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Thesis Abstract

THE DEVSLOPMENT OF AN INVESTIGATIVE I.ABORATORY PROGRA}4

FOR GRADE E"LEVEN CHEMISTRY

IN MANITOBA

by

Edward Peter Labinowich

!'iinnÍpeg, Manitoba

L964

The purpose of ihis study was to develop an investÍ-

gative laboratory program suitable for the teachíng of grade

eleven chemistry in the University Entrance Course for the

province of Manitoba. In thÍs study the term investigatíve

vüas applied to those laboraËory experiments which simulated

the activities of scientific inquiry within the lirnits of the

high school situation"

The significance of this problem has been reflected

in the graduation of high school students with little appreci-

ation of the science of chemisLry aS an experimental or



investígative method of inquiry because the existing tradi-

tional chemistry laboratory program, as it is conducted in

most schools, conLribuËes little towards Ehe learning of

chemistry as a process of inquiry. The scientifÍc ad.vances

of the past decade have demanded an educaËion different in

kind; one whích is geared to change and which provides for

self-direction in living. Thís modern view of science

education diminishes the importance of. the particular subject

maËËer employed at the same time that it elevates the spirit

of inquiry and the role of the laboratory. From a revíew of

science education líteraËure, it was noted thaË the following

s'umrnary reflects the shift in emphasis in Lhe broad aims

of science education in the past decade:

Modern course content should:

1" Provide a logical and inLegraËed picËure of
contemporayy scÍence: the theories, models
and generalízations that picËure the unity of
science.

2" Illustrate the diverse processes that are used
to produce the conclusions of science and show
the limitations of these methods; the v/ays of
inquiry and the structure of scientific knowledge"

3. Enable the student Eo reach aE some point Ehe
shadow of the frontier: to experience the
meaning of ttwe just donrt knowrut and to be
av/are of the progress of scíence.



From a review of various statements of objectives of the

chernistry laboratory nineËeen specific objectives emerged

as those which reflected the shift in emphasis towards these

modern aims of science education" These níneteen specific

objectives served to guide the evaluaEion of the existíng

traditional laboraEory program, and the development and

subsequenË evaluation of the Ínvestígative laboratory pro-

gram.

Since mosL traditional experiments are noE excursions

into the unkno\^?rr, but are thoroughly described ín the text,

this type of program robs the student of initiative at the

same time that it fosters several undesirable practices in

the laboratory--practices which make a mockery of the word

experiment and ridicule Ehe painsEaking work of the scientíst.

The need for arL improvement in the existing traditional

laboratory program \,\ias established through an evaluaËion

made by twenty-seven chemistry teachers in the Greater

lr[innipeg area. Based on the nÍneteen specif ic obj ectives of

Ëhe modern chemistry laboratory, the teacher ratings for

Ëhe exisËíng program ranged from four to thirty-five out of

a maxinrum of seventy-six. This evaluation revealed the



failure of the existing program to reflect the change in

emphasis in the aims of modern science education towards

the spirit of scíenËific inquiry"

A careful analysis of three laboratory programs, the

MCA, CBA, and CHEM Study, which have been developed within

Ëhe broad framework of the modern aims of science education,

revealed that each program contríbutes greatly to ínstilling

the spirit of scienLific inquiry ínto its students, alËhough

each has an approach that is unique. The many ne\,^/ concepts

in laboraEory teaching which emanated from this analysis

\,rere combined !'/íth the suggestions of índependent writers.

From this pool of ideas the following characteristics emerged

as the most desirable and the most adaptable to the existing

high school situation Ín grade eleven chemistry.

1. The laboratory and the classroom should be closely

inËegrated through an inductive-deductive approach"

2" The laboratory should provide experiences in the

exploration and development of ideas, preferably quantiËative

in nature and place emphasis on methods as well as resulËs.

The evaluaEion of such experimental resulËs should be made

withÍn the limitations of measuremenL"



3. A proper balance between student investigation

and teacher guidance should be maintaíned throughout the

program wíth the student being led progressively to a point

at which hís techniques and insight are developed to the

extent that, o11ce the problem has been crystaLLLzed, he

will be able to set 'up his o\ÁIn experímental procedures.

4" Thro'ugh a pre-laboraËory discussion and the studentrs

pre-laboratory preparation an atmosphere for investigation

should be created before the actual laboratory períod"

Cooperative planning duríng these díscussions should be

employed to crysxaLLLze the problem and to develop independent

procedures.

5. No experímenË should be assumed completed until

the student, Ëhrough a post-laboraEory discussíon led by

the teacher; has the opportunity to correlate and interpret

Ëhe quantitatíve results of the class as a group " It ís here

thai Ëhe student will develop an appreciation for the vari-

ations in measuremenL and for the advantages of group methods

of invesËigation,

6" Student laboratory reports should be functional.

In place of the repitition of printed directions, the flow

sheet should be employed, since ít is boËh functional and



time-saving. The essay or formal report should be employed

only when the student is developing a portion or all of his

procedures independenËly. The studentts pre-laboratory

preparation should be a truly functionaL part of every report,

7 " A laboratory notebook, similar to the type intro-

duced by the CBA and CIIEM Study, should be used in order to

facilitate the logical tabulatíon of data and to encourage

graphical analysis. I;üÍth adequate pre-laboratory preparation

the laboratory reports sho'uld be completed and the carbon

copies turned in at the end of the laboratory period. This

type of notebook permits the sLudent to keep a permanent

record of his activities and immediately enables the teacher

Ëo check Ëhe carbon copy for an índicaEion of the sEudentrs

progress. The procedure ouËlined encourages greater inde-

pendence and self-direction at the same Ëime that it reduces

opporËunity for copying among sËudents"

ExperimenËs, which met the established criteria and

which \^rere relaËed to the existing grade eleven chemistry

curriculum, vrere selected from a review of Ëhirty-one lab-

oratory manuals. The experiments that \^Iere selected from

modern sources !üere re-written Ëo attain a uniformity of



approach, whereas those experiments selected from traditional

sources T¡/ere re-examined and reconstructed to illustrate not

only concepts of chemistry but also processes of scientific

ínquiry. The resulting laboratory mant1al was pilot-Ëested

by the grade eleven chernisËry st'udents at. Churchill High

School in l¡Iinnipeg during L962-63 and L963-64" For the

second yeaE of piloË-tesËing, a complete revision of the

laboratory manu.al was made in order to incorporate the

improvemenËs suggested in the first year of trial.

A comparative evaluation of Ëhe existing traditional

chernistry laboratory program and Ehe investigative laboratory

program was made by the investigator. To obtain a valid

evaluation, quantiLative judgments T¡rere made on each indi-

vidual experiment rather than on each program as a whole.

No sÍngle experiment was expected to satisf.y aLL of the

criteria but a qLlantitative sumnation of the judgments on

the individual experiments provided a more objecLive evalu-

ation of each total program than could be obtained Ëhrough

a direct consideration of each program as a whole"

Rating higher in seventeen out, of nineteen areas,

beíng surpassed slightly in only the areas of safeËy habits

and techniques development, the investigative laboraËory



program, it could be concluded, is more effecËive in meeting

the aims of modern science education than Ehe existing tra-

ditional laboratory program and is, therefore, educationally

more desirable" Through an evaluation of individual student

reports it became evídent that students who experienced the

investígative experiments were sËin¡:lated to critical think-

Íng and as a resulË of their experiences \.\7ere made more ar^/are

of problems and more proficient in dealing with them"

Although the approach of this investigative laboratory

program provÍdes for progressÍve development in self-direction

and disciplÍned thought, it does not directly provide for

toËally independent invesiigations, However, Ëhe extent to

which this laboratory program can be investigative is limíted

by the experience and the mental maturity of the grade eleven

chemisEry sËudent.



CHAPTER I

INTRODUCTION

IO THE PROBLEM

StaËement of the Problem

The purpose of this study was to develop an ínvesti-

gative laboraEory program suiËable for the teaching of grade

eleven chemistry in the province of Manitoba, a program

which is:

1. consistent with the objectives of science of

education.

2" compatible with the University Entrance Course.

3" stinrulating Ëo Ëhe studenË.

Defínition of Terms Ernploved

In Ehis study the experiments are described as investi-

gative if they sinn-¡.late Ëhe activities of scientific investi-

gation within the limits of the high school situation. Sínce

chemistry is an experimenËal science, the chemists use the

laboraËory as a chief source of learning, â similar function

should be served by the laboratory ín Ëhe teaching of chem-
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istry. Accordingly, those laboratory exPeriments which pro-

vide for the discovery of ideas and for development in self-

directíon and in disciplined thought are described as investi-

gative.

Traditional laboratory e>cperiments aTe those presently

performed in secondary schools of Manitoba" Typically, Lhese

experiments require the student to start with known facts and

principles, and to make observations or perform an activity

to verify the predetermined result.

Sienijqiçg4qe of the Problem

secondary school education has fallen progressively

behind Ëhe accelerating pace of developrnent in the science

of chemístry itself" This lag between the high school class-

room and the universíEy laboratory has reached s'uch serious

proportions that a pair of wriËers have recorded the following

observation, ttv'lhile o'ur knowledge of chemistry has been

doubling every decade since the nineteen-Ëwenties many of

our high school textbooks on chemístry have barely emerged

from Ehe níneteenth century.ttl As a result, numerous high

lArthur H. Livermore and Frederick L" Ferris Jr., ttThe

Chemical Bond Approach Course in the Classroo*,tt Iþg !üelch
Phvsics and ChemisËry- !Ég-C-q-!, XLV (No. L), p" 13"
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school graduates have been atEending universiEies or have

been completing their formal education with ttlittle apprecí-

atíon of Ëhe science of chemistry aS afl experimental or

investigative method of inquiry" tt2

As the chemístry program is now constíËuted, uP Eo

forty percenE of the time alloLed to the teaching of grade

eleven chemistry in Manitoba high schools has been set aside

for the laboratory. The traditíonal high school laboratory,

as it is presently conducted in most schools, in Manítoba

and elsewhere ín Canada and the Uníted States, contríbutes

little towards Lhe learning of science as a Process of ín-

quiry. In many cases the laboratory experiment has degenerated

to a mere ¡tcookbooktf exercise, whích has, in turn, fostered

'undesirable practices such as, the studenL being told what

to look for, and arriving at the ttright" ansT¡Ier by recording

observations of ttwhat should have happenedtt or by rearranging

the data" The time devoted to this 'Eype of laboratory pro-

gram cannot be justified educaËionally because such practices

znbLd. 
, p. 13.
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have no parallel in scientifíc work nor do they stimulate

the student in any proficable manner"

since Lg56, three notable Projects have been organLzed

in the United SLates in order to correct this undesirable

sítuation in the high school chemistry laboratory' Thís

study undertakes to integrate the desirable ouLcomes of these

proj ects into a grad'e eleven program suitable for the

University Entrance Course in Manitoba"

II" PROCEDURES

Establishment of the oÞjectivgs of- sciçnce EducaEion and an
Are Presentlv Beíng Met

AnylaboratoryprogramshouldbeconsisEentwiththe

broad.er aims of scíence education. A survey of science

education literature produced various statements of objectives

from which the maj or aims \^7ere selected and organj'zed into

a ra:.:Lng form" By raËing the extent to which each of the

objectives \^/aS achieved, twenty-seven high school chemistry

Ëeachers from Greater ltlinnipeg evaluated the existing ) i-ra'

ditional laboraCory program" This evaluation revealed both

íts strengths and weaknesses.
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A Êtudv of Modern Chemistrv Laboratorv Programs and The
Selection of Criteria for the Investigelt:þe LaboraEorv
Program.

The laboratory programs of Ëhe Manufacturing ChemisËs r

Assocíation (MCA), the Chemical Bond Approach Project (CBA),

and the Chemical Education Materials Study (CHE'M Study) have

all been developed within the framework of modern objectives.

A careful analysis of these programs, including participation

in both CBA and CHEM Study sLlätmer institutes for teachers,

revealed many ne\^I concepts in laboratory teaching, such as

pre-laboratory preparation and open-ended experiments. To-

gether with these modern concepts in laboraLory teaching, the

suggestions of independent writers \^/ere examined; a selection

\^ras then made of those desirable feaiures that could be adapted

to local hígh school conditions "

The Development and Eval'uation of Investigative Experiments

Experiments which met the established criterLa T¡lere

selected through a review of thirËy-one laboraËory manuals.

These manuals, which included several firs.E yearuníversíty

manuals for general chemistry, varied in approach from the

verv trad.itional to the most modern. The experiments that
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ürere selected from modern sources \^rere re-written to attain

a uniformíty of approach, whereas those experiments selected

from traditional sources \^/ere re-examined and reconstructed

in terms of modern objectives" During the L96L-62 academic

year these experirnents were pilot-tesEed by a total of one

hundred and fifty grade eleven sËudents of Churchill High

School Ín T¡IÍnnipeg" As a resuli of Ëhe evaluation of sEudent

performance many of the experiments r,,ìrere revised for further

tríal during the following year, L962-63 " Through the

employment of the rating form by the investigator, the extent

to which each of the objectives of laboratory teaching was

achieved by each experiment in Ëhe existing traditional pro-

gram and Ëhe proposed invesËigaËíve program \,,üas rated" Thus

a comparative evaluation of Ehe overall traditional and

investigative programs Ì/üas effected.

Conclusions

Followíng a summary of Ëhe problem and the procedures,

the resulEs obËained in the comparative evaluatíon of the pro-

posed inves'cigative and the existíng Ëradítional laboratory

programs are thereupon presenËed and discussed" The discussion
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brings Ínto focus the comparative strengths and \iüeaknesses

of the two laboraËory programs. The limitations of this

study are indicated; and, in an appendix, the product of

this study--the investigaËive laboratory manual is included"



CHAPTER fI

OBJECTIVES OF THE HIGH SCHOOL CHEMISTRY LABORATORY

I. MODERN OBJECTIVES OF SCIENCE EDUCATION

Introduction

The objectives of any laboratory program must be

consistent wíth the broader objectives for the teaching of

science, The importance of the laboratory program for the

success of any science course \¡ras strongly supported by the

Committee for the Thirty-firsË Yearbook of the National

Society for the SËudy of Education.l The objectives of

science education which have been published since Ëhen demon-

strate arr increasing emphasis upon Ehe place of the laboratory

in the teaching of high school science.

This increasing emphasis on the laboratory phase of

science teaching has reached a climax during the past decade.

In order to accomodate the advances ín science. its break-

1-ttA Program for Teaching Sciencerrr Thirty-First year-
book of the NatÍonal Societv for the Studv of EducaËion"
(Chicago: University of Chicago Press, L932), pp. 370-BB"
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throughs and its growing unity, there has come a need for

an education different in kind from any previously offered
,)

young people in high school.* The demands of this modern

education have been outlined by llurd:

Science as a field of study Ís characterized by a moving
frontier and an ever increasing amount of knowledge.
Young people need to acquire those skills and abilities
which enable them to assume responsibility for expanding
their own learning.3

In other words, this nust be an education that is geared to

change and at the same time provides for self-direction in
t,\âlivÍng.+ Both Schwab- and Polykarp" support the need of a

ZTeachers of modern science courses, such as PSSC

and CHEM Study, are required by the Manitoba and Saskatchewan
departments of education to attend summer institutes in order
to orientate themselves to boËh ihe content and the philoso-
phies of these courses.

3Paul Hurdr ttSuurnary of Objectives--Rethinking Science
Educatior, " -Fi:[!y,-Ninch Yearbook of the NaËional Society for
the Studv of Education. (Chicago: University of Chicago Press,
L960), p. 33"

4puuL Hurd, t'The New Curriculum Movement in Scienc€r t'

The Science Teacher, XXIX (February L962), pp. 6*7 
"

5Joseph Schwab, ttThe Teaching of Science as Enquiry,tt
Teaching of Science (Cambridge: Harvard University Press,
L962), pp. 4 ex seq.

6Jusch Polykarp, ttA Nobel Physicist Describes lühat
Todayts SEudenË Needs to Iftrow About Sciencertt Science and
trrleeklv Teacher r s Editio{r, II (October L2, L962) , p. 1.

Maths
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science education which is different from any previously

offered" They agree that science should be presented as a

continous process of inquiry" This modern view of science

education diminishes the iinportance of the particular subject

matCer einployed at Ëhe same time that it elevates the spirit

of inquÍry and Ëhe role of the laboratory.

Obiectíves of Modern Science Education

In the Fifty-ninEh Yearbook of the Natíonal Society

for the SËud.y of Educationr T Hurd set forth the following

aims of modern scíence educaËion"

Understanding Science. ttThere are two major aspecis

of science teaching; one is knowledge and the other is enter-

prise.tt He suggesLs that science is more than a static col-

lection of assorted facts. To be meanÍngful these facts nust,

be woven into generalized concepts " trühi1e learning about 'che

character of scienËific knowledge, how it was developed and

how ic was used, the student must see íts dynamic quality;

/Hurdr op" ciq,, pp " 33-37 "



that is Eo say:

likely to shift
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time this scientÍfic knowledge is quite

meaning and status"

Problem solving" ttscience ís a process in which

observations and their interpretations are used to develop

ïì.eïv corlcepts, to extend our understandíng of the world.

and to provide some predictions of Ëhe fuLure.tt Science

teaching should help students develop this ability to make

careful observations, seek the most relíable daxa, and then

use rational processes, to organLze the data and to suggest

possible conclusions or further investigations" At higher

levels the student should be able not only to establish

relationships from his findings b'ut also to predíct fuËure

observations "

In additÍon Ëo these major aims of science education,

Hurd lists the following objectives:

Social Aspects of Science A student should
understand the relation of basic research to applied
research, and the interplay of technologícal innova-
tions and human affairs .

Appreciations. A sËudent with a liberal education in
science should be able to appreciate:

1" The importance of science forunderstanding
the modern world.

2. The methods and procedures of science for their
value in discoveríng new knowledge and extendíng
this meaníng to previously developed ideas.
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3. The men who add Ëo the storehouse of knowledge"
4" The intellectual satisfaction to be gained

from the pursuit of science either as a
scientist or as a laYman"

Attitudes. The knowledge and methods of science are
of little importance íf there is no disposition to
use them appropriately" Openmindedness, a desire
for accurate knowledge, confidence in the procedures
for seeking knowledge and the expectation that the
solution of problems will come through Ehe use of
verifÍed knowledge, Ëhese are the scientifÍc attitudes.

To understand the scientist is also Ëo understand
some of his atEit'udes, such as the desíre to know and
to discover, a c'uriosíty abouË the world, the excite-
ment of díscovery and the desire to be creative"

Careers. Science instruction should acquaint students
with career possibí1íties in technical fields and in
science teaching. A continuous effort should be made

to ídenËÍfy and motivaËe those who develop special
interests. They should be given opportunities for
some direct experíence of a professional naLure,
and a perspective of Ëhe fields of science.

Abilitíes. Science as a field of study is characteri'zed
by a moving frontier and an ever increasing amount
of knowledge. Young people need to acquire those
skills and abilities which enable them to assume
responsibílíty for expanding their own learning.
Some of these are:

1" Reading and interpreting science writings.
2" LocaËing authoriLative sources of science

information.
3" Performing suítable experiments for tesLing

ideas.
4" Using the tools and techniques of science'
5 " Recognizing Ëhe pertinancy and adequacy of

data"
6. Making valid ínferences and predíction from

data"
7. Recognizing and evaluating assumptions under-

lying techniques and processes used in prob-
lem solvíng"
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B" Using the knowledge of science for responsible
social action"

9 " Expressing ideas qualitatively and quantitatively.
10" Seeking new relaEionships and ideas from known facts

and concepts.B

Similar broad objecËives of modern science education \^rere
advanced by Schulz, representÍng Ëhe National Science Teachersr
AssocÍation:

Scíence as ltnowledge
ObiecËíve: To develop quality understanding of

sysËematícally selected concepts, principles and
generalizaEions of science and an increasing skill in
applying them.

Science as a Mode of Inguíry
ObjeciËve; To learn to respect the tentaEive

nat'ure of scientific data and conclusions " Science
students are rarely exhorËed to question Ëhe present
state of scientific knowledge. Every high school science
student should have the opportunity to explore at least
one conceptual scheme so intimately that he begins to
sense Ëhe limitaËions of what we know and observe about
naËural phenomena

Obiective: To develop laboratory and communication
skills . Learníng to know ís noE the whole of labora-
Ëory work; acquiring the abilíty Ëo feel what Ëhe scientist
feels is equally imporËant. In the laboratory, the student
should be tta scíentist for a day.t' He should encounËer
the joys and sorrol¡zs of experimenting, the elation and
the despair" He sho'uld come upon the unexpected, rr.ln up
blind alleys, and work himself out of Èight places. He
should experience the sights and sounds and smells and
emoËions of the laboraËory" Having had such experiences,

Brui¿"
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the student can claim a kinship, however dÍstant, with
the scientist and will have an insight into the scien-
tifÍc enterprise which no amount of lecturLng can give
him

Science classes should also contribute to Ëhe
development of oral and verbal conrnunication
By expecting the students to work at a mathemaÊics
level that is consistent wíth their prior mathematical
experíences they should also be brought Eo recognize
and appreciate the ímportance of quantitative com-
munícaËion in all branches of science"

Objective: To practice critical thinking Ehrough
problem-solving activities and to recognlze the applí-
cations and limiLations of s'uch procedures in non-
scíence problems "

Science as Human Endeavor
Obiective: To apprecíate .ihe interrelationships

of science. " There is little real apprecíation or
understanding of the relationshíps among the scÍences
or of relationships between science and nonscience
actíviEies. The historical and stereoËyped boundaries
between biology, chemistry and physics disappear at the
frontier of science, Above aLL, youth musL be helped
to appreciate that scíence is a human enterprise and
ElnaL both scientists and nonscientÍsts share a respons-
íbilíty for using scientific díscoveries consËructÍvely
and humanely

Obiective: To explore science for new interests,
conËinually evaluatíng scíence experience for career and
recreational opportunities "

Obiective: To develop hospitable attitudes toward
initiative, resoufcefulness, imagination, curiosicy and
creative abílitv"9

u
'Richard Schulz, r'Quality ScÍence for Ehe Senior High

School,tt The Bulletin of the National Association of Secondarv
School Princípals, XXXXIV, (December L960), pp" 77-BB"
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Teaching Ëhe Method G) of Scíence

In a report on a survey of forty-two syllab'uses for

science courses from thirty-seven staËes, Brandwein points

out the general agreement among science educators Ëo teach

ttthe scientific methodtr in the laboratory" It was fo'und that

each one of the forty-two syllabuses proposed thís objectiv".l0
ttTo cultivate the scientif ic method of invesËigation,tt is

listed as one of the objectives of Ëhe new University Entrance

Course in Manitoba,1l Despíte this widely accepted agreemenr,

there is much controversy as Eo the concept of ttthe scientific

methodtt as distinguished from the diverse processes of scienËific

inquiry which produce Ëhe concl'usions of science. It would

seem that this controversy is resporlsible for the absence of

the term, ttthe scientific meËhod,tt from the preceding state-

ments of objectives of modern science educatíon.

Over the last few decades there has developed a poinË of

1t\ttPaul Brandwein, Fletcher G" lrlatson, and Paul E.
Blackwood, Teaching Hieh School Science: A Book of Methods,
(New York: Harcourt Brace and Compâny, 1958), p" 11.

11ttttExcerpLs of InLerest to ScÍence Teachers From Ehe
Initíal Report of the University Entrance Course Seminar,tt
The Manitoba Science Teacher, V, (November-December L963),
Þ. 11"
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view that there was t'a scientific methodtr with definite steps

to be followed in sequential order. These steps are commonly

found in textbooks in the following order:

1. to recognLze a problem.
2. to gaËher relevanE daËa.
3" to formulate a working hypothesis.
4" to test the hypothesis"
5. Ëo accept, *oaity, or díscard the hypothesir.l2

Conseq'uently, this is the concept of ttthe scientific methodrf

as presently held by high school students.

Among leading science educators and pracËícing scientists

there are many who will accept the concept of tta scienËific

method.tr James B. Conant, afl outsËandÍng chemisE and educator,

poínts ouË that the traditional ínterpretation is not acceptable

and advances the term, tt'LacËics and straËegíes of sciencett in
,l?

its placêu'- The scientÍst does his research ín a manner best

suited to his particular Lenperament. Some, who have a

scholarly temperament, sort out Èheir ídeas and plan their

experiments wíth extreme care before iaking a single step in

the laboratory; others, who are less patient, but have arr

equally clear idea of l-he problem, prefer to attack Ít directly

l2Br"rrd*eín, et " al. , gg" cit. , p. L2 
"

13J*". B. Conant, On Understanding Science (New york:
New American LLbrary, Mentor Book, L95L), pp " L7-32.
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in the laboratoty"L4 Hurd is of the opinion that because the

methods employed are so highly flexible, the deËails of

invesËigation are seldom the same for any Êwo problems.

Furthermore, he asserts, ttÏhere is no one scientífic method;

in fact, there are almost as many methods as there are

scÍentists and problems to be solved. rrl5

The increasingly popular view ín this controversy is

described by Elmore, Keeslar, and Parrish:

No orre step-by-step procedure in attacking a
problem can be singled out as the Scientific Method,
although, certain elements of the method have been
found to be common to a variety of scientific problem-
solving procedures (recognizLng and clarifying problems,
gatherÍng appropriate information, seEEing up hypotheses
and Eesting them experimentally if possíble, isolating
Ëhe experimental factor by means of a control, runníng
check experimenLs, making careful measurements, organizLng
and interpreting data, drawing suitably qualifíed con-
clusions)" The number of steps involved and the order
in which various elements of methods may occur in any
síËuation will depend on the nature of Ëhe problem and
the background of experience and insighc the problem-
solver brings to ít.ro

l4Etrr."t Grunwald and Russell H. Johnsen, 3!roms, Mole*
cules and Chegical Change (Englewood Clíffs, N.J.: Prentíce-
Hal1, Inc., L960), p. 6.

l5Hurd, Fifty-ninth Yearbook of Ëhe NSSE, _9p,. cíE", p" 35.

16n. Elmore, o. Keeslar, and C. Parrish, tfthy Not Try
the Problem Approacl:r?tt The Science Teacher, XXVIII (December
L96L), pp. 32-37.
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This point of view is in accord with the opinions of Hurd and

ConanË.

The widespread adoption of the traditional Ínterpretation

of ttthe scientific methodtt may be explained by examining the

papers in modern scientific journals. Here one typícally

finds that the reports are similar and logically organLzed

in the presentatíon of Ëhe problem, the hypotheses, the

experiment, the daËa and the conclusions" Robinson suggests

that anyone without nn-rch personal experierrce in scientific

research tends to assLlme that such reports reflect the meËhod

by which scienËific problems are solved.lT Furthermore,

Robinson states thaL in the wricing of such a report, âny

ttsteps" of ttËhe scientific methodtt are easier to fÍnd in

retrospect" In addition, he writes Ëhat it is apparent that

the traditional concepË of t'the scientific methodtt is the most

undersiandable to the inexperienced teen-aged student. lS In

accord with the above writers, Hurd believes that presenting

l7Jack H. Robinson, utHord Should, i,te Teach uThe Scientific
Methodt?tt ParE Iu Science and Maths I,rleeklv--TeacherBs Edition,
XII (December 5, L962), p. 2"

l8Jack H. Robinson, ttHow Should trde Teach rThe Scientific
Methodu?", 3gI! II, SçiCOqe and Maths Weekly--Teacherrs Edition,
(Jarruary L6, L963), pp, L'2.
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problem-solving as a series of logically ordered steps is

merely a technique to ísolate the critical abiliËies and

skills Ín order to give them special aËtention in teachÍng.19

The inference seems to be that there ís a greater need for

the teacher to be conscious of the steps in formal analysis

of scienLific investigation than for the student to memorize

20
cnem.

Sínce there are sti1l so many practicing scíentists who

are in disagreement over ttthe scientific rnethod, tt Robinson

advances the theory that educators have been preoccupied with

the wrong question: '\nlhat is the Scientific method?rt He

encourages them Eo pursue a more fruitful questíon, such as,

tlühaË are some of the ways scientific discoveries have been

made?tt This redirection can be achieved by the repetition of

varied experiences in Ëhe tactics and strategies used by

scientísËs in solving different problems" Robinson feels Ëhat

j-t ís this emphasis on various aspects of the quesËion which

1ôrTHurd, Fifty-ninth Yearbook of the NSSE. loc" cit"
a 1'\

'vL. MilLs and P. Dean, Problem Solving Methods in
Science Teaching, Science Manpower Project Monographs, (New
York: Bureau of Publications, Colunibia University, L960),
p. 5.
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has led Lo the adoption of varied terms, such as ttcritical

thinkingrrr tttactics and strategies of sciencertt ttproblem

solving, ft and ttthe processes of scientific inquiryr t' in an

attempt to avoid the use of ttthe scientific method.rr Through

varied experience in the tactics and strategíes of science

the student will have sufficient background to make his o\^In

judgments about Ëhe nature of science and its growth" Arr

authoritarJ-an presentation, on the other hand, of a single

scienËific method is diametrically opposed to one of the

great tradiËions of ,.i"n...21

Summarv

Numerous statements of the objectives of science education

have been recorded in scientific líterature since 1930" An

examination of Ëhese statements reveals several similarities

to the staEements of modern objectives. The change in emphasis

ín the modern objectives, which would distinguish them from

the objectives published previous to Ehis past decade, is

reflected in an interpretative summation by Hurd, who states

that modern course conEent sho'uld:

?1-*Robinson. loc. cit.
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Provide a logical and integraËed picture of con-
temporary science, the theories, models and
generalizatLons that picture the unity of science.

Illustrate Ëhe diverse processes Ëhat are used to
produce the conclusions of science and to show the
limÍËations of these methods, the \iüays of inquiry,
and the structure of scíentific knowledge.

Enable the student to reach at some point the shadow
of the frontier; to experience the meaning of ttwe

just don]! know,ttand to be a\^rare of the progress of
ãcierrce.22

II" OBJECTIVES OF CHEMISTRY IÁ,BORATORY INSTRUCTION

Objectives of Chemical Education

The role of the laboratory in chemical education cannot

be considered separately from the objecËives of Ëeaching

chemistry and the broader objectíves of science educaËion as

a whole. The most recent statement of objectives for the

Ëeaching of chemistry has been made by the Chemistry Curricul'um

Revision Committee of Saskatche\^ran:

It was agreed that the general aím of Ëhe matrículation
course should be to provide students with a Ëhorough,
up-to-date, fundamental course in chemical science
which would:

1.

)

J"

22*urð, r ttNew Curriculum MovemenË in Sciencê, tt loc " cit .
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(a) be a challenge to all studenËs especially Ëhose
with academic talenË.

(b) acquaint students with scientific methods of
study through the use of an experimenËal
approach and through explanation of obser-
vations in terms of theoretical principles
and models.

(c) emphasize knowledge of theoretical principles
rather than the accumulaËion of encyclopedic
knowledge of apparently unrelated facts.

(d) encourage a quanLitative raËher than a quali-
tative approach to chemical science.

(e) make students a\^lare of the importance in their
lives of chemical science and technology.

(f) encourage broadening of scienËÍfic interests
and knowledge by suggesting outside reading
and experimentatíon"

(g) give students an understanding of chemical )7
science on which further study may be based.-"

A second Canadian source lists the following as student-

teacher goals for any chemistry course:

1, The sËudent should learn coNcEPTS through organized
thinking "

2, The student should develop sonre PROBLÐ4-SOLVING
ABILITY.

3" The studenÊ should learn those parËí-cular SKILLS
which are specific to chemistry laboraËory work'

4 " Laboratory work should INCREASE OBSERVATIONAL POI^IERS

and call aËtention to hidden meanings to be dis-
covered in laboratoty experimentatíon"

5 " Students should see the PRACTICALITY9 versatility,
and great future of chemistry; APPRECIATE its impact

23/^" B" Van Cleave, ttA New Chemistry Course for
SaskatcheT¡Ian High Schoolsrlt ReporË of Che Chemistrv Cur-
riculum Revision Committee, Regina (mimeographed) L962,
p" 1"
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on national economy, and be, in some cases, influenced
to make chemistry a vocational choíce.24

It must be noted that the preceding statements of the

objectives of chemical education reflect the broader goals of

science education.

Obiectives of Instruction in the Chemistrv Laboratory

Most science educators feel that a science course without

a laboratory phase is not worthy of the name, science. Support

for this belief has been given in a report by the National

Academy of Sciences on the function of the laboraËory in high

school science:

" It is of some significance to conclude from studies
on concept development that an effective approach Lo
science education would be to involve the student as
much as possible in the procedures followed by a scientist
at work to give Ëhe sËudent some insight into the
methodology of scientific inquiry, of Lhe acquisition
and interpretation of data, and^of the sense of excite-
ment that comes from discoverv.¿)

Hurd proposes a similar role for the laboratory in science

education:

24Si"r.r Ernestine Marie, ttHigh School Chemistry Today, "
Ihe $lience Teacher, XXVI (October L959), p" 426"

t<
"Gu!de1 ines for Development of Programs in Science

Instruction, National Academy of Sciences--National Research
Council, Publication 1093 (lr'lashington: Government Printing
Office, L963), p" B.
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Science is based on experiments; and so must be
the study of science" The scientists use the laboratory
as a primary source of learning; a similar function
should be served in Ëhe teaching of science" The purpose
of laboratory work is tlnaL of acquainting students with
Ëhe processes of inquiry as a means for e>çloring and
developing ídeas. The student is concerned with: Vühat
questions should be raised? trrlhat data are relevant?
How should the data be ordered for interpretration? Data
known and analyzed, do not give a Itconclusion.tt Theories
or models are also needed. They help Ëo synthesize the
data, tell whether the experíment meant anything: 

" 
ând

describe the cond,itio.,s *hi"h permit predittioná-.26

There is general agreement among scíence educators that to

become a\,rare of what science is like, students require direct

experience, with the factors, preferabLy even unamed, involved

in creating some tentaËÍve order in the complex *orLd.Z7

Stollberg sets up the aims of the laboratory program in

the following manner:

l. to increase critical thinking"

2" Ëo increase povrers of observation"

3. co develop keeness of initiative and versatility of
resourcefulness .

nr^¿oHurd, 
-gP.. ciË., pp. B-9.

?7-'Fletcher lüaLson, ttThe Place of Experiment in Science
Education, tt & Bullgtin of the National Associatign of
SecondarJ School Principals, )Oü(VII (January 1953), p. 99"
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to gain deeper insíght into the work of a scientist"

to acquire improved understanding of basic concepts
and principles.

to increase proficiency in useful skills such as
organí-zing data"

to develop interest and curiosity in science-related
areas "28 

'

the laboratory in introducËory college chemistry,

and Bennett propose the followíng goals:

Some familiarity with the general naLure and appear-
ance of many elements and compounds, including
subsLances most important in the laboratory"

Some experÍence Ín measurement of weights and
volumes, " fíltration, fractional distill-
atíon, recrystallizaËion, precipitation. 

"
An awareness of the direct relationship between

princÍple and practice"
An appreciation of the quantitative nature of

chemistry 
"

Experience in following Ínstructions, with practice
in self-direction.

A concept of the limitatíons of physical measurement.
Thorough training in observing and reportíng accurate-

ly and clearly. ,o
An enlightened view of what chemistry is really LLke.-'

chief function of the laboratory, as discussed

6"

7"

For

Sanderson

1"

?

J.

5"

6"
7.

8"

The

28Rob.rt Stollberg, ttlearning in the Laboratory,tt &
Bulletin of the National AssociatÍon of Secondary School
Principals, XXXVII (January 1953), p" 100"

20--R. T" Sanderson and !'Iilliam E. Bennett, A Laboratory
Manual for Introduction to Chemistry (New York: John lüitey
and Sons, Inc., L955), preface.
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previoLlsly, is to provide for the development of skills in

scíentific problem solvíng, or inquiry. Several analyses of

Ehe problem solving objectives have been published" The

following outlíne is based upon these.30' 31' 32

1. Sensing and defining problems
(a) Sensíng siËuations involving personal and

social problems where scientific skills can
be used"

(b) Recognizing specific problems in these
situations.

(c) Stating the problem in concise language"
(d) AnaLyzÍ-:ng the problem into its essential

factors "

2" Collecting evidence on the problems
(a) Learning Ëo recognLze valíd evidence.
(b) Drawing upon past experíences, both personal

and Ehose reported in the líteracure.
(c) Isolating elements cofirmon ín experience

and problem.
(d) Using experimental procedures suitable to

the solution of. a problem.

?n"tts.i"rrce EducaËion in American Schoolsrtt ryq,-Sixth
Yearbook of the National Socíetv for the Study of Educ+Eion,
(Chicago: Uníversity of Chicago Press , L947), p. L45-L47 .

?1"oreon KeesLar, ttA Survey of Research StudÍes Dealing
with Ëhe Elements of ScienEifíc Method as Objectives of
Instruction in Sciencertt Science Educatio3, XXIX (October
L945), pp. 2L4-216"

32t" Mil1s and P" Dean, Problem Solvins Methods in
Science Teaching, Science Manpower Monograph, (Ney York:
B.lreau of Þublications, Columbia University, L960), pp" 84-86,
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(i) Devising experiments appropriate to the
solution of the problem.
(a) Deciding upon the evidence which

should be collected.
(b) Selecting the rnain facror in rhe

experiment 
"(.) Allowing only one variable.

(d) Setting up controls for rhe experi-
mental factor"

(.) Recognizing the efficiency of both
group as well as indívidual attack.

(2) Carrying out the derails of the erperi-
ment"
(a) Identifying effecËs and determiníng

causes "(b) Testing the effects of the experi-
mental factor .under varying con-
diËíons.

(c) Performing the experiment a sufficient
number of times to ensure reliable
evidence 

"(d) DetermÍning and recording qualitative
and quantÍtative data.

(e) Being a\^rare of the limitations of
quantitative daËa.

(f) GeneralizLng on the basis of the d.ata.
(3) Manipulating the laboratory equipmenË

needed in solving a problem
(a) Selecting the most suitable equipment

and maËerials.
(b) Practicing to gain skill in manípu-

lation in order to secure accurate
results and to gaÍn an understanding
of its function"

(c) Appraising scales and divisíons of
scales on meas.Llrement insËruments to
become a\ä¡are of theÍr limítations.

(d) Avoiding hazards and conseq.uenl personal
accidents 

"
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(e) Locating source materials such as handbooks of
chemistry and physics.

(f) Usíng source materials.
(g) Developing skills in notetaking"
(h) Evaluating information pertinent Ëo the problem"
(i) Solving mathematical problems necessary in

obtaining pertínent data"
(j ) Making observations suitable for solving a

problem"

4. Making tþg best tentative explanation or hvpothesis
(a) Selecting important factors related to the

problem.
(b) IdenËifying the different relaEíonships which

may exist beËween the factors"
(c) Recognizing the assumpEions which nrust be made

in formulating a hypothesis if one goes beyond
the known facts.

Selecting Ëhe most likely hwothesis
(a) AnaLyzÍrrg, selecting, and interpreEing relevant

data.
(b) Judging pertinency or significance of data for

f.or the immediate problem.
(c) Recognizing and developing logical sequence of

daEa 
"(d) Recognizing ínconsistencies in data.

(e) Using resourcefulness in proposing new hypotheses'

Testing the hwothesis -by experimenta.L means
(a) Checking hypothesis wíEh recognízed authorities"
(b) DevÍsing experimenËal procedures suítable for

testing hypothesis"
(c) Applying the hypothesis Ëo the problem to determine

its adequacy.
(d) Making quantítative measurements of experimental

results and estimating the probable error of
such measurements.

(e) Recordíng the results with strict adherence to
standard definitions and usage of scientifÍc
terms "(f) Rechecking data for errors in ínterpretation.

6"
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(g) organízLng data in tables and graphs so thaL it
may be anaLyzed"

7 . Running check experiments involvinP; the same experi-
mental factor to verifY resulEs
(a) Study the conditions of the experiment to

deËect any omÍssions, defects, or errors,
particularLy those errors which might have
been introduced in the experimental results
by coincídence or chance"

(b) Recognizing and, if possible, checking f'urther
the validíty of the assLlmpEions involved in
setting up the experiment.

8. Accepting or reiecting the hvpothesis and testing
other hvpotheses_

9. Drawing a conclusion
(a) Arriving at a solution to the problem based on

an honesL, unbiased appraisal of Lhe data"
(b) Suspending judgment when results are not con-

cl-usl-ve "
(") Callíng attenËion in the conclusion Lo Ehose

basic assumptions which it has been necessary
to maintain through the procedure"

10. Using the conclusion as a basis for generalizing in
terms of similar problem situation

Since not all problems are solved by following all of the above

steps, nor by following them in the proposed order, the

sequence suggested is to be regarded prímarily as one of

convenience.

Summarv of ObiecËives for Laboratorrz Instruction

The fol-lowing outline of specific objecËives for chemistry
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laboratory instruction is one which incorporates Lhe aims

from the literature cited and reflecLs the recent shift in

emphasis towards improved quality in laboratory work.

