva and
d@m@nstx%%ian exg@rimﬁﬁta. Sﬁ was also noted thaﬁ
fiva of the ﬁight mapals left the choles of demonstra-
tion material to the instruetor, For this reason
suhgaquant m@atiankaf éam@nsty&ﬁiaﬁ gxyariﬁeaﬁg refers
to both aamgnatraﬁi@ﬁs 80 é&aig&aﬁ@é by the suthor and
ﬁ@mﬁﬁﬁt@&ti@aﬁ aa‘jaﬁga&:by %h&'stanﬁardﬁ proposed,

The themes listed are stated in descending order
of fregquency of oceurrence by manuals., The number
following the theme indicates the number of manuals
out of the eight studied that éeal with this thsmﬁ, for
example ‘Oxygen (33’ indicates that thise %h&ma is
dealt with by all ﬁigh& menuals. Undey @aﬁh tkama is
a brief deseription of the purpose of the exg&rimen»
tation 1ﬁe1uéaé wnder that ﬁhﬁﬁﬁav Facing each thome
is a tsbulation of tﬁé frequency of ocourrence of each
%ypé of experiment in all manuals combined, sccording
to the categories defined earlier., @l = guélitaﬁiva,
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C = experiments using complex apparatus, Gn = quanti.
tative experiments, I' = demonstration experiments. The
frequency of each category refers to the total number
of experiments found for this theme. Thus, C 21/32
reads that out of a total of 32 experiments of this
theme Ql‘emplay complex apparatus. The range indi-
cates the spread in the number of experiments per
manual. Thus, a range of l-7 means that for thiz theme
the number of eﬁpérimgnts.faunﬁ per manual varies from

one to seven.

Oxygen (8) : r | Fange 17
Preparation, properties, source ¢ 21/32
of, & in air, molecular weight gn 10/32
ané gm, mol, volume o 2/3?

Hydrogen {8) 3 Range 1-3

Preparstion and properties : B 9/12
Redueing action of hyﬁragen (8) Range 1
Carbon dioxide (8) | Range 12

Preparation and properties ¢  9/12

Chlorine (8) . Range le2
Preparation and properties ¢ /9



Sulphides (8)

?regaratian and propertiez

us&aily of hy@rageﬁ sulph e,.,

_%ulahurie acid {3)

 Preparastion, proyertles,
ﬁ@@t& far ﬂﬁlﬁh&tﬁ%

1Amwnuia 63)

. Preparation and yrﬁy@r%iag L

Fitric acid (&)

~ Preparation, properties,
test fop ni%ratea

Tonization (8)
Conduetivity, al%a%raiy%is,
degree of i@nizati@n
Acids, bases, salts (8)
~ Prepsration, properties

Titration (8)

Conmpare strengths of acids, basges,

- find per cent aclid In vinegar

Destructive distillation (8)

- Cf wood and coal

| @ 13/11

A -

. Renge 1.3

Q1 10/10
¢ 10/10
en 0/10

T 8/10

~ BRange 1-3

gl 13/13

e 243
| e_gn 0/13

- 2/13

... Hange 12
,%1 9/9

S99
0/9
-0/

Banre 1.2

11/11
Qn 0/11
LI T

?ang& 1-8
41 15/1%
¢ 7/
tn 0/1%

B L 4745

Fange 1~3
Q1 16717
¢ ©/17
Gn 1/17

o 1/17

~ Bange le2

QL o/12
¢ 0/12
¢n 12/12

D 0/12

Range 1

Q1 8/8

¢ 8/8
0/8



-

Redueing action of carbon (7)

Hydroehlorie acid (7)
Preparation, properties

Hydrolysis (7)

falphur dioxide (7).
Preparation, grsgar%%@s

Hardness in water (7)
Preparation, testing, softening

Physieal and chemical change (7)

Halogens (7)
Preparation, properties of
Ci, Br, I, omphasis on relative
activit;

Food Nutrients (7)

Tects

QL 7/8
¢ b/8
1/8
D o/8
Hange Q0«1
Q1r W7
¢ 8/7
on 0/7




P

Hitrogen (6}

- Preparation, propertice

Falogen hydrides (&)

Relative activity, stability

Water of erystallization (6)
Petermining percent content

Purifying wabter (&)
Dietillation, filtration

Solutions, hydrateé salts (6)
Sulvhur (6)

Forme and properties
Fauivalent weights (6)

Colloids {(6)

Preparation, properties

Range 0«2
QL 7/7
c o 1/7
e 0/7
r o/

Range O=2
&1 o/7
¢ o7
n 7/7
r o/

Range Q2
g1 6/6
o o/t
o O/

L

Range Owlb
Q1 16/17
o 317
v 1A7

Fange Ow1
gL 676
o o
gn 0O/
L o/6

E%ngg{gwa
) 3/
c W/
Gn 7/7
o1/7

Bange Owl
g1 &/6
¢ 1/6
n 0O/6
T 0/6



%,

§
By
H

Carbon (%)
Properties

Hitrogen oxides (8}

Freparstion, properties

Metale gain weight on heating (%)

Flements, mixztures, compounds (%)

Contrasting charseteristies

filver halides (%)
~ Preparation, differences,
Behaviour ta light

Caleium compounds (%)

Identifying textiles (%)

g1 ?/?
©

Pange O=1
g1 5/%
ﬁ 2/
gn 0/%
Lo/

Renge 0=2

L /7
tn O/7

T /7

Fange O~1
g1 3/%
{; 4{{"
o 2/5
T o/F

Fange O~1
g1 5/%
¢ o/y
gn O/%
P o/F

Ranre (e
g1 6/6
. &
%ﬁ o/6

Bange (w3
Q1 "8/8
o
T o3

Yange O=1
gl 5/%
c o/
tn /%
D o/%

Range 0=l
g1 5/%
¢ o/5
&n O/%
o Qf 5



%@ﬁi&ibﬁi&m, reversible rezctionsg (5)

Common lon effect, completed
reactions =

£ilver group of metals (%)

qualitative analysis
Letivity of metals (%)
Saponification (L)
Dyeing and mordants (%)
Daking powders (k)

Petermining a formula (%)

Hydroearbons (&)

Hange O=2
gL 10/10
¢ 1/10
gn 0/10
5 /10

Range O-1
Q1 5/%

an 1/%
A

Hange -2
Q1 o/%
¢ o/Y

» 5/%
[+ 741

Range O=3
gl 6/6
C  5/6
an 0/6
T o



Esters () v o Venre Ol
QL 2/3
Preparation, properties ¢ 0/3
@n Q/*
- 0/2

. Borsx bead tests (= Range Owld
%1 /3

Qﬁ /3

Eydrogen peroxide {23) Ranre O
_ QL 3/3
Preparstion, properties ¢ 0/
tn 0/3
v0/3

Types of chemical change (2) Range O-1
‘ | o gl /ﬁ

A. The Master List.--The Master List rapr$ sents
the common core of exg&rim&nt&i material in the manusls
surveyed. Each theme in it consiste of experiments
-f@un& in a2t least three of the eight manuals. Foriye
one of ite £ifty themes are found in five or move of
the eight manuals., Or, expressing it in another WYy
the fifty themes of the Master List represent an ﬁ?éfége
of about {ifty-twe experiments per msnusl, of which %.7
experinente are found in fewer than five manuzls, The
actual experimental content of a manusl varies from 10

to 112 experiments, with five manuals contributing
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TABLE

1

PER CENT DISTRIBUIION AMONG

MANUALS OF

OF EXFERIMENTES

DIFFERENT TYPES

é 48 8y 60 LY i5 2§ 23 25
g L8 79 65 33 | 201 ¢ 1% 1%
Y 1 32 81 72 L9 19 o 9 9
7 56 | 86 75 [ 43 || b 71 1
3 L4 a0 80 38 9 0f 11 11
10 67 87 78 34 121 o] ¢ 9
1’: £9 92 78 36 9 o] 1k L
13 55 51 82 33 7 21 ¢ 11

Total '

Ho. , _ _

Expte, | LO9 356 303 {15% 53 Wi Lo 53

Ave. 51 gé 7 39 13 12 i3

Range | -

in % 79921 60-82 | 33-47] 7-20] 0wl | 7-23] 925




50+ & experiments each, Such an analyeis of the Hasler
List and its sources corroborates the bellef that it
represents a common practice with regard o content
that iz feirly wiform in all msnusls,

What part i¢ this basic core of the totsl
number of experimenie listed in the manuals? There is
an average of seventy-five chemical experiments per .
manual, not counting introductory non-chemieal experie
ments, It should be noted that this sverage ineludes
optional and alternative experiments, and, at least in
@msrﬁﬁnﬁai, s whole series of experiments comprising
a unit on @&aliﬁaﬁiva snalysis that 1s not on the
Haster List. Yel, on the average, the core malerisl
makes up about two-thirds of the total content of the
aversge manual,

The authors of the mamuals are from nine dif-
ferent states: New Jersey, %ewfﬁamgahirﬁ, ﬁiﬁﬁriat of
Columbia, ﬁasﬁaehﬁﬁeﬁﬁa,'ﬁaw York, Chio, Michigan,

Fansas, and Wiseonsin., To the extent that these

-authors refleet the educational trends in their states

it may be said that the Master List alse indicates the
SOmmon gréatiee in these states with regard Yo choice
of core umaterial,

The tendency of the core materisl is to empha-

size the interpretation of princiyples, l.e. group
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behaviour, ©f the fifty themes only elight denl with
the préy&rati@m and properties of elements, and eleven
with the preparation and properties of compounds, ss
igolated substancer requiring the minimum of general-
ization. The remaining thirty-one themes emphasize
principles, e,g. ionization, aclds, bvases, salts, the
haleopens, phyrleal and chemieal change, solutlons, ete,

Table 1 Indlentes the naiure of the experinents
included in the Master Lish, and gives their distribu-
tion in esch mﬁnﬂal,,~%ha reveent is given as of the
total contribution of the marmsl in question to fhe
Master List. From this teble 1% is seen thet the core
material eonslsts largely of quslitative experiments,
Exeept for memuals ¥ and 6, the distribution of differs
ent experiment types i1f fairly uniform for different
manuals. Tn menwale ¥ and 6, 157 and 299, vespectively,
ef core experiments were Judged to be demonsirstion
experiments, and only 65¢ and 607, respeetively, were
student-operated ¢ualitative experiments, The Impli-
cation is that these twe manuels set a higher stendsrd
‘of performance, The greatest uniformity of aistribution
ig found in gimple atuﬁent«eg&ratéﬁ erperiments of the
gualitative type, and the least in quantitative experiw-
mente.

Certaln criteria suggest themselves as a result

of the common practice surveyed thus far.
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1. Laboratory manuals are commonly of the fill-in
type. ' '

2. The purpose of each experiment must be clearly
indieated.

3. Apperatus should be illustrated with large,
clear, two-dimensional diagrams,

%, Laboratory éxperim&n%ﬁ should emphasize the

ﬁuﬁaﬁyretaﬁiaﬁ of prineciples,
5, The majority of experiments will be student-
operated qualitative experiments,

6. Exgafimﬁnﬁa will involve only él@mentary‘ﬁkill@¢

7e Qﬂa@%ﬁt&t&@aiané demonstration experiments
should constitute only about 10-157 of the laboratory
course each. |

The second phase of this survey inveolves

studying each manual as a whole. Eaéh manual was
exanined for the following:

(a) The stated function of laboratory work.

(b) The manner of introdueing the new student to
laboratory work, |

{e) The extent of theoretical review for sn expere
iment.

(d) The extent of guidance with respeet to the
method of performance in an experiment.

(e) The freedom of choice for instruetor or student,
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- The results of this phase of the survey are
sumrsrized in the succeeding paragrsphs; greater detall
iz available in the original report.

mgﬁﬁgl% exgapt ong {mermel %) @tﬁ%ﬁ the function of the
Eﬁ%ﬁﬁéﬁ@??s ﬁﬁé& atatomenis. ﬁﬁf hriet, ?@lﬁ ol t
ﬁ&tﬁﬁré_{manﬁaza 3,‘%, ?5 10, lgﬁ‘ﬁﬁﬁﬂifiﬁﬁily stress
individusl @é?farmgﬁﬁaw The remcinder indicate in other Bl
VR, émah as in ﬁﬁé*ﬂmmﬁiaﬁg b ﬂ%ﬁﬁﬁ&ts°.%gaﬁ ;ﬁéiviu
fual %@?fmrmgne@ e gaﬁmkzﬁ The lack of g@@@ifﬁaaliy
iabeilsﬁ @emaﬁst?atiﬂﬁ experiments also wag&@f% uhig .
Et?ﬁwwg Such strese of ﬁ?&iﬁifﬂﬁ r@@%m&ﬁ&& is
bardly & zignificant dis aaver?, sinee & aﬁ&rae f&wauriﬁg
teachay ﬁ@mﬁ gtrotions would not liﬁ@%y mpke uwse of
wtvﬁ@ﬁt,mﬁﬁaﬁi$; Thie ctudept partlelpetion mey he
on & grovp basis, sinee only menvel b stresses the
nequisition of laboretory skills. ?ﬁ@ emphssis of a&l
msruels e on come menver of po rﬁ f“@?@f o ﬁ&!@fﬁl
ebservation, sné on clesr thirking, Hanusl 6 aims at
*%a un@ercstarding of everyisy spplicatiore, Hapusl 13
?”“ﬁ%??ﬂ@ﬁ the urnderstanding of , o
nelentific method of thinking ie emphasized by sll.

In conforalty with common prsetice, the mzit@r»
inr for stating laboratory feonciion might %m@ﬁ&axza

student participation, careful observation, and cleer
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thinking according to the pattern of the seientifie
method ,

I '@. pe m—lﬂﬁr@ﬁ'&é”

tion to the laboratory work by means of instruections
and non-chenical exercises iz common practice., Such
introduction eonsiste of fairly unifqr& steps. The
first step in the introduction is to prescribe the
general attitude the staﬁéntvis to adopt to agsure
suecess in his laboratory ventures, The selentifiec
attitude iz stressed. Other general attitudes that
receive emphasis are: gelf-reliance; preliminary
preparation to understand the background, the purpose,
and the plan of the experiment; following instructions
without deviationg and recording promptly.

The preseription of general attitude is usually
followed by rules that favour safety and good housew
keeping., There is no sharp distinetion between these
two sets of rules, =s one complements the other,
Three of the manusls also provide Firet Ald rules
eoncerning minor cuie, scalds, burns, poisoning, fainte
ing, and shock., Two manuals (3, 13) emphasize tech-
nigues by deseribing comwon laboratory techniques and
precautions in handling apparatus., All manusls then
bave from one to nine non-chemieal introductory exer-

gigses in vhieh the student beecomes Familisr with conmon
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iahoratory skills., These generally deal with: use of
the bunsen burner, measuring weights and volumes, hand-
ling gi&ss tubing, Tiltering, and heating liguids,

In construeting a new manual the 1ntraductian
to 1abaratary work, if it is to conform to common
practice, should 1nalnﬁa the following steps:

(a) Prescription of gemeral attitude,

(b) Rules for safety and good housekeeping.

{e) Description of common laboratory techniques.
(d) Nonechemicsl introductory experiments.

is considerable variation in the practice of presenting
theory overviews, both between different manuals and
between different experiments in the aa&a-mahﬂal. Twe
manuals (4, 13) provide none, manual 6 has extensive
and thorough overvievs, while manual 11 has such a
and experiment that

complete articulation of theory
the manual is only pert of a chemistry workbook,

Host manuals give little overview in the case
of single, unique substances, e.g. preparation of
oxygen, hydrogen, chlorine, ete, ?he.averviéw, if
present, is found preceding experimentz that illustrate
a prineiple (e.g. ionization) or group behaviour (e.g.
the balogen hydrides),

Theory overviews are usually condensed into
from four to six lines uf'pr&ni, The exeeption is



some yneommon prinelple, like that of pH, which may
receive one-hal? to three«guarter page of overview,

‘It mey be concluded as a eriterion for the
construction of a manual that theory overviews will
be brief, that thag ¢hould precede experiments involving
the 1llustration of some principle, and that they are
not essentisl for experiments dealing with unique
substances,

P Method,~-~The manaaxs are .

fairly‘unxf@r& in d@saribing with eanaidsrable detail

the manner of parfarmane&* ?ama manuals add t@ this,
besides a liae ﬁiagram af apgarmﬁﬁs, pe?tineﬁt hints
on setting up the apparatus. |

Greater variation ocours in emphasiging pre-
cautions., These fall into two categories, these'ﬁhat
are concerned with safety, and those that are concerned
with good perfermane@.: Three manuals (6, 75 13)
éither negleet to streses preecautions in handling
inflammable or noxious gases, or neglect to 5trésg
preeautiana such ass sweeping aii out of ass emhléé
apparatus, marmer of heating smali quantities of
liquids, mixing of water and aeié&;

The prescription of quantity shows tﬁe gréatest
lack of uniformity, and is the least well-done according
to the standards xﬁggéﬁtaé.l It 1s eommon practice in

3&@@ pages 3-4 of this study,
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the manusls 5ufvay@éz | |
(&) To give some indication of quantity. .

(v) %ith‘th§‘exeﬁptian of 1iquid veolumes, to state
whether the qaantiﬁy-is'ﬁppféximaﬁa eéfggaaisé. (There
is variation in this ?esp&et eves with&ﬁ‘a;maﬁﬁ&l,
laggas being fairly fr@quant where no mantian is waéa
of tha»degree of greaiaiam af maasaraﬁ) |
| (a) ?@ state mast wwigh% a@praximatians in matrie
mmits. (The exe@gtian t@vﬁhis iz that f&qu@nﬂly 5@&11
Qﬁan%iﬁieg are indicated in terms more fomilisy t@ithe
average béginnimg student, e.g. drops, or inches in a
test tube or flask.) o | ,'

{d) To state volumes ﬁ&ﬁh@aﬁ agaaifﬁing'@ithar the
~ degree of precision or the manner of measurement.
- Illustrations are eommon, consisting generally
of clear twa«&imansi&nal line éiagraws that avoid
irrelevant detail,

Thie phasze of the stuéy‘ﬁaggastg thaif@liawing
eriterias | | |

1. The menner of performance should be deseribed

&ﬂ,éangiéeraﬁla detail.

2. Frecautions gaﬁaarning safety ané gea&lperfarm»
snee should be included in the graseriptian of method,

3. Freqaripﬁian of quentity should indicate the
dagree of precision, ané, in &ealing with liquid volumes,

the manner of measurement. Approximate quantities should
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te stated in terms thet are familisr 1o the average
student, e.g. drops, inches in & test tube, ete.

w.nwFreadam of ehaiee is
indicated in the manuals by the fact that (a) the
author mentions it, (b) the author preserib@s‘baaie

experiments but provides extra ones, (e¢) the author
encourages omissions, (a) the author falls to designate
which are demonstration experiments, yet aﬁggasééythat
some exgeramqnt$ are demonstrations.

The evidence is abundantly elear that another
‘oriterion of the new manual must be that it will have
sufficient experimental material to permit local choice
of @xyeriﬁants, and of demonstrations,

This chapter has revealed criteria which have
reference to content, the stated function of the |
lahoratory, the mamner of intreducing laboratory worlk,
theory overview, prgaerigﬁian of method, and freedom of
choiee., These criteria, slong with others developed in
earlier chapters, will now be summarized, and, if it
is considered necessary, modified to meet the Manitobas
sitvation, |



CEAPTER VI

. SUMMARY OF THE CRITERIA USED
© "IN THE CONSTRUCTION OF A
| CHEMISTRY LABORATORY MANUAL

" The eriteris considered necessary for the

construction of a chemistry laboratory manusl have
been developed. They may be classified thus:

1. The basic aim of education in Canad
United States iz training for participation in o demo-

- eratie society.

2+ This ﬁraiﬁing is brought about by changing or
cultivating skills, habits, attitudes, and ideals, |

3, At the seeondary school level the emphasis
of thié training iﬁvan,é@sirabla attitudes, |

%, Seience education, through its @&gﬁ&ﬁia on
the seientific method snd attitude, contributes to
this am@ﬁaais on desirable attitudes,

5. Edueation in the seientific attitude may be
directed so as to emphasize its soeial implieations,

lgee pp. 2% £f. of this study.
-89 -



History shows that this emphasis iz necessary,

€. Chemistry presents phenomena that resdily
pernit pracﬁiﬂe in diseriminating enquiry and belief
at the s@é@&&ary sehq@i_le?alg”éiﬁérimiﬁatiﬁg enguiry
and belief are functions of a socially centred scien-
tifle attitude, , :

7. Diseriminating encuiry and belief require
abstract thinkiﬁg*“'in @réar to emphasize abstract
thiﬁking,'ﬁhé aims afwghamiétry e&ﬁﬁaﬁi&m are st@ta&
at three 1ne?eaﬁingzy $bstraet.int@lzaetaal levels:

(a) An understanding of the cwﬁy&sétﬁan of

- mabter and the changes it undergoes, aﬁé.tﬁak
- manner Iin which thisz knovwledge aids man in
the eontrol of his environment.,

{b) A revelation of the organization in the

. changes of the composition of matter,
{c) An appreciation of the elusive nature of

. eause, and of truth, and an appreeistion of the
power of directed imagination.