1. To give the student an opPortunity to state the

problem in his own words"

2" To provide for adequaËe student preparation before

enEering the laboratory.

3. To encourage the formation of hypotheses, or pre-

dictions based upon predicEing recorded observations.

4" To guide students in the planning and developing of

their owrì. procedures.

5. To direct students in selecting the kinds of equip-

ment and materials that they wíll require, and in improvising

apparaELls.

6 " To províde f.or the logical organLzation of recorded

data "

7 " To provide f.or training in processing and analysing

daxa by graphing methods and solution of mathematical problems

to obtain secondary data.

B" To develop an avüareness of Ëhe limitations of

measurements.
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9 " To encourage the evaluation of the experimental

procedures orr the basis of the results obtained; to emphasize

methods as well as results.

10" To provide for experience in cooperative planning,

evaluation of group data, and in other aspecËs of utteam

research. tt

11. To culËivate good laboratory habits of safety and

cleanlíness.

J"2" To develop proper techniques ín manipulating chemical

apparatus and handling materials"

13" To províde for individual differences amoÍig students

by encouraging the sËudents to extend an investigation beyond

the basic experimenE.

L4. To develop critical thinking on Ehe parË of the

student "

15 " To frequently employ the investÍgation of an ttunkno\nmtt

material or chemical system.

L6. To indicate pracËical applications for the procedures

followed in the experiment"

L7 " To require laboratory reports that are functional in

Ëhat they emphasize communicatíon skills raxher Èhan needless

repitition of prinEed instructions.
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18. To provide for indivídual student growth in knowledge,

independent thought and self-directi on"

L9 " To gíve the student an insight inËo the actualitíes

of scienËific investigaËion.

The objectives listed above, which are consistenÈ with

Ëhe broad goals of modern science education and the more

specific objectives of chemícal education, will be employed

as the guidelines for further development of the investigative

chemistry Laboratory program"



AN EVAIUATION

CHAPTER III

OF THE EXISTING LABORATORY PROGRAM IN MANfTOBA

THE TRADITIONAL LABORATORY PROGRA}4

TradiËioqal Ï.aboraËorJ Approach

The tradítional laboratory programs are those programs

that for a number of decades enjoyed widespread acceptance

across the continent, but which are gradualLy being replaced,

following the bold steps in chemistry curriculum revisi-on

undertaken by the Manufacturing Chemists r Association, the

Chemical Bond Approach Project, and the Chemical Education

Materials Study. The traditional chemistry laboratory program

is described by Blick as being deductive-descriptive in approach

since the experíment typically follows the classroom discussion

on the topics. The studenC, therefore, starts with the facts

and principles and makes observations or performs experiments

to verify what is already known.l For each experirnent, the

I"

1rDavid Blick, ttPurpose and Character o

Instruction, t' Journal of Chemícal $þe!ion,
1955), p. 264"

f Laboratory
)eililI (May
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object, apparatus, procedure and rnethods for treating data

are completely described in the manual" Since the topic has

been studied ín the classroom, the st'udent can usually read

a description of Lhe observatj-ons and the conclusions from

Ehe text" The only steps which are left for the student to

follow are the performing of the activiËy and the gathering

of the data.Z The rnain ouËcome of the traditional laboratory

experíences is the development of skÍlls in manipulating
?apparatus.J The existing grade eleven chemisËry Labotatory

t

prograrra for the University Entrance Course, is traditional

in its approach.

Criticism of the Traditional LaboraËorv Program

Numerous criLicisms of the traditional approach to the

laboratory may be found in science education literaCure of

)¿Milton O" Pella, ttThe Laboratory and Scíence Teachingr "
The Science Teacher, XXVII (September L96L), p" 29"

38. Pierce, Modern High School Chemistrv, A Recommended
Course of SËudy, Science Manpower Project Monograph (New York:
Bur'eau ãf Þubf ications, Columbia University , L959) , p. 5.

4Frank Harder, Ou.i-Lline -of Laboratorv E¡P-@.,
Chemistry II.
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the last decade" The chief criticism is that this iype of

laboratory provides little experíence in the ways Ëhat chemists

arrive at knowledge through scíentifíc inquíry. So rnuch

emphasis is placed on qualitatíve exercises such as routine

preparatíons and verificaËion of chemical properties that

students are not likely to learn much about the actual work

of the chemist.5 This decided emphasis on the qualitative

aspects of chemistry results in an almost compleËe omission

of instruction in proper meËhods of organizLng data and deËer-

mining of experimental error, ãE the same Ëime that it permits

quantíËative verification of physical laws on a single set of

inaccurate measurements. As the experiments offer little or

lro opporËuniËy to discover any of the basic principles of

chemistry, they present no challenge because Ëhey provide no

opporËuníty or need for individual inÍtiaËi.r."6 Hurd summarizes

the objections of many scÍence educators to the traditional

laboraLory program when he writes:

'8" Pierce. loc" cít.
6n"rrr.y ,";;, ;. High school Physics Laboratory

Approach, tt $lence Teacher Achievemen! Recognítion Program
L958 (!'iashington; Natíonal Science Teachers Association,
1958), p. 44"
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An experiment is useless in learning science if
Ëhe result is known in advance. The traditional schoolttexperimentrr seL to give predeËermined data is unknown
to the scientist. An experiment should be an exercise
ín disciplined thinking, not a routine without chance
for error" How car' a studenË develop confidence in his
own learning when Ëhe unexpected is always a ttwrong

answertt? If there are no opportunities Ëo question
experimental results, oo opportqnities for criLical
thinking exist for the Learner. t

In brief, the chíef criticism of the traditional laboraËory

experiments is thaL they emphasíze techniques which are a

parË of the tactics of science, but do not emphasize the

sLrategies or processes of science.

In a reference to traditional chemisËry laboratory

manuals in the United StaLes, Campbell reports that they

typically contain blank spaces to be fÍlled in by the students.

He further asserts that fifty to ninety per cent of such

entries requíre only perusal of the texËbook with no refer-

ence to laboratorv work.8 Such an insertion of words into a

prefabricated sentence permiËs the sËudent to do a minimum

of thinking, thus further reducing his initiative. The latLer

The

-/Paul Hurd, ttThe New Curriculum Movement ín Science,rl
Science Teacher, XXIX (February L962), p" 6.

ooJ. A" Campbell, rrChemisEry--An Experímental Scienr-o rr

School Review, LXX (Spring L962), p. 52.The
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criticism of the Ëraditional laboratory program is the only

one which definitely does not apply to the exÍsting labora-

tory program for grade eleven chemistry in the Uníversity

Entrance Course in the province of Manitoba because the essay

type of report is employed.

UndCsj-raÞ!ç Bracgiçes Bes:¡l!¿gg From the Traditional Approach

Since most traditional experiment are noË excursions

inËo the unknown but are thoroughly described in the text,

this program fosters several undesirable practíces in the

laboratory. Science educaiors have reported Ëhe observation

of the blind obedience of students to printed directíonsr9

when Ëhe students read the laboratory manual and do what it

direcËs, one line aE a tite.lO It is because of such obser-

vations that Ëhe practices of the traditional chemistry

laboratory are commonly referred to aS t'cookbooktr chemisËry.

Other undesirable practices reporLed ín science education

9Howard Nechamkin,
of Chemícal

ttlaboratory Meetings Should Teach
Education, )O(IX (February L952),Too, tt Journal

p. 531.

10n. I^I. Lefler, "Teaching of LaboraLory L,Iork in High
School Physicsrtt School Science and Mathematics Ðß)ffII
(June L947), p. 531.
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liËerature are;

1. The sËudents talk about irrelevant things while

the experiment is ttcooking""ll

2. The students record the phenomena that they know

should happen rather Ehan what actually does h"pp.rr.12

3" The sËudenËs often work backward from Ehe expected

ansr^/er to acceptable data.13

Such practices which are outcomes common Ëo the traditional

laboratory programs irake a mockery of the word ttexperimenEtt

and ridicule the painstaking work of the scientÍst.

II " EVALUATION PROCEDURES

One measure of the effectiveness of the traditional

chemistry laboratory program is an evaluation of the extent

to which the program is meeting the objectives of modern

chemical education" The applicaËion of an inventory or check-

list of objectives, for the evaluation of a laboratory program,

rrrui¿.

l2Sirter Ernestine Marie, ttlnductíve Teaching ax the
Secondary Level,ttJgtral of Chemical Education, X)OCV

(January 1958), p" 46.

13-,--Nechamkin. loc. cit"
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has been suggested by Mills arrd Dutrr.14

As an outgrowth of Chapter II of this investigation,

níneteen specific objectives of a modern chemistry laboratory

program \.^7ere arranged in the form of a check list or rating

form" Copies of this rating form vrere mailed to sixty

chemistry teachers in the Greater Winnipeg Area. Ratlrer

than checking whether each specific objective \^ias being

attained, the teachers rated each objecËive inits attaínment

as either excellent (4), very good (3), good (2), fai,r (1),
1qor poor (0)," Hence, every specific objective had a maxinnrm

ratíng of four, Ehus providing a rnaximum total for the program

of seventy-six" A compilation was made of the data contained

ín Ehe twenty-seven forms Ehat ï^rere ret,rrned"16 This compi-

lation indicates that the range in rating the Ëotal program

\^ras from four to thirty-five" A summary of this data in

Figure 1 reveals the assets of the existing traditional

L4r" Mills and P. Dean, ttProblem Solving Methods in
Science Todayr t' Sc:!en.u Manpowej Project Monogr_aph, (New

York: B'ureau of Publications, Columbia University, L960),
p" 84"

15.rnlra" þpendix A"

Appendix A.l6irrfru.
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laboratory are the development of habits of safeËy, and proper

techniques in the handling of apparatus" At the same time,

the sunìroary points out the specific areas of the program that,

according to the objectives of modern chemical education, are

weak" These areas of weakness include, (1) the employment

of unknown systems f.or investigation, (2) the indication of

practical application for the procedures to be followed,

(3) the provision for individual differences by encouraging

the student to exËend an ínvestigation beyond the basic experi-

menL, (4) the encouragement of hypoËhesis formation, (5) pro-

vision for direction in planning and developing independent

procedures, (6) the provision for training in processíng and

anaLyzLng data, and (7) the employment of group techniques for

investigaEion.

III. CONCLUSIONS

Although the maximrm raËing for the existing laboraLory

program vüas seventy-six, no chemistry teacher gave it a rating

above thirty-five; the mean rating being sixËeen. Thus Ít

would appear that the existing, traditional chemisËry Labora-

tory program does not meet the objectives of modern chemical

education. The shift in emphasÍs in the objectives of the



42

chemistry program durÍng Ëhe last decade is not reflected in

the existing traditional program since the weaknesses include

the failure, (1) to employ the investigation of unknown systems,

(2) to give insEruction on the processing and analyzing of data,

and (3) Eo provide Ëhe opportunities for the development of

independent proced'ures 
"

Further in supporÈ of the conclusion that the existing

traditíonal laboratory program does not meet the objectives

of modern science education, the ChemÍstry Curriculum Revision

Committee for the province of ManÍtoba has recontrnended the

adoption of the CIIEM Study Program for grade eleven chemisËry

in the Universitv EnËrance Co.rrs..17

lTSm DocEoroff,
Curricula Changesr t¡ The
April L964), p" 4L;

ttThe Latest Developments Ín Manítoba
Manítoba Sciencg Teacher, V (March-



CHAPTER IV

RECENT LABORATORY PROGRAI{S

I. INTRODUCTION

Never in the History of American education have so

much talent, energy and money been invested in improving

science education as in Ëhe latter half of the last decade.

A notable feature of this movement has been the extensive

involvement of practising scienEists. After long years of

indifference to problems of education, many of them have

come out of their laboratoriesrand personally or through

Ëheir professional societies, have voiced their interest

and have shown their willingness to ass'Llme leadership" Practis-

ing scientists in many universiËies now give time and energy

in order to sit on comrnittees concerned with professíonal

preparation of teachers and on those dealing with curricul'um

studies and revisi-on" Although some programs for curriculum

improvement have been initiated and supported by private

foundations and industry, the majority of the support has

come from the UníEed SEates governmenË through the Natíonal
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Science Foundatior,. I

As a result of Lhe ínteresË shown in improving science

educaËion, many projects in course-content improvement have

been undertaken in recenË years in all areas of high school

science educaLion. It would be unrealísËic to aSSume that

all thís curriculum revision is unified; however, Ehere are

aE least two common feaLures which give a ne\^7 dírection in

science teachíng: the provision of a logícal and integrated

picture of contemporary science, and the Íllustration of the

ï/üays of scienËif ic inquiry and the limitations of such methods "

trüith inquiry and generaLizations aS goals of science teaching,

the laboratory phase has become a more ÍnËimate part of the

total learning actívity that has been characteristic of

previous science programs. In the area of hígh school chemisEry

three such independent projecEs have made o'uLstanding contri-

butions to 'ceaching chemistry from a chemistts poinE of view.

These projects are:

lFrederick Jackson, ttKuy Role
Change, tt siengg EducaËion News, The
the Advancement of Science. Decernber

of ScienËists in Curriculum
American AssociaEion for
L96I, p" 24"
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1" The Scientific Chemistry Experiments of the Manu-

facturing

?

Chemists I Association (MCA).

The Chemical Bond þproach (CBA) Proj ect.

The Chemical Educatíon Materials (CHm{) Study"

II. THE MANUFACTURING CHNMISTSI ASSOCIATION

Background and Planning

The Manufacturing ChemisËs t AssociaËíon aid-to-education

program \^ras officially started in December of L956. At the

initial conference, four of the leading science educators in

the United States reviewed the status of high school chemístry"

Deciding that one of the major weaknesses \,\ias found in the use

of laboraEory time, the group suggested that chemisËry labora-

tory work would be more fruitful, especially for able students,

íf more challenge \^rere built into Lhe experiments. ttOpen-

endedtt experiments which could be carried out only through

Lrue methods of scientific investigations T¡Iere recommended.

The stated specífic objectives of the MCA Program .t^rere:

l" To help Eeach the principles of chernistry and their

application to industry, agriculture, and everyday living"
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2" To make Ëhe high-school chemistry laboratory a

highly interesting and challenging experience.

3. To capËure or to develop further Ehe enthusÍasm

of able students for careers in science.

4" To foster intellectual activity by posing questions

to be answered through laboraËory experi"rr"u".2

The first steps to bring the spirit of scientific

inquiry into Ëhe high school laboraEory r¡.iere taken when a

review committee consisting of nine chemisËry teachers from

the Northeastern United States approved a plan to prepare the

experiments, Ëo tesE them and to distribuEe them to the schools"

Procedures for the operÌ-ended experiments were written by

chemisËry teachers from across the United States. After it

rüas edited, each set of directions, together with the accom-

panying ínformatÍon for the teacher, T^/as sent out to at least

five different schools for triãl and possible improvemenË.

Progress and Present Status

By 1958, thirty-one open-ended experiments had been

n¿Charles L. Koelsche, trThe Course in Chemistryrtt
Bulletin of the National Associatíon of Secondary School
Principals, XXXXIV (Decernber 1960), p" 110,

The
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compiled by the MCA, and distribued without charge in class-

room quantities to teachers of chemistry. By August L959,

more than half of all the American high schools offering

chemistry had requested enough copies to equip at least one

laboratory class in each school" Requests were also received

from fifteen foreign countries.3

The Manufacturing Chemísts t Associationls aid-to-

education program, the primary purpose of which is to con-

ceive, develop and tesË ne\,^r ideas useful Ín science education,

gave Holt, Rinehart and lrlinston, Incorporated, the rights to

conÊinue the publication of the experiments in L959. since

thaË time Ëhe MCA siaff has organLzed an additional group of

thirty experiments, to provide a Laboratory program of open-

ended experiments thaL could fulfill the requírements of a

full yearts 
"o,rta..4

Laboratory Program

The open-ended experiment. These experiments are

The

3ucA sraff,
Teacheg Book, (New
L962), p. iií.

4r¡ i¿.

Scieniific Experiments in
York: Holt, Rinehart and

Chemístry--
trrlinston, Inc. ,
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distinctive in that students cannot antícípate the observations

or conclusions beforehand. Although purposes and procedures

are described clearly, the results, which are omitted from

the sËudent guide, can be obtained only through direct labora-

tory experÍence. In addition, on the basis of his laboratory

experience, the student is asked to make prediciions and then

verify or disprove them. In order Lo answer the question,

ttHow do oxides behave in water?rt. the student records careful

observations on several oxides" He then conrbines his obser-

vations with those of other class members. From these obser-

vations the sLudent is required to search for some patEern

by referring to the periodic table, the activity series and

the heaEs of formation of the compounds involved. Once the

pattern or conclusion is establíshed, it is then verified or

disproved by prediction of the behavior of an oxide which was

not previously studied; the pred,iction is then tested.5 Since

the results of such open-ended experiments are not necessarily

uniform throughouË the class, the teacher and student becomes pre-

pared for the unexpected" Sometimes unexpected resulLs can stirnulate

)MCA Staff, Scientific Erperiments in Chemistrv (New York:
Ho1t, Rinehart and V'Iinston, Inc., L962), pp. L4-L5"
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independent projects and fruitful investígation. Open-ended

experiments such as these may be described as research prob-

lems in miniature"

Practical applications" AË the end of each experiment,

the principles or techniques, which are involved in arriving

at a conclusion, are related to real-life sítuations; there-

fore, the '\nlhaLts it good for?tt q'uestion has many inËeresting

ans\^/ers for the student"

St'udent reports " Each st'udent is asked to make a

report on the experimenË in his ol¡rn maflfler, and to include

evidence for his conclusÍons" The requirements are not

rigorously prescribed, buË the report to the teacher should

resemble the report of a research chemíst to the grouP leader.

The report need not repeat the direc'Lions in the student g'uide,

but it should show that the sEudent undersEands the purpose

and the method of the experimenË. The daiua collected from

the experiment should be recorded as part of the report; this

information is then used to arrive at a conclusion. In general,

the report should ansT^ler \^ihaË the student has learned and

should contain the supporting evidence for his conclusio"s.6

6uCe Scaff, Scientifiç Experiments in ChemÍstrY -
gg,E, p. 20 "Teacher
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Teacherrs guide. A conrpanion Teacher Book has been

designed for chemistry teachers wÍth limited academic prepar-

ation or experience. This volume contains Suggestions for the

utLLLzatÍon of the experiments and the precautions to be taken

Ln carrying out difficult experimenËs" Sanples of typical

student results from a tríal class are also included. Owing

to the nature of open-ended experiments the Teacher Book is

an invaluable guide for the average chemistry teacher.

Flexibilitv and adaptability, In spite of the fact

thai the MCA experiments have noË been written f.or any specifíc

course Ëhey can be adapted to any course in high school chem-

istry" Although many of the experiments are designed to be

performed individually by the student, some axe particularly

adaptable co group work so that different groups within a

class can gather daËa on different aspects of Ehe same problem"

The results are then tabulaLed and compared, so Ehai a class

ans\,^rer is reached. By following such an aPproach the class

function5 aS a research Eeam. These experiments have also

been adapted for the use as projects for clubs and informal

/Koelscher loc. cít"
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groups of students " Regardless of the way that Ëhe MCA experi-

ments are fitted into a chemistry program, they are found .Lo

be effective noË only in illustrating some of the processes

of scientÍfic inq'uiry, buL also ín challenging the student

to further investigation.

II" THE CHEMICAL BOND APPROACH PROJECT

Historv and Organization

The Chemical Bond þproach (CBA) Project originated in

L957 when a gronp of college and high school chemistry teachers

met for a two week conference at Reed College in Portland,

Oregon" The following objectives r^Iere proposed for chemistry

courses in high school and first year college:

1. To present the basic principles of chemistry as an
intellectual discipline and to achieve an appreciation
of chemistry as a creative pursuit of human knowledge.

2" To develop facility in anaLytical, critical think-
ing - especially thinking which involves logical
and quantiËative relationships .

3" To develop scientifically literate citizens through
an understanding of, (a) methods of science, and
(b) Ëhe role of chemistry in society and in every-
day livíng.

4" To stimulate interest in chemistry, to idenËify
promising studenËs, and to provide adequaËe



52

preparation for furËher scientific

IË was recognLzed that these objectives could

more than one method of presentation, but the

cluded Lhat chemistry could be taught better

had a central theme"

Journal

o
studies " 

o

be atËained by

conference con-

if the course

Following a similar conference in the summer of 1958

at Ïrlesleyan Universíty in Connecticut, a group of high school

and college teachers agreed to try out experimentalLy a course

based on the chemical bond as a central theme. Ì^iiËh this theme

ËhroughouE the text and laboratory program, mosL of the topics

normally included in high school texts \^Iere to be developed,

ttnot as indívidual enËities but rather, âs inËerconnected

threads in the total fabric of chemistry.tt9

The National Science Foundation began to support the

program in L959 and has conLinued to do so. In Ëhe sunrmer of

L959, a wriËíng conference, in which nine high school and nine

college teachers prepared the fírst text and laboratory manuals,

was held" Beginning in the fall, evaluation was made through

BttReed College Conference on the Teaching of Chemístryrtt
of Chemical Education')Q(Xv (January 1958), p. 54"

9rtCBA Summer fnstÍtuËesrr (descriptive brochure),
January, L962, p. 1.
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\¡/eekly reports Sent in by teachers on Ëhe text materials and

student laboratory notes on each experiment, visits to schools

by CBA staff members, three series of regional meetings from

small groups of teachers, and a tesËing program" Ïhe text

and laboratory manual have been revised continously to reflect

Ëhe experience of teachers employing them.10

Prosress and Present Status
#

Since the initial writing conference, the texts and

laboratory manual have undergone three trial revisions"

Publication of the first commercial edition of the text,

ilChemical Systems,tt has been completed in early L964 by the

McGraw Hill Book Company. Interest and parËicipation in the

project have grown steadily as a result of the National Science

Foundation Surnrner InstituËes which provided chemistry teachers

with a background appropriaÊe to teaching CBA Chemistry.

Table 1 indicates the increasing participation in Ehe pro-

gram over a three year period.

10_, .,IDIO"
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ENROLLMENT IN THE
COI]RSE

TABLE I

CHHVIICAJ. BOND APPROACH
SINCE LgsgLL

Academic Teachers
year (No. )

Students
(uo.)

L959-60

L960-6L

L96L-62

10

B3

200

850

5,500

10,000

The Laboratorv Program

Inten'E and approach" The CBA Project staff feels that

the besL way to give a student an appreciation of chemistry is

to get him to perform the functions characteristic of chemists,

for only then will he see chemistry as a powerful process for

uncoveríng and extending natural phenomena. Towards this end

the organization of Ëhe CBA laboratory program has been developed

to aid the student in his study of the interplay of concepts

wíth observations and experiment" The student not only collects

data in the laboratory but also applies ideas Ëo his data. The

llArth.rr H. Livermore,
Chemical Bond Approach Course
and ChemisErJ, XIV, p. 15"

and Frederick L.
in Lhe Classroom,

Ferris
" The

Jr. ,
lrlelch

ttThe

Phvsics
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da:-a axe fitted into a logical scheme based on a set of

ass'umpLions and often some mental mode1. Such logical reason-

ing leads to a reasonable solution to the problem. Because

Ëhe experíments do not lead to a predetermined resulE, it is

'Ehis abiliËy to follow and even to construct a line of argu-

ment that is the real indÍcation of good student work. The

importance of reproducible quantitative work is not minimized,

but it is not made a goal in itself" The treatment of experi-

menËaÊion in the Ëext gives sufficienE leeway Lo allow -uhe

student Ëo inLerpret his o\¡in experimental data without being

forced to accept conclusions which may inconsistent with the

data. No unusual observation is considered lrrong if the

student makes it honestly, CBA takes a scientific atËiËude

to unusual results and encourages sËudents to seek out reasons

for such resulËs" This type of laboraXory is truly research-

L2centrerec.

SLudent Introduction to the laboratory" The studenË

between ideas.becomes a\^/are of the emphasis on the interplay

12ttchemical Bond Approach Summer InstituL€sr tt (descrip-
tive brochure), JarxtarY L962.
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observation and experimenE in the very first experiment he

encounters. This is the tublack boxtt experimerrtl3 in which

each student is given a sealed box containing an unknown

object and is asked to develop a mental model of the object.

His report is judged not on hís abilíty to guess the contents

of the box correctly, but on the way he organLzes the evidence

l-hat he has collected through observaiíon and inference.

Though seemingly f.ar-fetched, this experiment gives the student

an appreciation of the problems involved in constructing a

mental model of atoms and molecules,

Org,anizatLon of experiments into groups of íncreasing

difficulty. Various conceptual themes such as stoichiomeËry,

and the relationship between structure and properËies, are

developed gradually in the laboratory through the design of

experiments which become progressively more complex as the

year progresses. The forty-one experiments are divided into

three groups of increasing difficulty. Group I experiments

have been selected not only to provide experimental information

l3Cge Laboratory Development Committee, Chemistrv Labora-
torv (third rev. ) (Lebanon, Pennsylvania: Wilt OffseË , L96L),
p. 1.
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related to the íntroductory materíal in the text but also to

introduce the student to many of the basic Laboratory techniques

which he will use throughout the course. It is important to

note that the learning of manípulaËions is not treated as an

end ín ítself, but also as an incidenEal step to Ehe solution

of a particular problem. For example, an introductory experi-

ment which is used Eo íllustrate precípitation and fíltratíon

techniques requires the student to find ouË which of the trwo

reacting soluLions is in excesr. 14 Hence this experiment be-

comes an investigation rather than merely a manipulatíve exer-

cise" These Group I experiments are designed Eo provide suf-

ficient information to enable the student to solve for himself

the problems posed" It ís here that Ehe student gains confi-

dence in his abílity to obtain meaningful results in the
15

Laboratorv "-"
The experiments included in Group II involve the investi-

gaLion of various aspects of specifíc materials presented in

l4cge Laboratory Development Committee, @m.ig-f-ry Labora-
Lory, pp. L}-Lz

l5cgA Laboratory Development Committee, Teasherrs Guide
to the Chemistrv Laboratorv, (Annville, Pennsylvania: CBA

Laboratory Developrnent CenLer, L962), pp. L6'L7.
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the text" The assistance which !üas previously given to che

student has been withdrawn so that the student now has the

opportunity to sllggest an experimental procedure to be used

in ,|-he investigation. A brief introduction in the laboratory

manual and the pre-laboratory discussion provides the student

with a start in a useful direction. Typical laboratory

directions in this level of experiment are:

Identify each of the substances contained in the six
test tubes assigned to you" Although you will be given
the specif ic ,-r"r.r of these substances, the names wíll
not be associated with the speeific nurnbers on the test
tubes assigned Eo you" The problem is to be solved by

using only the subitances contaíned in the test tubes"
This "t, 

L" done by míxing a Portion of two of Ehe

substances and comparLng Ehe resulting observations
with the characteristicã of Ehe various possible,products
reported in the literat'ure or gíven in the texL. Io

Prior to the experiment the student must sËudy the characteristics

of the various substances assigned and organLze an original

flow sheet for qualitacive analysis. lüith such experiences

the student is made to feel that ic is within his power to

learn facts and to originaÈe ídeas "

A number of more complex, research-centered problems,

which require investigatíon over a number of laboratory periods

l6CgA. Laboratory Development Committee, Chemistgj¡

LaboratorY, P. 43"
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make up Group III" Here, the problems posed for investigation

involve chemical systems in which several factors contribute

to the general properties of the system' A typical problem

is posed in this \^7aY:

Determine the order of bond strengËhs of AX, AY, and AZ,

using data obtained from the aqueous solutions of the
ioniccompoundsrdesignatedABrCXrCYrandCE'assigned
to you.17

No outline of procedure is given. It is left to the student

to decide what information he needs Eo solve the problem"

Ideally, some information should come from the laboratory

and some fron'r the litserature. The student is asked to submit

the d.esígn of his procedure for approval and then to perform

aLL the required steps inciependently, employing the ideas

and Ëechniques accunnrlated ín the process of investigating

the other problems in Groups I and II. The entire sequence

of experiments is so designed to provide the necessary back-

grourrd for such research-centered problems as found in Group III"

Extensions. Prominent in the philosophy of CBA chemistrY,

possible, to extend theirsËudents are encouraged, wherever

17-t¡¿¿", p" 53"
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investigatÍon beyond the immediate experiment and try to col-

lect experimental data to anshzer problems whích they have

raised. Therefore, the laboratory is used as a coÍì.venienE and

useful springboard for converting student qLtestions into an

experiment rather Ëhan giving the student a dÍrect ans\,^rer.

Several suggested extensions are given for most experimenËs.

These extensions are found to be most useful in providing for

the needs of the gifted student who will complete the basic

experiment before the majority of Lhe members of the class do.

Pre-laboraËorv and post-laboratory discussiol" A pre-

laboratory discussíon, preceding the laboratory period by at

least one day, allows the teacher to set the scene for the

laboraEory work which fo11ows. Ilere, the sËudents will learn

why they are doing a partÍcular experiment and also with

guided qLlestions from the teacher, members of the class may

desígn the procedure for a Group II experiment through group

díscussion. They may also receive a start in a useful direction

for designing a procedure individually. To make the pre-

laboratory discrlssÍon of reaL value, the teacher nrust be

willing to allow the students to try their proposed procedures

as long as ËhÍs can be done safely, even though he may feel
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sLrre they will not work" The ski1l of Ëhe teacher in leading

the discussÍon of the proposed work will determine to a Large

extent the attitude of the student upoir entering the laboratory

and will be reflecËed in the caliber of the work accomplished.

Also vital Lo the success of the laboratory is the post-

laboratory discussion. Its chief advantage is to provide an

opportunity to correlate and interpret the results obtained by

the students. lS

The laboraËory notebook. Laboratory notes are kept in

a blank notebook consisting of one-quarter inch graph paPer

with aLternaxe white and yellow sheets. The origínal noLes

written in the laboratory during the experiment are made on

white sheets and a carbon copy on the yellow sheets. The

carbon copies are torn out and handed in at the end of the

laboratory period for checking by the teacher. The student

keeps his original record. During the Ëesting program, these

carbon copies \^/ere sent to the project headquarters for evalu-

ation and revisíon of experiments.

t8cgA. Laboratory Development Commictee, @þetþ
to the ChemisLry Laboratorv, p. I'9.Guide
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The requirements of these laboratory reports are that

they be concise but complete enough so that they can be read

and understood by oEhers. Each report is expected to include

the following:

1. A statement of the problem being investigated.
2" An accounE of all procedures which are not already

described in Ëhe StudenLts Guide
3" A detailed record of observations.
4. A precise record of weights and measures.
5" A graphical or tabular presentation of data when

appropriate "

6 " Generalizations or conclusions based on actual
laboratory observations. 19

For some experiments the report might contain such addÍtional

informaËíon as Ëhe appropriate calculation of secondary data,

a treatment of errors, equations for reactions, and Suggestíons

for further laboraËory work.

To facilitate the recordj-ng of experÍmental Ínformatíon,

a flow sheet Ís employed. A flow sheet is a graphical represen-

Eation of procedures to be followed, Ëhe observations noted,

191¡id., p. iv"
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and a record of 'the daËa collected while the student is

actually conducting an investigation in the laboraiory" The

tinre spent in the organization of the flow sheet as a pre-

laboratory assignment will ensure Ehat the studenË understands

the procedures to be followed in Ëhe laboratory where he will

find it a useful reference as the experimenË proceeds and a

convenient means of recording observations aS they are made"20

TeacherÎs guide book. Because the experiments are truly

investigative, oT research-centered, the students will often

arrive at resulËs which are not anticipated by the teacher"

To prepare the teacher with an average academic preparation

in chemisËry for S'Llch an atmosphere, the accompanying teacherrs

guide Eo the laboratory contains 354 pages of essential back-

ground information. Theoretical discussions of each experi-

ment, background information, SuggesLions on possible pre-

laboratory and pos t'Laboratory discussions, information re-

garding the general philosophy of the program, and the intended

progressive development of the experimental techniques and

2oceA. LaboraËory
Laboratorv, pp. A-13 Lo

Development Committee, ChemistrJ
A- 16.
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concepts are aLL contained in teacherts guide for the labora-

xory 
"

Correlation between Lext and laboratorv program. The

laboratory program and the text parallel one another in terms

of Ëopics and reinforce one another considerably. In some

cases direcË use of the studentÍs experimental data as a

parË of the text development are effective, but this order of

presentation is not essential to the development of sËudent

.understanding" Integrating the laboraËory and text Ín thismanner

permits a flexible use of the laboratory program with eÍther

inductive or deducËive development. This dual approach reflecËs

the ways in which science develops"21

IV" THE CHEMICAI EDUCATION MATERIAIS STIJDY

Historv and Organization

The Chemical Education Materials Study, (CH$M Study),

grew out of suggestions by a conrmittee appointed in 1958 by

'uhe America:a Chemical Society to study the possíbility of

?1_--¡iarIe
Newsletter, May

S.ScoËt, ttThe Necessity for VarieËyrttCBl\
L962, pp. L-2.
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revising high school chemistry" This comrrittee recon-¡nended

a revision and suggested ín general what the coLlrse should

contain" In L960 a grant was obtained from the National

Science Foundation and a steering commiEtee of college pro-

fessors and high school teachers was assembled to investigate

whaË could be done to produce the most effective high school

co'urse possible. The following specific objectives v¡ere

proposed:

1" To diminish the current separation between scíentists
and teachers in the understanding of chemical
science "

To2"

J"

stimulate and prepare those students whose pur-
pose it is continue the study of chemistry at
a'universicy,

encourage teachers to undertake further study
of chemisËry courses that are geared to keep
pace with advancing scientífic frontiers and
thereby improve their Eeaching methods.

further in those students who will noE contínue
the study of chemistry after high school an
understanding of the importance of science in
currenL and future human activÍti"r.22

To

To

The steering committee set out to identify the irreducible

minimum of fundamentals Ehat could be taught in a high school

course.

22t" B, Van Cleave, frA New Chemistry Course for
Saskatcher/¡a-n High Schools, B¡ (mimeographed), Regina L963, p " 2 "
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In the summer of L960 a groLlp of nine college professors

and nine high school teachers met 4Harvey Mudd College in

California for a writing conference. As a result of their

labors, a textbook and a laboratory manu.al were prepared.

Later ín the suûrmer, these materials \,úere studied by twenty-

three teachers selecLed maínly from the California area.

Duríng the L960-6L academic year, twenty-four high schools

used CHEM Study materials, with thirteen hundred students

involved in Ëhe trial. Through weekly meetings, where problems

and changes T/üere discussed, close contact l^ras maintained be-

tween the staff of CHEM SEudy and the teachers. The reported

experience of the teachers became the basis f.or the revision

incorporated in the Second Trial EdÍtion and the Teacherrs

Guide developed to accoupany i-:. .23

Progress and Present Status

During L96L-62 the original ËwenËy-four teachers \^Iere

joined by about one hundred more who had completed a period

of preparaËíon in the NatÍonal Science Foundaiion Summer

23L, sibler, ttThe CHEM study Approach to rnËroductory
ChemisEry, tt

p" LL4"
School Science and Maths-, LXf (February T96L),
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Institutes " Over twelve thousand students \,^Iere involved in

the second year tryout. The third trial edítion of the text

and laboratoxy materials \^/as exposed to about forty-five

thousand students in five hundred and sixty high schools"

Iüith the addition of these numbers, the evaluating facilifíes

\^rere expanded and six new cenLers \^rere established to facilitate

the compilation of progress reports from participaEing x"a"h"rs.24

The hardbound edition of the CHEM Study textbook, "Chemistry:

An Experímental Sciencett and its accompanying laboraLory man-

ual and teacher t s guide \,\7ere published in the summer of 1963

by the trü. H. Freeman Company. IË has been estimated that over

one hundred and ten thousand students r/¡ere using CHEM Study

Materials during L963-64. This figure constítutes beLween ten

and fifteen per cenL of the United States high school chemistry

students during this academic y"^t "25

The Laboratorv Program

Intent and purposg" The CHEM Study approach is based

upon the phílosophy that the high school laboratory should be

24Ctm"t Studv

Study

NewsleËter, October L962, PP. L-2.

Newsletter, February L964, P. 4.25cimr
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a place where the student makes and records careful obser-

vaËions orr a system, seeks patterns or regularitíes in what

he observes, and then develops tentative explanations or

mental models to raËionalize his observations. The forty-

four experiments are quite specific in terms of procedure,

but open-ended as to expected results and inËerpretation"

Students are led to discover many generalizations for them-

selves. "It is hoped that, âs well as learning chemistry,

students wÍl1 experíence the thrill of discovery, t' wrítes

Merrill, " and learn first hand how scientific enterprise

moves forward.n26

Uncertainties of measurement. Because many of the

fundamenEal concepts developed in the course are qtlantitative,

many of Ehe experiments are quantitative also. An important

area of emphasis in the CIIEM Íìtudy laboratory is tlnat of the

'uncertaínty of scientific measurements and the dynamic aspect

of science" The student learns Ehree coTnmon meEhods of express-

ing the uncertainties of measuremenL and the advantages of

26Ri.h"rd L. Merrillr ttChemistry--An ExperimenLal
Science,tt&g Science Teacher. )QQ( (April L963)' pp' 26-27 

"
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using each method. This variabÍlity ín measurements is

clearly illustrated to the student by the pooling of class

results to obtain averages, devíations and graphs of group

data" trrlhen the resulc obtaÍned by each student represents

a poinL on a graph, crítical evaluation of results follows

readily" The student begins to understand and apprecíate

the limits of accuracy in measuremenË and, therefore, is

made cognLzant of the tentative nature of the conclusions

based upon these measurements.2T

SËugent introduction to the laboratorv. After the first

week at school the student realizes thaË the title of the

coLlrse is not misleading; chemistry is indeed an ex?erimental

science. From the very first day, almosË every period is

spent in the laboratory and the student is not given the text-

book until after the third day of school" The very first

experiment requires the student to make and record as many

observations as he can of a seemingly simple, yet deceptively

27n. B. Van Cleave, ttYoung i,[Sndering Minds in the Chem-
istry Class,tt CIL Oval, Spring L963, p" L6"
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complex chemícal system, a burning candle. The student then

compares his list, which usually contains abouË a dozen

observations, with the list of a professÍonal chemist which

contains fifty-Ëhree observations. The dífference in the

number and the quality of the observations comes as a shock

and revelation to Ehe student" The student who states that

he observed carbon dioxide and waËer vapor being given off

by Ëhe flame is directed to recognlze the distincËion between

observatÍon and assumpLion. The first experiment sets the

sËage for a series of investigations related to the candle.

The student studies melting-point behavior, investigates the

chemical changes that occ'Llr when a candle burns, and id.entif ies

Ëhe products of. the reaction. The investigation of the cand.le

is culminated when he measures the heat of combusEion of candle

wax and heat of fusion of the wax" During this series of experi-

ments with simple apparatus the student is encouraged to

generalize on concepts such as melting point behavior and

energy changes associated with physícal changes and those

associated wíth chemical reaction".28

28.1. A. Campbell, ttchemistry--An Experimental Science t¡

Review, L)O( (Spring L962), pp. 55-56"School
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Labor+torJ reports" Although few specific requirements

have been laid down by the CHBÍ Study staff, certain skills

which are associated with the gatherÍng of data and arrLving

aË valid conclusions are emphasized. These skills include:

the careful recording of observations, the tabulating and

graphing of data, the indicating of the limitacions of each

measuremenE recorded and each subsequent calculation of

secondary data, and the supporting of conclusions through

written discussion" Each laboratory report is written in a

blank notebook consisting of graph paper with alternate white

sheets and a carbon copy on the blue sheeËs. The carbon copy

of the report is torn out and handed into the teacher for

checking and the student keeps his orÍgínal as a permanenË

record.

Teacherss guide. As stated in ics preface, the program

guide is designed for optimum day-to-day and background support

of the lone teacher with somewhaË less than ideal training,

teaching Ln a poorly equipped school or working with other

limiting factors. Therefore the guide ís a detailed and

voluminous directive" For each chairter in the text there Ís

a section pointing out Ëhe intent and approach, the outline,



ner.^r concepts, schedule of related

supplementary materials including

Laboratory experiment, background

problems for that cnap1er.29
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materials, development,

a ful1 discussion of each

discussion and ans\,,rers to

Integration of text and laboraEorv matería1s. The CHEM

SËudy student is allowed and encouraged to discover for him-

self ideas which through class discussion and text treatmenË

will lead him to Ëhe understandings that the course seeks to

develop. Consistent wíth such a philosophy, the experiments

are closely integrated with topics in the text, but generally

precede the textual development" Frequent reference is made

in Ëhe text to experiments which the st'udent Ís expecËed to

have performed and thought about. The laboratory work is so

closely correLaLed with the text that it would be almost

impossible for the student to profit from the CHEI'i Study

course without participating in the laboraËoty *otk.30

Although the chief approach of the laborarory is

29Cnmt Sr'udy Staff, Teachers Guide for Chemistrv--
An Experimental Science, (San Francísco: Iü" H. Freeman and
Company, L963), p. 3"

30e. B" Van Cleave, CIL oval, loc.cit.
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inductive, ma'ny of the later experiments involve unknowns

where Ëhe student is encouraged to predíct chemical properties.

Hence the overall approach of the laboratory pro1ram is

inductive-deducEive with an early emphasis on the inductive

reasoning. Once the student compares his predictions with

experimental results, he experiences a feeling of success in

applying the general concepts of chemistry that he has dis-

covered earlier in the "or'rt"..31

V. CONCLUSIONS

The MCA experiments constitute an independent labora-

xory program which can be adapted to any high school chemistry

course, whereas the CHEM Study and CBA experiments are closely

inËegrated with their textbooks ín an inductive-deductive

manner, with the former emphasi-zjing an inducËive approach.

The chief difference between them ís the amount of direction

provided for each student; MCA and CHÐ4 Study experiments

generally give the student specific direction but do not

suggest the conclusions to be drawn, whereas the CBA experi-

3lCampbell, op. -ci!., pp. 59-60.
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ments provide a minimum of direction but stress independent

investigation. In each program the laboratory contrÍbutes

greaËly to the teachíng of scÍence as a mode of inquiry by

illustrating the diverse processes Chat are used to produce

Ëhe conclusions of science and the limitatíons of these methods.

All three of these programs are now exerting a strong

influence on curriculum planning. AlËhough these courses,

which are based on the same broad aims of modern science

education, have been developed over a number of years by

leading scientists and educators, both CBA and CHm4 Study

staffs agree that it is neither possible nor desirable Ëo

join forces and produce a single ttbesttt course which wo'uld

result in a naËional curriculum, On this Ëopic, one CBA staff

member writes:

No single course can achieve all of the legitimate
objecEives of a high school course in chemistry in the
best way for all of the different situations in which
such courses are Ëaught"

. Acceptance of a single course, ot of a single
limited set of criteria by which students and courses are
evaluated, customarily leads to a standardLzatLon of
practice which inhibits innovations, hence retards
improvement.32

32F;^tL" S. Scott,
Newsletter, May L962, p"

ttThe Necessity for Variety, tt .1]Bl\
1.
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The aim of both the CBA Project and the CHHvI Scudy is not to

sel1 books, but to provide models--to educators, publishers,

textbook writers--of what competent research chemísts, and

universÍty and high school teachers think are good \^zays of

teaching chemísLîy at Ëhe high school level" trüith the copy-

right of each program held by Earlham College and the University

of California respectively, rather than by the publishers,

these programs hope Eo encourage writers in preparing Eheir

own maLerials after reviewing Ëhe CBA and CHEM Study materíals"

In Ëhis way the area of chemical education at the secondary

level will be accordingly errri"h.d.33

33st"t.runt by Richard L" Merrill
CHEM Study InsËituLe at the University of
L963 "

in an address to the
Saskatche\,^/an, July



CI]APTER V

THE SELECTION OF DESIRABLE CHARACTERISTICS FOR AN INVESTIGATIVE

LABORATORY

I" INTRODUCTION

If a major objective of chemical educatíon is to have

students attain an internal a\,ì/areness that chemistry is really

a dynamíc science, then the laboratory will have a prominent

place in the chemistry program and the experiments will be a

challenge directed to the discovery of concepts unknown to the

student rather than a mechanical demonstraEion and repetítion

of known facts. More specifically, the laboratory program

should includ.e the following objecËives;l

1" To give the sËudenË an opporËunity Ëo state Ehe
problem in his own words"

2 " To províde for adeq'uate student preparation before
entering the laboratory"

3" To encourage the formation of hypoËheses or pre-
dictions based on recorded observations.

4. To guide sËudents in the planning and developing
of their ov,irr procedures.

5" To direct students in selecËing the kinds of equip-
menL and materials that they wÍll req.uire, and
in improvising apparaË.us.

ltgor", pp.22-23.
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6 " To provide for the logical organization of recorded
data.

7 " To provide for training in processing and analyzLng
data by graphing methods and solution of mathe-
matical problems to obtain second ary data.

8. To develop an aT/üareness of the limitations of
measurement.

9 " To enco'urage the evaluation of the experimental
procedures on the basis of the res.ults obtained:
to emphasize methods as well as results,

10.

11.

L2.

13. To

L4. To
15. To

L6" To

L7"

18.

L9.

To provide for experience in cooperative planning,
evaluation of group daËa, and in other aspecËs
of ttLeam research. tt

To cultivate good laboratory habits of safety and
cleanliness.

To develop proper techniques in manÍpulatÍng chemical
apparatus and handlíng maËerials.
provide for individual differences among sËudents
by encouraging the sËudents to extend an investí-
gation beyond the basic experiment.
develop critical Ëhinking on the part of the siudent"
frequently employ the investigation of an un-
known maËerial or chemical system,
indicate practical applications for the pro-
cedures followed in the experiment.

To require laboratory reports that are functional
in that they emphasize corrurr-unication skills
rather than needless repititíon of printed
instructions 

"
To provide for individual sLudent growth in knowledge,

independent thought and self-direction.
To give the student an insight into Ëhe actualities

of scientífic investigation"

In the pursuÍt of these objectives, specific characLeristícs of

a Laboratory program musË be examined in order to select those

characterístics deemed most desirable for the students in Manitoba.

Such desirable characËeristics \,rere selected through a review of
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the recommendations made by independent wríters in science

education, and then combined with the desÍrable features of

the modern chemistry laboratory programs"

II" CHARACTERISTICS OF A GOOD HIGH SCHOOL LABORATORY

The critical Lopic of learning in the laboratory has

been reviewed by Robert Stollerg in the NSSP Journal where

he lists some characteristics of good high school science

laboratory experiences :

L" Classroom and laboratory work are closely inte-

grated.

2" Flexíbility of the laboratory schedule is highly

desirable "

3. The functíon of Ëhe laboratory is Ëo seek aris\¡/ers

and to find information.

4" Real problems are most desirable for laboratory

learning.

5. Practical applications should be found for

theoretical sítuations .

6 " CooperaËive planning by the students and teacher

is desirable.
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7 " Improvisation of apparatus is encouraged.

B. Laboratory manuals are used merely for reference.

9 " The laboratory should be an approach, not merely

a place.

10. Long-Lerm laboratory activiiies should be encouraged"

11. Note-taking, data recordíng, and sketching should

be truly funcËional.

L2" Required reports should have purpose and meanLrLg.2

In concludíng his discussion of the characËerisEics of good

laboratory experiences, Stollberg points ouË that no one science

teacher, nor one school need display all these features in the

organizaËion of laboratory learning. In many school siËuaËíons

it is difficult to try to make progress along more than a few

of these lines at one time.3 l^Iith the latter sËatement in

mind, Stollbergrs characteristics of a good laboratory program

\^rere reviewed in this investigatíon and integrated with the

,'Robert Stollberg, ttlearning ín
Bu]leËin of the National Association of
Principals, XXXVII (January 1953), pp.

3tuij" , p. 108.

the Laboratory rtÌ The
Secondary School

103- 108 "
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ideas of other wrÍters, in order to arrive at the character-

Ístics most suitable to the Manitoba high school situation.

Close IntegraEion of Classroom and Laboratory

The laboraËory should be thought of as an approach, as

a method--not merely a place; therefore, classroom and labora-

tory should be made r.rmutually supporting aspects of the same

enterprise with no set rule as to which should precede the

other.tt- At no time should the classroom and laboratory

experiences be divorced to the extent that they appear as

separate courses, oy that the students can profitably take

onewithout the other" Rigidly scheduled periods for laboratory

experience make it difficult to integrate classroom and labora-

tory learning and to pursue, in the laboratory, problems which

aríse spontaneously in the classroom" I^Iith the laboratory

scheduled on prescribed days, it becomes out of phase with

the classroom and bears littte psychological relatíon to it.5

As desirable as such a flexible schedule might be, few schools

ulbiÉ", p" 103"

5i¡. Burnett, Teaching Science in the Secondarv School
(New York; Rinehart and Co., Inc", L957), p. 190"
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in Manitoba have the physical facilities Ëo accomodaËe it;

consequently, other means of integrating the classroom and

laboratory musE be developed"

If it ís believed that the primary function of the

laboratory is to transmit the factual heritage of a civíliza-

Ëion or that deductive reasoning is more important, the labora-

tory will be 'used as a place of verifícaEion. Here the labora-

Lory phase follows teaching" This tradítional approach is

referred as deductive or deductive-descriptive. However, if

the students are Ëo learn how to employ the inductive methods

of inference, they must be provided with opport'unities to make

inference from facts; the laboratory is one place where facts

are collected in a variety of ways. Hence, the ÍnducËive

laboratory is planned early in the teaching-learning sequence

and implies the use of observed data Lo arrive at a general

principle. If the principle thus discovered ís applied in

solving a more specific problem, then the approach may be

referred to as being ind.uctive-deductirr..6 A comparative

oMilton O. Pella. ttThe LaboraËory and Science Teachingrrl
p" 31"The Science Teechg, )C(VIII (September L96L),
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st'udy of the ded'uctive-descriptive and inductive-deductive

approaches to laboratory instruction in high school chemistry

has been reported by Boek. Two comparable groups exposed to

the opposing approaches were evaluated on their ability to

perform in the laboratory with resourcefulness, using sound

techníques. Because of the f.act that the inductive-deductive

class achieved as well as or better than the deductive-descripÊive

class in the attainmenE of the general outcomes of a high

school- chemistry course, buË secured signifícantly superior

results \^iith respect to the crueial problem of attaining

knowledge and ability in the use of the methods of science

with an accompanying scientific attitude, the general accep-

tance of the inductive-deductive approach by modern laboratory

programs appears to be justified. T

Problem situations experierrced in the inductive labora-

tory often lead to productive classroom discussion. Through

this approach the student gains a feeling of personal partici-

pation in Lhe discoveries of science" The student can then be

Tclrr.rr"e H. Boek, t'Inductive-Deductive Compared Ëo

Deductive-Descriptive Approach to Labor aLory Instruction in
High School Chemís try,tt Journal of Experimental EducaLion,
XIX (March 1951), PP " 247'53 "
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encouraged to predict chemical properties on the basis of the

generalizations he has discovered, and check his predicËions

with experimental results" The inductive approach followed

by the inductive-deductive has been successfully applied by

Ëhe CHEM Study laboratory program. In the inductíve-deductive

approach followed by the CBA laboratory program, the experi-

menË gives depth and meaning to Ëhe text; the ËexË Ín helping

Ëo interpret the experimenË, leads back to the laboratory"

ttEach type of learningrtt writes Stollbergrto should supporË the

. other, knit together with oËher Ëypes of activities to consti-

Eute an integrated set of learning activitius, tt8 A balance

between inductive and deductive approaches, therefore, insure

the close integration between classroom and laboratoryl it also

emphasLzes the interplay between theory and experiment, which

is a cltaracteristic of the developmenË of science"

The Function of the Laboratorv: Exploring and Developing fdeas

The function of the laboratory work is to acquaint

sËudents with the processes of inquiry as a means for exploring

and developing ideas. The laboratory should develop a sound

8stollb.rg, op. cít., p. 103.
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approach to critical thinking and a knowledge of how to pro-

ceed to conclusions that are defensible.9 It should also

embrace the spírit of discovery. An experimenË should, there-

fore, be an exercise in disciplined thinking, where unexpected

results are not regarded as a \¡Irong ansr^Ter. To be a correct

ansT,^rer to Ehe situation, the hypothesis need not be true; it

need only be logical and. well-founded"10 Since the nature of

scientífic enterprise is found in the methods through which

problems are attacked, more attention should be directed to

the processes or meËhods of seeking ansl,rers rather than to

the Ëoo frequent emphasis on finding exact trr"tut".11

This shift in emphasis away from the deductive-descriptive

approach virtually forces a change from a qualitative to a

Science
York:

9L. Mills and P" Dean, Problem Solvíng Methods in
Teaching (Science Manpower Project Monograph), (New

Bureau of Publícations, Columbia University, L960), P" 1"

10R"1ph I^I. Lewis, "Ho\,nr to ÏrlriËe Laboratory Studies Iflhích
iüill Teach The Scientific Method,tt Science Education, )COCI

(February L947), p" L6"

llPaul Hurd, ttsuurmary of Objectives, ttR.-thinkÍng Science
Education,tt FifËv-ninth Yearbook o{ the National Societv for
the Study of Education, (Chicago: University of Chicago Press,
L960), p" 35"
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quanËitative laboratory" The laboratory should, therefore,

provide insight into the subtleties of measurement such as

the limitatíons of measurement and the need for independent

measurements, which are so basic Ëo sr-lccessful data collecting

ín the laboratory "LZ However, it is also in the quantítative

laboraËory, when the experimenË is desÍgned with the expectation

that all students get accurate results from a single determin-

ation using crude apparatus, that the open-minded spirit of

investigaËion can be cramped" Elmore, Keeslar and Parrish

propose:

The precise right ans\^Ier then ís recognízed as a hypothetical
point more to be abjured Ëhan striven for in evaluating
onets results in gathering scientific daËa, and we should
look askance at exactly ríght ans\^rers when meas'uring r ô
instrumenËs are crude and chance errors are inevitable.rJ

The laboratory should provide sËudents which opportunities to

see the variability in measurement through the pooling of class

results. Once the teacher and sËudent are aT/üare of the limi-

tations of measuremenE, neither will expect results which are

beyond Ëhe precision of the measuring ínstrument. In such a

12Pau1 D. Merrick, ttSecondary School Chemistry--A
Laboratory Approachr t' The Science Teacher, XXIX (March L962),
p" ll.

13c. Elmore, o" Keeslar, and
the Problem-solving Approach, tt JE
(December L96L), p. 3.

C " Parrish, t\ühy

Science Tqacher,
NoË Try
XXXVIII
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quantiËative laboratory an open-minded spirit of scientific

investigation can be sustained.

The mainËenance of a proper balance between student

invesËigation and teacher guidance is emphasízed by the com-

mittee for the Forty-sixth Yearbook of the NSSE.14 In pursuiE

of the proper balance, all possible degrees of independence

or freedom in student investigations should be examined. Five

such degrees of student independence, âs proposed by Pella,

are outlined in Table II. In procedure one the purpose,

apparatus, and method are compleEely described by the teacher

or the laboratory manual. The method of '.treating the data is

also described and the pupil generally reads the conclusion

from Ëhe texË. The only steps in the total procedure left to

the student are the performing of the activity and the gaEhering

of data. Pella raises an objection to the formulation of the

conclusion by either Ëhe teacher or the laboraËory manual. He

points out thaË the statement of the problem very often provides

a statement of the conclusiorrr15 for example, ttTo demonstrate

l4tts.ierr". Education in American Schools, tt
Yee¡Þeek of lhe NeLtt:þnêL Societv for the SËudy of

Fortv- sixth
Education.

(Chicago: University of Chicago Press, L947), p. 236"

15P"11"r op. cit., pp . 2g-3L.
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TABLE II

F]VE DEGREES OF STIIDENT INDEPENDENCE IN

LABORATORY INVESTIGATIONS

Procedures
Steps in the Procedure 1. 2" 3. 4" 5"

1" Statement of the problem

2" Formation of hypoËheses

3 " tr'Iorking plan

4" Performance

5" Data gaEhering

6. Conclusion

T'r T

$:'r:k S

T

S

S

S

S

S

S

S

S

S

S

S

?k T - teacher $:k:k - student

Ëhat one gram molecular weight of a gas occ'upies 22,4 líters

at standard conditiorr".ttl6 Proced.ure two may be achieved by

providing acEivities concerned with problems that are without

ansl^zers in the text. The employment of procedures one and two

would provide for the development of laboratory skills and

methods and might serve as an elemenLary íntroduction to the

laboratory, Procedure three will provide opporEunity for

L6_--Frank Harder, Outline
ChemisËry II, p" 15"

of LaboraËorv Experíment- -
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sEudents to exercise some crea'Eivity in the development of

procedures for testing hypoËheses" Here, the student n¡:st

decide what conËrols and varÍables to have in his experiments,

what kinds of data to collect and how the data is to be treated"

Of course the Ëeacher must serve as a guide so Ëhat any pro-

cedures dangerous to the physical welfare of the students are

avoided. Procedure four demands furËher creativity of the

student and leads him to expect confusion as a natural and

necessary state which usually precedes good thinking. The

latter Ëwo procedures give considerable stress Ëo the methods

of scientific inquiry. The steps of independent research

would be paralleled in procedure five, when the student is

confronted wich raw phenomena" At this sLage he n¡.:.st define

the problem and then over a number of laboratory periods,

arrailge the various facets of the problem inËo a logical

sequence so ËhaË Ëhey may be attacked successfully.17

Sooner or later, therefore, the high school student

must be weaned from toËal dependence upon a set of explicit

laboratory instructíons" He must be led progressively to a

LTPeLLa, loc. cil"
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poinË at which, once the problem has been crystaLLized, his

techniques and insight are sufficiently developed so that he

will be able to set up his o\^rn experimental proced'ur.".18 At

preseni the grade eleven student in the University Entrance

course ís undergoing his first formal experience in the Labora-

tory; therefore, the problems to be investigated should be

adapted to both the studentrs experience and maturity. The

sËudenË must possess the related techniques and information

needed for the solution, or he knows how to get this infor-

mation" Success in dealing with a few problems will increase

the studentrs confidence as he undertakes others. Too greax

a complexity early in the year may lead to escapist activíties

such as daydreaming and quasi-solutiorr".19 ttThe problem, Ëhen,

is to provide initial laboratory experiences (or to build on

previous experÍences) which do result ín studenË involvement

in an emotíonally and intellectually satÍsfying manne t "tt20

Since Ëhe grade eleven student is gaining in experience and

lSMerrick. loc. cit.
19i.. Mitls ; ;ean, op. Ë., p. 13.
ô^ttQ¿ldelines fog Development of Programs Ín Scíence

rr,, t r,r" t iããlãEãã" r n .ãffiffi G;c; s - lqât ioãã r ae s e ai c h
Cr'"".il, P"blicaËÍon 1093, (í'Iashington: Government Printing
Office, L963), p. 7.
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maturity as the year progresses, it appears reasonable to

expect him to demonstrate growth in self-direction and inde-

pendent thinking, although he may noE yet be capable of truly

ínvestigative research after his firsL year of chemÍstry.

Therefore, it would appear thaE an investigative laboratory

program for grade eleven chemistry could be introduced through

procedure two; once the sËudent has acquired Some experience

and confidence, along with a knowledge of some basic techniques,

the program could be progessively advanced Ëo include experíences

in proced'ures Ehree and four.

Real Problems-- Cooperative Planning

The provísion for experiences in the solutions of real

problems arising out of classroom discussion, projecË work or

o'ut of the community and noË resËricted to Ëhe manual Source,

as suggesËed by Stollber g,2L pre-supposes a flexibiliiy of ihe

laboratory schedule, superior facilities with ample storage

space for long-Eerm invesËigations, a teacher wíth above-average

background and preparation Ëime, along with sËudents who have

sufficient skills and knowledge to proceed intelligently. Despite

cit",2lstollberg, gp. p. 106.
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the inflexibility of the Laboratory schedule, inadequate

physical facilities, an authorLzed manual, and the limiiations

of student experience in grade eleven, this aspect of labora-

Eory work can still be pursued in this province by encouraging

sËudents to return to the laboratorv in their free Ëime.

Indivídual students or small groups should be permitted to

carry ouË laboratory investigations in which they are most

inËerested and for which their talents are best suited" Since

this matter of problem solving is highly individualistÍc and

cannot be regimented effectively, Ít is unrealÍstic to expect

aLL sËudents to proceed at Ehe same rate and arrive at an

ans\^ier together on any given day. Some students will be able

to solve problems involving subtle distinctíons while others

may learn only to recognLze minor differen""r.22 The experi-

ments should be so designed to have an initial, basíc parË

which all students can complete" OËher students, proceeding

at their owrr pace should be encouraged to investigate the more

advanced problem which is an extension of the initíal investi-

gaËion. Besides providíng for individual differences in the

24-" Mills and P. Dean, gp, cit., p. 10.



93

laboratory, this procedure stinrulates a number of students to

go into interestírg, related investigations on their ol¡irì. time.

Accordíng to t\^ro prominent authorities, it matters 1Íttle

if Ehe problems which the student attempts to solve have been

problems which students before him have worked upon, and the

ansvrers to which the teacher knows" The important point is

that the student invesËigates a problem, the ans\^Ier to which

he does ,rot know.23 However, a problem for the student ís not

neeessarily inherent in any given question, interestíng and

sEimulating as it may seem Lo the teacher. Expanding on this

poinE Keeslar, Elmore and Parrish write:

The problem as such must spring to life Ín Ëhe mind of
Ëhe st'udent; and the sensiËive teacher can do more to
create situations which challenge and tantaLíze, leaving
quesEions unansr^Tered perhaps, and manipulate and encourage
the studentrs Ëhínking to the point where he accepts the
problem as his or,or-.Z4

The atmosphere or climate in which Ehis problem solving is

pursued is, therefore, importanË. This has to do with the

motivation of the student investigaEor as well as the physical

23John S. Richardson and G. P. Cahoon. Methods and Materials
for Teaching General and Physical Science (New York;
Hill Company, L95l), p. 30.

)/,--C. Elmore, O. Keeslar, and C" Parrish, -9p.. cít.,

McGraw-

p. 32"
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settíng. It ís the pre-laboratory discussion which sets such

an aEmosphere, where the student becomes psychologícally

ínvolved and where the relationship of the experiment to the

course work is understood. To ensure that .Ehe studenË reLurns

to the laboratory the following day, still psychologically

involved in the problem, he should be expected to think about

the design of the experiment and about questions, the answers

for which are to be fotrnd in the experimental design.zs It

can be concluded, Lherefore, that if the student is to accept

a problem as his ol^7n, both a pre-laboratory discussion and a

pre-laboratory student preparaËion are essential.

An able teacher can lead and direct the pre-laboraEory

discussion in such a \,\iay that a class is lead spontaneously to

reach conclusions pre-determined by Ehe Ëeacher" Battino

describes the use of s'uch a discussion for teaching a class

how Ëo carry ouE an experiment from beginning to end. The

following is an outline of his method for cooperative planning;

1. Presentíng Ëhe problem in general terms"
2. Presenting Ëhe specific problem"

)qLJ---Frank Brescia. et al.
SËudies in General Chámisfi,
p. iii.

, InsËructor¡s Manual: Laboratorv
(New York: Academic Press, L96L),
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5"
6.
1

Finding out what quantiLies and q'ualities must be
determined"

Setting up an experimental procedure"
Choosing a pracËical chemical system"
Designing the experimental apparaËus.
Pointing out the available equipment, reageryËs to

be used, and the results to be reported.-"

During the course of such a discussion the student ans\^zers to

stimulatÍng questions are discussed on their meríts and

occasionally questions are left unanswered. The teacherrs

role in Ëhis type of discussion is one of guidance, of seek-

ing the measure of the studentrs thinking, and calling hís

attentíon to unrecognjrzed Sources of error, false assumptions

and other deviations from good practice.2T Further to the

topic of cooperative planning, the student¡s experimental

data from suitable experiments should be made avaÍlable to

Ëhe group; aS a result, more reliable ansl^lers are likely to

come from the shared efforts of the group than from a single

effort. Since no experiment is complete without an evaluation

of results and procedures, 'che teacher should also lead a

26nobin Battino, ttlaboraLory
Chemical Educatíon, )CO(VII (May

27 c. Elmore, o. Keesrar, c.

by Discussion,tt Journal of
L960), p" 257.

Parrish, op, cit", p, 33.
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post-laboratory discussion, in whích indívidual data and

conclusions are available to the group. The group would be

led to consider the variations in the results and the reasons

for them, and to consider the possible modificatíon and

improvemenE of experimental procedures" Through these con-

siderations the student gains respect for the work of a team

and learns that the best way to decide an issue is to have

both indivíduals and groups consider the facts wÍth all views

28presentreo 
"

Use of the Laboratory Manual

Stollberg suggests that the use of the laboratory

manual be confined to iEs value as a reference, wíth sLudents

developing their ol,,ln procedures by consulting a variety of

such manuals for suggestions without following any one manual

specificaLLy. FurËher, Stollberg states, otft using such

manuals, ít is well for Ëhe teacher to remember that, almost

by definiLion they are written for use by the average teacher,

28t'Teaching for Crítical Thinking in Chemistry, tt 
.Three

ReporËs of Summer Conferences for Science Teachers, (trrlashington:
NaËional Science Teachers Association, 1958), p" 25.
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?e
r,,iith average background, ideas, inspiraËion and equipment. tt*-

In Manitoba, however, every teacher is limÍted because he is

ariuhorLzed to use only one laboratory manual" Difficulties

arising from this situation may be mítigaced somewhat through

exploration with the studenË of the plan for laboratory work

as set forth in the autlnorLzed manual, such as, the basis for

choice of techniques and materials, and the reason Ëhat a given

procedure in the manual has been selected for the solution of

a cerËain problem. Furthermore, this exploration may assist

in making the si'udent sensitive Lo furËher problems arising

from his laboratory *ork.30

FirlcËiaaAl Leboqti5J Reports

Reports of laboraLory activities should have purpose

and meaning" The purpose of such a report is either for com-

munication Lo other people or f.or future study and reference

by the experimenËer" Stollberg doubts whether the educational

value, in icself, of writÍng a laboratory report is equivalent

to the actual laboratory experience which the report writing

29srol1berg,

3oRi"h"rdson

gp" cit. , p. 106.

and Cahoon, 9p,. cit., p, 32"
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dísplaces. He proposes varied meËhods of reporting, such as

oral, written, demonstrational or gt"phi..31 Richardson and

Cahoon, ofl the oËher hand support the formal report with the

four traditional headings; problem, procedure, observation and

conclusion. As a supplement Ëo the report, or if carefully

planned, âs a replacement of the reporË, Ehey also suggest

the possible inclusion of a short test or quLz to evaluate

student understanding. 32

An experimental study of the relative effectiveness of

two methods of recording laboracory experiences was reported

in the Thirty-fÍrst Yearbook of the NSSE" Method A was the

preparaEion of a conventional or formal essay tyPe of report

with the inclusion of a sËatement of Lhe problem, compleËe

verbal description of Ëhe method, observations, and the con-

clusion, accompanied by a iabelled diagram of the apparat'us

used. Method B was the preparation of an abbreviaËed, graphical

report which íncluded a statement of the problem, a motíon-

picture meLhod of descríbing the proced'ure consisËing of a

series of labelled diagrams showing various sËages of manipu-

3lstollb erE,

32Ri.hrrdson

op" cit., p. L07"

and Cahoon. loc, ci-u.
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lation and an indicatÍon of observations duríng the progress

of the exercise; and a statement of the conclusion. The

investigators found slight, though not statistically sÍgnifi-

cant advanËages in favor of the graphical method. They con-

cluded that Ëhe graphLcal meEhod has an advanËage over the

conventional method, since iË effects at least as good learnirg

of subject matËer in considerably less tir..33 Hence it

would appear that briefer methods of reporting laboraËory

actívities such as the motion-pícËure method or the flow sheeË

method rnay be substituted for Ëhe formaLi-zed essay type of

report with equal effecËiveness ín cerËain respects and with

a considerable saving of tíme, However, because each method

of reporting offers the student unique and essenEial values,

every laboratory program sho'uld offer opportunitÍes for report-

ing by both graphíc methods such as the flow sheet and by the

formaLízed essay type of report.

Furthermore, Lefler recornrnends the placing of emphasis

33Moor", Dykehouse and Curtis, cited in ttA Program for
Teaching ScÍencer il Thirtv-first Yearbook of the National
Society for the Studv of Education (Chicago: University of
Chicago Press, t932), p" 93.
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on only certain individual elements of the laboratory report

for each experíment" He ís of the opínion Lhat the preparation

of a laboratory report presents an opportunity for the sËudent

to analyze ttLs method of soluËion and express himself clearly

and accurately. To require a report with equal emphasis on

each of its elements Í.or every experiment would demand so

much work of the student that he would become disinterested to

such a degree that the report would become mechanical. The

sEudent would then simply prepare something which he hoped

would be acceptable Co the teacher. To overcome this difficulty,

different elemenËs of the laboratory report may be emphasized

for each experÍment. The studenË must keep a neat record of

what he does when he does ít. 0n1y occasionaLLy should the

experiment be written up as a formal report. This report should

be as simple as possible wíthout needless repitition of printed

direcLions, but should include all the origital data recorded

as observed, and graphs of all relacionships which are mean-

íngful, and a paragraph of conclusions and discussion of error"34

34n. w. Lefler, ItTeaching

School Physics, tt &hoo1'Science
(June L947), pp; 531-38"

of
and

LaboraEory trrlork in High
Mathematics. g)OffII
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Leflerrs víew of reporting has been adopted by all ihree

modern chemisÈry laboratory programs.

In reporting, therefore, stress älst be placed on

description of procedures, data recording and drawíng of

apparatus assemblies, if they are truly funcËional. Data

nrusË be recorded when recording helps Ëo clarify them, or

when they are needed for f uture reference. trrlhen Ehe data is

recorded it must be tabulated in a way which facilitates dírecË

calculation from the table. Diagrams must be made when Lhey

aye actually needed or when they are not readily available.

Since it ís functional and tÍme-saving, the flow sheet may

be employed raËher than a repetition of printed procedures.

The essay or formal report may besË be employed when the

studenË is developing a portion or all of hís laboratory

procedure" A truly functional part of this student report is

the pre-laboratory preparation which arises from the pre-

laboraÊory discussíon and prepares the student for the labora-

tory, and 'thus ensures a problem-solving atmosphere.

The laboratory report is to be wricten in a blank note-

book consisting of graph paper with alternate white sheets and

a earbon copy on blue sheets so that Ëhe carbon copy of the



L02

report may be torn oLlt and handed to the teacher for checking

aË the end of the laboratory period. The student nnrst keep

his original copy as a permanent record, I^Iith adequate pre-

laboratory preparaËion, most experiments may be completed be-

fore Ehe end of the laboratory period; if not, a copy of the

studentrs data rm.rst be turned in so that the teacher can

immediately check the sEudentts progress. The use of one-

quarter inch grap1n paper facilitates tabulation and encourages

the graphing of data whenever iE ís functional. The use of

carbon paper and the completíon of rnost experiments within the

laboratory time, further encourages greater self-dírection and

independent thought on the part of the studenE, and aË the same

time red'uces the opportunity for copying among studenËs.

III " SI]MMARY

Many desirable features of. a laboratory program have

been reviewed with the following characteristics emerging as

Ëhe most desirable and Lhe most adaptable to the existing high

school situation in grade eleven chemistry:

l. The classroom and the laboraËory are to be closely

inËegrated" There is no seË rule as to one preceding the
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other; each type of learning should support the other by means

of an inductive-deductive approach in order to present an

integrated learning situaEion" The laboratory approach is

to be extended into the classroom so that Ehe laboratory is

thought of as an approach and not just as a place.

2" The function of the laboratory is to provide

experiences in exploring and developing ideas which are pre-

ferably quantitatíve in nature" Emphasis is to be placed on

meLhods as well as on results; the resulËs being evaluated

within the limits of insËrument precision" Initiall-y the

Laboraíory should provide the student with experíences in

techníques of manipulating apparatus and in obtaining mean-

ingful results. Once having gained some confidence the student

may be progressively advanced so that his experiences include

more independent activities involving hypothesis formation

and subsequent experimental verification, and the develop-

ment of independenË procedures and their evaluation.

3 " Students will become psychologically involved and

be led Ëo accept laboracory problems as Ëheir personal challenge

through effective Pre-laboratory discussion and preparation.

For some experimenEs, through cooperaEive planning in Ehe pre-
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laboratory discussion, the students will be led to develop

their o\¡in procedures. rn order Ëo evaluate their procedures

and results, group techniques will be employed in post-labora-

tory discussions. Students will always be encouraged to go

onËo interesting, related investigaËÍons on Lheir ol^7n.

4" In the reporting of experiments, stress shall be

placed on functional acEivities. Díagrams will be made when

they are acËually need.ed or when *ruy are not readily available.

Because it is functional and Ëime-saving, the flow sheet will

be employed ín place of the repitition of printed directions.

The essay or formal report will be employed when the student

is developing a portion or all his laboratory procedure

independently" A truly functionaL part of every report will

be the studentts pre-laboratory preparation.

5" The studenËs will wriËe their laboratory reporËs

on graph paper and make a carbon copy which will be handed in

compleËed at Ehe end of the laboratory period. This method will

facilitate data tabulation and graphing; it will also encourage

grea'c.er índependence and self-directíon.



CHAPTER VI

DEVELOPMENT OF T}IE LA3ORATORY MANUAI Æ{D EVATUATION OF THE

PROGRAivI

I. DEVETOPMENT OF THE LABORATORY MANUAI

Following the establíshinent of the desirable character- 
'

istics of the grade eleven chemisËry laboraËory program, Ehirty- "

one chemistry laboratory manuals, including several first year

'university manuals for general chemistry, r^zere examined. These

manuals varied in approach from the very traditional to the

most modern. During this examinaËion, particular at'cention

r,,ras directed to approaches which could be adapted to the

established crÍteria of the invesEigative laboratory and to

experiments which were compatible with the grade eleven chem- 
, .,:

istry currÍculum"

To comply with the established. criteria, experiments

which developed important concepts in the grade eleven curri-

culum T¡/ere chosen, noE only for the phenomena which they

illusErated but also for what they taught about the processes
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of scientific inquíry.1 At firsË, experiments were selected.

only from the modern sources; they T¡rere Ehen re-written to

attain a uniforraicy of approach and often combined features

of several manuals into one experiment. As suggested by Lewis,

the Ëraditional approach to the laboratory v/as ignored during

the early stages of preparaËion. However, once the muËant

idea of the investigative Laboratory r/\ias developed, corrsÍder-

able use T¡ras made of Ehe traditional material, which in the

presence of the nnrtant, took on ne\.ü and useful characteristícs.2

similarly, in the development of the CHEM study LaboraËory

Program, the staff of wríters Ëook no special pains Lo develop

totally original experiments. After decidíng what concepts

T¡/ere to be discovered by the student, many available, tradiËional

experiments were re-writËen by the CHEIvi Study Staff Ëo emphasize

either the inductive or inductíve-deductive appro*"h.3

lJack H" Robinson, ttHo\nr should !üe Teach tThe scientific
Meihodr?'¡ (part II) Science and. Maths Inleeklv--Teacherts Edition,
XII (January L6, L963), pp"L-z"

2ntlph w. Lewis, ttHow to trdrite Laboratory Stud.ies irl'hich
Ì,rill Teach the scientifie Method,tt science Ed'ucation, x)c(r
(February L947), p. 15"

3Robert Merrill, personal letter, Aug'us t 26, Lg63.
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rn the present investigation, a re-examination of

traditional laboratory manuals produced several experiments

which \^7ere reorganLzed to fit inËo the esËablished framework.

obourn writes that even the mosË commonplace topic Ín science--

with a slight shift in emphasis, can be mad,e into a challenging

lesscin" such a change of approach will utilize Ëhe concept

or principle of the topíc, and will, in addition, give practice

in using some of the processes of inquiry.4 The following ale

examples of the reorganizaLLon of tradítional experiments:

1. As a means of introducing the techníques of filtration.

a traditional experiment conrnon to many laboratory

manuals involves the preparation and separaËÍon of

a precipitate. This manipulative exercise was re-

organlzed by the CBA LaboraLory DevelopmenË Staff

inio arL investigation in which the sËudent is re-

quired to determine which of the t\,'io reacting solutions
Iis in excess.r To avoid. misleading observations, the

4Ellsworth s. obourn, suggcsit:Lons for startins process
Teaching in science, A Bulletin of Ëhe office of Educã¿ir";
U" S" Department of Health, Education and üIelfare, (trrlashington:
Government Printing Office, April L963), p. l.

5CgA. Laboratory DevelopmenË Committee, Chemistrv Labora-
tory, (tfrira revision, Annville, Pennsylvania, L962):pp. L0-
L2"
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student must nor,r/ employ more careful techniques 
"

He is also required to do some critícal thinking

in order to arrive at an ans\^rer to the problem.

In order Ëo distinguish between physical and chemical

changes, the traditional laboratory employs the study

of changes in physical properties of known chemical

systems which have been previously described in the

Ëext. Ho\,uever, if after some practice is obtained

in making observations on known chemical systems,

the student is required to study unknown systems, he

will then be participating in an investigatíon. One

such unknown system which may be employed is hydro-

chloric acid and sodium hydroxide solution" The

identification of the type of change taking place

upon míxing equal volumes of these nameless solutions

must come from visual observation and measuremenË

with a thermomeEer" The answer is noE available in

the textbook. This investigation can also be extended

by a superíor student to ínclude the identification

of the types of change following a study of the chem-

ical properties of a chemical sysËem, as well as from

an observation of the physical properties.
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3. The determination of the percentage of water in a

hydrate can be made to fit withÍn the investígative

framework through the use of an unknown hydraËe, the

independent organLzation of the flow sheeË and data

table by the student, the emphasis on reproducible

results within the limits of precision of the balances

used, and a guided discussion of possible errors and

their effects upon the experimental deËerminatíons.

To produce this shift Ín emphasis towards the processes of

inquiry, a similar pattern of reorganizatLon of traditional_

experiments was followed for the remaining experiments in the

program; however, Lwo trad.itional experimenLs were reorgani-zed,

only slightly, in order to illustraËe the use of the experiment

for reproduction of the work of oËher scienËisLs. For the

preparation of t\,üo gases, oxygen and hydrogen, aird the study

of Ëheir properties, the experíments were designed chiefly to

íllustrate the distinction between a verification and an

invesËigative try. of experiment.

A mosË desÍrable outcome from the examination of modern

laboraËory manuals was a method of discussing possibte errors

and Ëheir effect on the experimenËal results following a
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quantitative experitrent in which the Ínstructions to the

students are given in the following manner:

In Part A, sËaËe the error (*, - t 0) of each of the
following on your determined molecular weight: (Dumas
Method)

a) The stopper absorbs some vapor.
b) The condensed liquid contains substances extracted

from the sËopper.
c) The vapor does not displace all the aír in the flask

at the elevaLed temperature.
d) During Ëhe cooling process, some of the vapor diffuses

out of the flask.
e) The temperature of the flask does not reach that of

the bath. o

By requiring the sËudent to discuss portions of Ehis list of

possible errors, he is faced directly with some of the subtle-

ties of experimenËal error and is challenged to do some critical

Ëhinking. It is only after experíence of this nature Ehat the

sËudent can independently and inËelligently discuss Ëhe sources

of errors and theír effects on his experimenËal results" This

approach to discussion of error was readily adapted to the

majority of quantiLative experiments in the investigative

laboraËory program"

Since the varied processes of inquiry and methods of report-

ing are to be stressed in this investigative laboraËory program,

6_-Frank Brescia,
Chemistrv, (New York:

et al., Laboratory Studies in General
Academic Press , L96L), pp . 45-46 "
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a d.etailed inLroduction to reporting \^ias prep ,r"ð.7 to insure

that the student will be familiar with the elements of reporË-

ing such as Ehe organízation and inËerpretatíon data, the

differenË methods of graphing data, the distinction between

observation and assumption, the concept of a negative con-

clusion, and directions for the organi-zaËion of a flow sheet.

Through this introduction to reporting, the student is also

lead to appreciate Ehe importance of a laboratory notebook and

Ëhe necessity of his pre-laboratory preparation.

In this laboraËory program definite emphasis has been

placed on the processes of inquiry and reporting; therefore,

steps have been taken to ensure familiarity with chemical

apparatLls, the development of proper manipulaCive techniques,

and habits of safety and cleanliness" To inËroduce the sËudent

Èo chemical apparaËus, descriptions of their sËrucËure and uses

ï^rere ad.apted. from Hoffman and. Sand"r"o-rr.B In order to intro-

ienillÍp Goldstein, How to Do an E>cperiment, (New York:
Harcourt, Brace and V'Iorld, L957), pp" 28-46"

x-Emi1 Hoffman, Basic Principles of Experimental Chem-
istry, (Notre Dame, Indiana: University of NoËre Dame, 1955),
pp" 5-10; R. T. Sanderson and Ïrlillíam E. Bennett, A Labora-
Lorv Manual for Introduction to Chemistry, (New York: John
Wiley and Sons, L955), pp" 5-10"
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duce the studeni to the importance of proper techniques and

the steps required, detailed descriptions and d.iagrams \,,üere

adapted from several rrrr.r"1r.9 The d.escription of each type

of apparatus, technigue, and element of reporting üras given a

code number such as:

A-20" The Bunsen burner.

T 5. Reading scales"

T-7 " üIeight measurements.

R-7. Analyzíng and inËerpreting data.