Hogt chenmlstry lessons invelve at least the two
lower levels of approach, It muest be the aim © teach
at the highest intellectual level that the situation
will permit, |

8. In laboratory chemistry the emphasis Qill be
on diseriminating enquiry {which imglzes intellectual



honesty), and on the ability to generalize (which
requires sbstract thinking). ‘

1. Chemistry laboratory work emphaslzes the
application of the scientific method to first-hand,

conerete, raw data, in order to solve a problem or to
aﬁswer a question. |

2 ?hﬁ grablemﬁ or guesztions to be dealt with
should be related to some genmeralization of chemistry,
and should help to clarify i%.

3. A second function of laboratory work 1s to
broaden the sensgory impact of & learning situation, in
order that better assimilation may result,

Lk, The aequisition of laborstory skills is a
means towards the endz Jjust stated,

5. Laboratory work should employ the simplest
procedures and skills that will suffice to illustrate
or clarify a problematie situation.

1. Pupils ghould be encouraged to share in the

lgee page I of this study,
200 pages bi.hh of thie study.



stating of a problem, and in the planning of its
solution,

2. At the szecondary school level the interpre-
tatian of aat& should he a co-operative effarﬁ by gapil

and teaaker.. |

3. To maintain imtaraﬁt and attantion th@ majarity
of the 1aheratmry axpﬁrimﬁntg shauld be yarfermaﬁ by
the Fupila. N

%, The ehaiee of ﬁemangﬁratiaa @xpeﬁimenta should
be 1@ft to the t@a@h&r, ,

+ The labawat&ry maﬁua& ahaalﬁ give fairly @&ﬁpl@ﬁ@

gaiéanae‘ Xt shouléd be aagmanﬁaé by cless éiaeﬁssiana
that will ﬁaval@p t&a problem, suggest means f@r its

salaﬁien, and weight the evidence.

1. Laboratory manualz ave usually of the £ill-in
type. ,

2 %h@ purpose of each experiment must be clearly
atat&d.

3. Apparatus %.sraﬁ ke 1llustrated with 1arge,
clear, two-dimensional diagrams,




-k, Laboratory experiments should emphasize the

interpretation of principles,

5. The majority of the experiments shauiﬁ be -
~&ﬁuﬁentkap&rataé gualitative experiments,

@uaatitative and éam@natratieﬁ axp@rimenta

- should eanstitﬁte enly sbout l&»lg% each of the total
1abaratery course, -

?. Experiments ghould iﬁvalva only elementary $killww

8, The common statement of funetion of laboratory
work emphasizes student part&eigati@n, careful abaﬁrw
g aceording to the gatt@rﬁ

vation, and clear thinki
of the selentific method,
9. Introduction to laboratory vork includes the
following steps:
(&) Preseription of general sttitude,
{t) Rules for safety and g@@i housekeeping.
’(a} Vegoription of common laharatnry'teehnigaas;
() Non-chemical introductory experiments,
10, Theory overviews should be provided for at
least those experiments involving the interpretation
of some prineciple. They should be brief.
11, The manual should preseribe the manner of
performance in some detail,
iz. ?réeautiaaﬁ concerning safety and good perform-
ance should be included in the prescription of method,
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13, Preseription of quantity ehould indicszte the
degree of precision of mﬁasﬁr$maat, and, in dealing
with liquid volumes, the manner of measurement.,
Approximate quantities should be stated in terms that
are familiar to the aversge stuéeﬁt,'a.ga.&raps, inches
in a test tube, ete. | - |
14, The content of the manual should be such as
to permit some latitude of choice with resyaatita both
teacher demonstrations and 5tﬁé¢nt~ép@ratéé experiments,

‘The survey in the preceding chapter reveals a
rather uniform manual structure. It generslly consists
of's o | |

1. éuggasti@na to the instructor.

Pe Buggestions to the student.

3. Eafety and good housekeeping hints,

4, Illustrationg of common appazatua assemblies
for later reference.

%. Deseription of simple teehniquesz,

6. Non-chemical introductory experiments.

7. The main body of experimental work,

Menual Content

1t might be supposed that, having constructed
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a Master List of content that reflects a good measure
of common practice, it would be necessary only to
materialize this into concrete experiments, However,
several criteria arise which demand that this 1list
of average content be modified to fit the éaﬁﬁq‘@f a
particular situation, perhaps therahy suffaring matd-
lations and additions,  f ‘ 
1. Laboratory work must g@ﬁfarmiaiaaéiy'iéhﬁha”‘
classroon studies which it is designed w‘éam%ﬁzeéxm.'
Thig is of preater impartanee ﬁhaﬁ that
the eaaﬁent of the 1aharatary eaursa r&flbet
closely the content and nature of %he ﬁasﬂéy
List. The manuals on which the ﬁ&st&r ﬁigt £
- based appear to provide for a one-year coursej
the loeal situation ealls for a two-year course,
- of which the second yesr is under consideration
~in this study. The content of thg‘%yaéa XIX
- manvsl would be the total experimentsl content
of the two-year course minus théég'exper>mants
alrveady performed in Grade XI, gﬁé&iéiﬂg alvays
that such omissions do not violate the prineiple
- that laboratory must closely gafﬁiﬁﬁi classroom
work, Thus 4t will happen that certain study-
areas touched on in CGrade XI ag%ﬂé@ain encoun~
tered in Grade XII, In such e&&#ﬁﬁit becomes a
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~ Judieious choice which Grade XTI experiments to

. repeat in Grade XII, and in what menmer. Then

_.tmg,.g.twmuyear,eaurse may cover a wider area
éf;s&ﬁéy'than & one-year course, For this
resson 1t may be necessary to include experi-
mental topies which receive little or no mention
in the %agter List,

4 laboratory course must taka eeg&ia&nce of |
lweal 1imitatiens ir laboratory aqnipmaﬁt;

In the average Manitoba high seh@@l 1abera
atory equipment is ugaaily of a,sawpla,aaﬁuya,
_frequéntly not 3nai&éing precision balances or
fﬁmg'¢agbﬂaf§$, Thue it 42 impractienl to
.1asiéﬁ an-qua&ti@ah@va experiments that regquire
delicate weighings, or preparations that involve :
guantities of noxious gases,

Tatle 2 lists the broad experimental themes
of the Master List. it shows which of these themes
are eurrenﬁly dealt with in the existing Grade XII
laboratory course, and vhich of these themes will be
dealt with in the laboratory course as cutlined in the
9ra§m$ed manual,

ma&le 3 ghows the general content of the
current Grade XII ghemigtry course by chapter headings
from the text,l together with experimental work sultable |
for these areas of study and which will be inciuded in

, , 1Me?heraan We et, al.,
Chemistry (Boston:® Ginn and Go., ‘
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the gragﬁseﬁ m&au&l. .

3a A lgbaratmry Qﬁ&?&? mist have its experiments
arranged in tha order that will mateh the a@gu&nca of
classroom a@prsaeh. '

Tt will be noted from Table 3 that the sube
jaét}mattﬁr'in the current text has been rear=
réngé& for ﬁéaehiag“yur§@$e$, The reasons for

Cthis mmmm@ bear reviewing, since they
apply t@ tha aréer of exyerimentatian ag well,
Xet the @réar af exyerim@nﬁatiﬁn mist be sufii-
miaatly flexible that i% may %@ aﬁayt@é toa -
different order af agpraaeh. '

&ulphnr and its a@mpaunﬁﬂ, and a&m@nﬁa,
f@rm the subject matter for the earliest studies
in éraém X1II chemistyy because th&y,gravié&

a éaﬁéiia&~araa‘af stnﬁy in deseriptive cheme
istyy. Th@y‘éé this wvithout drawing heavily
on basie gaaeralization, which are yet to be
studied, At %hé é&%& time théy'perﬁ&% several
examples of industrial applications, which
provides & concrete approach to tha'sta&y,

They are suitable for early laboratory experi-
mentation, and provide numerous exerecises in
equations, They provide sufficiently diffiecult

* situations whose clarifiestion demsnds a deeper



TABLE 2

THEMES OF MASTFR LIST COMPARED

ITH THEMES OF THE PRESENT AND

' PROPOSED  LABORATORY COURSES
IN GRADE XII CHEMISTRY

Themes of the | T Present Proposed

Master Idet : Course Course

gen {g}Q’wklﬁitﬁnﬁ‘tﬁt‘ti*il*#t
ﬁ?ﬁ?ﬁg@ﬁ (g)uﬂ»ﬁoatcsﬁﬂtkiwtataiit
Redueing action of bydrozen (5)eee
farbon dioxide (g)#iwnﬂhtliﬂlﬁi*ﬁﬂ

Chlorine £§)4tuciu¢uﬁ*caﬂ¢0gﬁtbv#i % ewes X
fulphides tm@aail HnB) (Bluvcsess |
vﬁlﬁhﬁfiﬁ ﬁ@gﬁ {8 EoREDIRSCCOANB O o enee X
SLHIE kt#%&&&'&‘itk&*tlﬁk#&ﬂi sune X
ﬁiﬁriﬁ &Qiﬁ é I T £ sxee X
_XQﬁiﬁaﬁiﬁﬂr( BESRFERE N LR GERBE SRS Y X s98s X
ﬁai&a bases, salts {é}agtaavtuxt;  ewse X
- Titrat i@ﬂ {asacqwuwto*maw;tan;u&-a X ssee X
Destructive distillation (8)eveese
Redueing action of carbon {(7)isess X sess X
Hydrochloric aeid (?}Qmﬁtwuktwawpu saws &
Hydrolysis (7)sesescenssscsncenane X sses X
Sulphur dioxide (7)esessssscosanns 2 ewwe K
Hardness in water (?}#thttﬂﬁtﬂﬁti X sase X
FPhysieal and chemical change (7).
Halogens {?)ttﬁliﬁibiﬁitwi‘ﬂliﬁl!i E sene X
Food mutrients (7)eessevesssovennn '
ﬁitfﬁgﬁﬁ (é)waﬁ;tt&otaustptt'uwant X seww
Halogen hydrides (6)ecessncnsnvnan X sees X
Water of crystallization (6).evsee X asns
Purifying water <§}tcwa«caﬁttaugaf X arss
vﬂlﬂﬁi@ﬁ$} hyédrated ealts (6)cvess snnve X
fulphur {6 ﬁ‘t!QCt!*thtQ#ﬂ&t&&h!Q exes X
Eﬁﬁi@&lﬁﬁﬁ~?&igﬁﬁ$ (6)esovosnnsnes X wrne X
Colledds {é}asa»*t*ﬁacﬁﬂﬂtegnqu«‘t Z sere X
Carbon (5)eensssssssosssnsscssnsns ‘
Hitrogen oxides (Flucecvsessnossose £ esse
Metal gaine wt, on heating (5)....
Elemente, mixtures, compownds (%).
?3&@1&5 m& fl&m& t@gtﬁ (mﬁhe'tsil g L X X% 3 . 4
filver group analysis {(S)eevsvesss E essee X
£ilver h&lﬁé&& (5)nscnsonsssnnnnss E saes X
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TABLE 2-~Continued

%h&mas'af the : lﬁﬁagaat Proposed

%&at@r List | | Course Course

Calelun @ﬁ&pﬁﬁﬁﬂﬁ {5it»¢¢¢&t¢-‘u»a E aswees X
Tdentifying textiles (5 secevssens E awnsw '
Fauilibrium reasctions (Flesensesses E vews
Activity of ﬁﬁt&lﬁ {g).&ﬁi&iﬁritit

%agﬁﬂiflﬂﬁtiﬁﬁ L H Jevasnsnassennens X sses
Dyeing and mnrésuﬁs (Y)sessassenon X sses

%akiﬁg powders (& )QQDQ‘O#Q!&!‘*&#‘

gﬁt@?miﬂiﬂg a formula {%}#staguaua sese X
Hydroearbons (B)ecesuswosssssssnss

Eeters (3}Ql'&u'mtwi’&l'.ﬁ.'iﬁ!i'% o
Eorax bead tests €3)%ﬁﬁﬂi&ﬁl¢tiwit X sses
ﬁyﬁf@gﬁﬁ»ﬁéyﬁXi&@ {B)ntceﬁﬁnéuvtag

Types of chemical change (3)veness

ies are not

The gas lawﬁiﬁilh&’iﬁ'tt.ﬂ.%ﬂ.l"ﬁ X ssse X
The golution laws.cesesvcssnncvssns X eens X
Heats of neutralizetion or sol'n,. X ense
'?hﬁsgmerﬁgutﬁﬁ*&*lﬁ%'ttcﬁ#*tﬁiﬁ&tv Z sese
The iron compoundS.ssesesssssonves E sees X
Tiffusion of EOSCS ssvasnssonanses suee XK
Gram molecular volume and/or whes. sess X
Commercial processes (Ostwald and S

X

Eolvay ﬂr@ﬂ%&&@ﬁ)ﬁyﬁv»w.ttattnaenw uiQ?
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TABLE 3

QUTLIRE OF GRADE XIT CHEMISTIRY

- COURSE WITE PROPOSED LABCRATORY

WORK TO ACCOMPANY IT

Page Chapter »éabﬁeetzﬁatéer

254 .19

287 =1

113 10

293 21

€3 6

8 7
103 ©

173 1k

186 1%

Sulphur and its compounds.

~ «oFPreparation of the allotropes of 2,
.ﬂﬁragaraﬁiaﬁ"&nﬁ“gragﬁrtiss'af’ﬁﬁg.
osFreparation and properties of .30,

Ammonia. B SR
soPreparation and properties of %z‘i‘f{o

“Atomie strueture and its 1%@1aegt3§ngi

Hitrie seild, nitrogen oxides, -
««Preparation and proverties of HRO3.
s sOxldntion-reduction.
ssThe Ostwald process,

The gas laws; the moleeular theory.

«obemonstrating Boyles law,
«olemongtrating Grahemts Law of Diffusion.

 Hydrogen peroxide; laws of ﬁ@fiﬂiﬁ@ and of

mualtiple proportions, :

Valence, Molecular and Atomic Weighte,

Formulae, Equations, Equation problems.
««Determining molecular wt, of COs.

« sDetermining the formula of tin oxide,
tolutions, o S _
=sFactors affeeting solutions; hydrated

saltsy types of s=olution,
e«eEffect on boliling point of concentration,
zga theory of ionization, salts, neutralizae
on,
‘,ﬁmggﬁetivity in solutions; strength of
apids,
««T0 show difference between atom and ion,
«oTitration, .

Page and chapter numbers refer to the prescribed

text; see page 76 of this study,



Page Chapter fubject %att&r
200 16 Chlorine, sodium, hydrochlorie seid, sodivm
hydroxide, ete.
g,Fraparatign and properties of chlorine.
| ' «sPreparation and properties of HCIL.
296 Rates of reaction, eguilibriuvm, o
o «sChemical equilibriamg common~ion effeet*
221 17 The periodic clas gifﬁaatiaw :
240 18 The halogene,
o oStudy of th& al@m%ﬂ%Wy their hydrides,
| , and thelr silver salts, .
28k 19 Feview of the sulphur family as a&ﬁb‘
308 22 Phosphorus family,
B oo Hydrolysis. '
220 2% filicon and boron aamgaands.
338 2 Colledds.

ﬁﬁﬁreyawéﬁi@ﬁ and pr@parﬁias @f eollolds,
*g?rﬁyaratian aﬁé graparﬁias of emuleions,

%y&#éa&rbaﬁ y@trﬁl@am yraﬁ&cﬁa, et&

Fuels and flamas¢

«sFlome tests for wmetal ions,
Corbohydrates, aleehsls ethers,
Organic a&iﬁﬁ coal tar ﬁamg@unﬁa«

.%ay@mifie&tieﬁs ,

%il@?%, metalliurgy, metall&e salts,
Y tﬁﬁ*éﬂﬁtim mt}f‘ earhon .
shnalyeis of the silver group of metals.
fome very active metals: Na, K, Osn.
soihe Solvay process.
.sFreparation of caleium eompounds.
Water treatment.
»;ieak&ag for, aﬁé removing hardness in wa~
exr.
Iron, its metallurgy, i1te compounds,
« s Preparation and pra§ert$és af’ferraus
and ferrie salis; their oxidation and
reduction, ’
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ané more 3hstrée€ gtudy of basic primeiples,
?h& theory of atomie structure is studied
next, as a natural consequence of the neec ¥
explain the chemical changes already 5tuﬁi;&
{ just aé‘in‘@r&ﬁa X1 it arises from the study
of oxygen and hydrogen), At an early stage
the student is familiarized with the most basie
| principle of chemistry. It may be argued that
such a priﬁeapla should be left ﬁiil much later,
when the student has h@en’$mfeva@$qaataly
induced into the level of abstract thinking,

However, popular interest in subatomic scisence
and its products 1s so great that the early
ﬁgﬁéy of this theory is more apt to stimulate
than to discourace the student interest. It
praviﬁeé early opportunity to work at the
highest intellectual level of approach, to
demonstrate the limited accomplishments of sci-
ence and the elusive nature of truth,

Ritriec acld and the oxides efvniﬁrﬁgan are
studied next because they afford opportunity
to illustrate the eleectronic grinaipla of

oxidation~reduction.



Although the gas laws and the moleoular theory
are frequently omltted from chemistry courses they are
included in the Hanlitoba course., The theory provides the
amost hasic principle for explaining physical change
at the high school level, As dealt with at thig level,
it is campa?ati@aiy simple, and is taught at this gtage
to offset any possibls student fears conecerning the
difficulty of theory that may have arisen through the
study of the modern atomic theory. Also, the presen
zaﬁian of these laws permits early snd simple mathems-
tical problem work.

Having acgulred the theoreticd background to
understand valence, formulae, and chemieal change, the
student 1z novw resdy itc undertake practiee in the
chemical shorthand: the writing of correct formulae
and the balaneing of equations. He is also in the
position by now to glean frem the formuls or egustion
8ll the implied information, It follows that he can
now undertake the solution of problems based on chemical
¢hange, He has 111l now had four changes of pace: from
desceriptive chemiztry to theory te shorthend teo pro-
blens, Thie is e@ﬁsi&ereé good gaéagagiaaa practice.

The remaining arrancement of subject matter
(see Table 3) appears pedagogleally sound, and is not
tappered with exeept that the stvdy of squilibrium is
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undertaken immedistely following the study of hydro-
¢hloric wﬁ:& and the theory of fonizstion. Thiz places
it where it may have immediate application, and s=o
that it precedes the study of the halogens, where its
application will again be desirsble.



CEAPTER VII

EVALUATION OF TIT PREPARED MANUAL IN
THE LIGHT OF THE CRITERIA DEVELOPED

. E?ﬁ ﬁ&'i .