As part of his pre-laboratory preparatÍon the student is

encouraged to revíew all those references which perËain Ëo his

immediate experiment.

II. AN EVALUATION OF TFIE LABORATORY PROGRAM

Pilot- testing and Revision

Following the pre-testing of the experiments in the labora-

tory by this investigator, Ehe firsË laboratory manual was

gH"tp.r ü1, Frantz and. Lloyd E. Malm, Essentials of Chemis-
¡lfy -rn the Laboratory, (san Francisco: I^1. H" Freeman and co"r-
L96L) , pp. x - 27 " CIIEM Study Staff , k@g[ggy Manua! for
chemistrv An Exp-erimental science, (san Francisco: I^I. H"
Freeman and Co., L963), pp, x-xi eË. segg", 10, 11, 23, 24.
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prepared for the academic year L962-63" One hundred and fLfty

grade eleven chemistry students of Churchíll High School in

trrlinnipeg participaËed in the pilot-testing" once the students

of the first class performed each experiment and turned in

Êheir laboratory reports at the end of the period, these re-

ports r,rere carefully evaluated with special attention gíven to

the difficulty and the lack of clarity in the questions asked

Ín the manual or the discrepancies arising ouË of the outlined

procedures. StudenËs with their une>cpecËed answers pointed

the way for nruch revision; these revisions \^zere often made

in time for pilot-tesËing by another class on the following

day, A colleague who participaËed in the pilot-testing with-

out the preconceptions of the investigator was also a rich

sotlrce of suggestions for revisíon. Owíng to a lack of avail-

able time only a limited number of experiments could be pilot-

tested by the Grade XI sEudents during Ehe first year" For

this reason, the remaining experiments \^rere piloL-tested by

the same students the following year in grade twelve, or by

the grade eleven Chemistry Club. For the academic year L963-64,

Ëhe laboraËory manual was completely rewritLen in order to

incorporaËe aLL the revísions made during the previous year.-
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to achieve a greater uniformity of approach, to organíze the

experiments in approximate order of difficulty, and finally,

to include a more detailed introduction to laboratory Ëechniques

and methods of reporting. Over a period of Ëwo academic

years three hundred students parLicipated in the pilot-Lesting

of Ëhe laboratory program,

Evaluation Procedures

To obtain an overall o'utline of Ehe investigative labora-

Lory program, a sulrìmary \^ras prepared which included such

relevant information as, (1) correlation wiËh the authorized

texË for grade eleven chemÍstry in the University Entrance

Course of Manitob"r l0 (2) the laboratory time required for

each experiment, (3) the laboraËory techniques employed,

(4) the concepts developed, (5) the inËended purpose of each

experiment, and, (6) Ëhe sources of ideas for each experiment.

Such an outline Ìüas useful as an overview príor to taking steps

in the formal evaluation of the investígative laboraLory program.

The rating form, previously used by trwenty-six chemistry

teachers to evaluate the existing traditional laboratory pro-

1^ruDull. lrlil1iam Brooks
t:yt (New Yoik: Henry Holt

and Clark Metcalfe, Modern
and Compar.y, 1950),

Chemis-
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gyam, r^/as applied in the evaluation of the investígative

program" In order to facilitate a comparison of the relative

ef fectiveness of the t\^ro programs, a varÍation of the original

method was employed. In the evaluation of the traditional

laboraEory program by the teachers, the range \^/as from four

to thirty-five ouË of a maximum of sevenËy-six" It would

therefore appear Ëhat the teachers applied varied interpre-

Ëations to the specific objectives used ín the rating r"orm.

Taking Ëhís into account, the invesEígator evaluated both

programs independently in order to obtain a degree of uniformity

required for comparison"

The meEhod of evaluacion !üas varied slíghtly so that

Ëhe investigator made quantiËative judgments on the relative

aËtainment of specific objectives by each individual experi-
1'tmenË.*- Owing to the wide scope of the objectives, no single

experiment was expecËed to measure up to all of the criteria,

but a quantiEatíve summation of the judgmenEs on the individual

experiments provided a more valid evaluation of the total pro-

grams than that which could be obtained through a direct con-

sideration of the programs as a whole.

11rrArthur
School Science,
p.546.

C. Murdock, ttEvaluation of Experiments in Hígh
tt The Science Teacher, XXVI (December, L959),
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Results of the Comparative Evaluation

A comparison of the j udgments on the ind.ividu.al experi-

ments in Tables 3 and 4 indicaËe that many of the experiments

show a consistent weakness in specific areas which is reflecËed

in the total effecËiveness of the programs in meeEing the

esËablished criceria, The quantitaËive summation for the

existing tradiËíonal laboratory program \^/as L76 as compared

to 540 for the investigative program, The graphical summary

of the comparative evaluation in Figure 3 points out that the

traditional laboraË ory program ís slightly more effective in

the areas of inculcating habits of safety and cleanliness and

in providing for experiences in proper techniques of manipulatÍng

apparaËus. The investigative laboratory program, in contrasË,

is shown to be more effective in meeting aLL other críteria of

modern chemical education, especially in those areas which

reflect the shift in emphasis towards scientific inquiry, such

as adequate pre-laboratory preparation, logical organization

of data, analysis of data, evaluation of experimental pro-

cedures, experíences in critÍcal thinking, and growth in self-

direction.
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Spoclfic ObJecti-ves of a Modern Chonietry Laboratory Program

FÏGÛRE 3

SÎ]MMARY OF A COMPANATIV-E EVÂLT]ÂTION OF THE

ffiISTIT{G IRADITIO¡]AL ÅND T1TE PROPOSED

INVESTIGAÎIYE LABORATORT PROTRAMS



CHAPTER VII

SU}4TVTARY AND CONSLUSIONS

The purpose of this study was to develop an investi-

gative laboratory program suitable for the grade eleven

chemisËry in the University Entrance Course in the province

of Manitoba" For this study, the term investigatíve was

applied to those experiments which simulated the activities

of scientific inquiry within the limits of the high school

situation. The significance of this problem is reflected in

the graduation of high school students with little appreciation

of Ëhe science of chernistry as an experirnental oy investi-

gative method of ínquíry because the existing tradíËional

laboratory progran, as it is conducted in most schools, con-

trib'uËes lÍttle towards the learning of science as a process

of inquiry. Since 1958 three notable projects have been

organLzed, independent of each other in the United SËates, in

order to correct the undesirable situation in the high school

chemistry Laboratory " This study undertook to integrate the

signally desirable or unique features of each project into

an investigaEive laboratory program suiLable for grade eleven
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chemistry in the province of Manitoba. The topic for this

study is j'usËified, despite the outstanding contributions of

the projects revÍewed, because no single course can achieve

all of the legitímate objectives of a high school course in

chemistry in the best way for all of the different sítuations

in which such courses are taught.

Any laboratory program, however, should be consistent

with the broader objectives of science education. From a re-

víew of science education literature, it was noted that the

following summary reflects the shift in emphasis in the broad

objectives of educaËion in ihe past decade. As stated pre-

viously, the modern scÍence course should:

1" Provide a logical and integrated picture of contem-
porary science: the theorÍes, models and generali-
zations tlnãE picture Ëhe unity of science.

2" IllusLrate the diverse processes Ëhat are used Ëo
produce the conclusions of science and show Ëhe
limitations of Lhese methods: the Tdays of ínq'uiry
and the structure of scienËific knowledge.

3" Enable the student to reach at some point the shadow
of the frontier: to experíence the meaning of the
just dontL knowtt, and to be a\^iare of the progress
of science.

The scientific advances of the past decade have demanded

an education different in kind; one which is geared to change

and which provides for self-direction in living. This rnodern

view of science education diminishes the importance of the
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particular subject matter employed at the same time thaË it

elevates the spirit of inquiry and the role of the laboratory.

From a review of Êhe various statemenLs of objectives of the

chemistry laboratory made by science educators, Ëhe following

specific objectives emerged as those which best reflected the

shift in emphasis Lowards the modern objectives of scieace

education:

1. To give Ëhe sËudent an opportunity to staËe the
problem in his own words.

2" To provide for adequate studenE preparation before
entering the laboratory.

3" To encourage the formaEion of hypotheses or predic-
tions based on recorded observations.

4" To guide sÈudents in Ehe planning and developing of
their o\i{n proced'ures 

"5. To direct students ín selectíng the kinds of equip-
ment and maËerials that they will require, and in
improving apparatus.

6" To provide for ihe logical organization of recorded
data.

7 " To provide for traÍning in processing and analyzLng
data by graphing methods and soluEÍon of mathematícal
problems to obtain seeondary data.

B. To develop an a\tTareness of the limitations of
measuremenË 

"
9 " To encoLlrage the evaluation of the experimental

procedures on the basis of the results obtaíned;
to emphasi-ze meËhods as well as results.

10. To provide for experience in cooperative planning,
evaluation of group data, and in other aspecËs ofttLeam research. tt

11. To cultivate good laboratory habíts of safety and
cleanliness.

L2. To develop proper Ëechniq'ues in manipulating chemical
apparatus and handling materials.
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13. To provide for individual differences among studenËs
by encouraging the students to extend an invesËigatÍon
beyond the basic experiment.

L4" To develop critical thinking on the part of the
s tudent "

15. To frequently employ the investigaËion of an un-
known material or chemical system.

L6. To indicaËe practical applications for the procedures
followed in the experiment"

L7. To require laboraËory reports that are funcËional
in that they emphasize comnrunication skills rather
than needless repitition of prinËed instructíons.

18. To provide for individual student growth in knowledge,
independent thought and self-direcËion"

L9 " To gíve the sËudent an insight into the acËualities
of scientific invesLigaËion.

These nineteen specific objectives served to guide the develop-

ment and the evaluation of the invesEigative laboratory program"

Although these objectives are more readÍly attained by

an inductive-deductive laboratory approach, the existing tra-

ditional chemistry laboraxory program for grade eleven in

Manicoba is deductive-descripLive in approach since the experí-

ment characËeristically follows the classroom discussion of

Ëopics" Since most traditional experiments are not excursions

inËo the unkno\^irì., but are thoroughly described in the Eext,

this type of program robs the student of initiative at the same

time thaË it fosters several undesirable practices ín the

laboratory--practíces which make a mockery of the workd experi-

ment and ridicule the paínstaking work of the scientists. The
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need for an improvement in the existing traditional laboratory

program i/ras established through an evaluation made by twenty-

seven chemistry teachers in the Greater lrlinnipeg Area. Ttre

rating form, an outgrowth of chapter rr, which the teachers

completed, contaíned the list of nineteen specific objectives

of a modern chemistry laboraËory program. According to one

of five quantitaËive categories, the extent to which each

objective \¡ras met T/¡as rated by each teacher" In summarizing

the results of the forms, it was noËed that the ratíngs ranged

from four to ÈhÍrty-fíve, out of a maximum of seventy-six.

Besides revealing the many weaknesses of the traditional labora-

tory program, the evaluation pointed out its Lvüo strengths--

the development of laboratory techniques and habits of safety

and cleanliness.

trtlithin the broad framework of the modern aims of science

education, the laboratory programs of Ehe MCA, Lhe cBA project

and the CHEM Study have all been developed" A careful analysis

of these programs, including participation in both CBA and

CHEM study su.Tnmer institutes, revealed that each program co-o-

iributes greatly Ëo instillíng Ëhe spirit of scienËific inquiry

into its students, although each has an approach that is unique.
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The many -neT¡/ concepts in laboratory teachíng which Ìì/ere

revealed in this analysís were combined with suggestions of

independent writers. From this pool of ideas the following

characteristics emerged as the most desirable and most

adaptable to the existing high school situation in grade

eleven chemístry.

1. The laboratory and the classroom sho.uld be closely

integrated through an inductíve-deductive approach. By an

extension of the laboratory inLo the classroom, the laboratory

ís thought of as an approach and not jusE a place.

2" The laboratory should provide experíences in the

exploration and development of ideas, preferabLy quantiËative

in nat'ure and place emphasis on methods as well as results.

The evaluation of such experimental results should be made

within the limitaËions of measuremenE.

3. A proper balance between studenË investigation and

teacher guidance should be maintained throughout the program

with the student being led progressively to a point at which

his techniques and insight are developed to the extent that,

once the problem has been crystaLLized, he will be able to

set up his owrt experimenËal procedures.



L26

4" Through a Pre-laboratory d.íscussíon and Ëhe stud,entf s

pre-laboratory preparaiion, an atmosphere for investigation
should be created before the actruaL laboratory period. co-

operative planning during these díscussions should be employed

to crystaLl-ize the problem and to develop ind.ependent proced.ures.

5" No experiment shourd be assumed compleËed unËil the

student, through a post-laboratory discussíon led by the Eeacher,

has the opporEunity to correlate and. interpret Ëhe quantitative
results of the class as a group " rt is here that the student

will develop an apprecÍation for the variations in measurement

and for the advantages of group methods of investigation.

6" student laboratory reports should be functíonal.
Diagrams should be drawn onry when Ëhey are actually needed.

or when they are not readÍly available. rn place of the

repitition of printed directions, Ëhe flow sheet should. be

employed, since it is functional and time-saving. The essay

or formal report should be employed only when the studenE is
developing a portion or all of his procedure independently.

The studentts pre-laboraËory preparation should be a trulv

functÍonal parc of every report"

7 " A laboratory notebook, similar to the type introd.uced.

by cBA and CHBI sLudy, should be used in order to facilitate
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the logical tabulation of data and Lo encourage graphical

analysis. This type of notebook permits the studenË to keep

a Permanent record of his activiËies and immedíately enables

the teacher to check Ëhe carbon copy for an indication of the

studentts progress.

8. The laboratory reports should be completed and the

carbon copies turned in at the end of Ëhe laboratory period.

trüith adequate pre-laboratory preparaËion the laboratory

report, for most experiments, will be completed in this tíme.

This procedure encourages an investigaEive atmosphere in .Lhe

laboraEory and greaËer self-direction and independent thought

on Ëhe part of the student"

E><perimenLs, which met the established criteria and

whích \,rere related to the existing grade eleven chemistry

curriculum, r^rere selected through a revier,,i of thirty-one

laboraËory manuals. These manuals varied from the very tra-

ditional to Ëhe most modern in approach" Those experiments

t]nat \^rere selected from rnodern sources \,vere re-written to

attain a unÍformity of approach, whereas those experiments

selected from traditional sources \^rere re-examined and re-

construcEed to reflect the shift Ín emphasis in the objective

of science ed'ucation iowards scienËÍfic inquiry in the
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Ëhe laboratory. During the acad.emÍc year Lg6z-63, the experi_

ments T¡/ere pilot-tested by a total of 150 grad.e eleven sËudents

of Churchill High School in trrlinnipeg" Following an evaluation

of student performance, many of the experiments \,rere revised,

either for the following class or for the followíng year. The

laboratory manual was then re-written to incorporate these

revisions and expanded to include a detaíled, introduction.
Pilot-testing was completed during Ëhe academic year T963-64.

The su.ccess of the investigative laboratory programl^/as

also measured by evaruating its effecËiveness in meeting the

established criteria. This was followed by a comparison with
the evaluaEion of the existing tradiËional laboraËory program.

The investigator evaluated boËh programs ind.ependently in order

to obtain a degree of uniformity required. for Ëhe comparison.

Quantitative judgments \^/ere made on each individual experiment

raËher than on each program as a whole. No single experiment

\¡/as expected to satisfy all 0f the criteria but a quanËitative

summation of the judgments on Ehe individual experiments pro-

vided a more objecËive evaluation of the total programs then

could have been obtained Ëhrough a direct consideration of the

programs as a whole.
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Rating higher in seventeen out of nineteen areas, being

surpassed slightly Ín only the areas of safety habits and

technique development, the investigative laboratory program,

it could be concluded, is more effectíve in meeting the

established critería than the existing tradítional laboratory

program and is, therefore, educaLionally more desírable. rn

the final rating the tradítional laboratory program received.

176 points in contrast with the 540 points assigned to the

investigative laboraËory program" Through an evaluation of
indivídual student reports it became evid.ent that the studenËs

who experíenced the investigative experiments correlaÈed with
t heir grade eleven text \^rere stimulated to criËical thinking
and as a resulc of their experiences r^rere mad.e more ai^rare of
problems and more proficient in dealing with them.

Greater objectivity could have been attained ín the

evaluation proced'ures through a long range study of comparabLe

groups exposed to the opposing programs and by comprehensive

testing on all the desirable outcomes of chemical education.

such an evaluation procedure, however, \^ras beyond the scope

of this investigation.

The evaluaËion procedure which was employed. not only

pointed out Ëhe areas of comparative strength in Ëhe investi-
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gative laboratory program, but also served to point out areas

of weakness, (1) the independent statement of the problem,

(2) an awareness of the limitations of measuremenl, (3) art

indication of practical applications, (4) experiences in

group techniques, (5) independent selection and improvisation

of data, and (6) the encoLlragemenL of hypothesis formation.

These areas míght be furËher strengthened by re-writíng some

of the experiments and shifting the emphasis towards these

areas" Since no laboratory program can pLlrsue all these

desirable areas sinn:.ltaneously, a choíce would be required

here to determine which of these areas could be further

strengthened without correspondingly weakening other areas.

Although the approach of the investigative laboratory program

provides for development in self-direcËion and disciplined

thought, it does not directly provide for totally independenË

irn¡estígations; therefore, one of Lhe established criteria,

that is, the independent statement of the problem by the studenE,

has not been meL" The extenL to which this laboratory program

can be investigative is limíted, however, by the experience

and the mental maturity of the grade eleven student.
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SA}æLE AATTI']G FOM{ ff.,PTOrED BY OT{EMISTRT TEACT{ERS

lbo following ratilg scale tss been organized in conJunctton r+ith thelevelopnont of a 14. Ed. {hesls topice It cãntalns characi,eristics of a hÍghschool laboratory progra& l+hich are tn accord with the *o¿érn-oujeetfves ofscience education,

Rate tho existing Crrade XI Chemiptry laboratory progran r¿hich you havejaught 1n the past yeár according to these characterÍstiese

Exc-e.IlerJh, Vee{ Gpod copg Ea¿r LqaËlr 3 -Z- --f ¡=
,) Glves an opportunity for tho student

tostatetheprobJ-eninhisownwords.( ) ( ) ( ) ( ) ( )
r)' FrovÍd.es for adequate studont p:re-parationbeforoentorinsthelãb" ( ) ( ) ( ) ( ) ( )

') Tncourages the formatlon of h¡-po*
theses, i,ê,e mklng predictiäns
rronobseruations, ( ) ( ) ( ) ( ) ( )

) Ðirects students in planning and
devolopfngthoiror¡rnpïocedrr¡os, ( ) ( ) ( ) ( ) ( )

) Directs students Ín geLecting the
eqçi-pment ard natorials that, they
w111 requiree and. in improvislng
aPParatus" () () ()()()

) Ðevelops the logical organization
ofrecordeddata" ( ) ( ) ( ) ( ) ( )

) Gtves trainirlE in procossing and.
' analyzing data, €øg,¡ graphing
, ?rd solving nathomatical þrobÍoms, toobtai¡rsecond.arydata" ( ) ( ) ( ) ( ) ( )
I Ðevolops an alraronoss of tho liruit-ationsof neasu.rêmsntu ( ) ( ) ( ) ( ) ( )
t Encourages the oi¡aluation of the, e:rperimental procod.ures on the bsis

of the results obtained, iuo"e
enphasÍzesnethodsasr¡ellas-resultsa( ) ( ) (-) ( ) ( )

Provides experience in cooperative
plann:inge evaluation of group data,
and,inotheraspcctsof õtea¡rreseárcli,( ) ( ) ( ) { ) ( }



() CuLtivates gocd laboratory habits,
oof o e safety and- clea.n1i-noss"

i) Develops proÐer techni.ques in manip-
ulating chemical aDparatus and- in
handling ura'i;erials 

" 

-

r) Provid.es for ind.ivid.ua.l clifferonees
among stu.d.ents r"¡ith or:lrortunity to
e:rtend an investigation beyoncl the
basic e:çeriment"

r) Develops criticel thÍnking on the
part of the student"

,) Froo,i.rently employs the iirirestigation
of an ttL',trhlotrlrrt rnaterial or chénÍcaL
systen"

) fndicates practical applieations for
the proceC-ures followecl"

) Requires laborator¡r ys-po*ts that are
func-bional in that they emohasize
conrnuni_cation rather than needl-ess
repitition of printed instructions"

) Provicles for il:d.ivid,ua1 srowth of
the students in knoi,ùed.gã, incl.ependent
thinkir¡g and self-direction"

) Gives insight into the actualities
of scientifíc in"¡estigatioru

ÄWconnents in relation to the rating
¡lconed. belor,¡.
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of the exÍstårrg laboratory proglan are



AÏqffiTSTS OF P,ATI¡{G FOAÌ'{ nEmR¡[S
CTMIfiSTHY TEAOMA"S

FROM TI'ENTY*,SEVEN

Exr-eJ1ç_nt Iþrv, Gpoù
/,2AJ

Es @ EegåEÃ0 (4 rnaxinun)
Ëopd Fais"

21
) Gives an opÞortunity for the student #

to state the problen Ín his own words. ( O )

i Provides for adequate student pre-paration before entoring the lab, ( O )

l Encourages the formation of hypo*
thesese i-*e,e making predictiäns
from obserrmtions, ( O)

Directs students in planning and
devoloping their own procedures. ( O )

Directs students in gel_ecting the
equÍpnent and ma.berials that theywill requiro, and. in improvisÍngapparatuse " ( O)

Develops the logical organization
of recorcled da.ta. ( O )

Giv_es training ín processing and
analyz_ing data, e"g, e graphtng
and solving mathenatical þrobiomsto obtain socondary data"- ( 0 )

Devolops an awareness of the limÍt-ations of measurernont" ( 0 )

, Encourages the evalu.ation of ths
oxperiraental procedures on the basisof the results obtained, i,o.e
enphasizes ¡nethods as r,¡ell as results. ( 0 )
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"6V'*The þunbers in parentheses lnd'ieete the ratíÇ distrLbution among 2? teachere.



li) Cultirates gocd. laboratory habits,
ê"9o2 safety and cleanlinoss"

1) Develops proller teehnio,ues in r¿anil:-
ulating che¡-rrical_ airÞaratu_s and- in
handlirg naterials" -

l) Provides for inclivid-ua.l clifforences
among stucients with ooportunity to
extend an investigotioir beJ'ond. the
basic eryeriment.

r) Ðevelops critic-l thini<ine on the
part of the str.rdent"

r) Fbeo,uently enploys tho irrvestigation
of un rrs¡¡li¡ewrrtr naterial or cire¡rÍcal
systern,

r) Ind.icates prastical apol-ícations for
the proceC-ures follor.¡ed.

¡) Requires laboratory retlorts that are
functional- in that they omohasize
communication railror than needl-ess
repitition of printed instructi_ons.

') Provides for individ.u¡l growth of
the stud.ents in knor,iledge, ind-e enclent
thinking and self-directj.on,

) Givos insight into the actualÍties
of scientific investigation*
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OVffi.VTET¡' OF T.i{E INVESTIGATIIIE CHEtulISTftY LABOR{TORY PROGRAM

ù0. T]TLE CORRELAT]ON
I{]TI] TEXT

TlI{E
(perioCs )

LABORATORY TECHNÏQUES
(-;+introduaed)

CO¡ICEPTS ÏNTENDED PURPOSE SOURCE

I SCIENT]FÏC OBSMVATTON
AND ÐESCRTPTION

i¡rtroduction
(first day
of sehool)

I 1 " quantitative and
Qualitative
obserxrations

1" To devel-op skill_ in making and reeording
scientifi-e observations 

"2. To emphasize the importance and value of careful
observatíons 

"
3" To illustrate how many observations ean be nnd.c

on a seemi¡gly si:npLe systern.
4. To distinguish betþ¡een observation and assumpt,ion"
5" To i-L}¿strate the importance of quantitative as

well as qualÍtative observations"

0HH4 StudÍr p, t_

4 THE METR,ÏC SYSTE}4 AND
}MASUREI{ENT TECH N'I]'ùUF,S

Chapter l-" measurement
Iength-)s
weight+

(.1g balanee)
volume-x- (graduate)

ì-" precision
2. aecuraey
l. limitations of

measuremenf
l+" per cent effOf

l-" To give praetice in measu.Tement teehniques and.
graphing.

2" To give praetice in esti¡rati:rg to O.t of the
s¡nallest division"

3" To il-lustrate the irnporùanee of independent

L+

measurements "
To distinguish between precisíon and aceuraey"
To il-}:strate the value of, Jneluding the range of

the data ir'ith the averåAe result.

Thg-qe Espgsle,
NSTA, p. 29
Youden, pp" 2l+*32
Weisbrueh¡ pp" L5-L7

and 21-23

USING DENSITY AS AN
IDENTTFY]NG PROPERTY

Chapter 2 I 1" measuy'ement
weight ("01

balanee)+t

1" denstty ì." To shov¡ the limitatíons of a silgle physieaì-
proþerty such as densityu when used ås a means
of identífíeation.

2. To calculate the density of an r.r^nknown substance
frcn its vol-une (displaeement of urater) and its
nâ êc

CBA, p, l
Sienko and Plane,

pp, 3tr-33
Weisbruch,

pp, 27-29
Sanderson, Þ" 38

)

l+ USÏh]G THE BUNSEI{ BURNER Chapter 2 1. measurement,
temPerature+Ê
Iength
time-x-

I eontrols
vari.abl-es

1" To discover the height at whíeh a beaker of water
should be plaeed above the burner to obüain the
rnaxj¡oum temperature from the flame"

2. To organize independent proeedlrres for controllinø
the conditions for the ex_oeriraent"

3" To j-l-l-ustrat,e the importanee of amj-ving a.t
eonclusions whieh are withår¡ the seope of the
data eollect,ed,

MCA, pp, 5*6
t¡leisbruch_" pp.2-l+
Sandersonc pp" t7-l8

4

5 :VELTING POINT OF A PURE
SUBSTANCE

Chapter 2 1. measurement
temperature
time

2" heating
test tube-;t

,] rF^
make a quantitative study of a phase cha,nge"
illustrate the va-l-ue of graphj:rg experimental

data 
"3" To dj-scover the similarity of the flat po:.t,íons

of the heating and coolíng eurves and t,o
identify ihe melting and freezi:rg points,

CHHvf Study¡ pp, l.*ó
l{CÄ., pp. l-0-L1

-ì

6 AN ÏNVEST]GATION ]NTO
PHYS]CAL AND CHENiICAL
CHANGES

Chapter 3 ]- measurement
temperature
vol-ume (pipett,e)->r

2" handli¡g rea,gents

1. physicaJ- ehanges
2. chemíeal- changes

1" To exenplify the assoeiation of various types of
l-aboratory observations r.¡ith chemi-cal ehanges"

2, To extend the skill in ident,ifying chemical
changes into the study of ssunknor'ntr systems.

3" To develop further skill il reeordi:rg
observations 

"

Taylor, et aI,
pp' 17*20

CBA, pp. 4*5



N0" TITLE CORRELATION
WÏTH TEXT

TI}M
(periods )

LABOR.A.TOR"Y TECHNTQUES
(-x-introdue ed)

CONOEPTS ]NTENDED PURPOSE SOURCE NO.

HEAT]NG EFFECTS OF
PHYSITAL AND
CHH"I]CAL CH.A,NGE

Chapt,er J ¿ l-. measuremenù
temperature
weight

1" calorimetry
2" nagnitude of

enerry aesoci*
ated u¡ith
physical and
chemical
ehanges

l. To eontrast the energy invo]ved Ín a phase ehange
and in a ehemícal ehange"

2, To provi-de furthe:" experience in quantitative
investigation.

3" To compare class data in order rjo arrive at a
generalization.

CHEf,f Study,
pp. 9*r3

{

mrrñ ñn^^ñ^êltt^I.n.û fft'UU-E Jùl-I\ltÌ
DATA

Chapter 2 homer*onk I"
2"

stoichi-ometry
Law of Defi¡ite

Proportions

I, To show fn the reaetíons of a solid and a gas
the relationshlp between the weight of the gas
r"enaining and the j¡ítial volurne of the gas"

2" To give further experienee in processing and
i-nterpretÌ-ng data.

CBA, pp. B-9 Ê

Y THE FORJVÍATION OF Á.

PRECTPfTATE--A
QU,A,LITATT\TE OBSM-
VATTON OF A CHU{IC.AI
CHANGE

Chapter 2:3 ¿ l. fil-trationoï
2. heating (beaker)Y.
3" measurement,

volume

T"
/,ø

stoiehåonetry
fl-ow sheet

L" To ållustrate that when trvo solutíons reaet to
form a preeipitate, any exeess of either wj-Ll
not react"

2" To dÍscovey whÍeh solution was i¡ excessó
3" To introduae the flo¡v sheet as a means or

recording laboratory proeedures and observation*

C8.4, pp" !3-l.5 o

!U OÏÏGEN-*A VER]FÏCAT IOI
EXPERÏMENT

Chapter ¿. 1" gas generation and
eolleetion-:r.

2" heating
3" ínserting glass

tubing-x

l-. r¡erifieati-o¡: 1" To study the preparation and eolIee'bion of orygen
2. Tc study the funetion of mângenese dioxide ín the

preparati-on of o:ryge$.
3" To verify the properties of o:rygen"
4" To appreciate the value and the plaee of, the. veri-fieation experiment.

lnleisbruehu
pp" 7L*?3

MeGi"IL and Bradb¡rerr.
pp. ó3

10

t1 PROPERTÏES OF HYDROGE¡

--A VTRIFTCÂTÏON
EXPER]],TENT

Chapter 5 2 1" gås genes"ation and
eol-leetion

inserting a thlstle
tube into a
stoPPer-)t

4."

l" To study the prepartion and colleetj-on of hydroger
gas and to verify some of the properties of the
gasø

2. To study the funetion of a panticular piece of
apparatus, the thistle tube.

Taylor, et al,
pp" 75-77

MeGj-Il and Bra,dbury,
p. 6t+

t1

1ô
J- <. CONSTRUCTÏON OF

LOGICAL ITiODEL

Chapter 9*10 1
-L 1.

1"
logical models
black bo-x

1" To ill-ustrate the method of the construetion of a
logieal model from indireet obser-rations and
assumptions 

"2" To illustrate that chemistry is as nr.¡.eh a way of
thihking and handling observations as of
manipulating tubes and reagents.

3" To give practice in evaluatíng data e,nd discarding
inconsistent items.

CHEM Str¡dlr¡ p" 65
CBA' pp. 1-2

L2

tl DISTTLLATTCN thapter f I"
2.

assembling apparatus
use of bunsen bur.ner

l-" fractlonal
distil lat ion

'l Tn

2. To
3" '.lo

give exampl-es of the distillation process.
discover the concept of fraetional distitlatron
íllustrate the i¡nportance of cleanliness of

appa"atus.

McGill and Bradbury,
pp'7L*72

Weaver, pp. 69*7A
Bl ack¡ pp, 33*31+

l4 SEPARATION OF
IVÍLXTURE TI\ITO
C0l'æONEISTS

Chapter 2 and 7 1. fil-tration 1.
2,

analysis
hypothesis

format,ion

l-. To devise an independent procedure for the
separation of a mixture into its dry coraponents"

2. To te.st and evaluate thi_s proeedure"

Garrett, p. 7
tieisbruchr pp" 63-61+
Dulle pp. Il-l-2
Suleoskí, pp. 13*1Àr

14



NO. TITLE CORRELATÏON
IIITH TEXT

TIi\,18
(períods

LABOR.{TORY TECHN]QUff
(-ri¡rtroduced)

COr\CEPTS INTENDEÐ PURPOSE SOUBTE N0"

MiAKING A SOLUBïLï|ï
CURVE*-TEA},I
RESEARCTi

Chapter I ¿ l" measurement
weigkri
temperature

1" solubiJ-ity
2, t,eam research
3" interpolation

lu To detemrine quantitatively the effect of tunper-
ature upon the solubility of an unknoio¡n salt.

2" To provide erperienee i-n organizing al-l data
tables and graphs independently"

3" To íllustrate the val-ue of team research and the
plotiing of group data"

MtA, pp" 32-33
Hall, et alu p" ó0
Sulcoski" pp, 35-3(

AF

IO Y]AKTNG A SOLUBÏLITY
GURVE--AN TNDEPEND"

ENT TNVESTIGAT]ON

ehapter ¿ l. measurement
weight
voLume
tenperature

1"
4o

solubiJ-ity
saturated

solution

1, To deternine quantitatively the effeet of temper-
aùure upon the solubility of an unknor*rn salt.

2. To evaluate the different procedures appli.ed in
kperÍment 15 and 16"

Brescia, et al,
pp " 2940

Dorf and LempkÍn,
pp" 48-49

Sienko and Pl-ane
p. log

in

t't AN INVESTÏGATTON
]NTO THE PROFERT]EÍ
OF CRYSTALS

Chapt,er l heat5rrg 1"
¿"

hypothesis
v¡ater of

hydra.tion

1" To devise and test a method for detecting whether
a erystalline eompound has rvater chenricall-y or
physically bound to it"
evaluate the proposed method and to suggest

improvements "

<'e To

trdeisbruch,
pp'97*99

FF F/uuti_, pp. ))-)Õ

1t7

LB AN INVESTIGATION OF

hTATM OF HYDRATTON
TN CRYSTALS

Chapter I t 1" measureru.ent
temperature

I
2"

effl. orescence
deliqueseence
water of hydra-

tíon

1. To investigate the behavior of crystals upon
exposure to the atmosphere"

2" To i-nvestigate the eoncept of i,¡ater of hydration"

tiatt and Morgan,
pp. 75-76

L9 THE PERCENTAGE OF
}úATffi OF HIrDRATTO]

Chapter 8, 12 ¿ l" measurement
weight

1. heatìng to
eonstant
rveight

per eent error2"

l" To determi¡e the pereentage of v¡ater of hydration
in an unknovrn crystalline salt.

2" To introduee the concept of heatirg Èo a eonstant
weieht

numerous sourees tv

¿0 REACTTONS BETT,iEE}ü

OXTDES AND fuATM,--
TEAM RESEARCH

Chapter 7, 19 regularitfes of
chenistry

verification of
a, conclusion

negatíve
conclusion

l" To diseover whieh oxj-des react with water; v'rhere
a reactíon does occur, to cletermi¡¡e the type
of co¡rpound formed.

2. To organize the data and to seek regularities i¡:
it by reference to the Periodie Table, the
Act,ivity Series, ete,

3" To verify Èhe conclusj-on by predictj-on and
checkine.

MCÂ, pp" 14-15 ¿v

l1.L THE IDENTIFIC,ATION
OF FIVE UNKNOWN

SOLUTIONS

Surnnary of
descrip'uive
ehemistry

t- l-, drop reaetions 1, qualitative
analysis

1. To identify fj-ve unknown solutions by
ínvestigating their chemical properti-es,

CBA, p, /¡J
CHEM Str:dy u p" 36
McGilI and

Bradbury, pp"309
DeBru¡me,

pp. 265*6

/t



i\iO" TITLE CORRELAT]ON
!.{TTH TE.XT

TT},TE

(periods )
LABOR,ATOTÌY TECHN ÏQUF*C

(xintroduced)
COÌ\TCEPTS Ï}JTENDEÐ FIIRPOSE SOURCE ¡to"

¿.t IUOLECULAE hEIGHT
DEIERIYÏNATION

Chapter lJ ].
2"

heaiing
rqeasurenent

rtolume
weight

1. t"he nole L" To detes"mjne the moleeular weíght of an unknoþm
vclatile liquid by the Dr:mas method"

Sienko and Plane"
pp. 85*8?

Garreèt.. et'a.1,
pp" 85-86

Floffman, p. 129
Breseiap et'al,

PP, l+3-l+6
Sanderson,

pp. 59-6Õ

22

2? DETM.¡4INATTON OF TÍIE
VOLLßIE OF GAS
PRODUCED BY A
REAETÏON

Chapt,er 1ll ¿ lo collection and
measurement of
gases-;É

measurement of
barometrie
Pressure'r

4ø

¿. vapor pr"essure ]. To aake a quantitative ínvestigatåon of a
ehemical reaction"
determi:re the voLume of hydrogen gas produeed

in the reaction between magnesír:1ru and
hydroehlorie aeid,
rliscover the coneerrt of vaþor þressure

eorcee{ion"

2"

a rn^

Brescia, eÈ al.¡
pp" 63-6h

CHB{ Stal<ly,
pp" 27-30

zf.t. ANA].YSÏS OF .AN

UNKNOIfN MTXTTIRE

Chapter 1[ 1 1. heatSng
measuy"ement
rveight

1" heat.ing to
eonstant
weight

2. st,oichiometry

1" caleulate the pereentage by weight of
potassium ehLorate i:r a mj-xtu.re of potassåum
ehl-orate and potassÍum chloride"
il-lusteate the rralure of weight relatíons

from ehemieal- equations"
4ø J.rJ

Sienko and Pl-ane
pp" 6?*?0

Blaek, pp" 39-À0
IrtCA, p" 1"1

4.1+

)q PREPARATION OF
SOLIIBLE SALT

Chapten l-4, i-9 ¿ l_"
4"

evaporatÍon
¡neasure¡nenå

r.^roí ohf.
volume

I"
¿"

stoiehíometry
per cent vi-eld

l-, To nrovide eNperíenee i-n devisíng an j¡dependent
¡nethod for the preparation of a given weight,
of sodium ehloride from either a carbonate cr
a bi-carbonat,e"

2" To test and evaluate the proposed method,
suggesting ilìprovements "

Brescia, et al,/-p" o)
Garrett, et aI,
MCA, p" 5Z

1\

¿a DE'TTR}4TNATTON OF

T1-IE DENSITY OF

OXYGEN

Chapten 13 I, heating
2" assembling apparatus
J. measurement

volume
weight
temperature

lo appara.tus desien I" To determi¡e the densíty of o]rygen gas,
2" To provide experienee in the 5:tvestigatÍon of

the signifj-cance of different aspects of
experinental procedure and apÞaratus design.

Hoffnan,
pp" L23*L25

Brescia, et aì-,
pp" 33-36

Dull, pp" 35-36
Suleoski,

pp" 44.*46
l"lblm and Franz,

pp' 99-102

¿\)
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Tho pu'rpose-of any introd.uciory laboratory wcrk is eithbesin th;-"ã;i rraining-år--å'-iot"nt,iai scientist or to nurp tnårrff.";to unclerstand what 
".iE"u-is iearry iltã. 

..-i¡"i 
a' of you, this is enop:¡ort'uni tv to. fearn cher¡istry rroä u point "i ,iuro r,¡hich yor,r couldnever 

"ìr.br 
:r-u froi-i.c1ass ¿iscuss*iã;r-"b;"'*ii!. auronstrations, or vratch_ing films" hi: r-aboiatgw ö.""ideÁ ycu 

"iit=rnu opportunity to achievean u-nderstanding of chcnisi::y rihich uir tnu ¡ooks in .;he r^rorid cou.ldnot provicle, the chancu to såu i.¡ith.yoLlr own eyese and to i¿ork withyour o!/n hancls' in- order to gather infornation'ruliich ruill le¡d to thesofution of a oroblem thro,igfi-r"i"ntiriå"ii,i"Li"e. For those of you
'¡ho 

a'e u'ncleciäed abo,-it ltr"'iui.,"e this 
"*o"iJå,.,"e r,¡ir-r clarify yourthinld:g as to yolr-" possible role ir ïrrã uäíãn.-i"e scientific uorl-il.

All scientists a::e interl,rg""l peo,ole, especialry those r,¡ho arechemists' IIo doubt, y", h;;;talready o¡äeirruo that if a person isinteltigent he or súe äun uuuut-y e.-.ri , ;;;;; goc,d salary while worrr_ing at a job t4l.ir pruålJnt"- årr",-";""il;; orobably heard rharchemistry is ciiffíc"1ll_ r^&ry irru" snå'ri¿ u' intulrigent person under_ialce the str'.dr of a cliffi""it sr-rb¡ect, 
"u"r, is cnemistry, r¡hen he or shecould r'ore eaä:-rv *"i;;;;i.;rui ,op,1u;;';;ä eventually ear.n as mu.chmoney and live just as 

"orrorËtryr--rìrã"un]"är', is si:rrple; althou.ghchemistry is diãfic"tl, -;;i;î;scinaring. --pÀrti"ularly 
in rhe tabora_j;"5,;3$"ffi -å:r:ll*:å:-;''ä.iåtu¿ 

"itfir,"' îã ¡o"u rory uorr.:, * is

rt is hoped that tre experiments in this manual iuill cau.se youto ttrink out proLr-ems, p";f;t;';xperiments to iina ansi^iers, and got:;Ë:ri#"::'l "t the proóe""-"r,'¡ã'rì r'¿"J-ãÃ¿"ã"iåu your laborarory
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¡

Duri-ngthe course of.the ye-rr ]¡ou r¡-i-rl üi:e , veì1f, likeJ-¡r, most of ihe com¡lonbor='tor;r apprrirtlls shovn in the a-ôcomiranying iigures ;..ncL ctescribecÌ in .bhe
i-louing Þaragra¡;hs' such a:p.".ratus ii sä gãn""ãuy'u¡eful in chenistry ihat it
.folrnd not only in high schoãl 1:,bora-borieã but also in.r,he tabor,:,r,orie,s at the
ir¡ers-j-;i-es a.nd 1n a.ll liind-s of inciusi;rial l-aboraior:-es es ueLl" Iainiliarìzeurself 

"lj-th 
the nane, c'i.esiån¡ ai1d. u.lrc oí eacl.r piecr: of _apr:ar":.tu.s"

ll).: viJr.Ì;i;

;""tor"y. gJ-ä,-sl,rare -is made of soft oz. irarcl- (p¡-'ex) grass, accord.ing to the¡.fo:: uhich i;he píece of a,pparatus is intenctscl-, 
'Bäca.u.se"pyrex 

g1;rss softens atrigher ten-cera.tr.r¡'e 'bha.n soft gJ-ass anct- becau:e p}/rex 51aså-r":i.¿hãtand-s ra.pidtnges in -iemperat,L:..r:e, only glasli,rare mad-e of p)-r;x gÌãss sl:ould be heated..
I

; culf,:uL.rng bottlti

¡rr;¡t¡1 ,'1 li-r:,¡:

-<--'-ÈffiË#?
Ci',vr:r-' 91.r.5
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¿ã.:lz-
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/ tr, llllriliit
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fur,,..*e-l

!-l n{en rn e.,-'rr
f lo:,k

P'l-cti.i;

Qrqd',rrlt¿il' cTlrriÈl€r''t
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--'-1c -ìc.:l¡.,¡. +-.f,L-; _: U u.LUI.t j r:;ìJ. '.-,-.1. ._:*. ru,:.j,.;a.,:., r,rst, iubes ¿.nd_ fl-aEkS eïe llfj_lnariJ_y Used aS
.î'(?:ìclj,:)t-.! 'Ì-er_sol-s .rnai as conia.incrs" Ttreir transÞarency o.f couiso malces it
Possibl-e io viev¡ the ¡naterials r¿ithi.n from al-l rsideso The specific piece of
åìpi3âì:':r'r.L1,s- u¡ccl Ío:: any particular oireration cl,opend-s on -bhe nätwe and- sj.ze
c-r- Ïirí-j l,ubli nces i¡tvolvecl-o The volumes i:rdica'ûecl l:elor"l the pyrex trademarlcon- Lìrci:e l:ieces of a.p,:araius are rough apÞroximations and- are îo be usedonJ.¡' 1tr cr"ud-e estim¿tions of voluJie.

A-1: Eealierç, Tirese are the most wiclely usecl a¡tÍcLes ín chenlstq¡ Jab-o:r¡torielo The;' coine in a uid.e range of sizes from a fer,¡ nl to severall-iters cipaciiy. Their ,'¡mootÌrness ancl. regular sh;:pe make them eåsy to clean;thei: icl.:Live t';iileness nakes ihe materi",.Ís furicie easily accesible and
iilc:i-:i: i-nlr:ontec'L lip provi_des for convenient ;oouri-ng.

A-"2" Içqijqgæ-g. Ferhaps the.qe are the most familiar of all scietrtific equip-nenic ti:ey ¿¡s :irnpl¿ snlall ghss ti-rbes, closed anc round-ed. at ono end andlrsu.al]y Í'l¿rr"erl- sj_ight;i-y at ì;he other, The;, are appropü.ately naned. since they-ì'c convenj-':n-i,J-Y useä to contain i;ery smalI quantitjes of mäteriaLs for snali
l;ca l-c -bo c'bs o:: experinents o

t\'3: $ç€.ælüCs-lt€. Having miscellaneous uses, these vessels serve as
con-baine;^s of líqt'.id.s, and. as reaction vessels for many chemicà1. reactions*
Thev ere both ¡,ritir rouncl and. f'la.t bottoas, The for¡aer are meciranicallys'biongcr aniì- mole suitable for oirerations reciuiring acld-ition of heat Êincelio,r-rids o.r'c less lilcely to rtbuunprr in round bottom ffu.sks.

it:/:." .'li-1s*me:gåiþ.hg. These vessers have nany u.ses in chenistryn Theyofi'or E ir-ide b.rse r,'L:icir can be uriiformJ-y heai;ed., and. Lrhich makes then un-J-ìiieiy ,;o ìlo Lii:,-recl o-¡er r.;j:en fj-l-recr-. ihey are useful for long boili¡g
oil.:i1.rJüions..'l1en i'; is c'l-esirecl io retain as mu.ch solutïon as iroãsibte¡ Ihei;a1re::ei v;,.r-l-l¡, l.:aì-;:'lû con.lense ancl-'i;o return the vaporized liquid" útrey
¿]'G oF--1)ccj-¿l-j-3r efÍ'cc-bive fo¡ ¡itùcing i;hen e-cid.ing sorce reageni; drop by c'räp¡the ilj:Li-ng ecrion is one of sr,iirling rai;her thãn shakíngl

-iså::giip.,l+rij*HJsyÀç.qs-. VoLur¡re meaçuri¡g cl.evices are usirally not pyrexiihe:'ciolel -i,iie1i shoulci neither'be heaLed. nár, orclinarily, used. as reaction.¡e i,i ', i.l-t *

A-?t: Ê..lii¡''X,".,.L-.?#"l.ng:æ. The vol-u¡nes of l-iouid-s are comr:only neasured inrli¡l ì n ''' .'; ,-. ¡ , :- .. " -,-;.,...'ì ^- =. -: .'..r^ -vi r-Lrr'-.- ie.-! --r-1.ì-l:: vesscl-s i:ii;Ìr llr:ciu-ated sc¿lles on -the ic. sicl"es. They a.re oftenc',:r-cci i!3ï'.'rcì-Lr--l-Lr-:sir, anci. are cbtiined. in various capa.cit:-es. îlie scale etchedLn ii:e '-:lass s:toi,i¡..- 'bhe vol_i¡,:e in nil jil-iters (or cubic centÍmeters). Some
ir-a.i'e a singie scal-e in',;hich tl:e cl-ir.isions az'e numbered. from the bottom up-
11¡r'c},, eni:.bii-ng^-i:ìre oirse;'ver r;o aeasure the vol-ume of liquid" po*åa i"tJ'ì- i^n ,-:" -,--rr:- ''- a 

^-:-ì-,. 
-^- l.---^ -t,:..,.,r:,-ir,_lLr::Ju! ui.,..iw.l's lt¿iïe a crolrbl_e sca.le, the o_ivisions in the second scaLe1rr-Ln3;li:ml¡:.r:ed- f:i:o:i: L'he tcn cloi.inr.¿arcì., thuå ma-liing it possible to ¡neasure the

'ol-r;¡e 
of '¿he 1ic'-ir-icl-s irouród f:ro¡l ihé g"".luut;.-'
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\:6: Lipgili-es. iire pipette is a g-lasr: -bube'i,aperecl io a lroint at oire end;i'¿ is tr-sed- for rnore ;cclliì-ùe.rÍÌeasu-remeni,s of .¡oii-,¿le. A t+iq#.9J p.tHe..Jq hu.sabu]-b-1ilieenlar.,e;ttent:rea::i.iscenterancìoneebcher]mffi.
f-b is c;:l-ibrat,rii io J.e1iver e si:ecífied volu.irte of Iic,.li-¿i;t -bir, ior1;rer:.lureindi-c¡ied i=,nd- i-s com'eni-en'L for neasu::-i,r¿ out a- nu¡de¡: of :anpl,:s o:i the
liqr-iic1- r,rl.ich a-¡e icl.en'l;ica.l- -j-n sii.e. .å. ¡1e,,.r_;.11¡irlå*Ei"g.eg.åq is 3rarr_rr-"1ecl,usu-all-y j-n '¡en'¡hs of a ¡nil,=i-r-iter a.ncl rîîõõJor the 'b::¡.nsfer of e;';--,ct
v'oLunes of lic1l-ri-d., It is particu-larJ_¡i ço..runiert r,.ihen the sarn,iles of liquid!-ari¡ in sizÐn

A-?: 
. 
Gas .me+sq{in{ LqÌ¡eË. Tllese are lorrg c}¡l_íail¡ical d_er¡i.cr-:s r"¡l..ich are

used- to JllSasurc-volumes of .3as.:s r,¡.L.ich.rre ;rrod-ucecl by a re:tctícna Thesetubes 'e.re usual}y of 5O-1oO Llíl-Iiliter cupaãiiy ancl a.ie gracl.uated. to atenth of a milL:t1iter,

*:8,. -lgptli3it. Tl:r:-s c',evice provld-es a means of adcling -*mell cÌilanribies of
lic'.u-rds ciropl:i-:e, rei'bircr-bi:an frcm any.tes'b tube or l:ealcer" lt may be us.eclas a- dïcppi+g. pipçttg for snall-sc;.-,1e (:,eni-nicro) -besis, onco ilre nunberof d-rops r,¡hich are equivalen'b to one mit-LiÌ:er has been ciétermined,

i{i qç_e_lfe¡1e ous G.'_a s :u{. re

A-9. Eg4ngls" Tn ihe i:roc¡;ss of fitLret,ion ihene a.r.e used. to,:u;:j:ort a
llÕrorLS papei" carlleci fil-ter jråper, ¡,ihich ¡r_l_'loi;s ì-íc1uir:s to i:ass frÀät;.
throu,3h the pores but ret¿riàs-'bhe pa::ticlcs of ¡olicl- i,rhicl: are :rot dis-solved. The s-j-¿e of i'. fr-r.nnel i*¡ iñcÌicat,ed i-r¡ the cr.o.iis sectionai cliameter
a-b i;he -Lop ancì_ b;r 'bhe angie of ihrr cone€

+*19'_ Iþ[,s-rÀ{lÑ-?q. ÎÌre long els¡il-er s'be:.r r.ij-th a.n onen br-rlb at tì:e to;ois indeeirensåbJs fo¡' Lhç ecjiitj.oq o.f reagenis into eir*tiglit v:s. elg íorthe genez':ltion of ga'ses. The Sases Senerated åxe l?revented. f¡orn esccì.ping

lll_lhor.gh 
-i;he this'cle 'bube by the r.reight of the 

"ólurrn 
of- ::ea3en.b j-n the

Þi Utjf il c

{l*ii. Thqf¡ao+rgt-eji¡_, Altl,.ougir nnan;' i.e-,-i-ces are asaj_la.}le for measrurr-ng'l:er¡ri:eratu:e, the merclrr}¡-fil-leci 'lh"ôrmolncieri¡-r the oire nost con¡ronl-y ¿ãed_in a.n introcl.trctoz'J¡ fìborl.bor;'.

A. 12.. t,<"c;:.;1iæSe' These ere ur:ed as covcrs :ooï' hn¡l:e¡s ,e., yss¡,sJs rlpr:âich toì.'Ëffiîãllr, or: å.¡: cli"r.l-1o,; oviì;rcï..rl,irg-o:.-ãr,;;ï;""Å ìi.t"L grass
ma;'- l:e t'¡arrned gently, bu'b tl:ermil- stres'"", 

"o-.,rãcr, 
b¡ r-,ae.,'en h.eat:-ng or mol:ej-nt;ense heai-nâ;r s¿utr. tllen -;o b::ealc sud.d-enJ_y and_ fi;, ai_.¡i:ri" j,lever a.ppl¡r s

fl,.-r.¡ae dir.ectJ-;- to oneo

A-11 . Gas Bott,lq,q. 'Ihese are used. ¿:,Ê cont_ri_ncrs in i;,:._i_ch t,o coilect gareslibtr;tãTìffifijri:inical reaciions.. The;, i.nay- also -oe 
usecl- ¿:.s containers

r'rhere roft glass vessels i::u-l_d l¡e satisfaä.Lorj,,

Â-L;: G1Ërl-i?þ-bjrl:. ?.hi:¡,:e pieces of gl-ass ler:1¡ê a¡ û iicove¡ otassrt forsealing off a. g¿1 c bo-L'ble, afl surfaces ðn r,:irich to n1x,cor.;¡*ers ór ",r..,.t-ooor as i:ur:i::.ces on r,;l,rich to i'est'i;hc bo'c¡-es of "ãr."ãliilã";;;.;";;"
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I:-1:;" p,g4(i:tri1sei. I'hjs ì-s a.'tu5e r,¡hici: is coolea on tiie ¡r:is-id-e, in orcieïto lerriove heai froiri, anci concì-,3r1í;eTvapors ¿lC,nit'ieC. i;o 'bhe -i nsi-d.e,. The con*
r'ie:'rse¡ s¡io''..:n i;,1 ¿ ci¡nrl-e wa.i;er-jaclleicC. (Lie::-i-g) co;ldens::?.. ji s-lream of
co-l-d- r'ra,i:¡' is run Jcl:r;:ongh -bìre jacl::t io c.rl_'-). .tral the hca-i. (The riirole
iiroces6 of 'bo:'linJ or" cvc:.-lo::::'tic-:, le'b'Li:r6 tiie va.:or flo.... elser.:lrere a.nit-bhen concÌeilrìjrnli -it, l-': call-ed- di:*ti]la'-ion.) ?hc conc:-ens,ecÌ va::or is called
the cl-rl, ¿i l-l-¡: 'ir: .

:J;iriíìCqolìl€ are ¡naleri¿Ic not danu-;eo bi, jtigh te'n:oeratrrjes"

A-l-ó. $,:!!giþ!e_, The cr':cible is.r. s¡¡":.ll cuir macje of porcela,in, a. specialclay r:hi-ch il.'.cl- 'bceir heatec-i. lurtil the oi,r'bsiCe melted anã- irec;mu iike .!1"..", ,Ït lri-lI s';ancl )ii¿her ien¡ora1:ures tlu:n pyïelr gla.ss ancl. i,¡ill ¡ot sof-bõn a.t-bhe iii:;hesi ,jlur,:.on burner -i:oilr¡sratur.e., ft is coruaonly used for high tern_perature ::eaction of solii:s a.nd. ¿Ls coni;aj-nei,s in r,;hicL to jure (meÍt)
solids s

L-Ll." livairoJatþr gijih. Thi; ilish is uiju¿rlrJ¡ nade
used a.g e vesÊel in r.:,',ich -fo evi;:ora-i:e a solution i;o
clryness 

"

of porcelai:r. Ti; is
rtm¡.l]-cr volumes or to

':

J{-18. 9l-g¿*Cragglg. iJ;itally ':laceri. ¿ì.c¡oss the ring on ,¡, la.b etand, it,
serves a.-q e. cïucÍì:Ie slti;'por"t C,u¡ing hea.tii:g; and as a sutlport for fu:rnel-s"

Á-1?' fu:gç-ç'cgE-JÏft, .{;:l:cslo,.: be:-ng a good insula.;o,:, .11:ei:e ,racl-s are
usec'l. aç r;uvfäces on r.ri:ich -Lo ¡ect Ìiot glass tubing or vesselsn-

. - "-:l¡-/7ar(.'\\' l( \

\:r"iit t!:l
i. \ ./\ ./

Çrucrble + tid
. c iüy trilroqre: evqpa(.)ttn3 dis.lr

Jnu lJ
A-20. Bänseq q-ægg' This t];i:e of burne¡ is aI¡nost indispensal:le ae a
ìsource ææãndTs LLsecl- i,r: nio,".:'b l-:.bora'corres. Vari ours raoCels .r¡.e
e.vail:rble, br-r'b al-l- ¿ir.e "qo construcbed. Ì;hit ai:: i s .-,cli::-;-bec., j-nto ihe gas
ctr-oa,n 6.¡161., therefore, â:,li:.:rr.uJe of e:-¡ ancl- 3--is can be ignitecr ai; thð to;cof the ver't i-cal ba,.lel-. The na-tur.e .ìnci i:enperaiu.:o of tñe Ílame aïe con-trofled by 'the ,:elative vol-umcs of 3ac ancl ãir ad.ii:j.ti;ed"

Ëacir *,;o of l:l'¡ne¡: ihe same par':;s in
ferenc.es e:¡:isto
The pgiir-ce,-gå-Eled is.i small o¡ren-ra,q tirou.3h rrhich the 3as entei's"
'ljtu .gqlltj i;i'i,Ìr th¿ air holcs c:.n be turnecl Ll.lr or äo-vrn, tñus controlling'tl:e air. :-nt,rke o

lrhe -i:+gg} i¡eir.:i-'¿s 'cire ili:lrng of 'blie ai r ancl g: s bef ore bu_rning at the'top.
Thc !-1Ëg-{g!:=:4J bleecì.s of.. soine of the aÍr-gas ni:ciu¡e ¿:nd feeds
the fl."¡.i',:e t'rorn the olrisid.e" This ser, es ¿o present flre flame from' blor¿ing out.

\
conilon; a}'bh;"igl.r s;oecific cl.if*

à ioy trion g!e



Ð

tt -t-

-,/S_li c:¿9-* -1.'i lrc q o_t_ íi,,r l-.r-ì i. F..)

for'¡¡ siruciLr¿r _l- ¡;.:,tÞorts
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Á-21.- i;Í.n$tgLo.rjL¡.me n:rå::,i;-.r. ï-b í:its on.,-hr:'bop of y-our l¡urner,rnd
provid-es ¿l i¿idre i:pre.::d flene t:h¡'-ch m¿rires ít easi:i: to tieai a lenggr of gÌ;isstubing. Its u^¡e is generr.,ll¡r 7'ss¿¡ictecj to glass bend.ing.

A*??. LeUL-ic-*!e-bS14Sf . As the,nane j-nnlies, 'b3ris devj-ce is usect- 'bo sui:porta test'bube. trbec;uentlj¡'r,he a,:,:lice-i::Lon of håat i,o üre bottom of a. test-tubeis desired. G*ass iE ilot a gooc1. concr.uctor of he¿it so it is;oossible to hoJ.dthe top of {:hetuT:e-in the:iing:rs e.nd. the botton in the fLaraen Tloweverothe heai: d-ocs tr¿.vel npr.rai.d, and, es,:eci..-rì_J_;, ijl the liquid contånts suCdeåIyboil over, or Í-f vâ¡rorrl ris+ o.nd con.li.oníji än .bhe u"oper ,ra::t of the tube, a"test ttiÏre l:olcI-.:r i¡¡ nuch more eonvenient and clçsiråLru to u.oo ttrtnerúsrç,
such a' irold-er is- usefu.l i,ihen pouring corrosLve firir,'.íds i¡rto or out of a test
lgbur i,lhei'e s1i3ht al;lcr,rar'clness ar,ly resu.lt in spi-ì-Iing äor,rn the outsid.e
fho tube.

L^23. Õr.uqilrle_t*offl.q, The¡se ¡r.:ee used. for .bhe hi.nd.ling of irot cr.u-cibles,

The iron r-,-,;rlncl., iron riuti c1.:;:r-l.
i-n cornbin:.-tion,
o;cera. f ions.

A:zL. i"Ii:re ä:ru-219. -ve¡'i i,horrgh il-'r',3)i gh;s is clni.,e z'esi-s.tant -i;o therm¡,1
s-b::ess, it is too mr-r.ch'bo e,.ï:ect,r b.;.li=r'to L'r.inC, tj:e ful-l- heat of å gasflame sucl.d.errl¡r ap,-rlisçl. "o onã r:lot on iis bo-i''¿cln. For thie i'eason, a. small
Êclu,gre of 'r"ire ccï'eeil or g:ìu-ze j.;.- ü;;'¿¿1ly ¡l-.rcecl, betr¡een t]re bealcer ancl. the
fle-me---i;he becìker::ei,ting oi: tho gau.re*-i.rhich spreacl.s'i;he hea.t nore u::Í-formJ.y
c"rei- ihe enti¡e bottcn::Lirface of tlri: bealceï,a.:û:1 l-ejjirer"is the cl:e.¡rce of l:reak-
age f::On l.rileven heai;. The :.tu¡e, of c;rui.:,:e, is ii: tu¡n -qui:,.ilortecl. on an ironring ¿'üb,'.checì- 'l;o ì:hre j-ron sLand,

N,i o," iotc,ke {e"cn
il{ t //
f J--'l/--'
_.Ë*J
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I:25" U!i-1-i1;.,'=c1gr4, The-¡,, ;r.i-o sÐri"iiï¡.1- sizes anct- kincis of cl.:r¡npsu Cne of'bire more u.sef'*l is the u.tili.b;r or u¡iversal cl¿im¡, so ca]leü becau,se it canire adjr"rsted ove¡'a-i;ide I'enge, in d.i::ection.: i.,èíl ¿,r jar.r opening, jcost
cla,.:ps req'Li.ire a. cJ-aiiitp hoLder to suopori 'bhem on an i¡.on siaäci, bùi: th.eutl-lii;'c].np j'.-. its or.n buj-lt-in äiar:qo Loiãur íor this po"poåo" ïhe
c]¿'¡rP ja,lts are covercd- trii;h z'u.bber or a,sl:estos i.n ord.er ià sirp¡ort firmþ
and. ¿ret r,rithout cl.anaer of crackj¡rgthe,-gl-rsr, of iest tubes, ;i*;
A*26. Irqn filç" TLre 'oriangi,ilar fíle is p;:irnarily for cutii"irg 3lass.
ù-27" Pj*nch claiqr. fi is useci to regr-ihte the flor.r of a fluid-ihrcu-gh
rubber ffi"Ë"

{-23.. Ðgflj.gr.rtigl. s::o-q4. r1.tso
f'or hea'cing subs-bances olirectl¡,

C lnmp

a combusti-on spoon, i'l is iised-
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4-?:9. -ii?r!}q":;.rlci_?gl!]g,. Coilposec; of ,oorci,rl-.ì-in or 3l-¿ìss, iÌris apparatusis usec llor gr"i:tcilng solids -i;o : por,rcier.

A-JO. Tire -eiit_lgþÈJ¿ck. This is ¡. r.'ooden i:u.rtrort Íor your t,est tubes
t'rhi1e the;.
the storage
cleanì ng.

cont:in ma-i;erial-s being s-budierl." Some r;cks also provrcÌ.e jlor
of ì;es'b tubes ulcsidc d.or,rn to all-or.r then to c'irain ¡r.ry after

A-31. .ÇoJ]ls an¿ ru¡l:er =to:r " Botjr kincls of s'Lor¡1rers fincl ,,,icle uÊe in
clre¡cj-cal e>':lr:::imen¿s. Corlcs Ere che.rper, nore easily-ð::illecl for insertingglass 'br.r-þ1¡ta anci v:ri-o*s appaftus and insoluble in ordin;rJ, liq,-ric1s. iiow-
ever, 'r,Liey.,re b:*fy attacked by rnany corrosi"¡c chemicals, and they are noten'birely Eas-ti;ht. ir¿rbbcr stoÞ¡ers, on ihe other hand, may be raâu gos*tight
and generc.lly 'r,hey cl..,r€ fiore resiitani to chenical at'bacÉ althou-gh romõ
inaterial-s at,tack l:hem easily. Organic sol_vcnts, such as e-ther, are morelikely to be absorbecl by, or to sofi:en, or even dissolve uom" óf the rubber,
uhercas cork i-s more res:-stanto ì'Ieither cork nor ru.bber r,ií11 s-b:ncl. excessiveheat. Both r'¡il-l cleconpose ol burn" P.ubber sto;opers are usually better at
staying firmly weclgec. in .1:lace, Stoppers arê ciassified acco:.ding to size
ancr- numbez. of hol_cs.

!*?2, &qbb-e.1"iruþing' Thir: is Íncl.ispensable for making flexiì:l,l ilassa,;esbet'.,reen fixcc]- tubes and. for coni:ec'bing t,,ro fixed. tubes together. -Tou 
mayule it ío¡ conC.uctingthe gas to yor-'r br-r.rhêïr -Lhe cold rr"ier to your con-

d'enser, ancl making g'rs-'bight interconnectíoni in ,,our exþeri¡nen,cå.I apl:aratuso
Ï'b is of ccurse suscept,ibl-e to the same lcind- of cLeniical- and. solventattacil r¡entionecL fo¡ r.ubber stoplrers"

a,-33' $]açp--ruÞ-tH-sqd.Jqci. l,üscell.rneous ;:ieces of glcr.ss tu.bing -- r.¡hichof cour¡'re is Jrol-l-ou' -- â.r'€ e:rtremely useful if not indlspensible in e,-,peri-
meni¡l t'¡ork j-n a chemistry l:bora.tory¡ serving as ':i¡eliñes for -l,he floi¿ of
{lLrids" Tubj-ng is not to be confir.rec-i r.;ith rocl, irllicñ is solici a.nd has more'limj.ted a...:,rlication, e.ga, stirri_ng rod.

A^3/n, 9?nlr.ifuî9t This is a. d.evice r,¡hich speed.s up tlie rate at r+hich a -
precipitate settles to the l:ottom of a solution. 'As a motor spins the centri-fuge, the test tube and solr.rtion are going around..i;;;i";;;;'path at highspeed. This motion oroduces a forc" (""ni":rusãr)-lr."t-;;;;; the particJ-esof the precipitate in a chrection ar.Ëy from thã conter of the "i""ul"r path"Ïn.an orclÍ.nar;' laboratory eentrifrg" 

"itt a r¡.clius of abor.rt ten centirnet,ers
1nd-a spoed of 1800 to 2OOO revoluf,ions Þer ninute, ilre centr:lugar forceis from 35A fu 450 times stronger than i;he forcÀ_ oi gravity. r1r" a precip-itate which r¡oul-d talro three hours to setble if left standîng, üg settteout in 25 to 30 seconds in the centrífuge.



nortqr r pesLle

test tul¡e
bru shes

cen-t.ri {r-,gê

Refer to this sectÍon of the ]aboratory nranual often to famiriarizeyourself r,¡ith the name, design and use or äu"rr-piece of-aoou"ãior,

test Iube sto.,cl
rv,1-h dr.yr'rg peSs
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- fn i;hi"-: lorl;ion o-ithe nanua.l, ìnformatj-on i-" gj-r'en r:elatÍve -bo someof 'bhe b.1';ic tecÌrnic¡tres,.rjr:,ch a.re Lisccl. ia a chemil:t::y labo¡ato¡'--n A i;ech-
nic;',',e ii: a.}rrticu.lar nethocÌ of Lr:z'foz'ini-ng a mechanical o,r':.atticn or mani-
pi.r.laii-on, rl.:sic lebo::a'i,ory 'cechni,-L'.:,"., håve been e 1-.,-ibl-i-ll:ccì by tliou.sand"s
of cherriistE as the::r::--'ru1',, of many yeJls of experi,lncee Cbser"r,'e thece tech-
nì.c1ur:s ca-refulJ"y; tal;e prid-e j-n tlLemo

fn the l-abora.-bory it i-" aLrnost e.h;ays moro convenrent a.nd. moi"o effi*
cienb to e.";ì:erilncnt v¡i-th c;r-rantiì:ies cis sñâll as can be hanc'l.led with'r,he
ai)icaråf,us available. ft Ís llr.:o iruch sa.fcr" Co,.r:eclir.ertiy exi:eriments !n
chemistry are perforned. on as smal-l a sc¿le as l:ossible. Hor"¡ever ihis caIIsfor Sreater skill ancÌ care ihan i,'culd be necessäry for large:. scale v,o1"J(c
ff you- m'l¿ìÉtlr:e out tu ent;r-fiyç pouncr.s of a subsiànce, J¡olt c.1fi usu:lly
affoi'd to overlooic a',,eas?oon or so that may spill" 0n the customar¡rJab*
oratory sc¡,le of e:qreriment, hoi,rever, j¡ou mey usc mu_ch less than a têaspoonof all 'c:le m¡,i':ria.ls put to3e-bher, -{cccrCingly, cheili-sts hcrve deve}oped
special 'Lechniques for studying sma,ll- anotryrts of material exactlyo During
the crurs,.e of the Jeel: you r,;ill stud.y måny of them"

This lnform;rtion l:,rs been ínc'lud.ed- to su1:rlement i;he ins'¿ructicns
3iven:.n'che ac'¿ttal experi"men'Ls" For most of the techpic,uesr|he lleesonsfoillsrng certain proceci'a:'es are s'co.'r,ed." Possibl-e c.,ifficr-rl-tíes oru ,nun-
tionooL and suggerjt,ions ¿:re made ae io holr tirey can be avoided anol co:-rected,
You can i:rofit b;' tireir irnitatj-on, nci only l:y learning to "..voicL perscnal
hazze.rcr., l¡i-r-L,rlso by le;lr:n:,ng'i:o obtain the largesì; amõlr¡t of informationinthe ¡l.or-beet .':eriocl of time ancl r,,rii;ir tire l-east amou-nt of effort e:rpend.edn

F,cf:re$ce ',¡i11 be macìe'bo the particu,lar.bechnio.ues recju.iroit in each
e:<þerimentn Refer baclc to thcse pa,ges frecluently in $rep,ìration for each
cxperirneni u¡til r¡u.ch ti¡ne r,rhen the 'r,ecl:nicues ar-e m;!tciecl."
ñ-1-1. jr¿iiI.:'jl",.rIrjLi Oir Á .ìu,lltljN BT..j.,ìì{:.le

.fr,'tl-}inq þhe b¿r:ecl{
Ac'ljust the air sl.,tri:l;r ne¡.r the b.rse o;1 .bl:e bu¡sen buirne:: so ilrat the

holes a::e abcu-t ono-,:.Lrð.r'ber o;oeno Then iurn on l.,he g¡-.so Êclc the flintlíghter and- sl::j-ke it by a.),-rl-yjng an- r-ri:rrarcì. prressu"e on the üo\¡ei.,ltle arm by
nlcÐ,ns of f;he tilunb. Ad-ju;t tÌ:e irei-¡ht of '¿he fl-ame b)'turn:-ng'i;he g." 

"o.LoThe best fl.rme is one of :roCcr.ri;e hoigtrt r.:i:j-ch ls :,etting ars rnuch air as can
be sr,:.ppliec'l. i¡iì;hout i-i; bi:gj_n:iing io :t_Lr,itUer: or roeï.

liq4.l'_t¡ip:ìqs e+4 
,

i;n.:n the coni:us'uion of tir: , j-ï.-aa.: nix-Lu::e i-s co,.:'-.leie, ilie flame
biu:ns alino*-..1-, noisel-cr.rslJr ancl. is alro¡t ì1o¡---l-i.r,¡ii1o5s r¡iih.ir,:o c,ì.istiact c¡nes
being ar:'la::-en'r,. 1,'Jhen t,ite comb'-isticir is incon-:L:te '¡he inc;ind-escen,; ltar.Liclesof cl:rbon are ío]:niecl, i;ì',-.ch ':r"ocl-,-rcc r,iie l-'.u,ti-ì rLÌìl i'l-rÌle "tnct r,¡h:r-ch cll:e CLe-
1:ositcC. cn enjr- arprr:i',-t: hel-cl iii 'bl:e rl:r¡:e. incon;:l-ete con,irustion of the
l¡ix'i:uie c¿r:ts-i-rg thr: fl-:l.re to l¡'¿rn I i::Ì: .-i l:r'r:j:i-. ;'eJ_tor", col_oro This flame is
cooLer tì*¡,:.n 'b,:e i-äeal_ tl_.,-,ne of ilrc ccirole'te ccnÈu-stion.
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This condition can be coruec'bed
b). inc:: r"-l r:ing't he concentrltion
of air in the ni:r-brr-rei ín€o
screi.;int collar or the bamel
âr.i.ly f¡s¡1 the l¡¡,se of the br.irnef
u-ntil tl:e fl:,tne ,spiritoi{jjla'bes ihe
ideal one.

St¡il:;e b¡ck, A hir-gh eoncent::a-
-bion of air in i;he ni:;ture ceuses
the flarne to burn :roísily 1n the
barrel of the burner and, in
extreme c¿ìí-ies to strilce baelc. If
the íl¡.me strikes back, or burns
i-nside of th.e barrel nea.r the
air acijustment, tu.rn the gas off
for a moment. Do not touch the
hot baruel-. A11or,¡ the burner to
cool, recLuce the air intalce and
rel-ight the burner.

¿i. flame may burn rroffrr the burner
if Ì;he gas intalce speed shculd be
too i:.igh. This ean be comected
by reCucing the ga s -tntake-

Flamg-sp-re¡.qern To use the flame s_cread-er, place it on'uhe bu-r=ner r¿iren the
gas is ttrrned off. Light the T¡urner and aC-Jusi 'r,he flame until it is about
two j-:ches lr,igh. the flame r:hould. have a dictj¡ct irxrer coae, and tl1e
uioper ecìge¡i sirould be even, rer.ther than sar¡-toothed.

T-2 lå4åq{i,r.Ë-IF,cll r'r ïl¿rjrs!

Licuids c::,n be heateC in Lert tubes,
ïessel used shou-lc]. ir¿ve ¿ cairacitJr of ti:o
voJume of 'bhe licrrrid- to be heatecl..

fl;-slis or beake:¡:s, hor'iever, ihe
to ;hree tj.:les greater tl-¿an the

vc¡-Ðor:s generatecl. ciuring the Ìreating irrocess ma.y cause þ:r!¿giëg; that is,
nois¡r and sometirnes vioLent motion ofì:en accon¡a,nj-ed b;" oqou]-sion of the
1ic1t-tici fr-om ihe container. This n:'y be preventeci. or rec:r¡-ced. ìry coitste.ntly
si.rirling the h-crrid as it is beiirg hea't,ed (as in a test tirbe) or by placing
boiling chj.,rs (sma.ll rrieccs of cla¡r'rl-;,'be or gkss beacis) in the fiqüi¿). -

L:r{$e coniaj-n_eJ:s su-ch as bealit::s an:, fl-aclcs are Dlacsc', on a uire
gauze helcl. on e lab s;and.. A gentle non-1i-r.ninous flaile is used. The level
of tire vesigel in 'i:he fl-e.¡rre is acìiustecl þS-lgþ1gg in order to conserve tj.me
and fuel. No bo:-lj-n3 '':essel is: left u¡attencÌ:ci. Dii'ect coit-u¡ìc-b of the
íl-.;me i,:ii;h the Þ.ì.t:t of the rreiisel ab.:i-rt Lhe -l-iqr-rid level- shou-ld. be ¿r,void-ed.
Once the t¿ater is he¿'.teci lo boi'ling, ihe fl-:llne i-s ad.justecl so that the r.rater
co:rtirrues -Lo boil 5cnt1y,
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Not {:o"
full

Êiebt
Flo nte

tco hrqi l

ii:-,nc':l-inÂ Lo'b Vescrls
A tos;t tube i:olcier shouLC be usecj, in pou:ing a ì:Lot li-:u-id_ from a test

hot f la sll.tube; or i'1, mûJ¡ be u.seiì. j-n h,-.rnd-ling a

A good neiiiod- for pou.rjng boiling uater froin a. lleaker is to fold a,

cl-obÌr or :laìler ioi.:el- e-nd- irrao it aroun.i--i;he bealler j-¡r one tu¡n. Grasp the
tv¡o l-ooçe end.s o-f'the cloth (o,': tor,'el) in th" fingers of one irancÌ in iuch
â T,,îâJ¡ that a i:u-fl is el.-:ited. _i:e'bv¡een -bhe clotli. This in::rovisecl holcl.er
enables the exlrerimenle.r to pou: boil:lng iiqu-rd- from a beakei into a. test
tube,

Eg+glnß ig ,co.nsta{t J4g ; to gei I ::ei:rociuciÌ;J_e r,rei3ht free from
çffor causecl by rrnlcnot;n conten'¿ of noistu,:e o:: o',,h:r \:¿',ri¿,ìlle ¡¡olaL,i1e
inpurities, it is ilecess;.ry-thai: the vessels a.nci- coni;en1:s rre hea.'¿ed to a
constant ¡¡ei':l:t. i\f'Lr:r heating -fo thc ciesired 'bem1:e::-:ltuîe, ',,Ìlè r-ess;el and.
contents are cooled ¿itrcj. i^Jei-¿lled. The ves;sel is then rehea't,ed, for a s¡.rorter
llerioc'l , coolecl. and ¡:er¡ei;Ìrecì., Thís .proe,Ìss is reÞí.:ated unti-l 'bhe .,;ei3ht
femaíns constant uj-1.hin h-¡nits oÍ the z=eciuirocr. precision.

T4 CIJ;I:SS] tG

Glas-c is -rot ¿-L-bt=ii-e ci:ystålline ;:oliC and iner,efoi.e ioesntt ha.r¡e a ð.ef*
inite rnelting point. fn-i,hís ¡esr:ect i-b more closely::ese¡:::bles a.n e;;t,renel;r
viscous (Ui:iclc) lic¿r:ic.1 r+l,i,cjr. gracÌ.i.ral-l-y softens r,il:en he¿-,,¿ed. l-b is tÌ:is
proltert,¡r r+hich rn¿:lics r'I¿t :rsi,¡c::l:ing possib-r e .

Glaes used in cÌrcni-,'i:i";i 1¿:bo:¡:,i;ories is of ir.io naj_n i;¡pes: soda-li_me
or ç;oft 3la¡s: a:rr.l. ¡t¡i::e:l 31,:iss, Tlle lrincì 1l:sr.rii-l,eci for;i,:r-tr: Lr.se in the form
of tuir-i-ng and. r'ocr. is,troft ¡-'Li:;s. loui:51ìÍ:r blr.rn,rr cl.oe,.: ¡rot r:r.ovilrLe a high
en.:u-gh ten'tci'itii:'e for i,'or-lli-ng i):r1.ar. .-,l l:S,



Gl¿rss Citt-ii:s,4

..,a
L)

CÌ-L-rL,,r tLlìring r,r.-- 'to .;-:: . i-ze o-i .¡cur
f .'-:rjt r c.:n bo cil'L j n u,:c (:; c-tu-ally,
ililoo'üllly Ì:rolcc,r) r.rri--'r'v- i,a.:i-l-J''" -i :h.' l'L:
Íile is :1a.i-r1r.. L-, ji' i-,Lii¡ 'i;.-tl:.,n3 .j-l_aì ir

o r -bl',: 
i;, ., nc j.. -r. l r 

j- ùl: : .í :. jLÌl-e Íirln
äto'L j,on :i :' l;e ¡i ::,.':.ìr11 :, cr..r. i.cil t "b -ln'J

c-r.,::;i:¡o;l ,roi-l1, of cr-¡.-b;i-.r,3, i':-LÌi -Lhe -iil-e"
Do .ro1: ;t-Li:n:-''L to s;¡r¡ the j-'l-,.-.i,,t, Qu--LcÌ;ly
;,ioi:'¿cn 'tir.. scr¡,rtch ilii-h a li'lLle L;¡liv.r.
.'itj-;i ,;:-l:- -1;l -: '.'l;¡¡-'r'¡ ..-:.r :.:c il ' l- I itnd.
ori:.:blc-c ãì ll .,,¡p31. b:le;.ll -Ì:o be t,1eC:e.

i\e:l-i, r Liol-c-l 'r,he -b.ib-;-irt j.¡i borjìr liancl_s
1l'ìiþ ¡t'" fil-c :ll,-:r'l; ,::ìI.l;1,í iro:,l ,6¡r-, i:ìrtd

;oLü ilrullbs one oir e¿-cit ¡;:,-i1e of :ind
olrlosj-'ú(i io -iile Í:,lc nr,:rk" Í,j:r-'bh ycur
e -l-bct;r c1o,: irì't i:-f ,161r-¡ 

-.ii.cs¡ 
.,:n'1,'l y

t:ush t,l:ì.i;h _i,roui. i-,::u-tlìlts ¿:il:ì. i:,ll-1 1:;rck
" .C . -;,-...-L ìtJ- i-,Ìr ;r,. L'¡ lf¿ì.11.C--_q ,

gr:-- U^¡-r^{ _. 
^.:I ¿,1 v t \/rll:ri.--l¡.:.

llre tubi.n:'l er,ges ¡,..t, -1,,;c po:Lnt of
cu'bt-in:i a."e afr,ia]¡r: ver)r sheÌp ¿ind, shoul-c1
:e ¡,:nootl:ec1 befole Lìsing the 'LuÌ:in-,
es;:ecì-rlJ-y t;hen j'olr- neêd- i.o :l-nsert Lhe
!,1.'rss :into r"u-bbcr '¿r-r.bin3 o:: Llrolr3h a
irol c -1_n bhc ,.:-Lopper.

To fire-1rcl-rsh i,l:e f::'eshfi' cu-'l
eciir'es, holi- one end oî -'he gJ-¿sis tu.bing
i-n the i:ot,test ¡:;l::t of ti.e fl:me ancl
ro.i::lto 'bire t,ube baclc ancl. forth l:et'u,reen
,-,'ou:' finge::s u¡til the glrss is soft
enough ì;o snooihen cut Ìr;r su"tr"o
trnsion ancl ;l:e ed.ies ;;J,e r':lr-rnd.ed" Do
not fire-poJ-ish so I on3' thi..t -bhe encl-
of -i:he-tribe Jre,':-l: to cl6,,s.