Criteria based on the aims of chemistry edu~
eation have been stataﬁ.l They eall for a soeially=
eentered gai@ntifie aﬁtituﬂe raqnirimg ab&txae% ,
%hiﬂkiﬂg; Yot th@ @iwaeﬁiv@w of a laboratory manual
do not iﬁdi@&t@ them or their subtletiés, The final
form, the é@t&i&@ﬁ yat%erg of the Eﬁﬁﬂ&%ﬁﬁnﬁl effort
maaﬁ_ﬁe‘bnilﬁ.ﬁﬁ‘ﬁha teacher around the somewhat stark
akelétan of éiﬁgeﬁivggifaun&_in,the laboratory menual.
Yet thie skeleton mist permit such building., The pre~
pared memual? emphasizes two sttitudes: intellectual
“hoenesty and selentifie aﬁtitaé@, ﬁﬁiah'are iasegarables
It emphasizes the first by demanding an accurate report,
and by s&gg@gting a sheet of Extras Conelusions on
which any deviations from the expected results may be
diszcussed and perhaps explained. It emphasizes the se~
cond attitude by‘aﬁregging abstract intellectusl effort

igee page 69 of this study.
g&&e Appendix, |
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through the use of ‘how'! and ‘why' questions.
| The criteria based on the nature and function
of laboratory work! have served in part to echannel thie
investigation along a prescribed course. Put their
influence will be seen in the mammal. It emphasizes
experiments designed to clarify prineiglaﬁg but it
algevu$és the laboratory for object ar\*thiﬁg* teach~
iﬂg.@ Bkills avre naﬁ congidered af.primgéy'impartaéae*
It keeps apparatus, praeaﬁurés, and skiilg'gimﬁzag o
The criteria developed from an examination of
common practice in eurrent laboratory marnalsd have
been adopted almost completely. The object of each
experiment is ptated and there is az brief reviev of
. @értinaat theory. %ﬁa body of experimental work is
preceded by an introduetory section that preseribes
general attitude, instructions concerning safety, house-
keeping, laboratory teehniques, and common laboratory
assemblies, The chemieal experiments are preceded
by three introductory ekp%rimanﬁs that give exercise
in the commonest laboratory techniques,
Laborateory assemblles of common equipment arve
- not prescribeds rather, it iz expected that the stu-

lsee Page 71 of this study.
Psee also page 30 of this study.
3see page 72 of this study,
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dent select these from the list of common apparatus
assemblies, ralyi&g on his knowledge of the reag&nﬁs
- involved and of thelr properties, This, it is hﬂgeé,
will amphasige a diseriminating attitude, and lessen
somewhat the danger of ‘eocok-book' performances.
| The method of performance hag been prescribed
in greater detall than ibat found in the current
laboratory manual in uge in Manitoba schools. Care
hag been taken %@.gt&%@;@h@tﬁ@g a preseribed quantity
is approximate or greeisegygaﬁ, in the czse of vainwas;
to indicate the menner of m&&%ﬁt@mﬁnt. Approximate
quantities are usually exprecsed in te?ms familiay
to the student, |

- Az shown in Table 2, the criteria designed to
it laboratory eentent in common practise to the loeal
situation! have considerably mutilated the Master List.
It 48 hoped that this will result in eiager harsony |
between laboratory and classroom work, and in a sounder

pedagoglcal approach, The Master List has served as a
temporary gulde towards a body of content that resembles
it enly remotely,

Common practice is followed by including in
the manual more experiments than will likely be perw
formed by the average class, and by not designating

1see pp. P £f. of this study.



demonstration experiments., This permits freedom of
choice to fit the local situation,

The prepared manual is an outgrowth of the
eriteria developed by this study., Uhether 1t is o
gééﬁ fit vemaine to be determined, Only after a period
of extensive use will it be ﬁﬁﬁﬁiﬁl& to investigate
iﬁs merits fall?g
| fhia @ﬁuéy has stirred up & mumber of questions
which eitber it has not attempted to answer, or it has
not been shle to snewer within the limits of the set
graﬁla&, Investigation is n@eesgary, for instance, in
th& following arvess:

1. Whieh has greater educational value, the
4ndividually written report or the £ill-in type of
report? Can the former be so raviséé that it gains
the merits of the latter and loses ite present defects?
The prepared manusl attempts to bridge the two forms
by encouraging student dlseussion and student Extra
Conclusions.,

2, Will the attempt to have the student deduce the
proper appsratus assemblies cause more confusion than
its merits warrant? Only setusl practice will revesl
this. Several weeks of praétiea suggest that its
merits outweigh any resulting e@nf&sian*
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3. Is the choice of experimental material suiisble?
s students are apt to obtain inconclusive data for an
experiment, then that experiment would be bhetter replaced
by another. Again, only actual laboratory practice
will reveal such weaknesses fully. Hore experimental
material seems necessary for the introductory érganic
section of the ecourse, Difficultiez in compiling or
obtaining source material, together with current lim-
itations of laboratory equipment in the average Manitoba
high sehool, have kept this material at a minimum.

“. Should the uwltimate objective be a combined
workbook-marmual? The integration of theory and prace
tice could be more complete, and it would seem possible
to stress still more the thinking, rather than the
doing aspect of laboratory work. This may not be
possible until schools have workrooms where, under the
same teacher, laboratory and classroom exerclses are
no longer distingulished from each other, |
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APPENDIX



_ : m Pepartment of Eduecation has preseribed

; m regquirements of the Grade X1I Chemistry
_MMmtwy eourse, mm the framework of this
requirenent it is your responsibility to select
wisely, in order to meet the needs of y@ar particular
ﬁimﬁm the individual and dememstration experi-
ments tha% wﬁ}. constitute vour lam%ry COUrge,

« tammry work is of :&ittie va&w 4f 4t
'fails to elarify problems encountered by the stmt
"in the course of his regular chemisiry elasses.
‘Where possible, & generalization should develop from
the laborstory exercise. The exercise should reguire
mental effort on the part of the student, mot merely
manipulation. Close guidance may defeat thig mgim—-
‘ments In order to mﬁz&m g balance between
and individual effort it is sdvisable t@ Mgm each
experiment with 2 clacs discussion. During this
diseussion the student is encouraged to mggex% means
by whieh the purpose of the experiment mg be achieved,
Be should, in most cases, be sble te suggest the
apparatus assembly that wil}. be necessary f@r the
development of the experiment, He should be ahle to
- suggest some of the polntes at 1&&5’!’. for which he
will be on the alert, When the experiment is begun
it would be wise for the mm@r m move about
: room to advise on mechanieal procedures; these
are of secondary importance snd s&w}.& not ‘im ;mr-
mitted to befog the maln issuves, FPartuny throug
the experiment it mey be wise to stop proe
a brief diseussion on the observations. Thig is
partienlarly important if the experiment does not
proceed as expected, Interim eminsim may be
developed at this stage. Reporte should be written
up as the experiment proceeds, Each sﬁaﬁwt should
‘be encouraged to insert a blank sheet at the end of
each experimental report onthich he should state
extre conelusions. These may mﬁm@ ;iaﬁ.ﬁitims of
new terms that he has encountered, relevant cbrerva-
ti@ﬁa that have not been touched e&a by the menual,
d explanations. He must be encouraged to razmr%
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honestly wvhet he observes, even 31f it is not what either
he or hie instructor expected, If the time permitted
he would normally check his findings by repeating the
experiment, Since this is often impractical he should
gtate in his Extra Conciusions what he expected to get,
and, where possible, he should discuss the probable
causes of his devialion, If this plan is followed

there is opportunity for individual initistive and -
133 likelihood of 'eockebock' performance in %be la‘bat-

, The instrueter will note that in each prepar
ation the student is ex : * ey
Common Apparatus Assemblies, and fmﬁ ?sis knowledge of
the chemieal reaction and the properties of the sub-
gtances involved, to deduce the pro yer amimat he
will need to mmﬁlﬁ. This may be developed during
¢lass discussion, with the possibility of mia%i&m
from the Eﬂgg&ﬁ‘h&é emimment,

It will be further noted that gw&mi mwio
ments consist of sections whieh pmham.y can not all
be performed in one laboratory periocd. These may be
done in different pm.a&s, and, in effeet, rate as
geparate experiments, e
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TO THE STUDENT

- Your laboratory ‘work prov1des ‘you w1th the
.opportunlty of developing within yourself some of the
characteristics of the scientist: complete honesty and
accurate, 1ntelllgent appraisal of your ﬂlndlngs. Honesty
means not only that you must refrain from eopying, it
‘means alos that you will not let your knowledge of
what to expect interfere with your. observations, Report
what you find-even if you think it .is wrong, BUT use a
blank sheet as the last page of your repart,on which . :
to explain what you expected to get,why you expected 1t e
and perhaps why. your results are. dlfferent._lhls; S
critical appraisal may. be the most 1mpoxtant art
your. report.:‘ / SIRRRRS
Some peoPle are more., srt -
than are others;try to develop this
“Having made a number -of obse
often pOSSlblG to draw certain. -genere. _
from them. This is the chief value of maxrng observetlons:
to learn some principle from then :
To make sure that yo
accurate write it as you do ]
later dates :
~ In order to arrive at ‘a succeesful conelus1on
to a 1aboretory experiment:
.. 1., Make sure that you understand clearly What
the purpose of the experiment 1s,'a1o do not lose -
sight of. thls. Prepare yourself by reading for under-
standlng any theory or deseription thpt has a bearlng
on’ the experimental problem.. . o
; v 2. Do not deviate from.the 1nstruct10ns of the
experlment without first consulting your 1netructar,>; o
dangerous unfareseen situctions might srise. S
- 3. Even when working with a partner take a . -
pereonal part in the experlment Be alert “Be self r :
reliant.

bort is honest and
perlment not et eome

4. Report your: work 1mmed1utely,even if only .
in a rough form. , , S
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GENERAL LABORATCRY PRTCAUTIONS

Eguipment

l. Apparatus and surroundings should be kevpt clean.
Before using any apparatus be sure it is clean.

2. When finished with your equipment dismantle it,
wash it,sort it out,and return it to your instructor.

. “eave your workbench clean and tidy.

Reagents ’

l. Reagent bottles must not be kept at your desk.
Return them to their proper place as soon as you are
finished with them.

2. Unused reagents must not be poured back into
reagent bottles. For this reszson € Xercise care in
measuring out just enough reagent for use.

3. Use small quantities of reagents as s pecified.

4. While bouring reagents keep the stopper of the
reagent bottle between your fingers;do not place it
on the table to become contaminated., Replace it when
you are finished.

5. Solid reagents may be poureda onto a pisce of
clean paper,and from the Paper intc the test tube or
flask.

6. Read labels carefully.

7. Do not mix reagents other than as swmpsrified
common x»eagents improperly mixed may result in very
harmful reactions. There can be danger in a labo atory
if you hunt for it. '

8. Never mix reagents so thst the open containsr is
directed towards you or another person.

9. Handling acids:

(a) lonoentrated Acids :(especially sulshuric acid)
1f the containsr intoc which the strong acid is being ‘
poured is wet,add. the acid slowly,swirling the contents
as you do so. wnough heat might otherwise be generated
80 thet the steam from it could blow the contents out
of the container. NEVER POUR WATZR INTO CUNCENTRATZD
SULFHURIC ACID;ALWAYS MIX BY POUPING THE ACID SLOWLY .
INTO THE WATER WITH CONST:NT STIERING OR SWIRLING.

b) Heating Acids: Especizlly with concenizated
acids,it is wise to place the acid container into an
empty sandbat or other metal dish and then to heat the
dish. If the container sho.ld ¢rack you are not so
likely to te spattcred with concenirated hot acid.

(c) Spill: Wipe up gny spills immediztely with a
wet rag. If you get zcid on your skin rinse it off with
blenty of cold water. IFf it is concentrated acid you
may follow this up with a risne of sodium bicarbonate
soluticn.(The instructar will have this handy) .

“ .

s
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If you suspsct that you have acid on your clothing soak
the spot with sodium bicarbonate solution until there
is no more fizzing. Strong bases like sodium hydroxide
should be washed off with water,then neutralized with
boracic acid solution.

(10) Never bring.your nose close to the opening of
a container to smell the fumes. Rather,waft them towards
your nose with your open hand. :

Waste Materials

1. Liquid wastes may be run down t he s1nk. Strong
acids particularly should be flushed down with copious
amounts of water,so that they may be diluted to a
harmless concentratlon in the plumbing.

2. So0lid wasies should be emptied into the crock
provided.

3. Sinks should be kept free of papers,splinters,
or any other solid wastes

General Techniques
l. When nct using a burner keep it turemd low.
2. Never leave g bunsen burner under a reaction
or under & boiling solution when you must leave your
experiment unattended.

LABORATORY TECHNIQUES

Boiling

1.In a_text tube: Use a gentle non-luminous Ilame.
Avoid heating the portion of the tube above the liquid
“level. lMake sure the outside of the test tube is dry.
Hold the test tube with a test tube holder or a
folded strip of paper.Pass it through the f lame back
and forth at an angle so that the flame strikes it
from the side rather than from directly undernenth.:
When it starts to boil wait upgtil the frothing subsides
before again passing it through the flame.

2. In large contalners Use thin-walled vesaels,
dry on the outside. eakers flasks,etc. are placed on
a wire gauze held on a ring stand. VUse a gentle non-
luminous flame. No boiling vessel should be left
unattended. "o not boil to dryness,and avoia direct
flames agalnst the part of the vessle above the liquid
level. Lo prevent bumplng,esp601ally where the ligquid
depth is considerabvle,place in the liquid small pieces
of porous earthenware,or short lengths of capillary -
tubing.
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Filtering

¥old the filter paper into quarters. Upen it to
make = paper cone. €it the cone into the filter funnel.
If it is not a close fit adjust your £old. Unless
otherwise instructed,wet the filter paper so that it
clings to the funnel walls. ‘he fewer alr s paces there
are between %paper énd walls . the more rapid your filt -
ering will be;there should be no air spaces re:ching
from top to bottom of your filter paper. If possible
let your solution 'stand to settle,and drain off the
clewr liquid into the filter first:;this is called
decanting. Wash the solid portions in last. Never let
the solution level in the funnel rise above the.. edge.
of the filter papser.
Measuring Volumes
: A liquid has a curved surface or meniscus,usuzlly
higher at the edges thzn at the centre. Always measure
from the bottom (i.e.g¢entre) of the meniscus. Take
readings with the instrument at eye-level,since
errors will result from reading at a slant. “oarse
mezsurements of large volumes can be made by means of
grdduated cylinders. More precise measurments can b
made either by means of = pipette or a burette. '

When using a pipette suck at the tog opening to
draw the liquid into the instrument well past the
uppermost calibration. ‘hen quickly place the thumb
or finger over the top opening. By admitting air past
the thumb the exact amount of liquid can be run out.
If a harmful liquid is being mess.red it should be
drawn into the pipette by meams of a rubber bulb.

When using a burette fi.l it with liquid well .
above the top calibration. ®ee that there is no liquid
- on the outside to drip down. ‘hen run out enough liquid

to £ill the tip or nozzle both above and below the clamp

or tap. Adjust the clamp so that no. liquid is levking
out of the nozzle. Now adjust the liguid level in the
burette so that the meniscus is at the zero calibration.

You are now ready to deliver any exact volume of liquid.

In most pipettes or burettes the calibrations do
not extend to the bottom. In such cases do not drzin
the liquid past the lower calibration. Suppose that the
bottom calibration reads 10 ml. This means that you
have run off 10 mls. when the liquid level has dropped
from the zero mark to the 10 ml. mark;eny liquid below
this level is not to be delivered. :
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Weighing

Since the nature and delicacy of balances will
vary,your instructor will demonstrate the proper use
of the balance in your laboratory. In general

1. Never place hot objects on the balance pzn.

2. Protect the psns from water and active re-gert s,
Always use a weighed container or filter paper
on the pan to hold your sample to be weighed.

3. Always lower the balance pans on to their rests
?efore placing on them the object to be weighed.

4. "he object to be weighed should rest on the left pan.

Glass tubing
wiSH"QT32§T§§%i¥§§“%%%%£%. G¥?§% %hgc%agghaghgﬁg gg?ﬁtcht
one hand on ezch side of the scratch and with the thumbs
together at the scratch. Pull aad bend sideways at the
same time. .

2._To fire~polish: <he end of the glass tubing may
have a sharp edge. Hold it in & hot vlue flame while
rotating the tube until this edge melts down to a
smooth edge. : ‘

3. To make_a_bend: Use a fish-tail top to spread
the hot blue flame of your burner. Hold the glass
tubing lengthwise in the flame so that about two inches

of it are heated at the samc time. The object is to

“heat it uniformly all over. To do this,reotate the

tubing between your fingers,at the same time moving
it back and forth lengthwise through ths flame. After
a while,by gentle sideways pressure test the glass
for softness,but do uot attempt to bend it while it
is in the flame. When it is soft remove it from the
flame and by gentle sideways pressure bend it slowly
to shape. If you bend too rzpidly,consentrate the
heat too much in one spot,or get the walls too soft,
the walls will collapse and make a bend whose inside
Giameter is flattened out. '

the tubing into the hole with a twisting motion.
Avoid holding the tubing so that you are pushing on
it directly from behind. If it should break the :
Jagged ends might cut your hand or arm. It is better
to grasp it from the side,or where possible to pull
on it. : o
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. COMMON APPARATUS ASSEMBLIES
Laboratory preparations usually involve two stages:
the generation and the collection of the substance. In
the majority of cases the substance involved is a gas.
Knowing what materials will be needed to generzte the
gas and what its physical properties a re,you should be
able to deduce which combination of apparatus would
serve the purpose. of preparing and collecting the gas.

GENERATORS :
‘T. If only solids are being hezted:
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3. If the reagents or procducts act on rubber:
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Common Aggaratus Assemblies

‘Collecting Devices
1.If the gas is insoluble in water
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2,1f the gas is soluble in water :
" Heavier than air Lighter than air
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3.If the gas is to be dry
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4.1If a noxious or unpleasant gas is to be collected with-
out using a fume hood the following method of collection
may be employed:(e.g. sulphur dioxide,ghlorine).

From Geveyalor Note: he 2-«holed stopper
// Robley fubes, should fit loosely.When
/ [ aohaled steppet the eollecting bottle is
L e iectn g Be tile o full it cen then be read- -
' ily replaced by an empty
bottle..

~TRAP: For 809 it should
contain water. For Clp i

may contain either stro ng
sodium thiosulphate solution
or strong NaOH solution.

TO INSERT GLASS TUBING INTO A RUBBER STOPEPER,WET BOTH,

GENTLY FORCE TUBING INTO STOPPER WITH A TWISTING MDTION.
GRASP TUBING FROM THE SIDE,TO AVOID CUTS IF LHE TUBING

SHOULD ACCIDENTALIXTBRFAK.
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PRE LIMINARY EXERCISES

1. THE BUNSEN BURNER , :
Apparatus and Materials: Bunsen burner, porcelain didh, Lo
crucible tongs, splinters,cardboard. : m

Procedure: Examine all parts of the burner,dismantling
where possible. ®lean them while they are apart and
reaasemble. Make a cross-sectional diagram of the bumner.
Turn on the gas and light the "DIAGRAM
burner. Manipulate the air vents

and the . justment at the base of the
burner (er the gas tap), to discover
the effect of each on the nature

of the flame. ~

l.How do you adjust the height of a

flame?c-..olC'ooount,ol.\'..ooloocc‘

0‘..'5..00’....00.0.-0.nocoiobuoloooﬁ

2.How do you make a.yellowv(luminbus)

flame?".'v...‘..l.'.’.l.."..Q»....‘...".'...‘I‘.'..l‘ll'
3.How do you make a gentle blue £lame?eeeesveeesien..
4. How do you make a very hot blue flame?....,;;;.;,

otccuuooooncocacohotolc-o‘ibbt'houooctn‘oto'oc..oo’,.,o.ao.

Open the air vents and hold a flame near them. .
The gas inside will catch fire and burn at the bottom
of the burner: This happens most often when the vents
are wide open and reflected heat from some objeect ove
the burner heats the burner. It is called 'striking
back', It is harmful;turn off the gas whenever this
happens,let cool,and light again-

5.How can you4tell by sound,shape,or colour of flame
whether a burner has struck back? '

"‘Q.l..’.’.‘l‘....l.0.II"CO‘I'.‘.‘.“"'0"..".0..f.“l._ll..‘l'l‘.

By means o tongs holdjafcold pofcelaiﬁ»dish.over
the tip of a luminous flame;then try it with a non- ‘
luminous (blue) flame. S L
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6. What kind of flame iS5 S00LYPervcerceranennansnanas
7. Whigh kind of flame is a reducing flame,and why?

Aajust to a gcntle blue flame. Thrust a spllnter
or pieca of heavy cardboard across the base of the . '
flame and remove before it catches fire.(If it catches
fire drop it into the sink). Note whether there is more
scorchlng zt the edge than at the centre. Repeat, hold- :
ing the spllnter higher in the flame. ,

8. Which is the hottest part of a flame,

The tip OI' the base?"f'o-‘cvo-.nﬁo-ot’o"l‘iyoolooc'f‘icl"

The inSide OI' the edge?-‘.....‘-.-.---..o'....-o»-'.(

TDETLRMINING THE DENSITY OF WATER

Apparatus and Materials: Balance sma 11 beaker(50 150ml . )
pipette,water.

Procedure: Weigh a clean and perfectly dry small beaker
as accmrately as your balances permit. Measure into it
15 ml.(pipette) of water and weigh agsin.

1. Weight of watér and beaker..ceeeeesen _ gms’.

2. Weight of empty ATy DEAKET . eeevrsens. ' gms)_;
3. Volume of water ( as measureéd) «.e... mls.

4. Density of water (Weight + volume)... gms./ml;

5. What factors could affect your answer?

PREPARING AWD SEPARATING A PRuCIPITﬁTE

3

Discugsion: A precipitate 1s & finely lelded solid
formed by chemical action in solution. Tnis is a

practice in laboratory techniques;:refer closely to

the sheets on Laboratory Techniques. The follow1ng

steps are taken by the analyst when he wishes to
determine the concentratlon of sulghuric acid in a sample.
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6. What kind of flame is sooty?.....;...;........;.;.
7. Whigh kind of flame is a reducing flame,and why?

AaJust to a guntle blue flame. Thrust a splinter
or piecs of heavy cardboard across the base of the
flame and remove before it catches fire.(If it catches
fire drop it into the sink). Note whether there is more
scorching at the edge than at the centre. Repeat,hold-
ing the splinter higher in the flame.

8. Which is the hottest part of a flame,

The tip or the base?... S iiieaeeiineeineniareananes

2.DETLRMINING TH: DENSITY OF WATER

Apparatus and Msterials: Balance,small beaker(50-150ml. )
pipette,water.

Procedure: Weigh a clean and perfectly dry small beaker
as accmnrately as your balances permit. Measure into it
15 ml. (plp@tte? water and welgh agsin. .

1. Weight of water and beakeT...eesavsss gums.
2. Weight of empty dry beaker......eieas gums .
3. Volume of water ( as measured) e.eee. mls.
4. Density of Wafer (Weight # volume)... gms./ml.k

5. What factors could affect your answer?

LK B R I AN I B B B I R T Y IR B B AR S B IR I SR T Y 8 5 00 006 00 E e e b

PREPARING AND SWPARATING A PRECIPITATE.