\2\ .¿'¿

\
I

Fr re polishing

Itlttllll-lli¡l
v. Vj,¡l{tev ìreoted

t rr'¿-pol'.,iiin3 too mucl

Luce SLrcKe

Don't "sot,v"

Sr/
I end
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CJi;-Licn:
i.:ot 31':,;:: l-¡olig :-rlentic.'. I to ccol :j;l-rìsii" Plcic:-: '¿he .ro'b :_ìl-.ss on :i,

uire gauze oi ¡:,b.,:s'i;os c::ii 'Lo cool_" Tr;,i,i:r ltc_io..,, g.rrr i: tin,, .. ,.;:r::r,c of v;o::liecl-
1 ... :,..r.-..1.1- \-. ¿ì: ,t of :.1 ;. cocl ij .i:,-;r, . s:l c ,11:, -_ .- ¡:r\J:::./r/r . ,. __- .. _,, o

.iev:r: ;:u-'i; ;,, t_)iecc of r:r,:t ¡:1.,, 
-;: i-,-l--il:" i:t

,ioe s;n' i Íl'r.i ,,ll rr: ,,irá¡r ,',-tI.cl, 1;l: ..::,:; , ri; ,;::obaÌ:i-;"' -", 
-r-

cools ;rn,i. thc tre-Ler círc:eni:,.3s cn -lli¡ .:ìo"r 
,,,r.-

-i;1.,:, f-l-- trc. l--j' thl :ieçe
l-¿¡. -::', i,']1e:l :L:r: ¿l.i-¡ insiie
::.íj :.:j:rl, 1S .:lj_ rJ- ..-Otrø

Ç! :,ç-..È.c_¡ç.1.;¡g

The ;l-ilss 'bu-b::r¡3- is i.ielcl- in the
spi:eaci íl.rme ¿¡.t ;he rtr.,ilij ',ll'ìelc is de-
li ¡'ccl.. jÌoia-Le i;j:re tlrbe evenl;' ;rt
nodc¡a.ì;e s1:eecì to 1r:'c..'i-r'e Lr..:ìform
irea'i;in:;. Coi:tj-zrui:'-iniil'Ll:c flame
-î - .-..i +^ r--.-..î -'-r- ¡.::c-l .uÌ^.e .bul:jn3 be3i_ns-LÈ; !rlr-¿ Uç ,Jj l- ¡!l u

bc s¿l.ll or l)e ::ii:i,b-l-e. (';ne secrct of
succof sfr:l .;1así,r -i:cnd.i:.:.9 ir ';o ;et
ì:ir.: ..1- - r,: s rir-rif i-ci..l:'c--;" lrroi; " ) ;l,c¡iove
-i.;irc Lübi-it: j'rcln -bhe f l-,- ll.c anr.ì. l:encl the
,;1, 1s b;' :: .i-::.:r3 -cht: cnc]-s -i;o ol:'i;¡ i tr
i,he d.esireä ang]c. Si-:rce iire hot
glase 'bericis bo sa3, ,;..r.:in'.ì ib in tl:is
na '.nelt -rrocl.itceÉ ,1 i,r-it-i j'oì.::,Ì). snooth
bencl-.

ff "l1 e:iacb. an3'lg J'-s :-'r:crii-'i-¡isd,
tlre Lro-b :.;-ì-ass ril3.jr be l:c,:t .,i:ilc rest-
ing cn ¿-,Il ¿.illf,í,S'bos p:,d.r ¡..tlt::i.e the
iì¿r sí:.-ccl, ilgle r,¡¿g :1;¡.r3-¡i o¡r.sl;r meesU¿-ec-l
ancì n:r'lieri. 'f.'li s. ne i.:oci i¡onlc,, also
enì,11tîe-tl:;b bobh ¿lills of bl:,1 l:lcnd. e.re
i-n t,he ,';"¡¡13 ,¡l ¡',1p .

ff 'bl:e bend l:,.',,- bc-.et'l ms.clc cor-
''tc'ü'y, rt r'ri,'-l bc srnoo-bh a.ncl. the bore
oí the tubin; r.rr-l--l- b.: t-.r:,: s¿rni.¡ 'i;l'rrough-
ou'b ibs lci'r¡;il:. Aìf :-,fclii-,i1 or c,lil-
r ¿i'i-ci;cd- be nci ma;. ":csu-l'¡ i-f

The l,,-ri:-'-n3- is be:,r', ltc:í.o,re 'l-Ìre g1.1...,rs

il ',, l.rocl ,. r-r-îÍ'icic:r i'l ,- l: 'l:cl_.

U(J

il-
^.1: -L,.

Held foo h'gh in

l-rec¡ted

ijrlr,:r 'l-:rl¡-i .,'

-1.¡-r:r'¡

ir-. l-:;.::iLio::tccl- i:i .-t j_t ís

oÍ 'lir:: ;t',:-l-ì-,-11 ..:': .t.rt
i;Lr,': i:¡.iäe r-l'Lc t¡hi-lc

: s be:i-n'_; he:.r'ùcd..

) , .ioth i:¡r.l.s
.ro-,;ir:li a b

+r.^ ...1 .,.,.,
U¡lu --_-LL i: È,

1,.. 'Lhc -; -L:.n': i s coircçtt';¡:.1 ';.::c1 -r;t .boo

ìr..rmor'l .i -rol't ion oí tire tlìti itr- r
:;:, rr'].,.û¡. ir-C -l'l.l.tllc 

t.:It.. g..cie :,-' iS tiseCÌ"

gr: od beù<f

l\t:t
rrrt

{lo.u Sprec,der not used



¡e $la,na:preader

cut Lo length

fi¡¿ po lish

L5

Dra,.;:r-ng o:;'u'Lubins
To :.i..1r¡ :u'r, tubj¡ê .to a st¿åJJer

di-arnetei', ,is -bo form a jei 'r,ip, a
-;:egu-i:r ca¡illar)¡ o¡ ¡. mecìi-ci-ne i,rop-
i:er, sirilly rota'i;e i,he ''cubiug at ihe
cor::ec'i point i-n the regu.lal i:urncr
fl"-inie r,¡-Lil it becomes pli:ble; Al-lov¡
thc Lul:e to become shorter as i;he
wallc 'i:l:icken Lo ablut t'.¡ice 'cl:eir i:or*
mal -bllickness, Then ¡errove from '¿he
flame anci ru-Il apert c refurly to the
cie,:ired il.ia¡nctero Pl-aee ihe l:ot glass
on ¿he i.rire ;;auze or esbesì;os pa.d to
cool-. Cui rhe glass -ì-n i,he midCr.le of
ihe cl.i':ir,n out portion and fire-polísh
tire l;hi-r,rp cnd,s,

;bkine a r-.uo')Ðcr
Hea1; i;ire uide end of one of the

tubes¡ ¿rnd l;hen the glass is softr
i:la-ce ti:e -b-i-r: of your iroh file aga.inst
the insiile oÍ tire gkss tube and. slowly
rota-ce -Lhc i:ube. Rehcat the tube and
gently presis the edge against eÐ. êe-
bestos p.r.c'r uni;il the Íl:-n.'e is even,
llhen tre tube is cool, a rubber bulb
c¿n be placed. over -,,he flange encì the
il.rorper may be tetted uith r+ater;
(this c'.roppcr may be used. as a cr:ropper
pipeite if you cl.etermine the nu.¡nber of
cl,rops that are ectuivalen'¿ to one
milliliter¿ ff you do sc, label it
for futur:" ¿¡re. )

T-/+. Il'lIlBTL¡: jlli5S. r':Jl.ljijG T T._STÇF-IE:ìS

C:r!åtlotl: fnju.ry¡ 1.,1',;o.;r1, pai¡fu-l , cìi1i:: íJ,ltietrines Sev:re, ccrles from
Srnproper technicu.s in inr:..r'bing .31a s tubiag ti-::cr-lgh l:o1e*s in the rubbero
lead these ínstru.ctions cårefull3r. Dont'b bccorne .r casraìl'cy,

(a) the end. of the gI;.ss',..bing mutt ï:c fire::lcl-iÉ]red so i:hat no rough
or sharp ecl.ges remain to c;ltch on tl:e ru'cber"

(¡) ttie liole :i;r -tÌrc s'';op,:er rnus-b be al--rost i: J- rr;.e ¿:s ihe -bubing" ïf
ii is .ì.:rqei: the joint r'¡ill- lealc" rf it ís,rot -t-ari;e enough, c'o not try to
s'bre-bcÌ: -bhe rul¡ber even thougÌr ii nay ba 'oossible" üiihcr ,'3et iubing to fit
the l:cies enugly, o::;et a rtopocr r'¡ith holes to fit, ì,ire i.r'.bi:r!¡ o:. ei?-
lar¡e't'he ctopper loles i.r:Lth,: rcurci file o; corli boi:e¡e urntll -Lhe fit is
.right,

to dé,siced thícknest
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l-l¿¡¿i held rtr:se
t ogether

Safe i

,/ A Çrne way to get hurtl \
(c) iihiays LuÞfi-c,'"S the glass-rubber Í,rrrface i+ith rla'ter or ¿-lyccrjne.

{d) Ilglci th?,e}Ës ,,,p cfo"e-þ .thc encl ,gprry', Lniro_j.hp ,*eppgjtgi
i¡qgçiÞ]gr to avoicl- lever:L3e or breaka¡5e. Never force a 'thisile tube-or
funnel into the stopper by grasl:ing bhe lar3e endu

(") Insert the tube withronl-y a rn-inim'¿a of c",uoct forcing together,
Use r,rost of the force (and verJ" li-ftl-e sl:ould. be needed) i¡ ¡_o-Þq,tiËg the-bubing or s:r,oilper" Renove the tuiring Íron a stopper in a similar Ì,jarye
Never-Lr:sh glcsstubin3 or thermoril(3teÍ-q t.-rough a hole in a stopper or
relnove lb by brlite force o

(r) ritr,lays hold ;-oi:r hancis so -r,h¿r¡ they cannot be a backstop for
broken 31ass" llxert o. '-ririform;na.fl- force on_]_i¡ o¡: i;lie tr-rbing uhich is
d.irectl;r entering'ílre hcle, nel.¡er on a pa:ri -"rich a.s a bend- i.¡l.rj-ch is noi; in
line". If an;r possibilit)'of bre;ke..;e e:ris-bs, r:.rqrr bolh ]rancìs rn a -tor,¡ql to
protect illem"

(g) Tí ¿,ou exlerienca åtly iifíicur-l-+,y consu-rt your ins.bru.ctoro

fJct use d os o hqndie
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^r- [,.'ri'.llÌi'tt']¡ is c-,instj_i:ct}r ¿¡1 e:.,lerinelta'l ¡:cience" Tjre esta-¡l_rsh¡rentof 'bhe t¡:u'¿h of -]-:tls, an¡ t,ire behavior of rria.'t'bci. ij-ei:enc',s on ca:leful mea¡ure-
ments of v<r-¡ious i.r-ie,ntities: volumer-i.loigìit, lengtir, tei,rp.:raturuu ii*åo-etc" iuÍ;a¡u-rer¿of-U is 'bhe co::parJson of an-.rnL-_nor,rn-quánt:Lt-y r,lith a sianCard_
ízeil. or jl:or.ln qu::rti-by.

, A v.:;o:: -îeatu-..,:: of meas,.rtemenü lr¡cj.ertalcei: b;r a. chelnist is.ij:c needfor tr^¡o or r1ìo1.e se'ì;s of resu.l-r,s in r,lhich .i:he mea:,,urenents are in. clcse
;rgleome,rt; that is .t,"-prpg=qgrþ¿g,, The irrore rets of resuli;s r.rhich closelyapproxim;te each other the higher the ciegreo of cåecisioJr. This cl_ose
lgreement a-rûong separete sats of resu.l-ts is a. ira. ffirenent r,rheneverc,efiirite conchrsions aïe to be c.r¿r,r,rn. I(eep this fu¡clame.atal feature of
measuieme,:t j.:r ¡nrnd even iJ:ough a l¿:c.k of tj-ioe in-l:]re laboratory periocl
may occ¿lsiona1J_y prevent you from cl.oing son

. .. 4,ccr¿I"ì.cy i-s ¡. term that exl:resses 1:or; close])' the aeasLlrement comesto the true or accepted valueo A rncasu::emeni ma.y bä ex.bremely rei:rod.ucib1e,giving'the sane results eaeh tine, lèt lt me.;. not muasu e thai lrhich it is
gu-pico:eC to neasure" In ihis case tl:;e accr-rrà.cy of the result is uncortaÍn.
The j-naccuracy of a ¡esul_t is usua.lly ur,i."u"u"b_ ""the clííference be'tr,reen the

f.i-qåto," = experilrental, jr+d açc-epled valgg x LOO
the accepted value

Thus, if tÌ:e e:cperimenta'l iesuLt for -fhc r¡olu:ne of a
22.L Líters, a.nd the acce;otec-l value u,:. e 22.1. li,t,ers,of the iesu.ft i,'otil.:'i be ?"?"lL: ZZ.L z LAØ'i, = L,,l

22.4.

Strir¡e for bo-bÌr precis'ion and accur;c.l', since tl:ie ioi.¡re¡ leads tothe lab-i;er, and- acclrfa.c)¡ is the ain of thc cã,::;retent e::perine:r.bi:r. Check
)ro1.1r neasu::ements ci.refrrll;'. Donlt be sa.biefj-ecl. r:iür i;he fj_r,st meaitu.rement,
even exili:rts usi-ng riloile ilreciçe j-nstrnneni:s ¡n¿¡.lce ,listaiies" ff irossiblecheck everJ¡ me3.i-:ur:emeir-L befo::e J"ou. i':cecjl-b it, ofi,en ii; ma;r be possiì:le i;o
checlc ii; b¡r a crj-ffe¡e-r-t ne'i:iioc'l-.

T-5",J1.Di,-iG,qCi,L:lS

The no'qt co.illllon:cir.:.ce of croi'in iica.ruz'eneni is in r-ead.ing scal-es.The sca'-l-e sl;.oltlcl lte s'buóieci ca::efu,ily before a st.:r'i; is ma.ci.e in an experi-ment. The vaiue of e:,ch ciivision shoul-ci be i:or.liecl. ou.t anci Lhe e:rtent totlhich cstini:ltion cfn be ¡:¿'.rì.e shcr-ll-i, be consj.rir..'ed.n fn rciiC.ing an ii:stru-nent ri, ic sti-rnc_¡rrcl- i:ract-ice io .bake al_l rei:d-i4.ss to iÌre nearõs,u tenth ofj;he sItallcsi cìivisi-on on-the sc¡il-e being used-, lt¡l-es;s otheri..¡i;e instru"ct,ed.

nole of oxygen l,Jeïe
'l;he oercent, eryor
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S-'illci: 'bi:e s¡l¿l.icsi scal-e cii-;j-¡,ion cn ..r. rce'tcr l;-Licl; .¡¿;¡.,Ess11-i;¡r â
¡rij-l-l j-¡re'ber (l¡.rn) o¡ e. -be,:r-in of a c,.:n-bj-n:eie:: (cr,) t ..72L¡;r,C_i_ngs 

-hou_lc1 
be

e:ij¡::eE:seci ¿o i,i:o nea.r'cs'u ';cn-i:Ìi oí i ;,t:-.r.Lii-teter oi :tän¡-::ecl-bl:i ãf a c:r¡i-¡te-ceJ..Ïir i;i--,.e exari,:iç bel-o'..¡, il':c ed.ge oi ,:lie objcct ¡ie;rÍ,ur:c;;_ ).j,i cn" The l_e.,":tfig'.ue of bi:¡ r'cocì-ing r,;¿:s ob-bai-n':c Ì:y r:pt:i-ma,'fir j, :i-n--c.:-tl:s, ¿¡e djr:tance
bc-i;'.¡een tr¡o ¡:1l"lii¡e1:er mer'lis" Th:'r-s ii;li.r'e is noi conpleiel_! pr.ecise but
i''t, is betterlha.n'io e:'uirraui-on ¿r.i all-. For elra:::r _,.'le, a r*ui_ing of 0"1-9 cnn
stat-,es iLi¡'c ihe

length probai:I;' l-ies beti¡een 0.195 ¡t¡rc-L O,LSS crn r,i.bir a lser.i.rl¡ of O.Ol cm outof 0.19 cmi the r-,rtc,:iieiilb;' of il:is i'ea.cl.ing is j:i:e:efore one pû.ft:i-n nine-teen" t¿ihat r,¡ ul-C l:a.¡e becn'bhe'.rncertai:ttr, of -bhe ¡ead.jn; i_f t,¡.e ]_¡stfigu::e h¿.d not beerr e.ii-ilra bed alici -Llie ::eacl.ing ,'i,:,ci been taken as 0"2 cm?Thus, a.Ì'birou¡i-h the 1as-b fi¿-u.::e i-s; onl;i "n "=iin"ti-on, it is a l:i.,lniliqânt
l*rg¡'9. Do ,:ot o:it the l¡.st¡ sislificanb f-irr,rr-::e even ì::llen i'bÇ-ã;;õ
t'hat is the reading iÞi-ts e:r;ietì-y on ¿r.;lril-l-:Lne'¿er nar.lio i,Jh.:.i; is i;lr.e itif-
fereirce -n u-:rcer-ta:iirt;; of a read-ing of ,l ..7 cn ¿nC, one o:.- ..f..jO cm?

tho::eiore: rrhen :ri:cord'i n3- tj:.e v;r l_ue of a nrett:.,.ri.i.1;¡lentr r:i.tê tìlüst
ind-Íc'-be, rn sorLl3 uar¡, i,he fq-r-:iaì:ililt of 'bire rr;¿ìr,,u.r.einei.Lt, l;r.is is dole
by usi-ng onl;r i;',o,,e flgru'es iil'.rctr ¿,¡rJ:,i3aríicant íor. '';he mca:-u:i:erlento The
n-r-unbers uÌr:-cn,,,i:e si.rn'ì fj-c;ni are cì11- t.oi.i; r,¡hich ¿-r.re i;:own i:ith c:,,rtaj.nty
rr-l-us the f'írsù rllr.rrber i:h¿t c¡n l¡e es-i;imaì;eci. rÍ yo-Lr c_o not il,:oit. ì:o-¡r to
cleter:rj-.ire tl:ie nu.rnb::r= of sig,r:LÍic,'rn-b r',iri'cs, r;ir-ici¡r ''cìre scc-irj.on j_n 'i;he appencì_ix.

',]icn:e::rl-:ì-nqsc,:.J-crr., tho c;ie sì:loir-lcl itl-rrajrs be in ljn:: r.:j-.Lh,bhe ._.osi-tion
cn bhe sc- ie" .Ls .'- J- j.-rove ;¡cu:: j:ead- j;he ,: e.li',in-- is al¡:o cl:enged ets e:i:J,ors,;
-.1 -,^- rr f,-oi "'-'^1':irla,i :..'r :i.-;ro':r.ir.cac. (pir,,.-rl_¡r:l is bhe ¡,¿l¡.Live inotj-on of -bu¡o-
oìljec-';s t'ri:icji;j:o i:t,-,j-ffc::elrb ciisi;nces frcm Lhe obse:rrer, when.;he ollsjerver
üiov'es. ) Tl:e e¡:ro¡::r -ì-nbrociu.ce,j .i,n ;llis r;a.y cen l:,.; sturliec] belor.,i 

"
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ül:en measuri-ag rolirnes ab:ay: i.e¿,,d. -bhe l-er¡el of .Ll:e iisuici so tÌ:at
i;he pye level iE ciir.ectly páraI}el i;o
it,. You wil_i notice tÌrat ihe liouid
rrr¡Jetsrr the 31ass, as in r.i¿ìter ancì_

âsü.ecüs solutions and a cUrwed tlmeniscus
rôsults, The l¡vul.is read. ut .;ãe-
bottoi-¿ of -I,-ie meniscus " l,fercury does
not r.¡et bhe 31ass so the rneniscus has
a. cliffe-'enl shape" In tiris case, the
level is read at the 't,op of the neniscus,7tL

rnl 
so

Þ
3&.7nt

:49

:¿Jl Ê+:cirËited c.ylinCez.s. A graduated! j=i+,(_\19!Èr ugl¿_l+I-lir¿¿uça È. ð g;J.'r:r(¿L¿cl, utju_

:,- i cJ¡lÍnd-er h-r,s a ra.tner large c'li.rr*eter._( i - 4q¿õv vt¿(ir¿vug¿ aLJ For this rea.: on, ihe quaniity of liquid
neecÌed to fill it exectly cannot be precisel-y i'.etermined. 

-Therefôr'e 
do not

use 
-grad-uated. cylinders for very ;ô:.ecise e>rireri-aei:ts.. you may fi}l the

graclue.ie'i;o contain a. p::edeternj-nec1. voh:,ne, or yolt urie it to meas,u-l'e thedifference, i,e., filled cornpletely ancl thón er,rptied. of the clcsi::ed quantity,

lipetiqs. These measuring tubes are
used for iitore accurate vol-umetric meagìlïe
ing out a vol-une of J_iqued l¡ith a measrir-
ing i:ipette.

(") Be su::e that the pipe.,,te is clean.

(U) 0r...,¡ the lic,uid, into thc pipette
by using a suction bi-rlìr, or if 'bhe

J-ic,u,id is ¡rot d-angercus, by suclri:rg
it up bJt tire mouth.

(.) iihen the neniscus of iìre liquid. is
above 'che 'bop (zero) graC.uation m¿1rk on
the scalc, :la.ce the index finger over
ihe niouth of the ;:ipette. This r..¡ill
hold. tire liq'-rid- in the i-rs'trurlent.
/ -\(c') i{11_o1.r 'bne liouid to crrain u¡til the
neniscul, is even uiûh the sero a.ark of
the scale, This j-s c]_one b;r grad.ually
releasin3 i,hc ì)res$ure e:ler-ted by the
: --r¡tru¡ o
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(o) i"ieasu-r: cll't ihc cìesirecl vo]une of l-ic,uid bi, a.gain rele"r.ring the;li:eí;í't1lfe eïer''¿cCl lr¡¡'i'^,-. 'r:-.¡r:c.",_ritii_l the;neniS:Cl-tS iS eVe:r i:iür ure linei:eirre iienii^¡. lhr iär*rã. iiJnrårolre:r, ';h., zc::o l:-ne is usual-r jr the uppermostline; al-l l-itre¡; bel-ol.¡ it re:ier to-LÌre r,,otL;llt,:;s of liqi_rici ciel-iveied"

(r) frr-fhe.t¡ansfer rrì-1rette, r,illor,; the last.,ro,p of soluÌ;ion to re-
Tiii 1":î":.:^:1,:"tho pipet'¿ã ivae calibro,ted,tro Ce1iveril ¿ cerì;ain volume,trn¿-.¡ l. st, d.lrop r+as ta.ken inio coitsict_eri.tion.

T-7, E.ìLGI{T i.liìi¡i:;-¡.,:E¡il:l1.S

One of -i;he nost colnrnon opera.tions in expeyir,ren'cel cheinisi:r;ir is thedeÌ;e:=mination of t,'leí,3ht. Ttre r.råight of an unkiovrn is usually det:rmíned bycotnparing its r.;eight 'L,o that of a Ìi¡oi.,,n ,rt.rndarlã. ror matinä yã* compar_isons you' l'Jil'l u:le-tt¡o t;rrres of r¡alances" lrì*-irrrtrorm balance shoi,ln belou1s sensi-five io 0"I C and--is u¡:;ect- only I'o" 
"pp"äximate r^reighings. lr,Ihen

"vou clesire a llore.accurate ueight to ô.01 gr'iou-sliall nse the ce¡tigrambaLance shoi¿n on the ne:* page. "¿ ¿ --'

r

L--*__---- \ _\.1[ :,i I J'---]^\=:/\
/x. ; .-'l ' l- .-" \ / .* 

J
f . 
-'r----<1-1 {-----'- ,/ 

- 
'-,---,--, j'\\ )--\._._ -,r/..r---.--]*a-'\----=--/'

In ihe t;;1:e of irr¿jcr.r::rn ¡+iFõ-lir;; b¡l-.rnce) siror,:i: a.bor¡e¡knot,';non-birel:ftl:an@J.acin3'].o"g"¡'lei¿]r-i;on:1re
'r.ncr. ihen sl-iding Lhe i:e i;hL: a.bi,-r c,rteò t,o thã cr.oss-l¡ea¡r intil .bhe
rnalres ec,ii'ìcì.iir-La:lt si.iinSi; Lo i.rre ri3li'c a.ncl re_i.b åi tn" ccir-Ler ¡ointcn:r'l o

Rrde

Wetght plc'tform

the un-
rí3ht pan

l:orn'ber
of 'bhe

Vsrght
Sett lng

rleargSf

f"r
Lâ

log

\Ðon*

TtT'i,-ff' 1

istr¡rÞ

I ---'' -----,__-/
\

'.\r.''r'..''1,' \ :\,\,''.
1{ :(1.

tt
.ii..r;r,

Ìs
I T\

Y-ì-T-
7dffgô

ÇJ)h r'f}-f -l.-T-1-f f-ì-* '' i'
¡æ ¡¡û ¡ìo ræ r'Ð ¡s ¿á ,i" rh ,1" J, /



l-n r-t;:.itg tl:.¿ c.:¡rt-ì ir-c.n b-¡:i ,l-g. j:enn _Þl.r,Jrceis ¿ichier¡ecì. ry l,l:c':i-ng it.J r.,ciffie
on the e;L.clie ::-i_¡hi: rnalles u,.rã1 suingã ai-:o-,re anc.Ì_

Îl:is che¡r:.c,'.:,.1, ba.lance is ¿. cleli-ca-ce i-nstr-u¡ncn,¿ i;ira-b r,rill l+e ighobjec'i;r; to ì:he ne:rrei,-i centigz'an. since the .juÀnirlties of su-bstances tobe r'ieighed- e:'e u-sua.lJ-y smaü] these ¡ur"""*r "."o to be r,irich more;,.ccuratethen il¿ole j.n ordÍna-ry u'jc iá tne comL:r,:ici.al i:o¡ld-. If you recaLt th.:t oneÔu-rrce is eq'l:-valent to 2i"35 gr¿tas aac], tha't i:r c-uantita'iive e:',i:erinents onel:as to n:ake a,ccu::a'be nc:ighingã Íü-Lcms or i*e=;"älj;;".j-å"Ëi,; it isobvÍous r;iiai;this ren,.:i-birr-e iñstrument mus-b be u.scd. r.¡ith a great deal ofsarer since it may be easify d-ama3-eci by careless na:ripu-latron.

ldlien the bal-ance j-s roi il ui^.e,'Lhe bcams shoulcj be suir-oorted., thusrelieving the l;nj-fe ed.ge of need-.iess í"ur*.-r"ã-åî.i irossi¡r" àai,,ãÀe" Torelear,e the ì¡ea¡is, givlng freedo¡¡ of inovement, lurn the furcru:n h.ftcountercLoch,;i¡re.

2I

,.:iioirn belor¿, ec;u-il,b:i.utn
beans urtil 'bhc poínter
belol: the zero ,oointu

rv eiç¡l",ts

Arl¡u:froent weights

Do not drstq¡b

'*\:

\eve I

bëom
rQg beorn

olg beom

Fo,ntec.t

Ext rcr
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li:.nc3:i-c a p-i:ecision ins.L:u.t,:rr,l:- iL tlii,i;-i:l not Lre -bu¡:url_ ì:.;r i:larcinghot objcc't: or c.ìle,riic¡.ls 0ìL ':ì1.j .f.lrr" i'jiien r.reighing chernj-c¿rl-s, :rfi,lá;ri pJ.a.cãa i:iece oí ,:.'rpef :.r ì:jr.: pern íi-i's'i" Do ::ot ¡]-¿õe an;, objects án thc" -o¡.n :-nsuch ¡.'L t'ay ti::.it'l,he bealr iroves so :l¡j-í"¡-.r;'t,hat a Ì:aig;i.ng sor.t¡rcl is he,, rc1..

iìou-gir brec-'¿l'lent, i¡il-l- clanago i;he ìiniíe-ecl!;es r,¡ir-ich -.i:r:: -ilri? t¡e¡i.-t of ,biie
balance, D'"rrin¿1 an e:ip,,,rinent, ;-ou mu.::t i:s¿.Lhe sa¡re lli_L...ncr: í.o¡. a1l- your
t^tei¡lì::Lngl s:.::ce ,ro -f;.ro 'bal"r-rces a.re identical in ::recision.

i'Iei.:¡hing.+Ê+
(aJ

iuia.Ìie su-;.'e
Z() 1'O "

(b) ir-o*xt, ilnd lrie rgsl;- poiili. Trris is 'r,he rl:ce on the scele r,.¡here'bi:e i:oin.Ler r'¡íJ-l come bò ;as-¡ ;¡en ecli.ij-librium i: es li'bl--i-sircd , E'hen -i;he
lr.ot'.rn weigh'i,s eq''r:'.f i:ire u-nl.noi,rn r+eigl:-bs. First, ric.b the barance guìngíng
slightly i¡j-'bh"i;ht: .¡:oin-ber nroving fj:oln'¿r.¡o 'i;o í-rve .iivisj-ons ailiì)r f¡6¡x ¿¡ucente:r', I'U is not .necess¿-.ï'y fo¿. ;rou Lo t,:ait r¡_ntil- Ì;he ;:ointer äom,s -bo
.i'est, ro ricteriliüe;'Lire::e:'o :cínt, ancì--Lhe res-L rroint neec- not be at thecenter of the scil-e. A tli:lcal- ile'be¡'¡ni.:e tion on '¡h" centiu-::;rn bal-:,¡ce is
sl:or:n beJ,or^r "

J"L
A = {rr-thest exlent ol swrng above 0.U

B = '-est pornt- oo loc,d,

C = {u rthest extenf of bwr.,(:r btì¡:iru O"

-'4.1: ¿t// L- - J_l,) 7'¿

RestPornt=f-=fo.S
L

i'inen ur;:ing eibl:er b¿.rance, üre íirst tiririg to io is-bo insirect it"the pan is clean and- dì.r'l¡ and all- tiie rio_ir. r.rei¡lhts are sei at

-5

--, o
- (JJ

:f

\7

Close ,p ol scale

f:î tl:e .:est iroin'b is n:or.e il.-ran j;hree clj,visioes
center, te1l ;v'ou:: 'i nst_ruci.o¡. Do ¡ot n.ìl{e anyyirrl¡¡;çlf. l{er¡er uei¡,h a.:r object l,:hich is r,,arm;irill affect the rest rroint.

on the scale a-r.ray froin 'bhe
adjus-bments on the balance

'uire convec ',i-on cur.ren'bs

r'rei.l:ing
as clca.n

(") irkce l;he object'bo be',rei3heiì. j-n i,he left pan on ihe bal¿ince ancimovethe rj-C-er on-tl-'.e ne:lb iri-ohest l:,:¡.rr:-rniil bhe beam just ai:curt iral.:nces,
¡rircj- then'che lol,¡esi be¿i.r'n-bo oj:'bajn tite ilin¡.r 1 a,cÌju.s-i,ilenì;. rhe r.;ei:hi: of theobjec'b h.i: becn cie'tori'iliLncü l¡i:e¡r'ihe ricier riei3his on the be¿irns b.rt¡.nce1.he
1'¡6ìglii; of bi:e ob.i cct Ì:;. hrvjng ì:l:e res-t ?cint,:'i.bL:e sa¡le,:lL?ce it,,ias
r'lhen tlle-rc lrcre ,:o objects on'i:]i,. .:rr..,,lii ijre:,:ì.'ie:::- i,lc,.l; ict ri;.e0,. Readani - ¿co;c\ lii ; ¿oi¡ -l t.: , ì - ...i, .

(a) l'-Ìetu,rn ¿-il-l- -i;l:re bea¡: ric-:rs ì¡:cir -to the zcro ,roint ef beran object" Ee srr':c'bo leave the b,ll-.-,nce and. bhe su-rouncling a..e.-,
3.s, oÍ cle;:re¡'i;h;,il L'ou founci ii;,
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i.i^--^ i -.t:vt_ ft fiì

on ;i'le
¡. cioij,j-'-1,¡ oi- a

l:¿.1-rnco l-rc.,,¡ls?

T'o Neigh.a chenric:llr pf.¡ce a :rj-ece of ::apei: on 'Lhe i:aa and. ueig^h Lhe
pàperr-i;hon a.J.ä'¿l:e cl:cnical a.nd uei-gh ':o'Lh. The c1-j.ffej:enco tn r,¡eitli'bs is
equal -bo i:he r;ei-¡::i of 'l.he el:el:ric; I . '¡þs i,,ei ght oÍ -b,he p¿rtler. i" -@_JÈigh!"lr -L¿red- JreaÌier il; onc r.i:ose riei-glrt j-s ì{,:ol+i.t"

Lffi-!t!.,,]- l.Tii A: D Tlìtiijir ]j j$.l'TG i.Iirìi1C;Ti

In tire j:.Jro::'r-i,cry 
)¡.:u- be.t::ay j"c;u-r' -uilcin-i::3, or lack oÍ i'b, eve:ry' -brlme

thai -voi;- ;icll ,-rp i :.eer¡e::'f ì:ottl-e.

T-S . !l¡?rÊ, ¡iS.fi;ì4ilr,i-l-,.1rJ,.!¿$

l-lot{ f¡.* tia;:pe,^
,-,ntii fhe conteritg

rñ <.¡..d Liit the bcttle

rvet the Sio¡rpe..

Þ1<¡rst"r-, the ur¡r,.Je .:f the neck
r.rnçl lhe. lrp \'irttì tþ.¡e wet sto|ì)¿r

(a ) i;e i.cl. the lal:e l- on ¿ui:e bottl-e tr.rice
'to be cer'tain 'blr.lt ;;'6¡' irave -Lhe ::ight
i_.a rr ,'o", -l_
-! vq..rvrJ u a

(¡) Cneck r,.'he-!h:.::¡' boi-blc,:i of coi.rosive
Iic.¡r-ril s ei'e rrct ou-i;sj,-:lc, If r.:o, clea.n
r¡i-th a ,"¡et ajpollge.

(c) ;ro:-¿ tire si;o;ooer in and tilt the-bot'i;le l¡"nb,il the ci;nb¿i.]'Lii r,rê1, the sboi:-
ller. I,iiti: 'i.he iret ;;topp:r. moisten the
Ínsid.e of i;l:c neck and 1j-p on '¿ire ¡ide
o.:posi'Le '¿he l¿bel-. iìe:lace i,he stop-
ller. Tl:.e r"iroj-stened- neck and- f:p rc
pr-cvent th.e Í'irst Crolrs írcrir iJi-r.shing
ci-r'b. Over .¡ ivet I j.p, a lì_o,u::Lci_ can be
pou.r:ed so sloi;l;r '01:at rr.::cps Lray ]te
co:1i,.-Lld"

(c';) ï,,ii'LÌrr,lr.-,ir tlte ,--bopp¿l= ¿ìlle:r-n by ,:Iac-
:-43 i-'b i:c-r,i.Jeen 'tire :Lncìcx ¿nd_ niclcÌIe fi-n-
3:irs of one ha.nd- ¡¡i'r,h tire -inser'¿ed" enC-
oi' i;i:e stopper iroin'bec1 aira;i frorn 'the
ba clr of .,Ì:c iri,ird-, i\Ie v er sc t the stoi:i:er
io'.¡ii. iii'bir j-lls same hancì, l:oJ-cì 'l;he

ì¡ot Li,:. :nc: i:our -i,iie liqLric-ì. froür ii into
¡inotÌ:er ve s;:el-. i,llte¡e 1,ossiì:'le u.ie Ð,

Al-'ss .¡oci to ,,^uicie tlie Í'l-ov of iicru-id
a.:rd ;'rour thc lic1,rir.L f::oin '¿]:e s.iôe op-
i:osi.e l;i:e l-¡.bel- to avoicl. rr-rining e
il.:ìper fibel. /il,;ay's lieel: flngers out o.f
'tìre pl bh o-[ í'1o'¡ j :rg J_ic uic'i.

\--b-l

fiepìace glopprr orã w,thflrow it o"quin
w,t.h bâcK oË hc,.rcl lgever plcrce t:ì;,g
Stop¡:er dlor,*,rì.

iilil?1r

/4/ /-
,/ ,1-'/.:.//<- ;'\ :.\ -.,-

\/ (
\ì)rl/-l

t.
I
I
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(e ) Crlii: ;l :¿ lrci-ij-c i:.:-t,i: -ríl ,':.'¿h :r i,',:'l l--.rlon;c l¡eiol.e rltc-ì-..1.: .,o¡,1n. Tl:e
re:.l,3c::-b bc'i,i;-l-o í.'lì<-'i.t..r_. nevs¡:.-,e.,il;.cec_ ort.,:ir.t"ui.tlobecied-..c,iil s'i.,r,i,,,"". lI:ce :'l i rß s-rLr-.ìi-'c (ao'. r ,;1:'. 1-' ) : sl q ,-ì'o':,ecrj-ri,: ' ,,",-j-cr; toi. :l:c ¿l:e ll,

(r) ri '¿oc iäi;,ch i'e;i,3enl i-s roili'ecì :'''-¿t, ,:.ri-lca¡cl bh.e erc:-)ss. ilev:r .rut
an;"tiling b¿..c1; j-nlo I reagÊn'L l¡o-b;l-e, iì: ney car¡)¡ iirt;u::j-ticc Í;ha.i uoulð-slroil the rearen,, for scnç :iuture te::i;,

-Q.ìqþiq4:
i,i'hen cl-i-l-'.rtlng s,:l_f,-i::j.c acicì , _lolljt conce;n-i::e.bed: sr-llfur:t.c rcicl- -ini;o cold

iq¿.ì;er (nei,::,,r r¡a!e.:_j-nt_o ¡rcic'ì.) slc'.ll;t, i.¡iLii ,.:tirriilg"
Usi-ie- a- Di.o,lter

::r ciroppc:: tl,ì-or.;s you. 'co naÌre
Fenenbgr io i'i-n.,,.: ì;he cr,:rop¡rer r,li'i:lt

'r-lc, i::_ ti;i.i : i. ;; sc:i,:_.s

r/arious rnethoC,s n;y
clìoc'.,e r:ill- varjr l,/ith 'Lhe
l:oLow.

¿'l ri:,:o;',. by c1,rcr: .b.:..,nsfer ''.¡hen ::ec;.'.-i.itecl-.
r.;¡,tl:.' ¡,t-i-i,e,: --¡ch u-se. ff tite l-i::,_rio- being

l¡'i-ï'ar,¡nlî i-:r-Lo "bire '¿ul¡e g]:ou.l_ii. ever
clf"-rricG to enter lhe ru-bbe :: bulb, o.is*
conacc-L ;i1s inl,redia'oeJ_y' and. r'inse

Ì:oth lrar-Ls r,¡ j- Lir 1,;a i,e-r-, The .Li1: of the
ci:coppe:: rnu.:;-b nsver be rtlaced:. beneath
i;he su::Í'ace of tl:e r"ecäi-;i-:g .Iiqr-r.icì.,
-t,:ul-: atroj-¡'1.¡-¡,'4 tire introiÌuction of
iilirlrr"it:-:s inì;o Lhe i'r.oirper.

the cl.ropl:er nrust 'be hel-cj in a
r¡e::tic¿il .:osi'uion if ihe ctrops í'b
c-el-i-v',,r.s are io ì¡e-tne s¡n,: size" ={lso-i,i:e loi;er cnd oÍ t,he cl.r'oLrper rnust, be
grot:rd :ií-:Lr..'ro and. fl¿-.i.

be u-sed- for '¡i:.;:¡1sf e:rrilr¡ sciíc1s. i,he ty1:e ycu
sii;uati-on. '3one of L,i':cse nethoc-:s a.re r-t.iag::arnod.

;:oper t rough

-l-ranE{e.rflq 
c{ So trd rrlfç

test tube. leov,,',g the sides cleon.



: t 'bc,;,'le d" _ I :r ¡:

c c,i i.,hi: ,.-oh-ti
n ii;s c.:vi-by,
ing .i;ire stop;:e

For renovi,nd
oR ,h:- i;ll-rl-e llpsi-d
spat'.r-Ia o:l :11a. rj Lic
portions rn)¡ be pe

\t tl

\

i' :r'io;¡Pe:¿' ¡.irr lrg ;1;r cecì
i-enor¡ei, iii'i;h ¿r. cl-ean
Then s'bi-'l-L ;ma-l-ler

I vith a t:enci1.