Discussion: A precipitate is a finely d1v1ded solid
formed by chemical action in solution. This is a

practice in laboratory techniques;refer closely to

the sheets on Laboratory Techniques. The following

steps are taken by the analyst when he wishes to

determine the concentration of sulphuric acid in a sample.




1.
2.

;3.‘
4.

5.

6.
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Weight of dish =and precipitate...... ceee gms .
Weight of dish alone........ tere i neene gms .
(If you have not the weight already, '
empty and clean the dish,warm it to make

sure it is dry,cool it,and weigh.)

Weight of precipitate ...ccecvee. oo .. gms .

Percent of sulphate radical in the ppte.,,, %
(Obtain the sztomic weights and work this

from the formula),
Weight of sulphate radical in your ppte.,, gms

From the formula of sulphuric acid calculate
the weight of sulphuric acid thatl would
contain 1 gram of sulphate radical...eecco. gms

Knowing the weight of sulphate radical in
your precipitate,and the weighv of sulphuric
acid that would contain L gm. »f sulphate
radical,calculate the weight of sulphuric
acid that must have provided the sulphate of

your precipitate..veeecaererocicocensannosne gms .

Knowing that you used 10 m.. of acid sample,
calculate the percentage sirength Bf the '
sample.(I.e. Weight of acid in 100 ml. sample)

e v e 0 o000

%




_ - 107 -
Nam ...C.'....v'll.l‘........O...Class.'...‘Date.'.".‘.

*

SULPIIUR: Preparation of 1ts allotropes.
Chemical properties.

Discussion: Sulphur,like oxygen,carbon,phosphorus,and

other elements,can exist in several different forms (in
the same state) called allotropes. These allotropes differ
in the physical properties and in the energy they contain.
They are different arrangements of the same atoms. A

(a) Preparation of the allotropes of sulphur,
Apparatus and Magterials: est tubes (use old ones),funnel,

filter paper,beaker,powdered sulphur,carbon disulphide,
watch glass,magnifying glass. L
Proeedure: : :

Rhoombic Sulphur (below 96.6°C)

4n a dry test tube place as much powdered sulphur as
will rest on the end of a small knife blade. Pour on it
roughly one-third test tube of carbon disulphide and
shake well. CAUTION: CARBONDISULPHIDE IS INFLAMMABIE AND
POISONOUS. KEEP IT AWAY FROM FLAMES. Filter through dry
filter paper into a watch glass. lay a piece of paper
over the watch glass and set it sside to evaporate,away
from flames. When evaporation is complete observe the
crystals (under a magnifying glass if they are very small.)
In the space provided make a diagram of the crystals and
state their colour. :

Monoclinic Sulphur ( above 96.6°C)

Fill a dry test tube half full of powdered sulphur.
Have a dry filter paper folded ready. Melt the sulphur
very slowly. During the melting the tube should be about
3 inches above the tip of a gentle flame and inclined at
about 45°. Rotate the tube and shake constantly until the
melting is complete. During the heating the sulphur should
be of the consistency of water and should remain of an
amber colour. When it is melted,pour the contents of the
tube into the folded filter paper held by its edge (or
placed dry inside the filter funnel).Watch the sulphur as
it cools. As soon as crystals form on the surface,from the
edge towards the centre of the sulphur,pour the still
unmelted portion into a beaker of cold water(to be discarded).
Unfold the paper immediately and study the crystalline
forms with a magnifying glass. In the space provided make
a diagram of the crystals and state their colour. :
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Amorphous sulphur

Use the same test tube as you used for monoelinic
sulphur. Agzin half-fill it with sulphur,and heat strongly

until it boils.Observe ¢ losely the changes
consistency as the temperature rises. Pour
liquid into a bezker of cold water at once

in colour end
the boliing
Do not be alarmed

if the boiling liquig catches fire,but do not let it purn,
as the fumes are unpleasant;extinguish with water).Remove

the sulphur from the beaker and examine it

- In the space

Provided make a diagram of some gmorphous sulphur;describe
its colour and consistency. , , :
Diagram of Diagram of Diagram of =
Rhombic Sulphur lMoncelinic Sulphur Amorphous Sulphur
Colour:........ Colour:.......... Colour:..........

{b) Chemical Conguect:

Consistency.......

Burn a vVery small amount of sulphur in a spoon or on

the base of g ring stand.

li COlOuI‘ Of the flame e A T T S L& 8 0 ¢ 8 40 0 * 5 s 0 0 0
2. Odour of the 8285 ovenonnnn. P e e ettt
5‘ Formula Of the ga s $ON 2900009 00060800 000ennces ® e 0090400000

Using the same test tube gs before ,melt and bring

to 2 boil about one-third test tube of sul
of copper turnings or caopper foil into the
The coprer should turn red-hot as it unite

4' EquatiOI’j..u oooooo ‘n"oonoo nnnnnnn ;onofi-o
5. Is this an example of combustion?......
6. v]hy?. L Y ..""" * T 0 e ¢ e 5 @ o ’; .‘..‘ LA ] '.’ ..

Oo"..t.o'actdocuocno aaaaaa M

Phur. Drop strips
boiling sulphur.
8 with the sulphur..

A R I R

7. Sulphur is like what other element chemically?........
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SULPHUR DIOXIDE: Laboratory Preparation
Properties

Discussion: This gas is used in refrigeration,prsserving
food,fumigating,bleaching straws and paper,and in the
manufacture of sulphuric acid. Commercially it is prepared
by burning sulphur or sulphide cres. In the laboratory it
is made eithér by the action of a dilute acid on &
sulphite salt or by ths action of concentrated sulphuric
acid on copper. o

~£a) Laboratory Preparation

Apparatus and Materials: Lhe gas does not act on rubber.

Study the sheset on Common Apparatus Assemblies. and ¢hoos
the gorrect generator.fhe ggg is very soTu%ie 1nnwa er ag

is heavier than air. Since the odour of it is ochoking
take care to collect it so that little escapes.Choose

the collecting assembly to connect to your generator that
will serve to trap escaping gases.

Procedures: Set up the apparatus you have found necessary.
Be sure that you have three or four dry collecting botiles
and cover glasses. As each will be filled you will cover
it with a cover glass and set it aside for testing. Now
place about half a test tube of sodium sulphite into

the flask,and add about half a test tube of wager to
cover the bottom of the thistle tube. Add concen trated
HC1l through ths this tle tube when ready to collect. If

the reaction is slow,heat gently. Pass the gas through
each collecting bottle for several minutes in order that
you can assume it to be filled with sulphur dioxide.

1.‘Equationi_."....’..‘.Ql.'.'Q‘lI..“OI../.b.‘.‘.’."Q. ‘‘‘‘‘ ) .‘O...:
2.Colour of gas,....{ﬁ.,..f.. 3. Odour of gaSeceecrnvess

4{Densityl...“"‘...'...."."
(b) Testing the properties of sulphur dioxide.

Apparétus and Materials: Large beaker of water,blue litmus
paper,weak pot. permanganate solution,blade of green grass,
splinter,hydrogen peroxide,barium chloride solution.

- Procedurs: Upend one of your samples in the large beaker
of water. Let stand,shaking at intervals. After a while
test the solution with blue litmus paper.

l.1s the gas ﬁery soluble?......s...2.1s this a chemical
OraphySiCal Change?iﬂiloiinfOCO‘-fff30EquationoonuoloooIo’ltol.

4-Nam60f the acid prOduCGd-....‘...-.r-.-o.v.... ------- L}
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5.Can sulphur dioxide be called an anhydride?e..........

GQWhy?..ooaoaoccooo-o---a-aaoooocoo-co-oocc;oonooo--oocuo
Into a second sample pour some weak pot.permen gandte
solution. Describe the colour change.

LR A B A A A A R R I I T T T O N T T S S S

Sulphur dioxide or sulphurous acid bleach by
reduction,i.e. by removing oxygen from the dye to render
it colourless. his is in contrast to the bleaching action
of chlorine or'hydrogen peroxide,which bleach by oxidation.
Try the bleaching action further by placing a moist
"green blade of grass in another bottle along with a moist
piece of paper with ink-writing on it. Let stand for
~a period. Deseribe any change.

7'!100’90...0..0ooc.obllboeaooac0.!..'.--.0.0.00"00.-0.

Into a third sample thrust a burning splinter.

8.P0oes sulphur dioxide burn?.......9.Support combustion?.....
To your fourth sample of sulphur dioxide add & bit
of water and shake.

lO.Whét is formed?.e.vevsesoeonase.To this add about a
third-test~-tube of hydrogen reroxide solution and shake.

llOWhat happens?-a......'.aoco,..-12'.Equation..................
Now add a few drops of barium chloride solution

and a few drops of hydrochloric acid. This is a test for

the sulphate ion.

120What do yOu notice?'o-aoona‘no-oc-c-ofcoooo-aconnoo-.

13.What have FoU SHOWRT . e roeroneeneensenenennnsnennnenns

Name
.noo..o'o_oc.n.oco...aobb‘OBé.&sSo-oo"\C'Date'ltoQQOOO.

SULPHURIC ACID:  Preparatisn
Propertics

Discussion: Sulphuric acid is. the most important commercisl
aclid. Besides being = strong acid,when concentrated it is
also a powerful dehydrating and oxidizing agent. It has

a high boiling point. Many acids are made by heating
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their salts with concentrated sulphuric acid. When such
reactions are heated the acid to be prepared is boiled
off,but the sulphuric acid is not. Sulphuric acid generates
'@ great deal of heat when mixed with water.CAUTION: CONC. .
SULPHURIC ACID IS VERY HARMFUL TO THE SKIN OR (L OTHING.
WATER MUST NEVER BE POURED INTO CONCEN TRATED SULPHURIC
ACID;IF THE ACID MUST BE DILUTED POUR THE ACID SLOWLY
INTO THE WATER WITH CONSTANT STIRRING.Some care must als o
be exercised when pouring the acid into wet containers;

do this at arms length. Remember that strong acids on skin
or clothing should be washed off,then treated with sodium
bicarbonate solution till the fizzing stops.

‘(a) Preparation of sulphuric acid.

Commercially s ulphuric acid is prepared either by the
contact process or by the lead-chamber process. the
latter method will be demonstrated here.

Apparatus and Materials: Set up apparatus as for making
sulphur dioxide,but connect the delivery tube with a
short length of rubber tubing to a calcium chlorids
drying tube clamped horizontally to a ring g tand.The ,
other end of the drying tube is connected by rubber and
glass tubing to one hole of a two~hole stopper that

fits into the neck of a very dry and clean half-liter
flask.Study your sheets on Common Apparatus Assemblies.
You will also need sodium sulphite and conc. hydrochlorie
acid (to make the sulphur dioxide),and eonc. nitric acid,
(preferably some that is yellawish or reddish in colour).

Procedure: Into the very dry half-liter flask drop not
‘more than two or three drops of the conc. nitric acid.
Start your sulphur dioxide generator (see your experiment
on preparing sulphur dioxide),and pass into the flask a
slow stream of sulphur dioxide. At first reduish-brown
oxides of nitrogen are seen. Since there is some water

in the nitric acid the following reaction is occurring:

HZO + 2805 + 2HNOgz = 2HgS0, + NgOz

Now‘pass in just enough sulphur dioxide to make'the
- reddish brown colour disappear. If the flask is dry enough

a frostwork of white crystals forms over its inside walls..

Thgse are the "chamber crystals" of nitrosyl sulphuric =
acid. 'he following reaction has taken place: '

Hg0 + 2503 + B203 + Og = 2 H(NO)S04
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In the commercial process these crystals do not appear,
as there is enough steam to change them into sulphuric
acid and again liberate the brown oxides of nitrogen.

Add a few drops of water to the flask and shake. Watch
the crystals disappear with the formation of heat and a
re=-occurrence of the brown fumes. Now add about 50 ml. v
(graduate) of water and test for sulphuric acid by adding
a few drops of barium chloricde solution plus a few drops
of hydrochlpric acid. If a white precipitate forms
sulphuric acid¢ is indicated.

1.What is the purpose of the nitric acid?.........o000en
' 2.What is the formula of the DITOWD €2S%e.eveeevnecnnenns
3‘ stitaCa.talyst?-o--o--«,t‘4-W'hy?.o.-.-........-.-...
4.What is the formula for "chambervcrystals"?..........

5.Describe a test f'JI' Su:’.ph?».te ions.-oooO.'oOtooonfoooolo-
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£B) Properties of sulphuric acid.

Apparatus and Materisls: Eveporating cish,test tubes,
barium chlroide solution,sugar,coupper turnings,conc.
sulphuric acid. :

Procedure: Put about half a teaspoon of sugar (sucrose)
into the evaportaing cdish and moisten it thoroughly with
conc. sulphuric acid. Observe it for several minutes.

1.What changes are ObSEYVEC . seeeerrrrenerasvanvenannos
2.8ince sugar consists of C,H,and O,what does the residue
consist of?.‘."..‘....l...&l'.l."."0'."0.-.“...‘0“..

3-‘Vhat haS been the action Of the aCid?.....-.u-..c-s...

L I B B S R R Y B A A IR R I I A B I B AN 2 A B R S I I A R A S R S T S R

To half a test tube of water add conc. sulphuric
acid slowly in small amounts,with constant shaking or
stirring. Feel the sides of the tube.

4. ‘vlla.t iS Observed?onoa'on.o‘t'otocooto'r;co--'oo.rrd'o‘o“l‘to‘
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Place a small ball of copper turnings in each of
two test tubes. To one add half an inch of dilute
sulphuric =zcid. ' :

5' Any ni)ticea‘ble reaction?.v.ll'?'.l.“‘,‘I..'O."QOVO.QCQQ

6. Why would this be eXpected?.eeesesusreroceoasrannnns .

L A A N R R R R I A A I R R I I R R R R A R N A R R I *

~To the other test tube add half an inch of conec.
sulphuric acid and heat. Cautiously sniff the evolving

gas. After a minute of heating,flush the acid down the
sink,wash the copper turnings,ané sxamine them.

7. ﬁhat gas 18 evOlved? ceeecirietatirstocsncccacecronnesca
8. ﬁow has the coloﬁr of the copper changed?............
9. Why is this?e.eeieererenreneconnenss ettt vee
lO.Equation....,...... ...... e et e tnes s eesenessen cees

11.What has been the action of the sulphuric acid?....

LR LI A A BN I B 3N B B AN B I BN IR BN B AN B R B B I I Y IR I B B R A 2 R N T N I S T R S A S S S S S

Name
.‘l'.l.‘o.'..‘ IIIIIII ..Qooclass.lotncl Date.-oino-a.o

AMMONTIA Preparation
Properties

Discussion: Commercially ammonia is prepared by the
aper process or by the destructive distillation 2f coal.
In the laboratory it is prepared by heating any ammonium

(NH4) salt with any base. # double replacment occurs yield-
ing "ammonium hydroxide;this 1is quite unstable and breaks

down to form ammonia and water. A water solution of it,

called aqua ammonia or ammonia watir, contains NHS moleci ulk s,

Ho0 molecules, NH,4OH molecules,NHy ions,and OH"ions. Such

a2 solution is a weak base.
(a) Preparztion :

From the foymula for ammonia gas calculate the weight
of 22.4 liters. e weight of 22.4 liters at S.T.P. of dir

is 29 gms. approximately. The weight of ammonia is more .

or less than Water...........,....rThe gas is soluble im
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water. You will make it by heating together solid asmmonium -
chloride and 4mmo} solid calcium hydroxide.One of the
products will be water.Determine from this and the Common
Apparatus Assemblies the equipment you will use.

1l BQuationeeee et ritininrirenenncscannnceSeceneocnocnss .

Fromthe equation calculate the weights of ammonium
chloride and calcium hydroxide needed to make about two
liters of ammonia. *he weights are

2.Ammonium chloride..........gms. 3.Calcium hydroxide......gms.

Weigh out approximately on the rough balance,and
Place . in the pyrex test tube of your apparatus.®rrange
the delivery tube with a short rubber join so that it can
be directed up or down. When not collecting gas have the
end of the delivery tube just touching the surface of wder
in a beaker.Heat gently and collect four samples.

B &L o s o € o1 b & e
(Note:Ammonium chloride fumes sometimes contaminate
the sample and may affect its colour.) :
While awaiting testing and during testing the samples
must be kept mouth downward. Why?..eeeesecocarsscsonnsss
(b) Testing the Properties of smmonia.

Apparatus and Materials: Your gas sambles,splinter,large
beaker with water,litmus paper,ecnc. HC1.

Procedure: Lower an inverted buttle of ammonia into the
beaker of water and remove cover glass. Bhake gently anc
let stand for a while. Slip cover glass over the mouth of
the bottle,remove bottle and contents,and test the
contents with litmus paper.

lCIS the gas very Suluble?. e & & ¢ & 9 8 6 0 0 0 4 P e O e ‘l LI I B B AN 2 B e
2.1Is this a chemical- or physical change?..eeecieesavoons
3'Equation..".‘.‘-.....Ql..."..l.'....’.l..'l" """" s »

4.Is the solution acidic Oor basic?.eeeriveesnceossensen
Into a secund sample,keecping the mouth o the bottle
downward,insert a burning splinter. :

5.Does the gas burn?..eevevecs.6.8upport combustion®........

Place a few drops of conc. HC1l into an empty dry
bottle.Roll the bottle until thei inside is covered with
the acid. Cover it with a cover glass and turn it upside
down upon a covercd sample of ammonia. Remove both plates
at once an¢ keep the mouths of the boettles together.
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7. What G0 YOU MOLICEDunnaeenceennnnennnerrenneennness
8.EQUation.coecocreenceocsssesanc..{underline product)
9.In which bottle should there be the most visible
Change?eeeococraneecs LOTNY?ceronnonoceesaroonnssosnnens

oc.c.:oa-cuaoa.oco-o.vua.anpno-o--neoa--onoooo--oo-oco-o

(Consider Grahem's Law of Diffusion of Gases.)

Nam oonr,rnaooooa-u-'w-eqonanclassvaoocaO_:Date;cat-ouo
NITRXIC ACID: Preparation ’ :
Pronartieg
Test for Nitrates
xidation-Recduction.

Discussion: Acids contain ha sdrogen which may be replaced.

Some oxvgen acids,howsver, will under the proper conditions

liberate their oxygen rather than their hydrogen. Then

they may be said %o be oxidizing agent.Such substances

are at times a,Lﬂﬂyat himes uLl”lZlng agents (particularly

if therc is present g vsducing agent that teskes on uxygen
is such an egcid. It has a low

e with rubbsr. It is unstabls,

down to form the brown gas nitrogen

boiling point. I%
on he¢3¢"g treaking
dioxice.

Qo
[
;‘J

Preparation of Wiitric Acid.
Apparaius arnd mq+e¢, 2heets on Common Apparatus
Assemblisce,romenbsril thzt nitric acld asts on rubber.
Rough ud;aHCo,g thuu anJel,gl ass 1o¢.s00ilum nitrate;
(or KNOz),conc. sulapuxlc acid.
Procedure: Set up ths apparatus as planned. Before clamp-
ing the weitort »nut inio by means of a paper funnel about
15 gms.(rough balance) of sodium nitrate. Run in 12 nl.

U

approximat TV(gradu &) of conc. sulphuric acid,using a
funnel. In both casses sce that the materilals do not enter
the sids arm of the rsiort. Complets assembly of your
apparatus ag planned. Healt geutly by passing the £ lame
back and forth under the sanaoatw 17 ths fumes become

reddisl,slow your heati rgoWhen ou have at least an inch
of nitric acid in your vecseiving test tubs remove flame
and let cool. When cocl %o the hand,first pour any remain-
ing acid from the ““*ﬁ“i into the sink,keeping the water
tap runring meanwhila. Then cautiously run water into the
retort,varm ove: ‘ to dissclve nontents,and flush
down the sink. CfUer :BOTH NITRIC ACID AND SULPHURIC ACID
ARE VERY.COHROSIVEn HANDLE WITH CARE. WIFPT UP SPILLS

AT ONCE. ACIDS ON THE SXIN OR CLOTHING SHOUID BE WASHED
OFF WITH WATER.THEN WITH SODTITY BICARBONATE SOLUTION.

':S‘
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1.What is the colour of the liquid collected?...covecececsn

2-ACCOunt fOI‘ this COlOur....‘..........-...... ----- ¢ s 08000

3;Equétion for the formation first of nitric oxide,then
of nitrogen dioxide. _

" 4.Equation for laboratory preparation of nitric acid....
5.Why is sulphuric 2cCid USEA? .ttt eeeeeeroennnnronconosse
6.Why must the heating be gentle?}.....;..;;....;.......

. 7.What is the solid left in the retort?.cveeseeeeeeen.,.

(v)_Properties of Nitric Acid
Apparatus and Materials: Your sample of nitriec acid,test
tubes,pieces of zine and copper the size of g pea or
smaller,porcelain dish,pipe-clay triangle,ring stand,

sawdust, dilute HCl,ammonium hydroxide.
Procedure: Place a pinch of sawdust in a porcelaind ish
supported by the pipe-clay triangle on a ring stand.

Heat until the sawdust smoulders (from above if necessary).
Cautiously pour on a few drops of your sample acid.

1.What hap_penS?o.. 4.0 06 0 0 e s 00 s e o0

LA AL O I I R I I I S T SO SRR
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2.What property of nitric acid is exhibited?

§

oo-.on’;'o.oaoaoc9,.c..-.-rco'-occooo‘a.concoo.o--caq.----tcc..

S.What do you conclude about the stzability of nitric acid?

.O.’Q.I‘.Ql..!!I..'OC.Olo'll0'.“CDOIODOIDQQIOQDIQO.IOQ

. By means of a glass rod carefully place on your
thumbnail a very small drop of the sample nitric acid.
Allow it to remain a few seconds,then r inse off.Add a drop

of ammonium hydroxide to the same spot in the same manner.

Repeat,asing conc.HC1l on another part of the thumbnail.
4.Describe any colour changeS..........

l...l.l’.........!’l..lonoyl-.'.'lclﬂt.!.l)..‘t-.......n'.ol




fitric acid=-3
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This is a test for proteins that is frequently used.
Put a small piece of zinc in a test tube and pour
on it about one-quarter inch of your sample acid. Note if
the gas burns..
5.What gas would you expect when an acid acts on zinc?.......

6¢Explain your resultSvclooooooblno'ooo.anoc.o.o‘o.onao-.

L R R I I I I R A I I I R R R I N I I I I N A S S RO 2 6 a0 50 08 0.0

Repeat the above with a small piece of copper .
7. Con51der1ng that copper is below hydrogen in the electxo—
chemical series explaln the reaction that occurs

voabv.oooqooqo.nanoc-opp-00-0-..-o.a.lacooloooooo-oa-onu

"0!....'.I.Q.....oi..'l....O.vOCOODOIOODOOOI..C'IOQ’OODQ
8.%What is the formula of the Brown gas?..... i,

(c) Test for the Nitrate Ion

Apparatus and Materials: Conc. sulphuric acid,ferrous
sulphate,any nitrate as a sample,test tubes, beaker.
Procedure: Make about one-third test tube of a saturated
solution of ferrous sulphate.Add to it a few drops of
a strong solution of your nitrate sample. In another
test tube pour about half an inch of conc, sulphuric -
acid.(CAUTION). Cool both solutions under the tep or in
a beaker of cold water.Hold the sulphuric acid test tube
in a beaker of cold water,as much at a slant as possible.
Carefully run down its inner side the ferrous sulphste+
nitrate solution,avoiding stirring or mixing of the two
solutions. Keep it under cold water for a few minutes.

L1 WNat 18 ODSETVEA T ¢t v ot v oo evenoesosoessesesceneronaneess
(d) Oxidation-Reduction. :

Remember that Loss of Electrons is Oxidation = LEO

Zn° + 287,503 = zn?™, ¢ NO3 + HS
1.What has been ox1dlzed and why° cecevecieenacrtasanr e
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2.What has been reducpa and why”..........4;........;...'

3.Which is the o0xidizing agent . cesiseiineeriocacneenest
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. Namecn'ctuocttvon'boll0ooao.t’onAl.tcclass'-loch.ate-ﬂovonao_o",oo’

BOYLES LAW: To prove that the volume of a given quantity of
gas 1s inversely proportional to the pressure,provided the
temperature is maintained constant.

Discussion: Whenever two quantities are inversely
proportional to each other it can be shown that their
product is constant. ‘his experiment will attempt to
show that the volume of a given guantity of gas times
the pressure at which it exists will be equal to any
other volume of the same gas times whatever pressure
the second volume exists at. I.e. P1V] = PoVo

Apparatus and Materials: Hydrometer jar or other deep
-vessel,burette,meter stick,barometer,pipette,beaker.
Procedure: v :
The given quantity of gas will be the air contained
in the burette when it is inverted over water in the :
hydrometer jar. The pressure on it is made to change
by thrusting the burette down into the water,so that the
res%%re 1n%reases a% more and morg¢ water outgide the
uretie rests_above the water level (meniscus) inside
the burette. In this manner thé volume oOf the given

quantity of gas will be made to change slightly.
First note the position of the clamp on the
rubber nozzle of the burette with ink,and make sure that
it does not leak by thrusting the burette down in the
water and noting whether the liquid level inside remains
z cons tant.Do not shift the position of the clamp hereafter.
% Now measure the capacity of the burette between the clamp
and the nearest culibrations by filling this space with
water from a pipette ;(be sure to let any water on the
inside wall of the burette drain d own before adding more.)
Note the volume delivered by the pipette.tmpty the burett e.
Set the hydrometer jar into an empty pneumatic
trough and fill it with water. Invert the burette,open
the clamp,and push the burette down until the inside
water level is just at the zero mark of the burette
calibrations.(Always read levels from the lowest part
of the meniscus.) Close the clamp,and again make sure
it does not leak.Do not touch it from here on.

Obtain the barometer reading,and the aqueous vapour
pressure for the room temm rature from your instructor.
Calculate the volume and pressure of the gas when the
burette im in such a position that the water level both
inside and outside touch the zero mark of the calibrations.
A Now thrust the burette as far down in the water
as it will go. The water inside the burette will have risen

- slightly above the zero mark. Determine to the tenth of
a ml. how much it has risen by reading the calibrations.
Subtract this from the first volume in order to obtain
the present,second volume. Measure the depth of the inside




Boyles Law-:

water level below the ouLs1de water level accurately 1n
mn.To'do.this shift the. burette, inside the hydrometer.jar
to the side,and hold the meter stick alongside it but out-
side. the hydrameter Jar.;The total pressure willibe the
barometer pressure (in mm.. of mercury) plus the pressure
of the depth of water. just measured {in mm. of water.)
Mercury - weighs 13.6 times as much as water. Cal@ulate
what:column of mercury would exert the same pressure as
the depth of the water just measured. “ad this to.the.
barometer readlng to obtaln the total second pressure.

.........

§ l Barometer pressure (1n ym. of mercury) .,..Q.,........
| 2 AQueous vaour pressure...;..,;..;...;;;;.;E;;:;::;:;.
3. Vl..........,...a.,...;.. 4. Pl........;.;..if;ii;;i;
5. Plvl.....;;.....;..a........;;.;;..;..;.;..L‘ii;fﬁifl*

‘6o»V2(=V1 - rise of water in bﬁrétte).;......;.;i.ii.i.
7;Débthrbf\inSide water level below outside..........mm.
8.Equ1valenu of this in mercury..;...;....7..;.;;;;:vﬁm.
g. Pg( =P] + water prescure in terms of meréury)...;.;,mm.

10. PQVg......;......,..,.,.......;..;.......;,.;,...,,r

v e -1E the ;moduchS/Plvl an Pngfare\anrgxlmately
thhln on§ g t*of each o%h ; )

r:yo
, C uvhave
iy hou d amalyze y@ur,tez
othér gttempt, 1nordcr

P grcent, error}L@ggﬁgifferencéwbe¢Waenwthe two _products

éi&'@é@;gby:.-?lvl , the result. multzplled DY.100) seesrsases
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N&mec...;-........‘...........Class.’.'......Date....'...

GRAHAMS LAW OF DIFFUSION: The rates of diffusion of gases
is inversely proportional to the square roots of their
densities,temperature remaining constant.

Discussion: In the case of gases the densitices are
approxima:ely equivalent to their molecular weights.
When two quantities are inversely proportional their
products have a econstant value. Thus,if rates of diffusion
are 4,D, for the two gases respectively,and their molecular
peights are w,W,rgsg&ctivel ,then dVw = DVW . If the gases
ave mole cular weights of %2 and 4 respectively,to find
how many times as fast the first gas diffuses as the seomnd
find d4/D,whish equals VW/\VW = V&/v32 = .38 times as fast.
Apparatus and Materials: Dry glass tube approximately
12-18 mm. in diametsr(s-2 inch),and 15-20 inches long;
meter stick,absorbent cotton, conc. HCl,cone NH,4O0H.
Progedure: When HCl fumes anc NHz fumes(from the ammonium
hydroxide) diffuse and meet,a white solid (smoke) forms.

lEquationeee.veeeeanes tesiesnsaieececans cescsssenavens

: To avoid this smoke do not bring together the
two gases at your desk.Place one-quarter inch of tle HC1
and the ammonium hyiroxide in separate stoppered test
tubes;do not open near each other,or the smoke will form.
Place the glass tube flat on the table. Make two cotton
plugs that will fit the ends of the tube.lMoisten one with
conc. HCl,anu the other with conc. ammonium hydroxide.
Introduce the two plugs into the ends of the glass tube
at the same time. Watch the tube for the appearance of
a white ring where the two gases meet after diffusion.
lieasure the distance of this ring from either end.

2. Distance diffused: HCl...;.....;Q;.mm; NHzevooeoo .mm.
3‘ Ca}c"late MOl‘\‘VtSO Hel-_- ------ ae e e NHS--...;- .m

4. Calculate dVW for HCl...........,for NHzouvuuuanannnn
These two prod.cts should be egual. '

5.Percentage error (Diff. betweesn products x 100)=...... %
dvw for HCL '
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Discussion: This may be done as a demonstration experiment.
One mole (or gram molecular weight) of a gas occupies
22.4 liters at S.T.P. The molecular weight of the gas is
expressed by the sams number as the weight in the mole.In
order_to determine the molecul r weight of carbon dioxide:
l.Prepare and collect some dry gas in a flask.
2.0btain the weight of this gas.
3.0btain the volume of this gas by filling the same flask
with water and weighing.(One gm. water= one ml.)
4.Determine what this volume would be at S.T.P.
5. Calculate what 22.4 liters of the gas weigh at S.T.P.
6.The number expressing the weight in grams is the Mol.Wt.

Apparatus and Materials:Apparatus for generating and
drying carbon dioxide, (see Common Apparatus Assemblies:
make the carbon dioxide by the action of HCl on nerble
chips oxr chalk);thermometur,barometer,balance,as large

a thin-walled flask as will fit you: balance pans,two-
holed stopper to fit,glass tubing,rubver joints,clanps:
for the rubber tubing. _ '

Procedure: Equip the clean,dry flask with & two-holed
stopper carrying one tube that extends very nearly to

the bottom of the flask,and a delivery tube that does

not project below the stopper.(See Sommon Apparatus
Assemblies:collecting a noxious gas;the tubing is arranged
as for the collecting bottle in this case.).Attach a short
piece of rubber tubing to each glass tube and put 2 screw

+clamp on each rubber tube.Weigh the flask and its attachments.

The CO2 generator is next set up with its
delivery tube attached to a calcium chloride drying tube
clamped horizontally to a second ring stand. The other
enéd of the drying tube is attached by glass tubing to
the rubber join of the longer glass tube in thes flask.
Both clamps of the flask are opened.

' CO, is now gensrated and the dry gas allowed
to pass through the flask for at Least five minutes.This
is to assure that all the air has been swept out of the
flask. Close the clsmps,detach the flask from the arying
" tube,and weigh flask and attachments,now containing 002.-

Obtain the room temper-turs (C°) and the
barometer pressure.

Attach a funnel to the longer glass tubing of
the flask.Upen both clamps and through the funnel fill
the flask completély with water (there must be no air
bubbles.).DO NOT MOVE THE RUBBER STOPFER AT ANY T IME.
Dry the outside of the flask.Weigh flask and attachments,
now filled with water. ‘
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1.Wt. of flask 2 41 B U -gms.
2.Wt. Of £1a5K and COZuuurrvnsrnsunennnrnnnnsnnnn... gus .
3.Wt. of flask and water.......;. ........ v....;......gms.
4.Temperature........ooovvusne... Cerereann ceeeeann .o
5.Pressure (bzrometer Teading)eceseecenaennnn. .o am. Hg,

Calculations:

L.Wt. of flask without 8iTee.veveevnoennnnn... ce s QWS
The approximate volume of your flask is
stamped on it;subtract 1.29 gms.for each liter
of air contszined.)

2.Wt. of water,and therefore volume of flasK........ml.
(Subtract wt. of flask alone,from wt.of
flask+ water.)

3.Calculate volume of flask(or of CO5) at S.T.P.

4.Wt. of COg (Subtract Wt. of flask.

from Wt. of flask+CO2)...euueruununnnnernsuann,.. gms.

You now know the weight and the volume of a
given quantity of carbon dioxide.
S.Calculate weight of 22.4 1L(22,400 ml.)

of carbon dioxide at S.T.P....evuu... B . gms .
6.Experimentally determined molecular weight......... .
The correct molecular weight of COg

® o 00000 29 683002095802 00000080060000P0s060800 o.oooct‘-o.mlo‘

7.Percentage error (Diff. between Mol .Wt. found and 44 x100)

44

LA B I B I I I T T I S SR G

8.Can you suggest any sources of error?
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TO DETEONINE THE FORWULA OF TIN OXiTh

Discussion: A fommula is a recipe of a molecule in terms

of atoms. thus,if we know that a molecule of steam contains

two & toms of hydrogen and one atom of oxygen we can write
the formula(or recipe) of its molecule as HoO. In our
laboratory we cannot find the number of atoms of each
element in a compound directly.It is comparatively easy
however to get the percentage composition by weight of
the compound. This tells us the weight. of each element’

for every 100 gms. of compound,but not the number of atoms.

From this we can deduce the ratio between the atoms of
the elements involved.for example,suppose the elements
X and Y form the compound XY so that there is 50% of
each in the compound. Voes this mean that there will be
the s ame number of atoms of X as of Y in the molecule?
No,because it might h.ppen that the atoms of X each weigh
twice as much as the atoms of Y. lhen,in order to have
equal weights of the two elements we would need only
half as many atoms of X as of Y. We could say then that
the formula is XY¥g,but it would need to be remembersd
that the correct formula might be X;gY¥sg,or Xsg¥ag,ete.
What we have determined is the simp%es% formula only.
This is what will be attempticd in this experiment.
Apparatus and Materials: Small crucible,balance,clay
triangle,tongs,burner,ring s tand,mossy or sheet tin,
conc. nitric acid. '

Procedure: Weigh a clean crucible accurately.Place in

it about 2 gms. of tin and weigh again. Place the crucible

on a pipe clay triangle on the ringstand. Add nitric acid
drop by drop until no more brown fumes come off.You may
have to break up small particles with a stirring rod.Mow
heat,gently at first to avoid spattering,then strongly

until no more brown fumes appear. +he tin nitrate formed
at first has broken down into tin oxide,nitric oxide gas,

and steam. #llow the crucible to cool,then weigh.Calculate

the weight of oxygen that has combined with the tin,then
find the percent of each element in ths compound .from
these data calculate the simplest formula.

l'vvt' of CrUCih&e +'.ting--'o‘--pn---o....-o-..--.c---;ngo

2.v¥rt. Of empty CruCiblE‘ L - o LI I AN L B A R I I ) -v L] . - ;,. . 0 .ngo
3.Wt. Of tin alone......... e e
4.Wt. of crucible + tin 0Xid€+eerununsnnnn. teeeaas.gUS,

5.Wt. of oxygen that combined with the tin........gms.
(Subtract item 1 above from item 4) .
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GOTNtQ Of tin OXide. ooooo o'oooo ” % o 2 & QI.I'QO..'Q'O‘..,Ing.
7.Percent of tin in the 0Xideeiceeeiineenresrsnscnsoesdh
8‘Percent of OXygen in the OXide LAY SR 2 LR R O I I I I I R s e -%

9.Divide the percents by the atomic weights of each element
to get the relative number of atoms:

(a) Percent of tin in oxide:# 119+ev.ienee-veenasnean.

(b) Percent of O0xygen inoXide # 16.eveceeeonnencnonns

10.8implest whole number ratio of the above(divide both
by the smaller):

vesss.satoms of tin for every........atoms of oxygen.
ll‘j‘ormula of tin Oxidelltﬁﬂ'ioilh. O,!\ICCD;IC.“...‘_J tv.’d_‘ﬁlooo

12.Why cannot we use the weights directly as subseripts
to write the formula? , :

,.----’-.‘y'.‘-‘-ooo‘.o--n--nrro--o-~-o-oo-n,ua-(onalo_o_oo‘ooDn.'

13. Why did we divide percents by atomic weights?

c-o‘oionu-i.’og.'o-oocoquo~n-wa-'o.-Dcﬁoco'-._-,o-}on_.qq_oo.o-ooc-

14.Why do our results not give exact whole-number ratios?

o-:qaogb-qiud'iict-.ncaoo-oo-.oo---ou.co--lqoqoa-noo'obo

15.Is our formula necessarily the correct one? Why?

.ooqo&ouiﬁca.-‘aa-;-nvonucno.ooc.-n.--.v;ooqpq-qo.ooocuo.

t..looi'--iqﬁnvi-ot-bc-.-o'cco.-'n-ob-ooapcp-no-o.t-.-oo

16.In order to make sure that our formulsa was the correct
one,not merely the simplest,what further informstion
would we need? .

'Q-l‘tl'ol."0’.00.0.0‘{0.0I..Clv.lll"l.llllﬁ,!,l,"b}t,ﬁ..,"'.Ol
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Name--.-.-.-iii-i:---c¢.o.--Class......uo.oD&th.--.»-“'

Different sections

SOLUTIONS Factors affecting solution will need to be done
Hydrated and anhydrous salts in different periods.
Types of aqueous solutions.

Digcussion: A solution is a homogeneous mixture of two
substances,the one in excess being called the solvent and
the other the solute. The solubility of a substance is
megsured by the wei ght of it that will dissolve in a
given Weight(usually 160 gms.) of water or other solvent.
True solution is a physical change,but we also s peak of
zinc dissolving in sulphuric acid when it disappears due
to chemical change;this is not trusc solution. Even when

a solute no longer appears to be dissolving,the chemist
assumes that it is still dissolving but that this is just
matched by the rate of dissolved material settling back
"on to it. BEven in true solutions there may be a mild
chemical a ction in which some water attaches itself to
solute molecules to form hydrated salts. Such an action
is accompanied by heat called the Heat of Hydration.

(2) Factors affecting solution:

~Apparatus and Materisls: Ring stend and ring,wire gauze,
burner,beaker,test tubes,thermometer,balance,mor tar and
restle,sodium chloride,iron filings,pot.nitrate,pot.
dichromate,iodine,alcohol,chloroform.
Procedure: Tc separate each half full o water add
approximately equal amounts {ones~-quarter inch in bottom
of test tubeY of the following finely divided materials;
shake,and note which dissolve and which ao not.

l.What factor affects solubility inthis case?....ecvusves

LR B A AR I T I I Y A T I I A T I A TR R N R BER R S MR A M R R R S R L R S R I S EY R I

Add 2 or 3 crystals of iodine to three test tubes
each conteining about an inch of alcohol,chloroform,and
water respectively. Shake and note signs of dissolving.

2.What factor affects the solubility inthis czse?.......

Select two lumps of pot. dichromate of about equal
size. Grind one to a fine powder in the mortar anu pestle.
Place both intest tubes nearly full of water.Shake each
for the same length of time and let stand for the same
length of time.Observe which has dissolved the -most.

S @ 6. ¢ 2 8 B s 9 s 0 0 e s v o0 o s s s 0

3.What factor affects the solubility in this case?......

R R N N I O B A A A A R I I A I B
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Grind to a powder a small samount of pot.dichromate
in a mortar andpestle. Place equal amounts (about half
an inch) in separate test tubes each about two-thirds full
of water. lake sure that all conditions in the two cases
are alike,except that the one test tube is shsken
vigorously.Observe which has dissolved the most.

4.What factor affects solubility in this case?.........

LA SRR PR LT O i B O B N N IR I R O I I R L I R N o e N O e I T N R I R S N N S N )

Weigh out roughly 12 gms. of fine sodium chloride
and divide it into four piles of approximately 3 gms.
each. Pour 25 ml.(graduate) of watsr into a test tube.
To this water add one pile of socium chloride at a time
with vigor ous shaking,making sure that eacli pile has
disappeared before another is addsd.When no more dissolves
the sodution is saturated. You may not nced to use all =
the piles. Repect in another test tube,using roughly
60 gms. of pot. nitrate civideda into four pilss of 15 gms.
each. Water temperature shouid be the sams ir each case
and should be deternined. by thermometer.

B. Water temperature. c.e.eeeeeseneenanens RN
Colculate the solubility of each salt in
100 ml. of water.From solubility tables in the
text determine what the solubilities should be. Now place
the test tubes with their saturated solutions in a beaker
of water and bring it to a boil. Continue to add portions
of each solute as before until each solution is again
saturated at the boiling point. Again compare with the
data of the solubility fables. _ . '
: Sodium chloride Pot.Nitrate
6.Solubility at.....CO ceeseenssvenaen .

® 5.9 0.9 0.0 v .0 0.