For polrr:l-n¡. i:, _1¡sgq_ts_Èm-:1e Of
col-.i-cl. i-iti;o .r li,i.é-inoffi-
'baincr, ro11 anc'r t,il-'L the bottle
u¡'r,il enoilgh of the mate;"Ì.ri,l cones
ottt,

transfeffì-n¡i solicl-S by ¿¡;. oÍ "bi:es;e me-bl,:oci;., ¿he fo]-l-ou-;ng lrre-
should be :.otedr

lahc tjile io rc;c]?,hc 1i--;r_t_s c.;re:îiL,r-1y. Uce of i;lic urong m'.t,eri.lg
ma;" rcsir.lt -i-n iccrcl.ents ¡:'...rcl- ?)ìÌ:arìs.

iIevcz',:er,-L a sto:r.ocr- t:l .1:,'- c!.'rli (c>:c:.,ri, i.;lLien':1.r c_in¡ a
to..:-t:,-.1. -o:t':)Cr ¡r-n1-i-.- .: 'orJi1). 1; i: ìLt:c üO 1rrci ,r,, -ì.. 

,
nil.y rtt--L;e so:.:: fu-ti-tr:i: .:)1 .t.:l:iilcnt.

For
cautions

{., )

/ì- \
\'J'l

(")

(ct)

.:leVi)i: Oil3n
trtoþ;)e ::ri.

:,illlc ¡:rr.,,--

noi; crl:i,d.
-lt.,i 

-r -ti:;; 
i .itl-:i,,. -bo be

Jre¡li ujr ¿ìny c.':l:ec
-t,;u::ed il --n 1oo;,,e cì.;,i:.. L,::1 f ;_i, ¡¡¿.
i,'j.'¿h "rn clcan, eml:.t;r 'Li:;:-b tube.



-) /-

rl.I ii :,ïr,

- :.Ol_j_a llìûy ll,r 1-;.-ì ¡.,:9j:r;rì ii;1
soiiii, ('r) s'liir.in-1 ¡ ìr; L:in¡ , ol
(c) hc.:;ins bh; -l_iquic., oi ,nix-ti-r¡e

T_l-t " ,1._ìrt,¿!U3

1n
l-1

f:oiiic ìii.J¡ agi'i;.:, L-in.3
llOCO S _q.-:t=;/'ô

b;. (;.) ;ri-rxi.,,ne 'lire
Ull: -::.i-":.L Lt-'. .- , ..1.llLr_

/.--.--1_*--\\ -.
/' ',)'r-

/ '' \ -'l{"--\)
P vc,t / .\-LoL'ì \\ // '-*"' \

Y 1\ \
.,/)! --r:--Å \----n/ f -\t/' 

li-, --=.'\,._)
,lre.d-ycrnr 

/ !. 
n' 

,--..''"
l{/'\ \-\'- j;,,ì 

cl¿,n't sl-¡c,kc

A nori,::: :nct: les'lle .:ì:raj u.secl, Ío::
grincl-iag ¡r ,.,;o_r_:i_cr. ,in-bo ;. fj.i:: ::ot.irl-e:r.
The sol-icr slicr-:-lci. fl:rs-i; be crusired- aad
ì,Len groLtni :into a ,)ol:il..)r. Dontt
1:lound. ! A pa.per ¡hiclt li.:;r 133 1r...¿ç1

for col-L'os'ìr¡9 o" itoir-,_:-cott- ¡ro_]-i_clg,
?l:e h;n,-ile of the lr:$bl-e jì:t.ì)r bc llils,c;s6l
ì:h::or-rgh a. h.ol-e :iir '.he i). rer.

r.;-5,i-;¡ .¡6cl n.'y ìrc u_ircd. _lc;: .-.,i'¿-
i-n a '..'i-cie-.nion-i;l:rcrl_ con'Li'i n¡î, sucìt

be,:lc:r, .iiol¡errer illi-:, is i-n.tr::c-
'.í.r. ¿: r ¿;.'. :: Ol' i,)O'ú-L r I . _li r'îC',,r'.'e
j-s ob-bainecl by s.":irì-ing 'che
j-n ¡iir -.,'l-i.:::rne;rl-" r-1 ,i: i:y
a ::o'tily i¡ris-b ac;j.on.

-:i';;cr-i. ¡.;:¡; r'r.j-.rr;ctccÌ L,o sìr,.:1.;c a.

i :in rr í 1.l s1e o¡ lto'b ¡l_e , cJ-osc
ibÌl ¿r cl-¡::n r;to;¡?cr (not i'ith a
or: Lhu¡nb), thei'si::,,:e ii rrigor-

?o :¡ij-:i .l i, uicl.t; _'ln ,:, t,', l,-i, -flìre;,
cl c,-,c i- t lr',-;ir '¡lle o,,l-t¡lb i:nai :r_nrici:t
Í,reï :Ï,l- -t-i,,icc" Fi_r:.:t be c':::t¡.i_n 'i:h¡t
'tìrc buì:e coi:'ba:rir: _to i:o'L or col'ïosi\¡e
l-ir'ri-licL. .Jit;: j-c ,:rcic, ¡ el{co,;-b tiiieu dil.-
v-|:ç,i,t 1i-ì-lf ;:'i;;-ì.ì1 ycli¡ tl:¡,¡b yelJ-or.r.
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T*13 DEC.'ri.lT.,iTIO::¡

- I{eavy coarse.resicl-r-ies nå;¡ be sef¿ìrfltec.|-:['::cm the riciuic]- sÍillrry by po¡ring(deca*tins) ti:e 1iq'-rid fro' i-.e '";iá;'; '.'].i"1-iä'¿"i""iiå;i;ir,"üï;n alr_or¡ed ,ooset';Ie out,"

T-14 FiLi-1.ì,iTI0;r

The preparo'',ion of a filtration apÐaretus is ¿:ccom,r-l-isl:ed a.s fol-lor,,s:

----\ 
(u ) ¿ circu.laz. piece of filter paìrer Ís f ololed..- I lig?tly in ha1f, ancl then ilrir-se¡ni_circls is_ /,. fold.ed to r,ive å. piece opp"o*i*tely one_quart_

V.,,*'5n,n.,;:;å'î";*s";;xi;;;*Ïiíi;tjii#;il;lä:;;
- -- 7\ botbom ford arlor¡ed to extend beyond the to.,r ford.

,u- / \ 
ueJvrrLr vrrv uurl ra

,,' / \ ..(¡) ¿ srnall ir,..e¡rrlar triangle is i,orn from
,, i ))ìi :l: :::l:r of .rhe rop fold, to aid in sealing

/ /i\\ rhe trerrer a¡ainst ü:e funnel. The folded paãer- - =-::{_ü i.s opened iritg a cone r.¡ith the torn ror¿eci'e¿rïã

--ra: \ f+

ø'/^$
¡.i ----:_-.y J-u v'Jurrçu L1.ruu ci L:l)rÌe r'.¡r-ün Ìne t,orn fordecì edge
\\ to tiie o*tside and is nlacecl in the fr.,nnnl.-"-\\

r\r+. /-\ iì(c) li sr:rall- amou,nt of r¿ai;er is pourecj into .bhe
fu-nnel- and u_sed. -bo moisten the filter nuou". 

--."
ïhe pq':9r is ¡-entl¡r ::resseC. aga:.nst-ih;-;i;;"

t\ !i¡1ht seal r,¡hich prevents air Írom leal<iÀ¡a-Ao"n
j I the folc].. ,. The- moistenini, of -íhe 

,rnou" 
-"íËo-dis_

ii cou:rages, t,tre absorption of large cuà.ntj.ties of
, i th_e_ solution to be filterec't. 'i./hen the f¿,_nnel ts

,/ ,._+) ll ?1o.",i,.r the too easä òr ii" r",i-"i-i""*ã¡.ã'ãå.-uir_
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1-'L1 -...-.-.
,.-._..,--!;/ 'r-:y: !r.e.c-i :,j-b:ir:; i¡1]-isl¡ .rroìri.:-j-t1i:l j.r: Lirc be¿Llier- :i-s; r;.,rsj.::-:ii r,¡:Lh a r:rxel-l
,-Ll'- :'-i-L,r (5n1 ) sf :'ic';i--l-,r-i:f, ,-;i-i'¡ .-¡,;riL b..,--i, ¡,li:i'tiir:e :i_s 'b:r,:ir¡.;:iJï,roai .to .;he

111i,.i5:i' - llij-s lirb o .;c::¿r.'l-,-:¡. i-r ,-'ri'-i?:ì::cì i-r-:ijl. el--L -¿þ¡ ¡-rn1i,,Ì -'i * .i;r;litL.Íerred.

7': ;'l o i'i-r¡',e-1 . tho ;:,':cj-'¡it;:'j;i, -,- , u--c'l ,,, .1,",', l,"t'-"ri -;j..-;; ,iiç. ,,,_,.'.: l-
\s¡:._i- ) .tor-üi.:ns o:l' ' ,a f ..r.

T-L5, CEli'4:ìfÎì-fall-ir,:

ïn usir:g'Lhe c'-,nt¡i-îu;': -Lc Ji :.i,cn'ilie r-eì;1:jin3 oí c:.ecj_ri-ti:.iss j:e iu:.e'fo ob-rsrve the foi"ì_oiiÍ_;rg o::ec,:.u.b1_cns ¡

(a) :lefo.,.c et,:rtii:g iì.rc ,lac:.,, ne, ccujn-Lr:rbalance y::ur .i:,esi tr-iìre -u,it!¡
aro'¿ller one. con'ba:i n-ì-ng an cc.,r-r.:J- voi-ume of r.reier, in -il:e op:rositecl,r.pr Do not forl-.,:t t',,-i-go f,f ;,:rt d.o, .;.e¡. r,;_i-l-i o;:obabL;,_ -cr.rin _bhe
Ì;+a.li.rgi of il-r: r.rcioro

(l) artor+-bì:le cc,nL::ifuge'co i"o'ca-to ibout ono njnu.r:e -ior nost efficient- e:ra.ra.'i:ion 
"

(c) iieep -,'oË lr:nr.Í. :.r,r.iy fro':r'b:re'Lo.¡ of -Li:Le cenùrÌ_fr,r¡re r.:hile it, is
::o La ti;rl; 

"

(cl) J.:"f-ier ''ri::.:irg of:î -bi:e :roi;oi', cio not tr;r -bo ì::i:alce ihe cen.i;¡ifugeunless '.ire ins-b.r:u_ctor si:ci,s j.;t-r l:ror,,¡ -to cio it* Êr'aking j-s .:;ossiblej-n llost ì;.,'p:ts oj' cen-i::rif,.r¡r-es,, but ïei'-:-,_:;:,rr[; si:iJ__l_, sincc l:ncc 'ioo nuchbrai:irg i';iJl rei::rx ïhe pi'eci-]:i-'iat,c uj-'bh -Lì:e soLuiicir a:rc'l- l.;j-ll- of{enceu-jre the sol_u.1,_Lon to fl1;. i':.gri .,.i 1 o-î :-Lre -Lu-be,
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there ar.e t1:..',:: jrrlc'rri iti:ij:ocl,,-,r o:; col-lcct-'Lng -rrr-s. fi t,ile ¡1:s i-s
inr,,ofu-ble or sl--ì-sh-t,'';¡ L'.ol u.'.,]-e ¡ :-n ',ra ì,::: ;iren i'b i-s s6 j l çs i;c'.i. by cr.or.;ru:ard-
cis','l i,',cci:ren-b of ril-ber. j-i i.ri r:j:;:'L -ì-: solu-l:_j-e 'i n r¡a',er c:,:,1 t:e co1le c'le ð ì:y
the ci.is::Iacernen-L of lir. Tf a .l:; ig hea.-,.iez'ì:nin a-i-rr i-i; c;.Lr be col,lect::C
bit u:oliard. CrispLrccnten'u of *ir. The c:.e-l-ir,':r]¡'uuile sl:or-rfC ex-bend- to;he base
of ihe collecting ì:otile.,n both cul;cs. Gac.rs, sucll as cl:l-orine ancL c¿:rbon
c-l.io>:ic;.e, tha-b a::e noder:,teJ-y solu-ìrlc ,i,n trl,ti:r, liy be co-t -l_ecì;e.J. by eiihc::
air or r¡¿-ler d.is-:lacement. (In tì:e lr-b'Ler cisc it is bert to sa-buratethe

&wn* ord wot er cirgp\crce"ne,rt '-pword oir d isptoccnre;¡ï do, rnword ftir <Jisl¡taceroent

r'is I.tefl- i;:ì.ri tne,?.suit-ì-ng j;he volu¡ne of
¿,. ¡3il'cn sa.m;:l.e of gas ¡trocl"u-ced_ by a
relci"Lon rie also nci:ci 'co neasui:e Lhe
concìrr¿ions of -bemper',,tu::e and pressure,

Befo.:e -;eading the volilme of i:he
gr:s;, ra.i ge oi" loi'er the moasu,::-ng tube
r-r-r"tti-l- the }evel- of tlie ',,aier rnsicl-e
thc bnbc -'is er.en r.¡i'lir tne ler,'el of the
r.r;r--er i-n c:']-incier. -l'iheit i;ìre il¡o sur-
Íaces ¡.rc a.t -i,he siime level ¡ the r:eigl'rt
oi' the atmosi-.ha,re lre;.r s-'ilrg Coli,rr,¡ard- on
on lhe surfrc- of ll:e r;a.ì;er' on the out-

sicic cy-i:Lncr-e:: ir: 'bheu balanceCr by f,þs
e;çÐanf;ivi: forc': of 'Lhc 5a-"n fn oiher
l'.ror'û-ri , 'tl:'e confined- sain,ole of ga-,,: r,rith
c-.,i¡ I :Lc:u-iil- 'l ç';i3-l-3 equ-ilJ-izec.,: i s lurder
a.,''ci:toS,:.rc;r'i c pre,,:,;u-l'c, t.ihich is: reacl- frort
'r,he l--,¿. L oj;teier.

ie¿r.<i. 'chc çolule oÍ the sa.rnple
;lllilr-rS-:l.l,.r1-iC,r.l:e$ Su:. e 

"

li^Î '''vi. t
^-a' rr . .r -!

,.. vr úç, i: ct u

rl I
dJ-. I

tlirilililil:l
ii!illil ii

ilitij 
I

t ltf't -
905
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-Ç-o-l+iç-yr.g+-,i,o:-:.ìl::*-.-.:o-i-..-*:.c-l*'.cr-.g{-i,..;qr:,

_ -t..- -.

ii;. rr :.. .:.:. :-t'.; co.r lcc-i,¡,,'' o-rt-:,t vi:,'i,::r.,
ïåljor i:;,-r-c.:.. .r-t, r-utl1. ,: :rLil.oiií, Lr-. i(: ;l.rc'-,..L.,: :l
-i .. .-,.ì 

^- 
-l - - . - -^-'-..j-iri)r-,-r Ul1_';- .l:. -'lú O,- -.:.i.-, iìtû¡. 1\.)_'.i11_:. il.íeiìr:jLÌr,l

-ihe r,r; i:ll¡' ,:'.oie ci¡j-e;,,, ccn'L-l:lr_brr-;c ¿o -:..' ;1.,:.,.

l¡ .,r ,,:i-;'-i,u-;:',:-r o-i' -,.-Ì:. .lrlcl- l:: Lcf
z ì:ì1. 1r'.ltiçì -l-., .,1 :,; ì.'c .: l_U-¿ì.1-

il.u-:: 'lo i;i:."- 1:l;; col-frc ; :r..1. 6:;.tra"
(-t o

l}:O SíiL1:. O

r- oÍ 'r,he iJ.1-l,cr .'.i;; :lo1^o

L.l u ,.r

l- i,l

.J ir LLi.

Da-:."ot:ie-b¡:i c o r" :::'.1L1-:;e

.fiic (r,1.-r.'¿er) va'tot' 'll:l'esjí:itt--.'Q i;, cir,:,.;eucl-.tì1t j..r- rtn ',,ci.:'i,-'..: :' i,u,-i:.e, ]-.,¿-,; ini:: iteaí:ulteC¿-bire bcnire :-;L üLr-.:e oi ;hc ::r'1.:l , 'j'clì- can obt..,-i-.r 't,,ro 7..:llor 'lressLL¡e ¡'i; '¿hat
i:ci.:l:eÎa.'Lu.re loj; fefering i;O i-;i'clC-: _f :-n -bl.; ,ti -.o",lld,iX. By SUbS'b:."act:in3 the
v.ì?or i):f'esisLri.e of -úhc ì ¿ìrùci' fro:r che l¡';:-'o:-;ctij.c preii:-ju..o, j-3'.1 c:,n find. -bhe

pressu..c fhai -Lhe 
,-r);t,'.; riou1i, ,-¡e ltncler .,'-f :it ..'öre ilry ¿ì.ilcì occ tlj-eü thc l,:lioIe

trc-Ltnc o:i ihc l::L- ..u-::.J ¿r--one,

The co:¡ir-,ct,:;cr, ':-o-l-u-i-:o :ioi:' t1.i: cÌr;r '-,,.rr-r ai b:iloile'i:::j-c pite --:;i:L't..ie c¿n .be c].e-
ter,i-i ]leo. b;- a::-.-i,,-i-.r:i.,3oJ'lel f f¿tr,.J, u.s:'-;r-.- 'Li'te ..::.i-l,.rls: lo:: birc ,ti.e,:.: r,ilrrc of the
c'ì-r;' a.nci. ¡ii:etrì 1;rit. (S:-ncc j;he i:ol-ccr-r--l-es oÍ' l,ra:::íirr'il:Jor ¿:r,r:e ilìeore'bica.lJ-y
l:eitìovecl-, tlre 'i¡ol-uj.ie ot- -Lire cirli- ;e:; ,"ic;J-iì: d.ec,ic.t .-.. o_î neccsl:lt;r i.:r¡tj-l- i-i,s
lllc;1:Ljre r,.1,,:Í ;ìJ¡ii-n ei i'|:ì.1 Lo t"rc ¡ì,,i,:o¡.' -].,t3re 

o

SSU FE

-Ðl'e r;gUl:-'c Of
c.ì.ry ¡ia. :; cc,_-l__1ec-b



t1

Tlte foJ_lor¡,i-ag,
;,'= '-i:J-1. .: ¡.' -,.:.os c oÍ
ob;:cr-¡e thein at all

SA;T.;J:iT

s;.Îety llt:cc;: ri-iij-oilF.; Ð.rc .liven
o'bhe:: ¡nenbei'; of ihe c_t_,-,eso
i:-nes,

I,

lat

i)ro'bec't' ycu-r clo'r,ii:r-.r¡r-. i';i'{;ìr an eì)rcìl:-ìild- å-vcic. i,l...r-I3'r-'.¡¡. ciot}r sre,:i-es.

ülienevcr. a-r acci_icnt occlrs i-n -il--Lc l¿lto::¿;.torr-, 'rtoi;i-:iy the inst:r.uctor.
inne cì-i-,::,'i c -i-;r,

lu l{:ren hca:,ì.;::,';:., suirsi;lncc -Lir a t:st ti-r.be¡ Co not
oÍ'¿Lle'i;es-'i:-b'r"r-be ilb a-r,;r of ¡,-cLrJ nei¡h':orc o:: at
lli-LltlÐ 

"

point the o',¡en end
;:cu:'r:3-Í' *- i-L ras,y

1r, l"ihen e'Ltc,:¡',r-li-n!l .i,o c.:.e'fi:c¿ chei:r-ì-ca-'l- ocior.s c)ti.;ïcir;,ç; exl:'eme cc:.i.r-ðiot1 o
äee_¡: I'ou:':iace a 1;..ooi. lis-i:¡.nce J.tj¿r.ir frol,l tiie r.ririinol¡n si_tbr,1,ance anil-
L:ì-Í:'c yollr c,:;-.en h¿:nci to ,3-c'rb1;;'i:¿rf-b 'bìle r¡u;ors towa::c_ )¡clrr j]ose .

5" iicve¡. tetste a cllûiïtrical or a

5' AvoiCL 'bci-¡-chiLitii hot objcc-bÊi,
Â11-ol: -r,io::iií]¿ ,:1;:ss ;o ccoJ-;

sol-r.',"bion uurl-e sL: :_i.:ect::cl to cio soo

i¡,Jcli ae "tjlc b¡i-¡el of :r. ...j,.: ttu.ïi:cl'.
l;o-b .1 ' s l r¡]cS l_rÌie ccO_l_ i,t; ,_:r 

"

9"

7, T¡Ihen c.i-lutin3 acir-l.r: r,-i-Lll t:ai;ci, tì-,,;t rs, ,rou:: tjle acicÌs into il;ter
ci¡efu_]_l)'. Ðo tto-i; 1_r3¡r-'¡, i.:iì.-.j;, i.i]t,o .,:ci-cls 

"

U. 1I'al;r cit::.ic.ll ¡-iui:¡'La.rcc is s.;:'-_l_1-:... oi spl.ll-;jtocl_ on;¡cr_r lLlin, t:o.s1r
it illorougal;r i.r:L lh r,-'¿r-r,.,To iderr,::¿iì:i-::e ll;:i_i-reci :cic; oi- ir,;f e c.\Ê foj_l-or,rs:¡cici - Lt.!e a ;tol-lrtioir o.,l soiij.u'n cirì¡cn..ir-. 1.[je .. Lr-i.jJ ¿, s,¡_lut:Lon
o.f bor:i c acici.. :l.c.rcr-c'¿ ';j:e occl,i::r:crlc:: -bo ;rç¡.-u :i_n:i-L¡r.ic.l:o,..

i'jl..:e;r t,toll:r-[¡; l:j--ll: ¡,r,'-,.i,::.i.-:r'b l,r.:iìe of --.r'-''.s, r.rr_icit e.s i:r_r-o:i¡g, -l;l:,ermome*
_._ ¿:-.. 1 :a /l -:- ì- ì õ J- -ju;.r Þ ¡ clr{(r rJ::}s u rc: -i,ì-ÌbilS, be "'..f;,' C.:rcÍ'iil to a.void- ì:i"c;rl:i-ñ3 tJfe ,glif sS
Èr naì cu'ú'ci-n; ycu.,:1,, :i__ .

l.eac.i- 'rl:e fii:e-'l- oil ? ,'i:,irfen; l:o'Lt--;; c¡.ì-cíLil.J_; :¡..¡or'" us;ì_ng .¿he sub-
siencc -i,n 'i,j:lr l,¡c.;'bl-c.

i1. .llgr¡',:r -nj-;¡ 'tl.lo oi-. ìt,o::c ch_cüij-c.-_i-- :ì_-;_:oi.:.._:.-i_i-:. ;.:.rcl. i:i;i:.oi_rt
i':ì:at you c'.o;tf i l;.:ci., lj.,- .,rur'-L -¡ou, t

I r-,



qLE3SllNEs,s

9]g:1såE-*El:.xuir','-

Ü¡,'e l:lent)¡ of r'¡'í:e:'Í'or r-,.':s:'-i-r.-;, then scri:-'b i.lj.th e l:::usÌ: ancl. cl-ebergent,
¿rnd- tl:en use'r-l-c:rti,'of r:a'l-,er for rr'-:rs-,-ng. .P;1ns.ì.n,- i1:oroughl.j'r,¡:-i:h *rã:_t
amounts of i:ater sie\¡, ).it.l- ii-nes l':ìvc b,:.en :io'.';ti. to be nole efÍ'ecti-',.e than
rinsj-:: once or'-tt¿j-ce r.::i-Uh 1:lr3íj ¿-r.iì't'Lr-i.L'i:,Í-j or",:::ici'" T¿,.it rçp-- ,l-itrllitare forcle¡.nliness. lire 3;1.i¡j{,-iÍl clean i:î'cl:e rii,-1;c? l.r¡j-ns al.Jar. i.n ¿ fi-t-m th::t
remåiiìrl cotri.-:;ir¡'.ts -ì-er,ving a g-ii s ben' ;i,g sir.ì=f¡,,ce. Tire g1,.t s is ..:'i¡tJr uhep
the r^¡a'ber fj-rr-n ì:l:ealis i:rto sc.,-i'Lc¡:i::ì c.¡o::_l-::.i;s, Ï.ithõ above 'bic.ei;ineil.b seefüs
j.nad-ei'ru¿-i Le, cojlstrl t yc',lra j-ns'¿ructot'.

Cfeaning of -.:i¡..qst;ei.e Slt¡-ri-ilcì b.: cì,o:re j-i.ïnec:lj-.,, i.e.ì-y gi_-eg eì1 eti-l,fr-.nent,
no'i; l¡sfc.c. .y.*olt Þ-,-í.13c'L ic í:i.tcl. cl re..r, ,i?;rt .,:1;..tist.¡ei'e r..rhen j.cu eu.ber tlre'
J-:,-'.ì:orator¡;'; o-Lhe:: ¡r-br-rcen-l:¡¡ fo.l-l-oi.;in.l yr:u inbo i-þe f.-r.l:ori..to:.;r sLioi.rl-c,Ì. expect
i;he snne,

ÇIe+nina épir..ça'¡ul anct Qc+j.:i o:lg

1. /.!l-oid. s_,-i-11;:ge, bu-'L i_Í yr-.u. c1o h¡..,.c ,:,

Tllere e::e .[tö-i1j/ co.. ros:ive so-ì-li'f i onS tl,r¡ì; ;.r'e
the sin:larrr.li;r end.s, It i¡¡ ear.:y to ilceri the
of a d"anrp s.ionÍ,je, vhicìr is ;-'insed aj'ì;er e:,ch

s:.ril-1, clee.n iL li,: ii¡irnec1.j-:,teli'u
colorl-ess l-i-ke u:'ber, 'bu-t, here
icsktop clc.in by :rcc.uent use
a::pJ-ication"

rì ìrJ,å.i:t,e C::ock; a,11
e s,:lÍnters, filter

2ø Throi.,¡ a,l-L sol-Íirs che:r:icalrt -bo bc cli sc¡rd.ea into
oajler sl.¡u.lil" be -thro'uin i:a'co ¡r Il¡lte 1r.,,:,ilc-'t. Ngr;,,.¡ 'l¡;g
paÐer, e ïc., :i-n 'Lhe c..,_ri;.

.. llVeryolte S:: r-r-l-c- ,::;4.-l--'r:,¿ :.;Í'bl.iO¡'i, b.:j-¡.3 -Lol-t., 'bh,-,t 1¡rOlien i,i1..r ¡,is -ii"agnents
sho'r-.'.'lcÌ jlev-ìr l:e l-eft';rl'1,i.,.: bench torrsr.,jie:'e sjone,rnc) n:ìtl.¡ L'ecei't¡e rrajnft¡l-
inj urie s, 'Ì ust -:;r leanj rr:' o:t l::i¡ Li lnc- o-. r:-'l-j:or¿, i" se o;'..:a'ce con-b¡- j-.ner for
broi:en '-;1-.:,L;s t'li1l- j:i'' .i'ci-'.tct ¿tilclttl ri-Lh ¿, )iu.sh :,ncì. r.r:et ?:,,f , in a i:,,s:ilnatecl-
loc:i't,-i on 

"

L. /rt 'blic oncr- oí racil l¿tbo-;iai'iof.' ¡lcriocì, .,.r¡r.l ;;_-,ii1.' o,'rt _cJË:l c,.t.'.i--prncnt
irrio Jou:'r'ì.rel¡:rr or.'¿o'be l-.olr.hnc.i retltn a.::)¡:::leciJJ-,:. r:ïr,. lru.s.-îo ii,s-proi:,r
place o lc ,.--rLtle 'i,c¡ ler c ; .:.--r_r ].li.ro,:r., 'to,:]¡ cl.¡:f:.li ¡,, . c)..,.- jl r o,_" clc:ine_c, bhan- yor-r
í- oir.n'.]- it, Ot,hcrs tnu-sì; s.1. .'c ':L:c: .s¿ti.to r ja):..1: tt-.ati,rt,



ln st ructors Demonstrotion 
-Ïbble

1. waste bosket (PoPer)
2- hot wqter source
3. corks ond stopPers
4. burettes
5. condensers
6' utilítv clomPs
7. rinq t,lomps
8. lob-stqnds
9. u¡qste crocks(nsoluble solids)

Window Shelves qnd Cupboards
årEI<loluJ
>l(¡¡
cl

þlo\
€

1. lire blonket
2.Îire extinquísher
3. n eutr slízlhq solut íons

+.Íirst- o¡d 'Èil
i. toñtoiner for broken gloss
6.6rush cnd dust Pon
7' Átcid reoqenf bottles
e. i'rãitoim' bqlqnc€s G19)

KNO\,ú YOUR LABORATORY FActLtTtEs
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po_BEiNE

Àl-1 :cicnce i s b;---.---L I'joa t].re ;c¡ul.-:¡, oi ::<t:,r::-j_ìüen-!,.:, ivllo.rev y ,:
sc j e.r'i;i¡s'ì, l:lie s ;, n ol: j rr" , oi :';:n.¡ ¡ui-i: oÍ' .,. .'ulj_ï..t e,rd s ì,ir.:,::.,:s j-t :i¡r _:is
l'-,lbo:r..io::;"' Lt:t:'-i:.r: ccii't¡'o1-l-ec'. ct¡rc'.i Lioits , ìri-: i :,; ,:.,:rfoÍr-lji nj ,:rlt ci:,,rcrit,tci.),.L uiin ¡:::L:erinen1; ii-: ¡. ì'L*,r.'b:,-on ,l-anir,:cr- a-'il. r;..,'b ,-lc b7 i;iir, l11r;:r.inenter, wìii-ch
::'ì j- ,r.i'o': j-i'e ,::::i 'j-l.h l:c ::l:- :-r '.o : c,::;.li.r ar"äi¡i" r,¡.,:L:_on, ì-rec.rulc al_loih¡:r concr-ii-Lonr-r o:: roí-ir::ibi-ì-i;-''-es 

-1,.r'"-iro]ì'u--i.i:-n--. 
Ire¿.. An ,.x'erirnent mayllc cl¡slsiÍ'i-ecl- ;:rnot,-il;r ,,,' ber;r;1 onc of .r,rio .b;ii;:r,_: â åijsoLi,¿¿ e:ii:e:rj-nient

o.r a v^rj--íic; l;:on clliler:ii:lc;n.b.



2îi)-)

Sj-nce you..ir:ve h.rrl l-j-'i;il-c irr:rcti-ce:-n ex-r':r:'rri;ntation, this me.nu¿l is
cl-:s j-iìnrcl. l.o l:-,:l-': ,¡.,1,1 " ,i ¡r- 1 ;t-¡-1' ,.;.:-r:l::j-:,li :t,:¡¡ . J¡tr- \í:ì-l -.'- .l:.:ril 'i.h','t the
ins-tr:-r-ci,-io:t -i-'o.i' iioìrlc 1:-. l,Gl: :,r:'.'.rerilic,f i,t-; .:t: i-,,,-r: sl:ci-,ch:ì-.,r r,liari 'j,-'.ose at -l,i:e
'b:3j-i]-,iil13'" Si:rtce '.:l '':-i-.-l- -1.::::::i ':'--,6ì"']ri1üe t 2 e.i1(i :-;a-in solle con:'licic;rce :ln
;-lu;' ..b,j-.;-j b;' : i.; .,iciJ :io .r-'l-o.iS) j/ot:ì. sl 'r,_,ri bc abl-.,. i;c p_ì_a¡ i:rol:',j ,ljld, :-:o::e of
thc -Lii¡o.r,t'cory i..c,:.1: ;;, l: ;l:.-,r J'c,i:i. :-rïo't,:5i-r S. ln o-fh::: i:o:.'c,.s, 'L..Le laìro;:a,cor;r
i'ioi'Jt i'il-l- .'.':,-rr,; ;r u. lî,:rc-i,i-cc i-l.¡. rrol:i-i,ir.e c'ii_ol ,

-{r -:rú-l l- '_11; .tite c-. :z:;,::t._ii-itt ¡1*:_ie." ì.1_;' 1:., -:;.. ri.:i:,i;íi, ili,;h i'. ._:i.;le C.iî-
:í:::cncc b..:'Li:e ci ':;L:.c;-t. Oire oi 'th:.:..c ,.,-.L.Ls is ];i,ici.in -,: iltc eä:,i_tip:.r-1a1,
-g-** i.-i--Ll¿l_c_::."-l o-i' ;ir': cl::i:ilriììii:'n-l;, :lr:1. '51.: ,;'Liii;: :ì.: c:1lc:cl. :l-.e conb:.'ol-
jlojÍJ!19--q1*q[a"=-r:J,-o, Á c(::lr],i'bj-cl is contrc-l-leri r,r.,cn -'L'b j-s l:nãìrilãn*
"': 
l.:.,:i, ¿iitr:]. j--1, c,.:rn ì:c v:1::'i ri c..e l:-ì;-;-.,^. ü:::ji j-f '.:circcìn î]tr_,..: cr,,;rtro'l j_s: l¡est

',.-f 
're:i:rc-- .' -iii ;i ', .t:ci-.--l- I ,:c¿tl c -* a l-., to::¡i'to::].¡. Ìir .:.,c i..11-r.¡t-11 

r-.r: o,:J_;. 9¡a
-¡:tl':'¡.rll-r"-e :- onl.r¡ ot,c '.-,-ii';--'onco --- be ;i:;e:r Lhi: cl:1.,::'-ì-ll.:it'i,¡l .,,:r... ccn'¿i'o.l-
p,ii'Lsrl -L.'lns '1,,.::.,: t¡j-.ì-l i¡q: r¡Lti on,l citi:r-, r,-'-r;n -io 5r- .r,ìl:i,,.LrûCl- l:r 1,1.,: et:tctl.i-nento

Ïc :i:r,;*',-..,-v'i' -i,'..: :tt.) .-"-r- o.:.'l , l-,---'. r.. t':lir.. -i, li¡ ,... l-. ¿.;c ::.ruùt,.. of b:.=r:--r-l--. or
c¿ìi:.os :-,¡ hobii ç11:'¡¡l¡'j-1¡1r::i';;-il ¿',_itl c "r'o::r:1 il.i_. 1,t,, Tllis ìi.j,j,nt ';;lut ti:e ccn-
c-l-l"il-.-l-o-]g 1ii',:-r¡r-ì-i. .fr.:'b '.¡¡: ìtiì ,'aiì :iJ'o:1 'ù,j.,.r -'r:¡.;,1ì--i,;; ír:i' )..1r: i::1 l- o.:'..;;o '-l'lic ;--e-
iiiLì¡1¡-1 ¡r. o-i' r;¡p- corrjl ì.r-si-o:1 :i-nc:-',-.: 

': :.:ij.Í:i iri-'bl:: 'i,.,.:.c riu:nl;. :: ol: ;:r-'L; 1¡:: ¿:-i,te ni:'i:çc1..'j-.^-'^--.'.--.. r ::-rlli-cr'úì,i113, -û,-',', -':.rr ùi:ìc i:.cL.oo-1 l, bo:ii'l,orJ;', oì,'in:i 'i:o ,i 1.:cll c.t' -¿irrie¡ 
"rÖu- 

lil¿)¡
llc ,:;':1c,,:.' 'i:o r..,::li i'e ¿.-i, a coitc-l-lt-s-i o;r -i.'::c;;.. 'l;lre ol:sci'ull;j-o¡ts 'Lìt;,'l j',,' ,.i n¿c,.e :-n
ã r,,-i-n:_:'l i: 'rria1. .,lvei: i.l L.'ii-S i:, i;o¡,.:i, :-:r,¿$ :jLl c.. re J¡o]-i llit r.r-L<i. :rc'i: foz'3,:t
bhe; ii:t1t,rrba;rcc oil a nu'lbJJ' or.' '-r:j-:,-l-s o;t ;l::.: ;clribi-l-j b.l¡ cf .;¡'ìLr-r: collcluslons,

ìrôil
l; ri-,q.r- oi-itr,-.1'l r-, i. tt

\
I

ÏOLr- i;¡,r1¡c -t. rvi-cu"gl-"ir e:x.irerie.nced a
c o,.r'b r o ll-c rl- o :. r:::ii:tc ::'b : ¡.hc: n s ì;ui-l ;ri:rg,
'ìr-.i..'t t ir.tir1:cn: l:c il'e ,:.u i-u iil::ich iron
.cr.rsts?lr TÍ onljr the one terst 'bube, r,lith
'i.l:L: j-ron :íi.i-i-n..4s, lii:!t :nv;i'bed a-rd-
pls.ceiì nto ::e'ber, the resu].ts r,::ruLd- be
r:ri-'.¿:îi-üi'be . 0i:,, l::v:¡l-.t ' ¿l :,: t rra'l-:,.,1- ro-oe
rtrt -.,ri;o -'u]:: 

,l 
'¡: -L::;,-L -,;u-'; I , , ,.'t-i lii-g.;L:-b co-r-.

clL:,.¡.: tì:. -l:, ¡r :.'i ,:j.. -i,1.",:,: ¡ji,¿' r.l:í:r cojli:rLilíjeci
t¡'t ;
¡" \(. j '-rtL:ì 'U:_1,- r1 r':i.:_ ',_,r.: ir:,}r
(b) ':L'r.,ll-' ì.nj -ì.;l Ll:lr) -...- 'u::: , c.' 'ui:.,.i
( 
" 
) i-rc ,. i:.' ìr,., : co-ì].,ri,] 1 ¡;,.;¡1. ^ .: Li:i, bul:c

i.,' ,.. .j-oI::r.r.'l¡: r:1. -: r, Lo -bl.c r',i ,.:T .
r-' i .. c.ì,..,.:-l, i_r:: -r.r-,.ii C]_{:;_iIeci uir

:ro:lJi ir..: -t il.¡ tl. . u;--¡; c:i' ¿: cr-:n'l;:,.o1-. Tne
co,r-iì-i-'i-l':il .rior ¿1...: con'l¡c-i'l;,ll:e',r¡t:.-e
,i,-:-,r..:.1-:;-c-: -ì- ic i,lti:'-;i-,''.r--'i-nc:l i.a.1 l;u-ì:e,
c: :; , r'i .i'cl -,,hr: o:i. .:';).,.):jf'i-;,:,:-t-i,¿.]- c'if-/ . \ _ ,,i : .Jirci', (. :' i :l;rc ) -* tlte i-r'o,: -l'i-r :,:r js .

!.,,:.,



B¡i' cc::.r;..r-'-n¡ 'bJi,; -;r,¡o .L-r,il., 
)t:, , \i-Lj_

ì ;-nl'r 'í'i -l i :r 'r e h ¡ .-1
- . .1.: -..j

i--i:, s i.:. 'i,irc i.; r;;¡ I g.r..1f -:o il.,;
c cnitj:,j s S :i_on hs. ï j îrj t"f f e c. teð -bl..rL_.

3 '.1(;:--il:ì.,; 'i.:..', C:-..-i : i '.':1 t .:r':r.-ì-l¡ lfJ. ;l.ie
' i -, .:.¡r.' :-'....-....-.-.--. . -; :- a ^,-^....+-.-r-.1.-,. '-rrtu- ,...1 .,-,.'---,.O. - -: J .i!\,, ..j.jrruL,- -i'Of the

Í. L :ti;rnL; l;cì :i;_c-l ._-ì ir' -'-t_f .:;.1.r1/o-r.
l-,:, -¡-l ¡_1.1.r ¡^r_.i rl:.bl;i.

ci-' ' l-,:,.