7.50lubility at the above _
temperature,from TableSeicieer et vieironen . covovnseoce

8-SOlubllity at lOOOC ® e 2.0 0 0.0 2 n.s..0 -,ra.o’qo. * e e 8. .00 e

9.80lubility at the above , :
temperature,from tables +iveeevveeansnsa eresernane

11.How does temperature gffect the solubility ..........
12.Doee temperature affect solubility of different salts
in the same WayT..iert ittt itseserenntarscesesesnssnenne
13.Define a saturéted SEo PR o) o R P

.._.v‘..Q‘\,....'Q.l",'l.l..l'D.‘.OOCQOIQ«O.-.QO...IIIQ,QDOQ.OQHIO».rQ
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Let both solutions cool under the tap.
13.Which solute is more soluble at room temper ture?.......s..

14.Whet kind of solution have you after co0ling?.eeccavrinnane

(b) Hydrated and anhydrous salts.

Discussion: Some salts have attached to their mOlGCIleS
several molecules of water. They are called hydrated salts,
and the water is called water of crystallization since
‘without it their crystals crumble to a powder. Many
hydrated salts cling to their water of crystallization
firmly,but others lose it slowly even at normal conditions.
Apparatus ana Materials:Watch glasses,porcelaindish,

c?ay triangle,ring stend,mortar and pestle washing soda,
bluestone,sodium thicsulphate,anhydrous calcium chloride.
Procedure: On separate watch glasses expouse to the air
crystals of washing soda Nag(COz.l0Hp0,bluestone CuSO4.5H20,
sodium thiosulphate Nag8903.5Ho0. Compare these at the

end of the period with similar samples set out the

day before.(INSTRUCTOK NOTE).

1.Which salts become powdery at the surface?........eses
2.Why ?o-o-o-v ...... 10'0'-oooo'ooo--toc-o-ocucc--.ocavaocn

S.What is this phenomenon called?...cviirieereeosneonssos

: Powder some bluestone with a martar and pestle,
and heat it strongly in a porcelaind ish. Let cool
observe,then add a few drops of water. -

4. What Changes OCCUT D e e vt vt teanerseeosoonnossasccnnans
.me?...l'.l‘...l.‘.'.‘.3.".."‘....'.'.'."...’.‘.....

6.1s this efflorescence?. ,.....‘Jhyo...................

» . Some. anhydrous salts will at normal conditions
take on moisture from the air to be come v151bly wet. Place
a piece of anhydrous calcium chloride in a watch glass
for the rest of the period and compare it with a sample
previously set out by the instructor.(INSTRUCTOR NOTH).
7.What name is given to this phenomenon?..............,;..
8.This happehs with any very soluble salt.Bxylain why.

LA A A A A A I I R R R E R E TS

LA A A A A I I I T I I S I O R O S T S Y




&

et ot e SN AP

- 128 -

(e) Types of solutions.

e 8 e e .

‘Apparatus and Materials: Test tube,Sodium.thiosulphate,burnerm

rocedure: Fill a clean dry test tube about one-quarter
full of sodium thiosulphate crystals. Make sure that no

crystals cling to the inside walls. Add not more than
five drops of water. feat gently until the thiosulphate
dissolves. At first the liguid will be whiteish,then it
will turn clesr. Do not heat beyond this stage. Stopper

loosely with a piece of paper and cool under the tap.
Now add a smzll crystal of thiosulphate;observe changes,
and feel the side of the test t.ube.

l.What kind of a solution was this?..csveevseorerrncecnne
2.What are properties of such a solution?......ccvvueune

LI I I U B I O U PE I IO I I INC I T I IR T T S I I B L I O B 2 R 2L N Y TR Y N R N

3.What
4.Given séturated,unséturafed,and supersaturatédisolutibhs,
how coula you tell them apart by 2 simple test?

LI I K U I N I B I B A B A IR B ) LR I A I R N B A IR N B I A R I I I '}

LR I R I I I O I I I I S R A A S B I I B NI S TS S SR S S I N S S SN ST S S N

e,

Name---..’......_-....-.-o...-,..Class.....-..Uateu......

kind of solution is it after crystallization fingshes?

‘THE EFFECT OF CONCENTRATION ON BOILING POINT OF SOLUTIONS

7
|
|

Discusgion:'One mole of a non-volatile non-electrolyte
in 1000 gms. of water,or any solution of these proportions,
will have a boiling point 0.52°9C higher than that of pure

water at standard pressure. One mole (gram rolecilar weight)

of any substance contains a dgginite number of particles
(Avogadro's Number= 6.06 x 10°° mclecules).Thus the B.P
rise depends on the number of particles,not on their

.size or weight. A mole of an electrolyte will repr.sent
" the same number of molecules,but since these ionize,it

will repvresent a greater tctal numbsr of particles (ions),

.and will consequently have a greater effect on the B.P.

Apparatus and Materials: Thermometer (onc-tenth degree
preferred),anhydrous calcium chloride,sucrose,ring s tand
and clamps,large pyrex test tube,balance,small pieces.
of earthenware or capillary tubing.
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Procedure: If an ordinary thermometer is used estimate
the temperature as accurately as you can to the nearest
quarter of a degree.Clamp the large test tube in a vertical
position. Pour into it 20 ml.(graduate) of water.Mark the
level of the water on the test tube either with ink or

a piece of tape;as water boils away keep adding water

"~ to keep it at this level.Hang a thermometer by a loop of
wire from & clamp so that the bulb is in the middle of
the water and not touching the sides. To keep the water
from bumping while being boiled put in a few small pieces
of porous earthenware or capillary tubing. Very gently
‘boil the water. Note exactly the boiling point of water.

1.Boiling point of water..... . Seseseanns ceen.aCO
Weigh out aceurately 20 gms. of ca101um chloride.
-Remove burnsr and thermometsr to add the 20 gms. to the
water in the test tube.Mark the new liquid level,and
maintain it by adding water if necessary. Heat gently
with shaking until the salt has dissolved. Bring to a
gentle boil and again note the exact boiling point.

2.Boillng point of calcium chloride 501utions.eesss...C®
Empty and clean the test tube.Repeat using this
time 60 gms. of sucrose.

3.B0111ng point of sucrose so0lutioNececevecsvasocsneasC®
From the formulae of the solutes calculate what

one mole is in exch case;then calculate how many moles

per liter (1000 gms) water you have.

Rise of B.P.Found Moles per Liter

Calcium chloride

ooo-o.'-.onuocg ® 0 02 00 00000585000

Sucrose ...O'QQ....OD‘CO‘ ""l."ﬂil.“l‘kl.‘.‘l
4.Calculate how many degrees the boiling point sBiould

have risen for your sucrose solution(see Discussion)......C®

5.8imilarly claculate what the rise in B.P.’should have
been for calcium chloride solution if it behaved like

Suf!I‘OSG.......-"‘...oc.-CO\ ) ! . . o )
6'»Jhy iS it different?OOA-c.‘no‘.o ----- e vae e s s rascer e ay

7.Considering how each molecule ionizes,what should be
the theoretical rise in B.P. for calclum chloxlde.......c

8.1f your experimental findings show less than this,how
could you acecount for this other than by experlmental error?

LR A R A e I A R B A I R I L I I T T P
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~JIONIZATION: Conduct1v1Ly in solution
Strength of acids.

(2) Conductivity

Dlsou531on. .Some substances,called electrolytes,in solution
conduct electrlclty,underg01ng at the same time a chemical
change called electrolysig.lt is believed that their
molecules in solution break up into charged particles
called ions.These obtain their charge by a transfer of
electrons.

in solution

Apparatus and Materials: Conductivity apparatus of the
same principlé as in the diagram,several clean beakers,
aistilled water,dilute solutions of :glycerin,ethyl
alcohol,sucrose,sulphuric acid,hydrochloric acid,acetic
acid, sodlum hydroy1de ammonium hydroxi de,sodium dhlorlde.
Procedu;e Clean the two wires or eleﬂtroaes After each
test rinse them in water.Do not touch them when the apparatus
is connected to the current source. Use ZRN

the same depth of solution for all testsg. (
Place your sample in the beaker,plug in
the conductivity .pparatus,and ssi it o
the beaker so that the elecirodes are

immersed in the solution.lf the solution™

conducts electricity it
across the gap between t
the circuit is completed,
lights up.if the solutio
conductor,the bulb will

leads

and

n is a

“

will

currant
ths electrodses, \

the bulb
poor
net glow

L

as brigh%tly. Record your data.

s Bquation(if Bny)

Substance Conductivity ZIoni

Dist. water cvsoesveoaso G eosococceeasneeer s enessen
Glycerin evcoaccsosan e P RPN
Ethyl alcohol ....c..conns R T S
Sucrose b e rooen o ea P

Sulphurlc acid
HC1 :
Acetic acid

@ @0 0 v 2 80 0

a s 206 a0 8 0 o

o ¢ o L A L B Y IO N RN S Y T S ST IR Y
e o n L R A I I A N R T I I I Y )

e ¢ o LR I I A N I I S S I IR I I I Y S B R I

Sodium hydroxide - ......

Ammonium hydroxide

1.What classes of substances. are

# % & 0% POV OB a e Aas YO0 E I SO 00 8 0 OO 2B G & D

2.What evidence did you notice of el

L]

PR o 6 e a8

*» ¢ o0

# % o s B 4 007 EQ R D G S e s e 0 0P O 8 0O B s e AT O DO S B

e

a

¢k ctrolytes?. e ecenn’

O v e e 8 8 s 8 2 e s 0 e e s e ee

ctrolysis?

# 0 & » & 8 c 0 & @ 2N s g e oo

3.What kind of valencs holds together electrolyte molecules?

4 & % % B s 293 s 2P e eI L NSO S A0 DB QC DO 8 OO0 0 QU O GO & S AD S S AL e VS S 2P
4.Whet is meant by this kind of valence?

@ @ %4008 a0 9200 e P AN @B A2 QLN GP VOO N ENC O N A0S N OO0 ST AN S NG AEEES S
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5.Why are some electrolytes poor conductors?....eecevee.
6.What ions are found in every acid?....ec..Bas6?cecesvess

(g) Strength of Acids.
Apparatus and Materials: As before,but use conc.HC1.
Procedure: Into a dry beaker pour some oonc.HCl and test
Its conductivity as in part (&).If your laboratory acid
is not very strong use glacial acetic acid. Now pour out
half your :sample,refilling,with stirring, with water to
the former level. Again determine the conductivity.

1.If your conc. acid was s trong enough not to contain
water,what would you have exXPecteG?.......ecnrenvecsecsnsss

2-\!vhy?--cna!n-.oo‘¢ocac.oo.}-gnoqo.,--..o--a_-ogpscocnpgp_cop

3.In your experixsnt,which Lad lhie better conductivity,
the. concentrated or the dilute solution?..cveceorossssos
Acid molecules break up into ions.In concentrated
solutions these ions are near each other,can meet easily
and change back into molscules. In dilute solutions they
are farther apart and are not so likely to change back
into molecules.
4. Which of the solutions would have the greater degree
Of 10NiZatioNT e caansoocorcecoraconoansasscnoeasnesnssnsoss
5.What makes a strong acid,the molecule or the ion
conCGntratio-n?aooanobqaae-nenaaco-b'oco--QOO-Aa,{c.».o,o,-'DA.
"6.Does a concentrated acid mean it is a strong acid?....ense
7'.Why?;o~a’c'ov- .0 €9 ¢ 9 P9I OO 0D O PO O %O R E O e -a-'on,-,-.o,n,n,-,thovo‘-01_.;-

®'® ¢ 88 ¢ €9 DO O SO OB GG SN 00 H I NSO E L KO A S O D 0. S S L SO0 AL S ST EE R P

R R R R A I R . I I B I e A T A R R Y I A Y SR I A IR R 2N I I I IR D O R 2% N ]
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TO SHOW THAT THE 10N DOLS NOT FEOENBL: THL ATOM

Discussion: An atom behaves essentially like the molecuke

of the element,whioh in turn has all the characteristics

we attribute to the element. Thus theccopper atom is

the same colour as copper metal.A solution of a compound

has no atoms,only molecules and ions.These are in a stake
of equilibrium,each changing into the other. In concentrated
solutions the proximity of ions to each other makes them
combine readily to form molecules,so these predominate.

In dilute solutions the ions are scattered so far apart

that the ion condition tends to prevail.Properties of
solutions are caused either by molecules or by ions.

- Apparatus and Materials: Test tubes,distilled water,

copper sulphate,copper chloride,copper bromide,sodium
sulphate,sodium chloride,sodium bromide,bunsen.

‘Procedure: Dissolve about ons-quarter of an inch of each
salt in a test tube in the least amount of water by heating.
Note colours of the solutions. Now fill each test tube

with distilled water and shake.Again note the colours.

Solution Lolour congen tratsd Colour Dilute
Copper sulphate e veiesaeaeoseeede U
Copper chloride cecreeeenaanas cone’ e
Copper bromide = ..... ittt s
Sodium sulphate .......; ....... et seevenesans ..'
Sodium chloride e Cereereiias F

- Sodium bromide s e titeeseesarnsaes  evescessesanss
1.In COnéentratedbsolution the colour is due tOeeevemsrnsans
2.In dilute solut-pms the colouf 16 AUE B0 evenmennaans
SfHow do you know the colour is not dus to negative ions?
R T
4.What ions are common to gll copper salts in dilute
S0LUbIONT e e e, ,..;......,..L...,..,,..‘..’
5.What is the colour of the copper L1002 e et eseeie s

6.How does it differ from the Cu atom?......vveereerann.

o-oon.-o’to-n-'co-‘o-o‘wc-oo-p‘o_o--o:'o'o--uvolcpow-.b»c-'-;ooumm
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TITRATION

Discussion: Accurate measuremen:t of the volumes of acid
and base involved in neutralization is called titration.
It is accomplished by means of burettes to an accuracy of
one drop or less. *he acid and base solutions are run
from burettes into a beaker until the exact point of
neutralization(the end-point) is indieated by a colour
change in an indicator (litmus,phenolpthalein etec.)in the
beaker. The ratio of the volumes irnvolved is determined.
If the strength of one were known,that of the other could
be calculated. ' :
Apparatus and Materials: Two burettes,clamps,stznd,beaker,
indicator,funnel,HCl solution,NaOH solution.
Procedure: Study Laboratory Technigques on manipulating
a bure tte.Thoroughly clean two burettes and clamp them
tc a stand.Rinse each burstte with a small amount of the
solution it is to contain;this is to assure that no wate
remains in it to dilute the sample later.See¢ that the
burettes do not leak,and that it is easy to deliver single
drops with them.Fill one with NaOH solution,the other
with HC1l solution.Run out enoughisolution in each case
to make sure that*t the burette *tin above and below the
clamp is full of liquid with no air bubbles.Refill burettes,
if necessary,to the zero calibration. Wipe off the outside
of the burettes.Run about 10 ml. of the NaOH solution into
a clean beaker containing 3-5 drops of indicator. Now
add HCl from the second burette until the colour is
changed by-addition of one drop-.this is the snd-point.
If you do not get it the first time,aca enocugh NaOH f rom
the first burette to meverse ths ¢ olour change,then add
HCl drop by drop until the endpoeint is reached. Now read
both burettes accurately to the nearest tenth ml.Repeat
until you have three clossly checking results. »
Base Burette Acid Bursette Acia Volume
Reading " Ml.Base used Reading Ml.Acid used ¢ Base Volume

lu----.. ® 8 4.2 ¢ 0 0.0 8 8.0 2 8 50 a2 ca @ v 5 D 8 @ o0 6 a e ® 2 0 0 8 8 00 e
2."". LI SN I I I I K I 2 9 & & 9 0 0 a 7 B B AR 0 & e 8 & « & & 5 0 2 8 e

30---.- ® 4 % e 62000 e s 0oe o e w ° LR N A I A ] LR A A A N )

Average AcCiG/Base TatiOoasessencenereeneinennesenasenns

(A1l suchccalculations shoula be taken to twod ecimals)
Your titration has chown that on the averége lml. of
base solution will react With «oeewuv... ..ml.acid solution.

Equation for the reaction..ovevieseorreonrioneriaranrecosanons
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CHLORINE Preparation
Properties

Discussion: Chlorine gas,even in small quantities,is
irritating and harmful to the respiratory tract. If fume
hoods are not available eéscaping fumes should be trapped,
and care must be exercised in the inhaling of fumes.
Chlorine is prepared in the laboratory by the oxidation
of hydrochloric acid. Any active oxidizing agent may be
used,but manganese dioxide is chosen because the rate of
its reaction can be more readily controlled.

a) Preparation

Apparatus and Materials: Chlorine is soluble in water .

and heavier than ai r.oee sheets on Common Apparatus

Assemblies and select the appropriate equipment. Since
its fumes are undesreable,arrange the collecting bottles

" with two-holed sto.pers and fume trap as illustrated

on these sheets. he fume trap should contain strong
sodium thiosulphate or NaOH solution.You also need;

4 collecting bottles with cover glasses,conc.HC1,MnOs.

- Procedures: Into the flask place roughly 15 gms. o
powdered MnOg and add about a test-tube full of conc.
HC1 through the thistle tube. Llhe initial reaction will
soon stop,and then the flask should be heated gently.Ilf
heated strongly the HC1l will boil off.When a sample '
bottle is full (as noted by its colour) exchange it for
an empty one and quickly cover it with a cover glass.

A rag dipped in ammonium hydroxide placed nearby will
tend to remove any escaping fumes.Collsct four samples,

l-Equation.. $ s 2ecesan s e sV e s s e e s s 0000000 es oro u‘-xo o’tp . ->o
2.0010111' Of the gaS?- LR R I R A e A X} QVO‘O.C.’."v‘.."‘....v.’l‘.'. .“OQUI.O

3.What impurities might be in your sample?.e.eeersrenes

~ {b) Properties

Apparatus and Materials: Large container with water, litmus
Paper,calcium carbide,antimony,powder,turpentine,evaporating
dish,tongs,filter paper. i ' '

Procedure: Invert one sample of chlorine in the container

of water;let stand,with occasional s haking. After 15

minutes slip cover under bottle,and remove bottle and
contents. Test with litmus paper.

l.Is chlorine Quite SOLUDLE?evsnuiomasiososnnnssonioneal
2.Is‘this a chemical change?a..;..gﬁ..s,lf so,give the

equationoAa-.-..o....-.\..’.‘;._..z.'.';;.6.’....;...v;;.{-‘..‘4..‘
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4.Why does chlorine recact with water?....iieiiiniennea,
fetesreseeniieracacasecsraeasenaesea..(be specific).
5.What change occurs on the Litmus?eeeeenneninnereeann,

S 4 R R R R R R
Heat a smalT amount of a timony powdér on the

handle of the tongs{or spatula) and sprinkle into a

second sample.

7.Describe what happenso.o,n..,;,,.,.6..q..¢............

8Bqua‘c"onnco-ovco-cnoouocooo;taoaootccoobbun.oa.looc»o.
Add sbout one=quarter inch of water to a third
sample and drop in a small lump of calcium carbide.

O WHATL A DDCTIS D e e o s oo cacnonsenoacsesaoononnasssaaenness
10.Bquation for calcium carbide acting on waterv.......

L I I - I I - B I B - O R R - S R T 2 I T S S-S S A S ST T ST T S S S Y

1l .Reaction between chlcrine and acetylene

@ 08 5 0 > 8 B A0 6B G0 0D 0 T.NO AN ERNDSGD N IE N E O E IO EA NS S s A s e e

£

12118 thiS an e.‘t‘(.at"ple Ox C‘Ombustio:{l?n-.-.o.-..o.........

150\{‘!’139 -.;-s';ocnn.nat«ao&wo@.#baoeeonaob;-oa....ooa..b-nl..
In an evaporating dish cautiously heat about a
tuaspoon of turpentins (if it catches fire,cover it with

a glass dish or plaie).By means of ton%s dlp in a piece
of filter paper and 1wmeé1atelyciro i nto another

sample of chlorines : ,
14.What B PDENS s o s e vovocassnoncoosunssssasassnosssseenson

15B‘\§\]—h37?1flaononncnovﬂaf"oa,toh.oeoaohobanoonanaoooo'oOODQOOC
16.With what element has chlorine a particular aifinity?

¢ e 6 ® 0N U DOAE 0T OG0 GG D0 B0 D6 0O 00 6 OO0 0 00 S 6 LB A0S SO 8 IN e R 0N e E S EOES

1,

17.What reactions have you demonsirated that depended

il

iy
F_P

on this

©

NiB YT conecasconococooosovnosnssasanansseancs
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Name..‘....;.;...a.........,...Class.,..Date;......,

HYDROCHLORIC ACID: Preparatlon
Properties
Dlscu551on, Hydrogen chloride gas is inactive,water
soluble,and heavier than a r. In solution it yields ut
ions to produce a strong acid.
(a)Preparation

Apparatus and Materials: See Common Apparatus Assemblies
for the preparation and collection of a heavy,socluble gas.
Beaker,dry test tubes with stoppers to fit,sodium chloride,
conc. sulphurlc acid,bunsen.
Procedure: Set up the apparatus. Place about 10 gms.(or
enough to cover the bottom of the flask to one-quarter
inch depth) of sodium chloride in the flask. Through the
thistle tube add about half a test tube of conc. sulphuic
acid. Place a test tube under the delivery tube so that

- the tube reaches to the bottom of the test tube. Now hedt

- gently until a reactionis noticed in the flask.Pass gas
into the test tube for & few minutes,then remove test
tube and stopper it. Repeat with a second test tube. Now
arrange the delivery tube so that it extends to just
above the surface of water (about hne test tube full)
in abeaker.Pass gas on to the surface of the water for
about five minutes.
1.EBQUAtIiOoN “ovesarrneacevessooronssononsonsosssanescansas
2.What is the general method of preparing most acids?

® e o9 o 0 6 0 o 5 8 @ 6 5 4 5 % € 8 B I 6 O A G 8 E S L SN G A EP S GG 0N oG ss

L L R R I R R N L N N I A R R A AR AL IR AR D L L D D 2 .

3. Why is sulphuric acid used,and why is it heatea‘P

. .
u.l"a.o'."‘ll‘cO.l...l.ho.oI...le..l.l."‘l..l.'...l‘

_)_£?2£§£m£§§ Note:These are the propertles of acids in general.
" Apparatus and Materials: Test tubes,meaicine dropper,ilitmus
paper,zinc and copper (size of a pea or smaller),copper
oxide,ammonium hydroxide,sodium carbonate,silver nitrate
solutlon nitric acid.

Procedure: Remove the st .pper from one test tube of sample
“and blow across it. .
1.0DEETVatiON. v v eneenseeesscaossssnsasiasosasssasasonas
Remove stopper from the second sample and 1nwert
test tube over water,with occasional shaklng

2.1s the .gas very s0iuble?..ceiveriernerirsononesavsnnss
3.How does this account for your observation in (1)°

e 8 8 06 6 0 4 0 &V 6 B P PO s a0 s s N0 e r e 6 8 05 ¥ P 8 4 8 0 L 69 I W S s e s e s a0

¢ 8 & 9 6 6 6 2 0 8 6 0 & P S S S A AN 8 8 e 03 e e &N s 8 6 6 0 08 a N o0 0 Fe s e o0 PR 00
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From now on use the HCl solution you have made in the
beaker. Take samples from it with the medicine dropper.
Place one drop in the palm of your hand,dilute with at
least an equal amount of walter,and taste it.

4.Tasteceesoeeecnonceiosonncocessasnsnssoseransoneessons

Un separate pieces of red and blue litmus paper .
"place drops of the HCL soluLlon.

BUEFEECE ON LitliliS v v vee s v annnnnnonsosensonsnsnsneoss
On separate small pieces of zinc and copper place
a drop of the HCl solution. Ubserve cclosely for a minute.

6.Which reacts With £16 80102 cveecorssoncucarnsnnancans

7 Equac:on...,q...o.,.a..ﬁocu.,,....,...................
8. in texms oTr the electrochemical series of metals

explain why there is a difference in the reactions......

ne‘--oco.}_ﬁ‘;:f-':nAn\.-,nnlc""1‘1‘:’!':'."‘"s-rl;~'\ﬁﬂ‘..,"h.@'nunto.oovo-n.o
Place a very few grains of black CuO in a quarter

inch of water in a test tube.Add an equal amount of the

HCl solution.Dc lLu grains diou.psar?Heat if necessary.

OB GUATION. s ooenvscoenseansassasocaseoanesssnessnssessss
10.1s there a difforsnses in the action of HCl on copper
and cuapric 0xide? . cecoscanon

. Tc a test tube add a few drops of ammonium hydroxide.
Dilute with half an inch of water. Drop in litmus paper.

11.%hat is the colour of the litmus?.......Why?......... ..
Add HCL solutiond rop by drop till the colour of
the litmus changes.What kind of reaction have you

illustydfed.e.nkouoeaoe'.eo‘.mo.uquat].OI’]e..naoa.--.....f...-...
On a very small pile of soaium carbonate on a piece
of parer place a drop o: HC) solubion.Observe.

]_B.Ob"S'GTV’atiOnona«.a.,pao,ua-.,--Equaulon»..-.....-.-.a....f-.
To an ingh of HCL solution in a test tube add a

few drops of silver niirate solution.

8 "k nneaoo1naoaonaunu-rbqud"),onnn«ooavecoan.ncto.
ter off ths precipitate. To the precipitate on
raper 4dd ammonium hydroxmde(about a test tube full)

i pl’e”"plta’u& SOlU.b 3] 11’] \‘[F’/_LOH‘?:‘n.ecoo--ononcoo
NOTE: The preceding two steps are a test for the chlorlde
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CHEMICAI;EQUILIBRIUM,

Discussion:In a typical chemical change,substances(reactants)
~act on each other to f orm new substances (products).This
is called the forward reaction. But the products,if left
together ,may react together and change back to the
reactanta. This is called the backward reaction. If the
two reactions are equal the resulf is chemical equilibrium,
and no noticsable change is observed. If we desire to
obtain the products we must slow down or prevent the
backward reaction. Then we have shifted the equilibrium

or brought the reaction to completion. To have a completed
reaction one of the products must be removed or isolated
as fast as it forms.To shift the equilibrium, one of the
reactions must be speeded up without changing its opposing
reaction.The result is more or less product,without

having achieved g completed reaction. Equilibrium may

be shifted by adding an excess of & reactant or a product.
Then the reaction speseds up in the direction that will
tend to remove this excess.

Apparatus and Materials: Test tubes,evaporating dish,
stirring rod,zias,wil.HCl,silver nitrate solution,
phenolpthalein solution,soaium hydroxide solution, -
ammonium hydroxide,ammonium chloride,medicine dropper.
Procedure: In a test tube add some dil.HC1l to a small
piece of =zinc.

lgEquation,.,; ..... R IR R TR
RN ISICH o= v o o R et ar e
3.5hould this tend to g0 t0 compPletion®. .ueue s onnrn..os
AWRY? vt eeenennnns : e e

In a test tﬁbé aad a.few drops of silver nitrate
solution to half an inch of dil.HC1.

b.Equation.....,o..;,obu,.,aaf..r.,..,.....,..,.........
6.0bservation....... b e e ceiees e
7.8houlé this tend to go to completion®. ..veineiinnennnn
ST o e, e

Place about a quarter test tube of dil. HEC1l in
an evaporating dish with a drop of phenolpthalein solution
as_indicator. Add NaOH solution drop by d rop until a faint
colour appears. Now aud HC1l drop by drop until the colour
just disappears. Taste the solution.
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Equilibrium-2

9.1onic equation.........................},............

lo.obselzvation;".l..'..ﬂ"...i.llll'._.l...".'ll'l..-l-
11.What are the smalle st particles that enter into

chemical reaction in this COSE e i vt tereecoeeensensesenss
12.5hould this tend to go to completion?.ee.veceveson...

130\!Vhy?-...-.Q....... ----- LA A N I I N R R

o'ooboooc-n'oonno'o.y-obvottoonoun--ouaooo-oi.-u-co.oo.

_Shifting the equilibrium: Consider the equilibrium

. NH,OH %z NED + OH-

If the backward reaction can be speeded up,there should

be less OH™ ions remaining in solution,and. their effect

on zn indicator should be less. The backwara reaction

can be speeded up by adding a great excess of one of the ions.
Add 2 drops of ammonium hydroxide to half a test

tube of water,then add one drop of phenolpthalein solution.

Divide the solution into two test tubes. To one of ths

samples add as much solid ammonium chloride as will

dissolve with shaking. Compare the ecolours.of the two

solutions. ' :

l4.Has the equilibrium been changed by adding the

BMMONIUI ChL 0T i0E T 4t v e oo seosoneeonneocansosssenennsssses

15'HOWdoyou know?..'"0‘...."...'.0.....0.‘.0..ll.l..
16.Which ion concentration has been lowered?

LA LA B B SR L L B A I I e R I I I I I N I S A S N 2 N TS T T S TS S S ST S S A Y

17.%hich ion was added that caused this shift in equilibrium?

Note thét when two electrolytes having the same ion
are mixed in solution the ionization of the one is reduced.
This is called the Common-Ion Effect. :




Name.ooototovninocl lllllll ‘o.l-vooClaSSO‘lvnlDatebcgoocc_n.

THE HALOGLN FAMILY: illustrating the Periodic Law.

Discussion: The periodic law states that properties of
~elements depend on their atomic number,but that the
properties repeat themselves at intervals called periods.
The result is that if elements are arranged in a series
according to their atomic numbers,at regular intervals
there occur elements that resemble preceding ones. In
the periodic classification these similar clements are
placed under each other to form a family. Their similarities
illustrate the periodic repetition of properties. But in
a family there is also a na iceable gradation of propertics.,
Thus,in the non-metal families the activity of the elemdnts
decreases as one procecds down the family. Such a :
gradation illustrates that in spite of periodic repetition
of properties these depend on,and change with,the atomic
numbers. This seriss of experiments will show the :
similarities and gradetion of properties of the halogens:
fluorine,chlorine,bromine,and iodine.

(a)Preparation
Apparatusaand Materials: Test tubes,sodium chloride,
sodium bromide,sodium iodide,manganese dioxide,core .HpS0,
Procedure: Fluorine is difficult to prepare and will not
be attempted in these experiments.

In a test tube mix a quarter inch each of

sodium chloride and mangsnese dioxide.Add an equal amount
of conc.Hg80, and heat gently.Carefully waft gas t o the nose.

o

l.051lour of gas...... Veereaen 2.0d0ur Of 82Se.vrsvnearss

3‘Equationl"0.ll.""lU..’.O'!Q.ll'.u.l.'.’l‘vtﬁllbt bbbbb .
Repeat the above,but use sodium bromide.

4.Colour of gas...... asevesss B5.0dour of gas....... Ceeses

6.hquationeen v, et er e es e ...

- JTodine is normally a solid. Repeat the above,
using sodium iodide.Hold the test tube almost horizontal,
and heat gently.Watch for deposits of iodine on the
cooler walls at the upper end of the test tube.

700010111' Of dGPOSitS--....-qo---.g"... ooooooooooo LRI 3R A AN

8.Equa‘tions...."‘..t.tl.OQ‘JOO.v'O‘OO"QQOOOOD‘IDO""OQl

oooooooooooo LI B I AR LR R AR I R A BRI B Y S T I I S LY

the halogens has been iilustrated?

LA A I e R R I I R B L R I B S R A B A B A B W Y
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_{b) Gradation of Properties

Apparatus and Materials: Test tubes,evaporating dish,
glass plate,wax,chlorine water,NaBr,Nal,carbon tetra-
chloride,Can;conc.H2804,dil.HN05,NH4OH,AgN05 solution.
Procedure: Dissolve about one~guarter inch of NaBr and
NaI,each in sc<parate test tubes,in half a test tube of
water.Add to each halkf an inch of chlorine water and ’
shake.Now add one-quarter inch of carbon tetrachloride,
shake vigorously,and let stand to settle.

l.observatiOH:...........'...’.‘.. -------- e et b e e e 0 s e
2.Which of the halogens is the most active..............
SCEquations'.'..-'.QOIG‘.O'I.‘hlb‘l.l...'QIIVQ'Q>OQI...‘OOYO'O1‘..00'.

LI I R A A A IR 6 0 a0 s 00 P s 00 s e e s a0 00 bes e e s s 0000000

4.Wny is carbon tetrachloride added?

5.Which would be more active,fluorine ocr iodine?........
6.Judging from the activity of the halogens,rank the
following compouncs in descending order of stability:

HIHFHClHBr..OQ.IQ'I‘ - l..‘.....“".."...'l'Cl".l..
7.Kecall how HC1 was made How could HBr be nmde?

Try it with small portions in a test tube.Note -
colour and odour of escaping gases.HBr has no colour.
Note if the odour of sulphur dioxide is present.

BObSGIvathnS R EEEEEEEE] 62 e 0600 6880 0990 .a-cono-- n-‘u‘noo
9. Conc. sulphuric acid is a good oxidizing agent ,while

HBr,being unstable,is a good reducing agent. Write equations
for the reactions thet prcvented you from meking pure HBr.

I R R R R A N I A S S A A B A S .ooooou.oo-otoo-nco-a

® 890 0606 004890 L] EEEEEEER LR B I S SRR S S S A S B B A BN | o s v 0 0

10 Could HF be made like H01° B 4 PP .
11.Could HI be made like HCLl?..oesceWhy?.veveoeoncnsnse
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Melt a small piece of wax on the surface of a glass
plate so that it forms a thin layer over the whole surface.
Scratch your initial through the wax. Place about half
g teaspoon of calcium fluoride in an evapa ating dish.

Wet it thoroughly with conc.Ho804,2na immeciately coverx
it with the glass plate,wax surface down. *Yo not sniff
the fumes,they are dangerous. Let stand till the end of
the period,or preferably for at least an hour. Heat the
glass plate to melt off wax. Examine ths plate for stching.

ISOEquatiOn formaking m‘..,QIO0.0.II.Ql‘......'Q"l.'...'

l4.Bquation for @tehing. .. ce eeteeeneeereereonesunonennes
, Place four test tubes in a rack. Into them place

4-5 drops of NaF ,NaCl,NaBr,Nal solutions respectively.

To each add about two inches of water.Tc each add 3-4

drops of silver nitrste solution.

15.In which solutions is there precipitation?

".!OPQIOCQQQIDDD..Q..'COVQOOOO ..... * & 9 7 B ® & % % % 8 e S A & s A
| 16 . Equations

'Oontvo..l.etlcb...colosnnoooa«.onloc'e-'oqnl.b.!..o.'i.o
LR A B N A O Y B I T I T S T S PO AR LA S N B A I I B R A B I B N O I I N R N S

Shake the solutions in which precipitation
occurred,and split each into .two parts in separate. text
tubes. To one part of each adu an equal volume of NH,4OH.
In which cases does solution occur?

ooooo . . L I I I I S A A

l?.lQOQG..l"...l“.lll‘.'ll.ll.0'Ol L R I N I S A R Y « o0

To the second part of eszch sclution acd several
drops of nitric acid.Do the precipitates dissolve?

181.--- oooooooo L A A A I R NS

19.How could you tell apart sodium chloride from
sodium iodide?

M e I R I I I S I T T T T T T T S
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.;.;..;.;ClaSS....;Date..........

HYDROLYS1S OF SALTS®

Discussion: The reaction between the hydroxyl ion

df a

base with the hydrogen ion of an acid to form water which
ionizes very slightly is called neutralization,and is

the forward action of a very nearly complete reaction.

But water ionizes very slightly to yield a few hydroxyl

and hydrogen icns,which associating themselves with othsr
iong,form a very minute amount of acid and base. This

slight backward reaction to neutralization is cal led
hydrolysis. Whenever a salt is dissolved in water hydrolysis
occurs,forming an acid and a base.A strong acid or base
‘ionizes nearly completely,a weak one very little.Thus if

the result of hydrolysis is a strong acid and a weak base,
there will be more hydrogen ions than hydroxyl ions set
free,and the solution is acidic.fhe reverse will also
happen. Thus it quite frequently happens that an aqueous
solution of a salt,because of hydrolysis,is either acidic

or basic.

Apparatus and Materials:

paper,stirring rod,the salts listed bvelow.

Procsdure:

Test tubes,blue and red litmus

In separate test tubes dissolve not more than

a quarter of an inch of each of the salts listed in hslf
a test tube of water. Shake tc hasten s olution,but do
not close test tube with your finger.By means of a
stirring rod transfer a drop of e€ach solutiont o both
red and blue litmus paper.(Each paper may be used for
several tests.)Rinse the rod bsfore dipping it into
another solution.Record your observations below:

Salt BEffect on iEffect on (Acid Base Ion causing
Red Litmus{Blue Litmus|Present PresentjColour change

Caclgf.b.llil"". '.l.".l.'.!f..l'.'lll.".’! * ® & s R 4 ¢ 4 5 0

ZnSO4o:¢n ..... « & & 85 0 * f & ¢ 5 0 & s s 0 ..'..'OQD‘DOQ.‘. s o » - . »

NaCoHz0Z.vunven...

NH4Cl ..

NagCO3z. |

b ¢ ¢ 2 ¢ 2 8 00 0

------

s 8 8 o0 85882

e 0 @ 2 0 0 e

4 ¢ 0 20 8 8 90 a0

LRI R Y

e 8 o 0 2 005 00 0 ¢

e 6 8 0 2 6 s s 0 0 00 00w

# 6 0 2 5 00 0 ¢ 8

1.82kts giving 2Cid TEECHIONs et venrereroronesornneronas

2.831lts
J3.8alts

4,8alts

giving base reaction........ccciviiiiiiiiiiie.,
forming strong basetweak acideceeeeiieennrieosnns

forming weak base+ strong abid.)..........r.....

5.From the above make a rule by which you can predict
whether an aqueous golution of a salt will be acidic or

)
baslcot~uao.00nltnoco.-oa‘ooolaoo.oo.v-90-00.00‘000.'-0
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COLLOIDS: Preparation
o Coagulation ‘

_ Emulsions :

Discussion: A colloid is that condition of 2 mixture in

which the dispersed phase(the material distributed in

another substance) consists of particles composed of

more than one molecule,yet too small to settle out. It

is therefore at the borderline between a true solution

and a mechanical mixture or suppension. The dispersed

particles cannot draw togsther because by selective

adsorption they have asttracted ions all of the same chagge.

Colloidal particles are produced either by breaking

down bigger pieces,or by condensing molecules to

aggregations of colloidal size. Collois may be coagulated

by neutralizing the "eharge on their mrticles,eithsr

by means of an electrolyte or an electric curient.
Sa}Prepgﬁgtion : ,

Appamatus and Materials: Beaker,wire gauze,bunsen,test

Tubes,filter paper and funnel,stand,ferric chloride,

very fine clay or slaked lime,sodium hydroxide solution.

Procedure: Heat about 100 ml.(graduate¥ of water in a

beaker to boiling,(to remove carbon dioxide).Cool slightly, .

then add slowly about a quarter test tube of ferric

chloride solution.Save for later. :

l.Compare colours of this and ferric chloride solution

.lO.l..l‘.l.‘ll.l.lt'o..Q‘.Qc"o.l.l'.”"!l.....no.'t'.'

2.Hydrolysis has occurred;write the eqguation

’co‘iuuo'o-.'.','.----o-ooc-ooo-noo‘op.uc-uoqu--.o-b--aocn--o ' i

3.What caused the ecolour of the colloid?

LA B B I A A I D B I R N IR B AR S I N N I B R T R I R NN S R S R R R R RN N R )

4., What keeps colloidal particles from growing big enough

to set‘tle Out?"‘.".’...l....’.ll.."'....'.l"l.'..‘..‘Dl..

Filter about a guarter test tube of the prepared
colloid.Does any of the dispersed phase remain on the pger?

LA A A I R e R R I I I I I I R i N T T T Y S S

5.Was the colloid formsd by condensation or dispersion?

AL S A AR A A I I N I R A A A A I I N N R R R N E )

To about 100 ml.(gracuate) of water in a flask
ada about 1 gm.(a quarter inch in a test tube) of finely
powdered elay or slaked lime.Shake well.Filter about
one-quarter test tube,and save the filt rate.Now add to
the suspension about half a test tube of sodium hydroxide
solution and shake vigorously.Again filter about one-
quarter. of a test tube.Compare the filtrates.
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Colloids=2

6.What difference do you notice?....ccveiieiieinesoeoanns

LRI B O I A B O R A N B A * s e 0 0 L N Y LR B A 2 IR R B O B B U B IR I A I

7.What was the purpose of the soalum hyarox1de°'

RS RN AR N RN

8 What name is given to a substance that acts as did the
sodium hycrox1de in this case?

LA I B I I A I R R Y I I I I I A P A I B A O AR A I I A B A A Y IR B R BN Y B K BN B B IR O

9.Is this a condensation or a dispersion?

onco.ll.ol--Q4.'oocc--Quc'ou-qolbocollo'n...-o'.‘l.oln-

(b) Coagulation
Kpparafus and Materials: Sample of ferric hydrox1de 001101d,

aluminum sulghate,filter funnel and paper,gelatin.
Procedure: Place about an inch of ferric hydroxide
colloid in each of two test tubes. +o one adad an equal
volume of strong aluminum sulphate solution and shake.

Set aside f or 20 minutes znd Silter.Examine filter papers.

l'observations.'.‘.ﬂ.G‘.I‘!.ODQO-‘.0"0"..0'.'."'.."0
2.How did the aluminum sulphate function? ' :

L R R I R e R e N N I A N AR R I B A AR I A R A A RN B R B B B B R S I B A BN B I B S Y Y

3.Could any other salt have been used?.iesvvuveeravenanns
Repeat the above,only before adding the aluminum

sulphate add to each test tube a few flakes of gelatin

and boil. _

4.1s there any noticsable difference between the two

Samples thiS time‘?n.-.o.-u-oi--..o-co‘ouuo‘.‘.conn.ou.on
The gelatin is called a protective awolloid.

LEJ_EQBlﬁlgﬂﬁ These are colloidal suspensions of two mutually

nsoluble liquids. A third substance,called an emulsifyig
agent,is usually necessary to make the emulsion permanent.
Apparatus and Materials: Test tubes,kerosene,soap.
Procedure: Lo two test tubes half full of water add 4-6
drops of kerosene. To one sample add a small piece of
soap(size of a pea or less).Shake vigorously and let

stand for five minutes.

l.Can you notice any difference?..ceeevevncenaccccncanns

2"‘Why iS the Soap added?....IJ“.IOO-OOQCCOl‘IUOOOOO.0'.'.!
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FLAME TESTS FOR METALS

Discussion: Many elements may be identified by the
characteristic colour their compounds impart to a gas
flame. Flame tests are particularly useful in identify-
ing metals of the alkali and alkali-earth families.
Sodium imparts such an intense colour o a flame,and

is so often found as .a trace impurity,that its yellow
tinge may be noticed even when testing other metallic
salts. For more delicate work cobalt glass is used

to screen out its effects. In this experiment test

for it last. o

Apparztus and Materials: Watch glass,platinum wire(fused
into a glass handle),bunsen,conc.HCl,salts as below.

Procedure: Clean and adjust your burner to burnwith a
gentle non-luminous flame,only faintly bluei in colour.
Place some conc. HCl in the watch glass. Dip the
platinum wire in and holc the wire in the flame.Repeat
this until no colour is imparted to the flame. On separate
filter papers get a few cryst:ils each of the salts

to be tested. Wet the platinum wire with HCl and hold
it against a small crystal of salt so that it will
adhere. Hold the wire in the flame just above the

inner cone. Observe the flame colour.Clean the wire as
before,and repeat with anothexr salt.

Test for Salt Used $olour of the Flame
K KNOg e teereeesataeeaaas
Li LiNO3 et
Ca CaCly et eeeaeeieee ey
Ba BaClsp eersseseesssrrasnane
Cu CuS0y trreearee Ceeneaaae
St ST(NOg)p eeeieiiiiiiineiiins
Na | NaCl .,....;.,.,,..,....,.

1l.Would it make amy difference if different salts of
each metal were used than those suggested?

cgo-.0ooua'o-"optooa-.'.-"oo:-Oootnl.o.ooo.‘.lloo-..p.
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SAPONIFICATION

Discussion: Saponification is the manufacture of soap
from organic fats or oils and a strong dase,usuxlly
sodium or potassium hydroxide. A by-product is glycerin.
The process is slow,taking several hours of boiling

by the commercial method. The soap you will prepare
will be impure,containing both glycerin and strong base.

Apparatus and Materials: Ring stand,wire gauze,bunsen,
evaporating dish, beaker,test tube,stirring rod,olive 0il

(or cottonseed 0il or lard),eonc. sodium hydroxide soluﬁion;

"denatured alcohol,sodium chloride.

"Procedure: Pour into an evapa ating dish about oné-half
test tube of olive oil;add a test tube of alcohol. lhe

alcohol serves only as a solvent,and takes no part in the

reaction. Now add about one-half test tube of conc.

sodium hydroxide solution.Heat the mixture,with occasiomal

stirring,for 15-20 minutes. Do not allow the mixture to
boil vigorously. If the .alcohol ignites smother the
flames by placing a beaker or glass plate over the dish.
(There is no serious danger,since at worst you can put
out the flame with water and start again.).Teke care
not to tip over the dish of hot mixture.let the mixture
cool,and while it is still warm pour it into a beaker
nearly filled with saturated sodium chloride solution.
Stir the mixture,collect the solid mass,and wash it
several times in water. Sqguecze the mass into a cake.
Bee if it will form a lather. :

1.Consider olive 0il to be olein,and write the equation
for the saponification of olive oil.

@ ¥ & 5 & 8 0 0 0 00 D ' ® 8 B 8 5.0 @ ¢ 0 S 6 2 4 S B P S S ARG E ¢SS 8P YRS REEESrSNesye
2.Name the by-product in this saponification
. .4‘ ® 9 & 0 & B O & 0B 8 O B O P S s e e e s eSS e ‘.'. ® B B O 6 & 2 5 0 8 0 8 0P O N B O

3.80ap in water forms mostly>a Colloidai suspension.
What would be the purpose of adding to salt water as
you just did?

LR B AR A AR O O B B RN BN S Y I B IR A N B IR I NN BN B BE R I IR B O B B A X B I I B P B BN B IR AR AN R 2 3
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HOW AR:. NBTALS OBTZINGD FROMT HEIR OXIDRBS?

Discussion:Metal ores are roasted to dahange them into
oxides. ~hese are then reduced,usually by means of
carbon. Commercially the carbon is in the form of
coke (as in the blast furnace.)

Apparatus and Materials: Ring stanca,clamps,hara glass
test tubes,one holer rubber stopper to fit,delivery
tube ,bunsen,cupric oxide,charcoal,limewater,mortar «
‘and pestle. »

Procedure: Clamp the test. tube to the stand;arrange
stopper and delivexry tube as for collecting oxygen or
ammonia.Grind fine some charcoal,pour about an inch of
it into -the test tube,add about half an inch of cupric
oxide,and shake to mix. Have the delivery tube lead
into a second test tube containing limewater..Heat the
mixture to dull red heat for ten minutes. What evidence
is there of chemical action?

l.“.‘_ﬂ.v.\‘!.l....l'.._.t.ll..h.'...lllllp.'..".ll..l.l'
20Equati()n. e e o » 2 ® 0 e -_.-' LR I B B A A I B R Y AN I I A B A B K B B A A I A A no * &
3.What is the escaping gas%.eeseececssoosorsssanassncssss

After the reaction seems to have ceased let the
mixture cool and empty it into 2 mortar. Adu some
water,and grind with the pE stle,pouring off what
remains suSpen%ded in the water. Add more water and
repsat this process several times. Look for copg r
metal in the residue remaining in the mortar.Sometimes
“hard grinding with the pestle will create a coppery
smear on the inside of the mortar by which you can
be sure you have reduced the cupric oxide to copper.
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CALCIUM COMPOUNDS: Preparation of some common compounds
0of importance commercially.

Discussion: Limestone when heated changes into lime,

which in turn can be changed to slaked lime by adaition

of water. these are used to mske mortar,soften water _
supplies,an. to make certain types of glass.ﬂrlte formulae

for Chalk..... eres..Limessiviiaaa..Slaked limGecocerencse

Apparatus and Materials: chalk,tongs,bunsen,litmus paper,

calcium hydrox1ae test tubes apparatus for maklng

carbon dioxide,conc. HCL.

Procedure: Hold = piece of chalk in the hottest bunsen

flame for about five minutes,using the crucible tongs.

et it cool.

l.Equation for the reaction... ........................;

2.Commercially this is done in a device called @ «..cvvvn.. .
Wet your finger and touch the part of the chalk

that has been heated.Note any change in temperature.

Touch the same part with a piece of wet béd litmus paper.

3.0bservations. .- cceeiienresscansoacns cesrrereraseencees

4Equatlon. ooooo $ 4 @6 2 ¢ 6 & % s ¥ DI S E B BN SR G S e s LR R S I S A A A
5.When done commercially, what is this process cal led?

A 'solution of ca101um hydrox1de is called limewater.

Make some by shaking about half a teaspoon of calcium
hydroxide in a few hundred mla. of water‘graduate),letting
stand to settle,decanting and filtering the llquld Set
up apperdtus to make COp. (Use pieces of chalk,conc. HCL)
Fill a large test tube with limewater,arrange the delivgy
. tube to reach to the bottom of this test tube . Bubble
carbon dioxide into it. Equation for the reaction when

the limewater turns milky:

6.;. ® ® 6060 308 e 000 om0 T e e e e s s ez e e st

Gontinue bubbllng COg into the milky llmewater
until it turns clear again.

7.Equat10n.,..e..@.,ﬁ..,.....,....o.... ceeoenns sessecess
Save about an inch of this sclution; return the rest

to your instructor who will put it aside for the experiment

on the hardness in water. 3011 the sample you saved,for

about five minutes.

8-0bservati0no. ----- ;o‘-a.oououo?.a,o_ooo.o-.co_”,cloa.c;o

9.Equat10n¢.. ..... ...,..};,.“...a,..{.................
10.Why is this called temporary hard water?.

® 8 8 ¢ s w0 s 8 8 8 a U ¥ . L O 8 & @ &6 0 8 O G - ~,,.~';.c,a'cnuyanoceboccangotgoo
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HARDNESS IN WATER SUPPLIES

Discussion: Hardness in water is caused by the solution

of calcium,magnesium,or iron salts.If they are bicarbonates
it is called temporary hardness,if not ,permanent hard-
ness. Hardness is detected by its action ovnsoap;the soap
forms a curdy precipitate,not a lather. The extent of
hardness is measured by noting how many drops of a

standard soap solution are needed to make a permenent
lather. :

Apparztus and Materials: Test tubes,medicine dropper,
distilled water,soap solution,permanent hard water, »
temporary hard water,bunsen,filter paper and funnel,pipette.
Procedure: Soap solution: Dissolve 10 gms. of castile
sozp in 100 ml. of alcohol,cilute 20 ml. of this to

300 ml. with distilled water. Temporary hard water: Use

the calcium bicarbonate solution made in the preceding
experiment.Permament hard water: Dissolve a few crystals

of calcium chloride in a besker (250 ml) of water.

(a) To 5 ml.(measure these Guahtities by pipette)
of tempwary hard water add soap solution by mediecine
dropper,drop by drop with shaking,until a lather forms
that persists I« one minute. Lo not confuse a curdy
precipitate that may float on top with a lather. Note
the number of drops used.(b) Boil a test tube of tempar
ary hard water for 5 minutes.Filter,and repeat test
with 5 ml. of this.(c) To hal f a test tube of temporary
hard water add limewater drop by drop with shaking until
no more precipitate forms.Filter,and repeat test with
5 ml. of this. (d) Repeat test with 5 ml. of permanent
hard water.(e) Boil a2 test tube of permement hard water.
for b minutes;filter,and repeat test with this.(f) To
half a test tube of permanent hard water add strong
sodium carbonate solution,drop by drop with sheking,
until no more precipitate forms:Filter,and repeat test
with 5 ml. of this. ‘

Drops of Soap Used
Before Boil. After Boil, After Chem.Treat.

) R 4 ) IR Cole)oa

- Temp.Hardness

Perm.Hardness
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1. In what ways may temporary hardness be removed?

.0.0.0Q‘chc01""0I.OQO0»“bi.-ol.ﬁd’i,gc_‘_.}p-".0..'}.’.,’..

oﬂo-o-vcpoo..oog’o.-c»qo--o-o'o,u.,-op_caa.o_c,,tplooonpo-o...o..c.

3.Equation for limewater aecting on temporary hafdﬁesva
-0.‘00‘00.00-o.@lo,avc’.ip._p?coo.oao:‘0.4..’319‘0'90‘0'?y“_j'0".C‘IQ
(Commerciallyﬁslaked lime is used instead of limewater)

4.How is permanent herdness removed®:..cssvssesonecsse

.......

l.gq,o?f:-fcylo..0.000-.0...---tooion...oo'o,’g’,’t.ot‘-
D.Equation for removing permenent hardness

0‘_0.0.10.0-0.)(‘0\&.0.Qctc0-;4.00.lioooo.loctoo_t.._..l_..
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" FERROUS AND FERRIC SALIS: Preparation

 $ests

i,
Discussion: lron has the valences 2 znd 3.The lesser
valence is indicated by the encing ousg,the greater by the
ending ic. Metallic iron consists of neutral atoms FeO
In becoming an ion it loses 2 or 3 electrons to become
gither Fe™ or Fet™ jon, This is oxidation.(Loss of
Zlectrons=0xication IEO). For Fett or Fet+ jons to
revert to metallic iron Fe© they must pick up 2 or 3
¢lectrons. This is called reduction. _ :
Preperation of Ferrous and Ferric Salts.
S aterilals: 1,_6;{Eaper ana funnel,bezskers,
€8 ubes,stoppers,<oU ml. flask,powdersd iron,nitric
acid,hydrochloric &cid,iron taeks or wire,.’
Procedure: Place about 0.5 gms. of iron pdwder (about ss
mach as would make cvne-guarter. inch in a test tube) in
@ 2850 ml. flask.Pour over it 5 ml.(graduate) of water,
and 2 ml.{graduste) of conc. HCl. Mix the o ntents of
the flask,heat gently,and sét aside for about five

minutes. lhe iron dissolves in the acid forming ferrous

chloride. . e :
l.Ionie eguztion.. Ceeeenes R I I TR SRR

2.What has been oxidized?..vv.e... . Kedueed?.. ... 0.,
- Now add 50 ml. of water to the flask,mix well,and
filter off the undissolved iron. Nearly fill a test tube
with the filtrate;adé to it 4-5 carops of con¢. HCL and
a few iron tacks(or wire)iliark this golution A and savs
it for later tests. It is a solution of ferrous chloride,
- The ascid ané iron tacks generate enough hydrogsn to
keep it from becoming oxidized tof errie¢ chloride.

To the remainder of the filtrate adc apuroximately
lﬁml.(graduate) of conc. HC1l anu heat to near boiling.
Then add cone. nitrie acid drop by drop with shak ing

until the solution,which is at first a dark-brown ¢ olour,
becomes lighter in colour.The ferrous chlaride has been
“.changed to ferric¢ chloride by the oxygen of the nitric
4(Fe™T,2017) + 4(HF,01") +.05= 4(Fe+H+,3C1L") + 2Hp0

3. Wnat has  been Qxidlzed? sresssssceeeReduced?. cee v iena
Save the solution for the tests following. : .
Tests for Ferrous and Ferric ions. o ‘ . _
aratus and S tubes,solutions of ferrous
and ferric ions made i part (a),ammonium hydroxide,pot.
ferricyanide ,pot.ferrocyanide, pot. thiocyanate.
Progecare: Compare the action of the following reagents
upon ferrous and ferric ions,adding 2-3 drop.s of the .
reagents to a bout one-quarter inch of ferrous and ferric
solutions in separate test tubes.
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Iron compounds-2

(e)

Obsservations:

Reagent On Ferrous ion On Ferxric ion.

Amm. hydroxide O ‘......a.‘;.....
Pot.ferrocyanide ceeecerecerssnnna evretevacasnenne
Pot.ferricyanide Cedereriiecesrans  wemrbetsiesvessa
Pot.thiocyznate e r i e semesssebaviacsa

Eguations:

l.Ammonium hydroxide acting on ferrous chloride

L I B R A A A I I BRI I A I B R T R S Y A A I I B R A A R I N B A B S B R S B R I B

2. Ammonium hydroxide acting on ferric chloride

L R S R R T N I I T T T T S T S N I I A W T B I SR W SO B S A )

d.Formation of a blue ppte. with ferxcus chloride

ERE R I R B AN 2 Y I S I L A I R R B A A A A AN N BRI B R B B Y B B

4.Formation of a blue prpte. with ferric chloride

® B 6 0 0 0 % P O 6 6 0 P S S T OGN S S S S LB T LGOI S LN OGSO PSS G SsAaNsee s

Blueprinting

Apparatus and Materlals Perric chloride sclution,oxalic
acid solution(about 10%),pot.ferricyanide solution,paper
beaker.

-Procedure: In the mresence of light the oxalic acid

reduces the ferric chloride to ferrous chloriue. In

commercial blueprint this is cone by a salt of citric acias
In a bveaker,well shaded from the llght mix

half a test tube of each of ferric chloriue and oxalic

acid solutions.Add about one-inch in a test tube of

pot. ferricyanide solution.

1'Any Ppte 9........Sh0uld thCI‘b be One‘?.......-......‘.'.

Wet a good quality writing mper with the
solution,and dry it away from light. Place a key on
the dry paper and expose to strong light for five
minutes. Now wash the paper in watsr.

2.Is any ehange exXpecCtelf e ivveinerereerevrervanensnns cee

EOVJhy?.oco ¢ 0 0 s b s 0 e s o‘v-cc'a s s s e s e e et e P b s e aers s e

4.Equation~- R N Y T E R R R I A I NI P Sr I S B R B R
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TEOTING FOR METALS OF TH. SILVER GROUD

Discussion: In chemical analysis it is common pr.ctice to
separate the metal ions by groups or familivs. Silver,
mercurous,anct lead ions can be separstea from a solution
containing other ingrediesnts by teking aavantage of the
fact that their chlorides are insoluble. It then becomes
necessary to identify each metzl ion in the giouyp of
insoluble chlorides by some further tsst.

Apparztus and Materiials: Test tubes,filter paper znd
funnel,eil.HC1, pot. dlchromate(K20r207),ammonlum hydroxice,
nitric acid,a sample solution made up of mixtures of
mercurous s;lver anc lead nitrates.
Procedure:'Precipitate the chlorides from about half a
test tube of the sample solution by adding to it about

5 ml.(graduate) of dil. HCl.¥ilter the mixture,discarding
the filtrate. Wash the precipitate on the filter by
filtering through it a few ml. of water acidified with

a few drops of HCl.

l.Vbservations..... e f e teeesessiasreanessacnsenenas

R EGUAtiONS sttt s tatesersrsoneesssrsansosssssssnanssces
..y...."l‘.‘.!. .... '.-‘(l..Q.'.‘...l.‘.al..’l.....‘."l..'

L R R I I I I I T T I R R S R I N I i A I I I I RN S S RS

Test for lead: Heat about a test tube of water to
boiling zand pour it through the residues remaining on the
filter paper. ©ince lead chlorid¢e is socluble in hot
water it will,if present,pass through the filter. Test
the filtrate with a few ml. of pot. uichromate sclution.

3-_Observa'tio'n8--..... ........ 'v ----- .‘....“'-“'.'...'..v

4.Bguations........ e e ee s e asasesasssser e et neeann
Test for merourous iong Pour 2 few ml. of ammonium
hycroxiée on the precipitate remzining on the filter
paper. Note change in appearance.This is caused by a
complex szmmonium mercurous ion. Save the filtrate.

LS OY oY=T=3 o= 15 v A o) < Jr VO A O SO cre e saeas
Test for silver ion: To the flltrate from the preced-

ing step add nitric acid,a little at a time,till the :

oéosur of ammonia is gone.Observe change in appearance.

6.0DSETVatlONes vuesevoarserosserssosssannsoonosssss i
NOTE: If time permits,your instructar will give you an
unknown sample that may contain one,two,oxr three of the
metal ions Just tested. Using the steps above,aiscuver
what kind of ions are present in the s”lutlon.v
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SOME IMPORTANT CONMERCIAL PROCZSSES

It may be cesireable to perform these as teacher
demonstrations. Bach process involves about a period
of laboratory work. v

Ostwald frocess: the oxidation of ammonia in the presence
of platinum as a catalyst. kake a coil with 11 inchses

of No.22 platinum wire by winding it around a pencil 8
times and bending the two ends so that the coil may be
held horizontally in a beaker with its two ends hooked
over the sides. In a 250 ml. beaker place enough conc.
ammonium hyéroxide so that the platinum wire will hang

down in the beaker 1% inches and still be 1 inch from’ the
-surface of the liquid. HS2%° the “platinum coil to a

bright cherry red and immediately place it in the position
described.Cover top of beaker with a wire gauze. The

coil should remein glowing,as the reaction is .exothermic.

Careful observation will show white fumes just above

the liquid surface. This is evidence of nitric acid being

formed and reacting with ammonia to form ammonium nitrasge

smoke.,

1. EBQUatioNS .. ceveeoaresroaaroesssesccnoscocsocesscaasesos
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Solvay Process: the commercial method of msking sodium
bicarbonate or sodium carbonate. Fit a large one-liter
container with a two-holed stopper *“rough which passes
a right-angled glass tubing that extends to the bottom
of the bottle. Place in the bottle 42 gms.(rough balance)

of sodium chloride;add to this 100 ml.(graauate) of
. conc. ammonium hydroxide ana an equal amount of water.

Stopper the bottle «nd shake gently till the sodium
chloride is dissolved. If neceéssary add more ammonigm
hyaroxide till the sodium chloride is diesolved in the
least amount of ammonium hyaroxiae. Now connect the

glass tube with a Lkong piece of rubbsr tubing to a COz |
generator. Lift the rubber stopper and tubing out of the
bottle far enough so that the lower ena of the tube is
jugt above the liguicd surface in the buttle. Generate COg
‘and pass it in the bottle to fill it.Now lower the stopper
ant tubing in place,so that the tube extencs below the
liguia surface. Continue buibbling COg through the liquid
for about hal f an hour,shaking the bottle every few
minutes to thoroughly agitate the liquid contents. The
sodium bicarbonate formed will gradually precipitate out.

L EGUATIONe et st cvocsncoosssoresaaecsnsoneaasroonoennannss
e S 2 40 e 2 5 e s o '05“‘,#.0'ﬂ’ﬁlﬁ.ﬂq.ﬂb.e.!.!.b"‘.0.0.QI‘.-.’.
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