'.:ï e?.'1,:..,

i.r:l -i'.ìrl

l;._-_-
-t- oI-'__'

-: -..,-.-^ -- -ì . - ..
-!l:l:i.lCL'--J-. r(:l

jl 3 l: j-ir'i í.-r 3 t¿1 :l-

tL::¡,,,fo:r';
F;_i_d.i.;S 

.,¡CLl ,
-'.ll-ììa aìt

.,¡-..¡ai-J r¡¡..r.1-. l -:.- .'-1- .../-r 'vI -!i.: j-:uì,o 5-L tJ,-: j

:. lr' CO:lï.;C ü---Oìlê Li
-.. ..,j ^.ì ..- -- ---l ì r)' : :'¡r¡ ,.:- , .. -i i I _i__t_l :l î
iJti -1-1 L.e i:i il--'ì-:: bo c:.,:_:

J/Oìj-f '.ji-:r:tìa:..1elt-i, 
CC rl:r c

;,.: .i-::.1- i:;lic .,o:,. -1 :,:ûe'r

'i 1¡ r-

l::r¡l¡-
L1:, c iri_th-

.l.i_scovsri¡
AT

.; U¡Lci

cii.-

ì¡e-
ID



)l

ì--f " -.::e "*-rg;3!gj¡_ifìf _-1r.t :ro_:

iì-2, Ëts.i:;nrc..tlg.f _-ile l.:o,lìLc¡

The s'batenert o-f |;hr¿ ¡roj:lei:r sl¡...u1_cÌ. 
-i:c 

s_i_in:tle, c1ear ;rrcÌ concise, Ii,shoülcl' l¡e rlrítte:1 ilÏio-encc-tirii:;oL:- rr:rc1,'::-r.: b¡.nd- r.rl:1,.,i il:e exilc¡j-nent is d.e-siSneri to Ð3s',,eru_ Do :iot bcgin eny ectu-al e,';¡rer.j-me:rtal- ¡,orli nn-i,-ì'j .i¡-rrhe,vs ecor-'.ed- a c1e¡r s'b¿ter¿e:ri; of ;he ,:r.obl_ei:l in ;,rlu: ;lotebook"

Since ;'ou h;rïe l:,acl. :ro ¡ract:-ce j.n 
':h::¿..r.,-i:rg 

'lher.,e s'b¡:-benent6 -1.^rr, st¿.te-nent of ihe 
'rrobJ-eril 
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lî:l:t:tl:ri¡,¡;.ti:itu-.-,e, r..;ì.:c crr;¡i,¡ì.s ii:jcìcllitu a.ry co:rclus:j_on. It :ì_e ;:os;;j-ble'ú!l:"{' â;le:iat-'i-vc cci:c-l-lrl:ì-cjì ì:t1ììr ile.j r-t -L ¡".:,-,.r_:o¡t¿r:rt Js a,..osÍti..tå o"u"--ft
]! just.;::s ii-:Þortant to li'¡'¡r'r i¡h:,t ., :r,rÌrs;¿:r.:cã ;..;ïi .:àr-. r,"il-i."i'i.b 

",0.,r.*1:o, 
-lhe-re :-s ,rcì:.1::in.j lïo:1íj ur-i:lt t,..1:1.13 ;ìr,:-i; .i,cÌr-l: cÕílc1u..:ìo:r is a. .ten-i;a_

lr-rr'.J o.Lc, ,.,ir.ìrjec-l -Lo fu:-bb.e:,,bes,ii-.,tg:;rj1.l _-;.:.1ì_:.::,LiJa.-L_i .i.ri.. itro-r i tire:..c:lnobjec-L:Lc.: -to :;;.-,:.1-a.j-::in¡; -i:li;t jr-lr:. Cctrcj-i_,1-.,:,_c.t il, i-i;:líl;eci lti, ,n"*1, cor,:.-_lfionsi+i::''-cir;' u- ieaij-:3 l'it¿.Ji-lalce i.rl co;.:clusio:1 -l-i1¿r.ccu-ta-re. fn" -. c.ric r,here ;roufi-lcì tÌ:e.-b :¡oU c':id. no"b rLenc::;:traie ::rl,,¿l:.i-i:;¡ clc ;:o.b hesitate f;O Say son

"__AUgLSg!.r:o,rl" -"i 
- 

"f,



!.:.:)

r-a,l.ii..l- ;;r: ...,- 
_.t.i ì'F,j...

e:::ÍcI" f'(,.1. l,- t_.r-rlli*
. - 3 )ilì rÌ j- : 3 -_ :i,, .'.,

i s tìe s-i ün,:i]." -id=:nt,if;;.
r:ii¿:c"b o:i'L,iics:¡:

irietjicds of ilvt_riciin.3 su.Ch?..Ji

R-9* .,I>r.3;n:.Lo;rs r

-'e..:Lt,t.-'i'.j_,')ii!i)i1;, tcch;:ic-u.os oi¡-;o '.--;: c)ri..:il;, 1_ ,).ao.)i-n 1.t.ich
-ìê 11j-. tiì 

j.,1.31¡-ì 
...?{-.._ .._. uu_ ¿t:t .::Ji.'l Ct..lîi.O¡1 Oil

Sl:: -...'.'' ¡:.r f'n:. -,,¡c., jl.l^ ..-tJLtir'-''ú--ui'!r 4v¡ 'uÈ,rult e''' 'c.L:i-ionir l:rl]- be _i''..cn --t iLie eilc]. of a,Ji.ieof ll:e c;:,.rjïj-flonts:, .¿lf ¡cr c,r:¡ u-'ì-'1,:i.:r, ,;- riy r_isirucic:: ¿..ir,.ut i:c s,...r.ci;ir 6;ijioul ,ti:oC,,:0'.u:j.J t -Jrt,J^t_:i;r ì_;;-,-ì ;1 ,;. ur -i-ir,Ls.bi-gii|iou -.r-ic.r,o 
bhe o:rcl. of -fj1e

-'l-:.iroi:¿-itoiL :¡¿rioùt sr¡. :;.i-rir- i,ie;'' ¡¡r..¡:r,n .rc. i,::ã _i_t,r_.c1,.i,c:J,- r3Ío:ir,l r;cltoo.l hou.:.s.iop.''-:.=.ut;',''''':'jj.¿c'...'o.:.ji-Ì-r--t]-
:a:,o.-,'rr..: --.;,.',,,-..:-i-. 

"]: 
,n,ral'.,r;;;o;ì:-:: 

-?irir 'rr'- i : ir- c"'l:-"'- :'t'r-; ' ul-il i¡e

iiìis¡¡9i'c in ¡:ei¡e¿tin¡: 1:he sûne e-ì-.leriilent, o:: .r-:i carr-yirr¡; o-uri f,r.tu::e e_-\:]erimg'bs.



/r'/

-ì ìa,.L't--,:Jo ._:e L )o,.. i..-'-te 
-_io_:g_v

,., ,, ,îa-rl a .,,. ;1.,: 11;i. ..----. .: r- lrri-,. .,. -. .,ou--,j. ,:, :-i.!,:.-.i:rl --.-ccbi-;-
-i:t ;' lit= r'lo-bci:ool: '-i-t.:i.'; ,l-:- -'¡.r,r c':r., i-:. i-'i :i-s 1reú.::i,íi ::,-c.ij- -a. ,,,-:i:-:.i,r; or- cir,.r.ri.c
e-.:j'.i¡¡]þ :,'r'i-:.-; ì-l-¡ i-:,... ,.'.-,.r- 'Ì-^ ^ . v--':i-e.."--. .. .rel¿ r..;i:J , v.^v ru!rj:. i;_, ,,.: r,.t l'Jl? CfO. i'.í. .i:L ìif rl-Ci^ f, iì j, r,i,.t, t.iOo::i;:''-nlJ-'.:rì--i,in¡; c¡i] sb-'i-]1, i:,.; r:e¿rd" ,?u:co:,.:tl,ec: ¡;Í,:.i.,rrc,,rtci s:1.:..r.1'1.d. nê1.r.jr becr':.r:ird,n st.r-cll iri': c'i,jr-c¡s =,i:'r-r-j- ...: í:,Lr-i.j -l-,he 

c...1.;., ,;l_isi:-,:rr,.l.i; gí. :..:,ccz,l.3¡-;. ;.;¡.1-i;¡ i i,g; ì1).:) a: ,-.r., -l:r ¡ :roti'loo.li r : r. :)?rr.:4r l:L:rr-t .:.cco:_.ij. of ;l: ; .o.,J; :-_o.L:c i-: ,_ú c -.r;rir_in3 :ilb I 1,..boi.a.i,oi;' :-:u;si-j:i ri ,_:_crt"

!...-_ _tr-'er 
ú:ach e:r:¡o:.imz¡li7 :.1:e l;:bor;.t,Ll;y ::e1ro;t sj,ii:uLd inclu.i.e sucll -_ì_n_:- 

^-rh1f,'.'-'^tâ 'r--Vl¿ a. È' ù

(.:: ) -lh.e i:,,:.le oÍ' i,:¡i-L-i .:i, o

(b) tire bi-l,l-a of i¿re e:,.1);:):ì.r:teilt

(c) 
"1, 

concise sl.:.i.¿¡-¡..,r¿ cÍ' -i;l:c. pi.olrJ_o:i

(ci) a .:eco,:.d of ;¡:r¡ ore-laboi,)r.';o.r¡, ¡--;

(e) .å.n accou.rr,t of ¿-.1-i -.;ire l-ai:c:a.tory
a J.iea.dy cesc:..ill:c't jjr. ;l:.,e :-1t jju_¿-,I"

(f ) fire coqa let-L.ot:j.r:j cr nrl:rboy o:î air¡r asl::i3:tcd. itr,j:,ioir:rso

(S) $- cr:tailed- :rccol.,,i, of' oirst.rvit:i.o¡rs

(n) l" p:roci;ia .-'êcot:Cì. oí i*ej-.:l-.,.,¿l ,¡.::c1 ìlð:r rLr.ïBSs

(i) ¿ -!.:i¿1., ¡ t¡. , .:;r.1.:-i:.¡l of ,,r.:;:.. ,,:l:.e: ,,..:.:--i:l:l e"

(j ) 'Q.r-ra¡r'i:i i,;'bive r:lfor-::r: [.{-ci1 ol:t...-i:tecj f:.on .Lhc rì.7"ai.ì¡¡ 
c1a.,.b"., by.:ui-.te.?:Lc c¡;,Lcuh-bi ons o:: ì:y,ìi"â-ljjiiì ;,1r,ûcet.Ll,.es,

{lc) lonc}L1í:r-ojìi l¡-:;r,i.'. otr ";i:ç eci;.urI 'l ,tbor¿tc:..]l 01:r:,,i:va.b::.oits6

(ri ¿ c:tclii¡'.',;-i o¡. oÍ r:¡:::c¿;:i; ¿:r:o:Í :n,j l;jre -'l_ocii:,o,r of cr::r):: sollj.cesø

([) ir clis,cir.,.,:r,ri-on of t]to .,;eçlr_i-bs, _i-.:ic_i-ì_;_r:.inî ilLl:;gert.¿:-o-:s f.or i¡:.r¡oriêüotttø
(r:) -: u;.-i;.ionl, fo:-. :;.1, c': j_ -:s 1,.:lrc ,. r:::_ttb_ie 

ø

-io Lg l;1..: , 'uli,t "nl.a ^r.:'i 'r " r '"'
îêrô:-r.;1. oÍ- "ir"Î,,:l;.:T;i;,-"r,îii'i;Tä ïri;"t;Ti 

bc :":c':i-'"eci fc:.' r':e

:r'b



L,.t

i:..---r -l-, *Cj..1:l*,:2t1q

O.l- '-l-fC (,O::igC-i...tí.- CO_J_- fi. -- ì-:-a ,.- .,¡i,i. 2 C':....?,e"; 'r-.,,., ,-,..:.rr., --:i.,,,;., ..-.,r-i.:. l.,rr'ì-,: ia
-^- -..---t

j-:rt:,.''L -...ilJ;- -1':-'.-,',1 -::,,]a, :..(,).,.-j.-,aj';:.:;-t:. ...t:'Lo ..' "1,., :,-:.j.r:-t-,.1.t,íJrl.i, _.:roi.,rìlOcl:, ci. ii,llJr.i¡e
c:-î'ít;::'-..i -;r]l:i1-o:.13 o:i' ;ìrt -l-, Ìl :,.'.c -:,c.. 'i. -i,rl co¡r:,,3c 'i- i-l-.:.3: ef.--.cj:Í-j , Ii -;i:., ,._ts-t,l.Ltc,Ço1,
i-s ::o-ú lr;-L j';:i'i-i-:c,1. -Ll: I r.'. ;.r:.1..: ,,1,65,11 i;1.r.3 .,j'r ì:jii;-r ,,-i'; -:ia.. i,-.:¡, ì; -¡. i;- r:'-ri :^rc t
C, -:'::','CtU--1, -:..:.e 

.-..::cC..ja::Lìa','r. I:l-ï:^ :r-.aj,.:. j,j.: l:i:, .;CjC,_r-:r'.rc; ." ..,1:t¿¡ ,r..r1.- 1,_i1-r ì),., -,,.'_.
(_Ll.l-:'tc'.'tc ::t:,:iai'.,ü.c c;.;',,.:::-i l,l,: .,1o

¡¡-^ '^.-.,. - - -'- .,¿u j:".jo(j.ji r cllL i.;l-ill'.jf-j-l:le::-i;, ll:ì:i3 -û!::: ,igg-r---lì...-l.ir j TT r .l.juljl.:ì11,S :..:'-ii ;-:i_1.::i,iÍ.' b'-tic'Lor .::rii'' l;l:en r'r-,::''t ;i; ¡; ;00 l.ì.1o n¿r,-::-ì ;t,r¡ ii¡¿ì,¡ ,::,,3 l1e c,É:::,,,T.J- )re-
l-,:.ì'¡o.'.'i-r.c,::.t :)i'ell,-f ì':,:-oi'. f,- =.'rc.r 3.;: ,,lirlrjl:ìi'.tin-l ir .a"l, cciì1 -:1r:;,:,,-l i:cjlo:.e :1.:e
ncj:L -'l-a llo:i.. io::'''' -lí-ìi':iir (,;:- c,.-'.d.:r. ._, ',., i . :. ,J - gcjirì:l- ) .; r.:-o c.r-. .i_.1_,i:c 

l::.. l-

:r¿*1,..

:iach of J;'oLL': --j i:o: Atory lfe,toí.ì:ís
l-.-ir'ri-i: o LLO .- Oi--l-OIl:..i1.1: !..:: .: :ri .lir1.i; ..i..: - i.¡Î
l;ibo:,:;'¿oity Ltå j:Ì.; 3

l:i-1-l b,: ,:r'¡,1-i-t:';,,rci .1.::cli:: .-.. ;:t?.-:ï:i_Ìtu¡l of ten
i¡c-i:o:rs i,;lr-:,cl: r.::r-1.1 i'., i ....,::i.:tc )¡o_tr

(.'. )

(¡) b;- iJre j.ns-Lr.rr.ctor
.Lic e :l9e:cir:ir,:it'c 

"(")
(i)
( c./
(¿J
(s)

Ll[ìc

^1^ ..-.- ì^^-..- -!i--
ç,11 .7 r l- -Li.j\:- , ij t.,!.'-:') ;':í.:f.,r;if S ¡:tC'i :. C::lC

You r,lil-'l. .l iic:, -Lì.. b :-r., -j-..:::o-: 'r,r.¡;¡ ir:r.¿.i,: :is, ;1"¿ i¡r:.:rÌ. Í_o_r_e,-r_,- ,: _..,Lr.illlb 
"c"rc-,:'L, 

.1'.t :,-:.-i o '1,.,: i;,¡,i; :i:r'bo ci:;i,--':.' ..;,. ì;..ir..ì a':,.|, ,i _,.i..rc--t:i::.-l; ._ ;:,--rcc.i-,. o-

,';-.,:cl; :: b 1¡ i-r,-,- c.r :.,-:-:-i. -Lo l.:,"f ',-r::i.r ',;:c].,i.'r:i-. Lr..r. goi-,,ï'¡r¡:i-'l rr 'f--¡-- 'i-i -- r-

(r.r:. 'il ;rw ).:..''v ìr: , , "" ."r.L, :', ' i,,, ::;., il;'r,.,""_,,;.-"i:,r'l...r,'-t, , , .. ,lt;,;Îi,
oj 

.,]-op-r;t--Lcc..-r..r 
.^Lr-;s .1111 í.;7,.¿,,,.',- i. _,-;rl-tr,_: . Lr.:. r....t .:c ._-._..rj: ¿'l_;-.¡l-,:, . .:lL:

-l-.'. 
^-...:^.^... -- - 1- --.ìì..rr.J.i- ¿ ,l;LLi -LL-1.:O,.'J. i.OI',: l; . fl; i::'-]--l- l.r:: .: .: 

j,:;,.: 
i:,:,¡,j.1'1. :;:,la;ïl_::tc,j.



Tì - r-..:'I j.:,
f .. JJ.! rJ-.!I - r

/.,.9

ixrc::i::c.r-b 1

Sr;.I 0; i! I f!Q*i,.-] ,-e-fl$,i*.::I!_ jì ir.i -D-E 
s-i,:: J _:'l _i i-; : i

bo iieve,ì op sjriil i :: .,'l: l':'' 13 i.:rcl :'ccl::.,,'li-.r5 i c-r-rrnt j íj-c obs,r::v,i j::,.onr; .

-*1l19,.,g.[]:Qi ¡

.fi c¡;:r,,rful-ly plannec'ì. exill-inen-i; ic:_:s:r-,'b !.,Ll¿:rr¡.rrtee Ð silcceÈsgír_r-l- e:.;,:r.¡ri-
ileil'b. -L,vel the l::,:s-t l-.:ic..:J-an'" ¿-r.i:o u-[re]-ess in'bl:e lia.ncis oÍ'a-.root obsc::.vero
The C.ec;irccl resu-l-tc n¿ìy occtJr, but tÌ:.cJr r:il-l p¡r.s rr:r:rc-i:iced- lry tlic care-]-ess
e:r¡e rimetrtei-.

Evcryone ilrj.nll of i:jnsclf ¿rs ¿ good obl:eî\io.rro Tlr bl:er,e j-s i:rucJ: ¡aore
to-i;l:is'lh¿n r:ieets';he e;-e. I't rec_uires co;rc.in-brati-onr;lertnecs'bo c'Letail,
ingenuiiy aad. ¡:J-so p.ibi-ence" Ii even talres ,:.ia,qt-ìce !

-qee l:,ov; cc,:plcLe a. cli:scri;tt,i-oi1 ;.g¡1,rçln i¡ri-Lc abcu--l a, f¿r.níliar olcject
su-cb. as a'bur"r:r-n3 ce:lcl.-]-e. Be sci-eirtific.rboirt-j:i:is ¿rnc]- Co;r ur stuCy-u-ad-erllco::-brolled-ir concij-bj-o;rs. 3ut i1o1,/ c'lo i,.'c .ll::.or.t ,:ha,¿ con:l-i.br¡n** ner,;d. to be
ccn-b::o1lec',? ilere are s,or-le co,idibions tii,::L gi,Slri be i-rnports,et in yolrr
experírrenf :

Tlre l;j-nri.ot,/s ei:e open'
Tour lei¡ 'tll:,le is near ihe cl.oor"
You are ç]e;,,ç enc'ugii ic the c*rcÌle to b;:ee.the on i'ú.'tthy ard'i;hese conditioits -i-nportant? Do'i,rey lt¡-:¡rG Ëolre'bi:,ing in coilinon? Ter:r.

there is a conuion fac-Lor Lir¡.i a ca:rcl.] e c.oes:iot oi:e.:,,, 'Le rt"l-l ir a d.r:f'ûo

JáÐ¡i.iqi,T.*iï!l {uRå: ;

X:'anine 'bi:e c:ndle c:,rcfu]_i_;r a,nd. rccorc.'. )':rir r:bs,::r¡¡.i L j_ons in ;tr,:u.r hìr
notebcok, ul:itrg cc:'i'll-,.:;e ,'el'le:tc,':s. L:ì-;i:'b bL:.e clnr,.-]_e ,inc]- o,tserçe i-i: u-ndar
co¡rbro-'l-led- cond,-i -biotrs. ff i'^¡¡* c()r1cl.i-ti-.:1s l;=s cl:".:r;ec: ll.ur:in1; ',he ccurse of'bl:e c:''l¡c¡i-nent, j.o:rf t f¡ri1 to ;:':,coycl. t -ì.si ì:;e:i:c::e ccn'ci-air-j-:r,.- j¡ri;,.t observetj-ons"

C,.ìMCLü,:,-i0.ì; :

Foon'che eoi:tpa.1'i-<on s'tu-ci¡,'of ;,rîLr--ï olt¿,ìrïa'{,,..o1¡s r;i'r,li 1-hc.;,:e of :rr-ofessional
cl.:emilrts, lr.mni::ize -i,he :ì;:portant fea-bu-fi,s oÍ ,.,cieirii j:íc oj:l:e:.r¡ation ¡.ncl.
cl.escril:;ion ul:,j-clt -tu ,,o".ris.'ïj¡ for s:ucc:¡sfL'.-l- ,.:oi.lc -.i ;¡;r 1..,llo:,--','bo?J¡o

E-XLENS*[*0-|{9. : (or cjucst:Lons f or c-t-¿.,-:s r:.r.-:cär:: j.oi.r)

a ) .:r::,ir r,.ie .. ..'1,1.-/- ÍU::'r: i;11.t i: iì-¡¡-¡r¿.-l:t ;-Ig :iS -i;ll'e;i ¿ Jr);cìl. ;C US? To S,CU-d-;r
'',i:-i-s clu-e .:-i:i o-1 r r-r-se 'tLre ].i-br".r::y t,c -ì .:c¡r.'!c .- .fo-,.na:: j-oit .r.Ìl olrtic::,1 j-l luls j-o¡i
anct '1,1:Le a.ccul.ìc;t o-i obr.e::.;:i-t.i,oi1¡; i:t¡ rJ.: i.t¡, cï:l_.1.1-: i:j_.;itet;s:S.

ì:) Ëor; c,¡.n scien.'i;isbs ;;l'i;l-:.cì i. ,:j-:i se:rírcs arlc,l- ,.i-¡¡-:::',r-,:-e tlteii. ol¡;,.,,r-;,¡:.-
i.-ì ¡:rr -::l ñ.-,'r :-r -:1-..,!J::ú ,,:.'c,]. i-.:cr::' i:;;'1,,;ocl,s r--f Ïcccrc-j-n-: ::':l -.::v::'';j-o:is? Liçt iji-ìj:rû r.¡e _ jloa.s
lrs;cì i:;t sc:-ontiç ií.j 'l;o ::.t,1 ì::.or-e l.;c-11.. ;:ì ijÌr-.l c j,i oj-' cl::_:)r\.¡.:-l;.r_¡.tf .



50,ix¡t:rilieni 2

P=.l0Bi-'li'{: -bo :investigate neaîLr-l'3rrrê:rt tecl:nir:.Lr.?s ¿-rr-a.¡-l 
.ll:e ne-b::i c i.;:g.7sr.,,

Â'.Iljr]=ct' l,i-Ëi;

Chemistry is-'.lioLinc'biy an -^,>rp:::inen,i;.1- s"i.,r"u" The es;:,blj_..:þ¡3;.1¡ o¡ihe t::r,li;h of .bhe ltris a:aC,.,clc l;e.:l¿,ì¡io¡ oi''.i.,t-lur,..r,:l(¡iLcle on.uhe ci:refulrnee.sureme:i-br; or v,3.r,i oL1:, ;u;,.,n-ti-.bie s: i¡olL,.: re, r,o:L. lit, J-::rEtì.r, eic,
The meti'ic systern o:1 r,:ei3l:ts a:rrJ_ jioili;rlll.eq is us¡;cÌ. r:-niversalL¡¡ jn scienceJrecau-ge of ihe silapl-icity of thi. s;;,l;-i,ern. Si:rce aLL rr¡its of .bjre ne.bri c s)"s-tern. a::.o obta-ineit- o;, nu_J-ti_,:1;¡i::g ot ct_ir:i_cl:ì.nE by íet., Lt, is sånel:ines cel.l-ecith.e Cr'ecj-¡¡4.1 5;;¡-,'is¡¡ of i,:ci;.;tris o.i ineaí:,1,L,,ês.

Pi,çpjPüR:j: (a ho¡re'¡orlc e.srj.gire:r.b)

Befc:,-e ìregj-h-rin-^ tl:le c:i:lrj¡ien-b, ::o.,lcì. c,vl:: -Lìic a'r'o.'op::i;lie sectj.orrsof ¡'-cu.r lab 
','.'::ar- 

'L,o l.ei::' ¡:,,u rec,r:í-,-i:c1 1."L.:i.;u"; (l:;;"ilã, n-7fil""'-

- -iISiir3 yoi-'.r ::Ulef., ÌteaÊure r;e.s,,ijral oi:jec|s a-roqnd_ g.1,,, hcu.se in bothE[g)-ish aad- ¡etric uliis;o :)r.êcc.fcì- J.o,;r da.l,¡ iÌr "-, sr,..itable ta-cle. Flot iniSdata on a gr.;.:1.:.r '/Jhej:e centi.¡retel.Í:r l-:l"e _:'l ,:.coC aloilg the ve:¡tical axis and:Lnches aloriS tl:e lrorízonte.l a.xis. Ðri-rw a sbrai.2;i:i l-ine iìircu3lr rs rn::jr.ypoints a.s iiossj-bl_e.

COri0.tì.ir ICll.S:

l-o Fron ,;l:e-_ïÐ..-.h, i:ha.¿ is ,.:li:: ¡.1,¿io oí- cn/ín? -u.&a.i is ilrc rE:tj-of¡:und_ by divis:ioi:?
2, /i1:irricat:lo,:s: Iior'r nan]. crrl aj:c) rr:c:,.e in a foot? a. 5,-arci? Hovlitiail.y cm tå]-," ¿ìre yoì-i? Tiow naa;, j-:rch:,Er ;:er 1._O cn?

ñ ',_'r-a.-Ð¡ -t_:,l.f..,U.ir JL; i'-j.L..l :

l sci eu'¿j.fic l:o;:l¡ ti,.:
sc;l.o ¿:rd. :ins brr_rme;rt,,li-¿: -ls_
a ci r-'.ì :: e -;hc ,tl:i l 1 t;- is to

sktLl o-f' :c't-i i,',,:';i-:r¿ Le::'u..,s of .t r:: :l':i_s:,_on oil a
: .-ô^,'. - -, - ì ..^ -,-Lì.uUU:.:- i f:.- .Cfj u ...]-1¡6¡:: r;-r'¿o 1-f: :.....1.;- t::1.. -lC
::t soiic,;..¿_c-l,ice.

( lroniei.r oik er ¡s -i--¡¡¡11¡.1i )

i.'i:¡,çLr.r.e ti:o '1.,-ickn:rsli oi Lhc r;cc,i, ì_l¡¡:3çì. .t-.1
til-t..roi-r¡.. :r si-:i--;l rt she t. t -i-r,: ¡:u-ch -i;h1;ii:,r .bii:r:'r .¡,...:.:

z'iiJ-cr,;:, ci;:::t'l C'r:.:.ocei.u-o i-j--l--; n:l;.1 -ì,_t .,ol_,Sil:l-_.il-:icli;:.ess of' t-:e :,ìtrlcf. .:.ir-:r.;e accu,,a L:^,;.
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0,rl:: ;-,.-¡rj' C"r'.r.,.--.,-'i,'rl.,'- 'i, r:.-'i-. rle,..:" 'i;ll.íl 'jJrjr,'l,lj ii,n:; ¡:.1r_ì. ¡3.,r ¡..¡ .ll::,., :,..1,,- " .r.,,-:fC]:

::4" :. l"i, .'_ iï'ì,1 ;j. ¿-r¡1111 ,)l-,,ç,; 'i._c .cel_c cicÎcsij .:;í1,,ì ...:i..-*:; o.í ;ll_,.; .,i;: cl:. l,-:>.-,.1_r_¡e-¡.1.- .-. j 
^:-.-.. - .. ,,r.i..i :r;.r- jL-:1j ç''L:cr-.11;-:iìl ;ì urji('-j-jii ..,J -.:'j .:-:..:'.:':r-l t:i:¿].: lÍ a ;,:j_1_-r-inc'i;¡., . _ìgco:_il

,1/our Çi'ì'Lù;i¡ri-ia:c to ti:e one bclov. C¡. lcr-r.iate'i,Ìre l..ic.n--es oÍ o-re ¡heetb;" c]-i-vidiiìg ùhe :.:rj-chr- Éi:j o;Í i:l'le r:ra.cl; b¡ tì:Le nu¡rl¡e:: of gþq.f2,
clo:.;;'i,r*ic booli, ìlign -ì.'eo,r::r i; lt a ner: :''l ..-rcc a;:cj _rcco;.i..ili:;:rili,r iÞ.ba.,

iìepe -l L -this ¡;:occdu:.'e f :ur i: ìn¿s. Äi-trr c¡,-r cu_L:.b:i;t; l.ii.; -LL-,.;.cli;re ss o:î ¿r
si-r.c¿'i; fc.'u.r 'i,:-rne-{, ;::.;:j.f :ì. 3 ;t:tl,r c,:.,lr.l-Lt. Ii o:le . ,,r,r-i-t iiis¡.r.:::o:,.-- 5,::=eatlyt¡itll t,li:, Ot]ìe:: tirreo ;'eç'-i}t: ,:ì.-.e .i¡-..r, ì,re*--t-:'j -.t i
neu cr.;,f¿. ? 

'"t'cr') ÍefjLi¿Ü5 :::'ê Jr 
j..;r-¿ JU^suirrilc- iit :.j-[.c;,1::-r-l-'ì-n.q itu ;..rd- oì:ta,ining

: -fr:ccn ;tour Lr,raJ_ i e sr¿ i: itcl l ar..,cs_;t v.:r .l-lre fo¡
¡.'r:ì¿ìi:j,-lìls i,:þy ir,3¡_-,- ii3tÍ,:L-lla:;IJCn-;Í:r dc:1 tt a.3::.i:e,

'2" û':i-ve ¿" r::Ð-5011- foi closj-lg -Lh': bcok ¿: ¿ i;irc :nil. oj ;.icl: ii:c¿.,í-jurernent
inst'earj- of ¡-le¿ìsu.: "ig Lie :ilHe nlulb,.r-r: of sl:oe'Ls eacl: ;:l-r¡e,

), '¡il::.;r.-b a:."e -blie r: va-"rr';¿i "e s of tr.kilg fol-1ri i',:.¡.(,i-n¿;s?

,::i.;l.ï:t€r
1. l:rtencl. Jrou:' :-.¡i,:.;::':-L:.'ircì.in3 of t:lc.,,;u:.-i:i,len,i Ì:¡. 

"ao,..rrr:iz1n¡4 
,L]:e cr_¡:sscLi:"; :ì-n ì t'al;1e iì14'l. c., -'l-c:'.lr'-i-.1 ; l-.ie .i'r' ,:.;¿o r-.-'c1nrg¡ s¡l;;,i--rccr- l:.¡ .i,r,c p,i.-,r¡.r-

r,'lnlr: -'i'-1 1."- 'r7^--.- -: -.r- -; --- ---'--- -tL^-;-v::!) i, .! v,... .,...e :"1-.i .j::¡. : (l J,jì j..ii,:e o llOir. ,¡¡: ,.lt ,:. _l_i, o :,_;i.ChtclC ,i i..cCO:r,cl O-t .tl:o l ða.btàf
fo:i' ::¿r.cì: r'¿u-cl..iltr :ì'r,.ì1;,"¡5 - i -!1.-,-LrvÈ 1 ..._oc:., 'Liìa nì_]j::l)cï o-: .,..i:lcl:ì_,r..,: í.: ,;.-_:ic]] t;o:c ...bo-ve bhec1; li, :ìv'ir:'i'r lic a¡1ii, 'ti:c nlr.i::irr:l 1.,,-ic¡l r,e-i.: be-Ì-oi: -.,,^.e cl-a r,., ì.¡r ;.,a.. re . ri l:tr-tc,yoi- ;:ucl,.i â ,,:,,1:l :. s.:.:.i--,'-', tro-,, 'i c e :i.rr,:,. i]:,,:,-,:. .1.r1; ,.¡..: r :L:t-Lo :, ci ,;n ii Íic n.:¿s,l.l.l.eÌiont,

-tlctr. -.ri1-: n::,,ci a ::"lllc.r. a,tcl l;::oi,raci;or bo
c- c-i' '-.,-i;-2. f .i,-r-.,,¡r.,:l_:,; at I e¡. .¡-i l-5 cin :-n I errgth.

''ì ', n ^- 
.-..-. ^.r I - :..^,.1-j uiJ.-. ::rÇ t,.L., .::tC;- neA,i.l_i_f"eC', 'L,i,.l 

-1_e..'.,5tÌf OÍ
.:cr.;ir:c ,;l:c .'-0o ,in6Ìe ,.-i:.,oti'l c'L be e,.i.:.cil_y

]. Ca.Lcu-l-¿ ..,; 'Lh,-: 
f"i_: ji le

tl-rici'irçss. Give'i;r,ro

observotron# fase nu wr tier
qt €non! I at bac< Poqeg in stock Sfteels rnsf¿ck 5ù¿k fl.,.hnes¡(*',

f,å¡c h ngss
Per sheet

'Tota

ñveø1e
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-ìe:,;L -bl:rc; 
ú.e ec::ip';:ion o:l th': i.ecl:,nic-Ltcs .r:er-uirecl .:o¡ '.:is :)lr_,).^rr:î_-ì:nt

i-.-;, i--5, T*'7, T-.¿', ,:ìncr- B.-3, ?,-7.
P:.etr;;:e a r¿,lbLe 'bo be u_sccì Íor ::":.,coi'd.:i¡.t -Lhi.: d.:,.i,.:. Or;,a:tize _Lt ín
sl:.ch ¿.r. r;ay 'cha-l it l:j_l_l- ì:¡, an ,.icl -bo 

ca. l-c¡-:l-. L..on,

ii=ÐJJÇ,ït- i:i*¿Ul'{RË.l ;

j;j:-',f,h iin e:Ðt,j¡ bea,li:,:u i.æco::r_r. i,-.i-s i.rci;h,c, iie¡.;u_:. e c:. ,,cii;, ljlil (cc)
of '"t-l'te:¡: ìr;' n:,i,.ns oî ,,a¡;äu¡,tec.: cJ¡lincler. iroùr i,he l¿abc:-, :_nto f,hl l:+al.:er
anti- i;e13h e;*jå, l'Ccori. -i:::is r,ä': .,hi ¡rnd, obtaia che ,,s-'L3h'c of Z5nI of r:ate::
fron ;'1'¡¡ cÌaiar'

Frora ¡t3'9-i1
ïh^ lrl:lr.'l-.' ^.1e,.¡v lr ur.lf ¿ .. v!

Y!;-. -: !4-:*--i-r: : "

ci r'-c'.tl û-:e :,:e :':r;1:'; or' I i:.1 o.l r..:: ;::;

l¡l:ab ¡.:e yru:: c:llcul-a Leci lal.ucs fo.r ;he r,'e:L--li'b of -r- ::i1? one -r j_t,er

2. lior¡ accure.'¿e i s r;çur' B-ne- er? Fincl- "ì:e :liffe.i.ence " et,"¡c::n J LLr el-:-
.lle]limen'i;¿rl;.,:rs'r¡c? ancì tlte acccntec'Ì- i:ii1î--3r (riven l:;i.,.¡-;-.1;s:_.:l:ooj; o:: c,¿h.e:n^\L:' c.f':¡-ce) o Ii-.1s íg Jicä¡ tï:-'ol'o To i.r-iicl- 'lilr ;:c::conta _:: c,1jrrot, ,:ì'iiriicl-e ;-'p¡¡'erto:l by'il¡c cìcCêrl'r,cc1. val-lre:.;ri¡,:;-,::iijìÉs',híl res:l-l 'L.s u Cef",rn-Lr..o

t.
t/- ¡

::'.:ierí¡^icn;:.1 cì.a t.' ,
one -'l-:itc':: oÍ t.tate::"

l_ o.

of ,¡a'ber?

3 ; ïn:j.ica -be ltor,; oa clt or il:r,, j. c1l_o"
CUh.',ec]. ¿ìi1Í:li ei: å

..Jrti- 1. - :J:jtJ {.%

1, 0biain obj,;c'Ll of u,,rLi:.oi:n T.:c:i

;¡ol-r.i -.:e j_;i:i:n¡jS. Your :; nsJ,r:.ur.c rcl- 1.. i:Ll
or,,Jn,

:r.1. ,r.c ;s (t-, -, or 0) ;'cu-r ca 1-

L:i'O..: ;'lil:l l-:1Sl,fi'.C=r,¡in ;"¿COrCi
Cl.t¿cll J?'i)11ï' .jîe;:tì.:.i-;s .': .- :'_tfst ltíS

l-lIi.:

e) The boi:'i;o::i of..'i:he:,ten-i-i;cus l:Ð.Ê Íeiìc¡- i.iiüi tj:o eye a..bove
ua-Lc::,

¡) ttfe Í?o.dlr-ì:r.-:e i.J3ì.. ot clrt-.ln-'l-, ;.;:ti-',t e:.-ìr't,ier-ì. o-i -,,i¿:.cef -ì.r.'co uhe ,1:e;-'.1;,:1.o
c) Tilc . c'L -)cal:.;ï :i¡: ;:o'L 'l;l:o::-c.:¡i'r];. iL:irr:. a',; 'iÌ:; lre:: ;¡i¡, o-: .;:lo i:::rrcliinent.
cl-) The 're¡-rl(er c:-.nfa:inccl. ¡, r.cl--ic, i.:. 1cj-i ,:.j-:::oivcci. -in ;1,¡ ,:¿-,.ä.i ii,.-i.ch i,las .Jcured.

liL.

e) fl-..e l:a.]-¡.nce lJar: -1ot zçy.oeò. be 'i'o::r ;r:,Ìiit13; the i ci.;ir-ì il.,.o.,\ ^ . . -r.'/ J-)j-.,--i';.'cil'L lr.. l-ance s llc:re ur:ccr. ;n '¿l-: ca'.r-r':.e of -:e i;:.'l-rr-j_:rìj:-I-¿â
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E:: ."!. L!-aa:ii1 :

2. ,Si-nce ',.:.e vcltl.te of a sl,_r-.31_ç cii,cli of =.ta.-,o:tx i.,.__, 
.¿oo 

,,,ti..:,.l_l ,¿o ¡ie:suJe.:ccurateJ-;' 'rii! a ;:racir-r.a'Le, :.e-'iise a ¡,ie¡lrä<: by vl:ich you- coiiì-d :-.d_ir.ecti;rr0easuJe'iirr: vol-u¡e oÍ a:1..r'oc oi i¡a't::r r.;iì;h consj-d.er¡¡ie accLlï¿ìcJ","r-sing oä-'l_),your cirol:pcr ¡..i¡i :;-¡i,..jl .;."aiuã,ue.

_ l. Conpo-::! ir]":ìcclr-t:¡c)'of å Àj:,,,j..,r_1....r;.ì. sylj¡1çìer i.:j-¡h th¿li oj a. ;.i,:e-tte.
Pri:n i;>;ctJ-y 1n-L of i'aiter i:r'l;o a m! tC i:ll .3r.aci',:,,te ¿inci c:..ecir-'-:¡J--'ifi*ã-oi:"'ihe ;:r;:d.ua i,e, Con'i;j.nue i;j-tir t:,r'.e1" .,oi,.;ionã, c:,ch -Lj_¡.¡e cl:tcÌting che 3l:rorbetl¡oen'i:i:e vo'1,-r¡'re L:e.li-vs;eii b¡-r,..e 1-.i-pet-bo á;:cj.-Ll:ie r;olune::eco::c.ecr_ iir-Lhe
6ra'cluebe. C;:}cul,¡'¿e ';.ha 'Å eir::or for 1Ó n:J of lÌc-,tero 1ihy isthe r:ipetteItorg ;t ccui-¿¡te 'i;l:..n .. -.i:; : i:ir.r.,rec:. cylinr_i:rr.?

L, Üsin¡g ¡ rîrJtholl. s-i i,il.¿_-.r i;o ,;]lc one t.r::.,-b ;;".;¡r- 6.isvi-: lC, la (2), cal-i.b.:atea.:l.ronl¡er t.)¡ colultinA^ i:Ìrc ¡rU¡l:er of r:ir.ops ri.;rt ii;::cg,,ri_Les to r-relirrer l:rI,Be sn:.e to i:ra.ke â. pei:ìlanent::eco:cd o-'bi:i.s:ì-nfoïll:,iid;;i;";-i-b islroi co.-s'lant -io:: evar;r cl.l-o,-r¡.3¡. Ti.is ca.lil¡::at:i On ,"lrJ-l ¡i11-o1: ;ieq to Usi: .i,he croprrer.?¡ I i::i-oet'le.

5. Devj.:,e a ¡ne'bl:od- to accura.-Lel¡r .1,.¡,":{jnirine i_re : eight of one fi_l_terpaÐeró ijt¿rLe any flss¡ì:ipiirns Ð.-,ile -i ìr arr.içinÉ- at eolu.bjiõn.

A îL--^-^\Q¡ Lrl:¿ìpn t'he relat:tonsl:,i;: ir..'ilieeir thc i:.h:-e a-nd- i.'ei.hi; ío:: sev,,,.¡sl-coins. i'lei3ir. a l?ennyr nicl;e'1 , _ci:'.nc, luar.ier', 1i;:lí*c.,lo]-hr,, ancl s_il-vr-.:: O.otta:,;r': ' . ¡1. .l- l^ ^ .-r -. l-
ri"j-'.: ,.i¡.r. l,.rfc ri,.'.r:ì. :i:t¡.:i:ì_ne ¿he line d::.-ti:n ancl. .C.eg,ctibe .bÌ:e rel.:ti_cu,..hj_1: be-tl:een i,ii.:: i'¿,tiite of '':lt'e coi-ns a.nd'the llc:i-',]:i-Ls. ii;.1':'to:i-n i;lLc ,icsiLi-ln of .bhe
peilily airrL n-rì-ckei :u-lsj:lc; ¡i:c f-i_nc" Frotn -,.,ir." .,..".jr finc'l t,llã i.ei;ht .bi:¡i
corres;loncls-Lo r:irty cen-bs oìl y i_i.r .;i.eph, illen cl:cclc Jicuï ¿ì,nsrj;e1 by loigÌr_'ins a i:.¿;,ff-r-'.o-l__Li,r- and. a ii_ne.

,il.î fl'-.i-l a jC '.11 be.l:er

]lerrca b r_r-r:Ì;i-l_ y:r-r iì.,:i:eflline
nr-c .in t):, ':osit;on of
i1'lccs-.jia.ïJ¡? C-ln r¡'ol-:- trol,/

;:.r"]

rna
-,^t
'uie
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:f .'a\ì-= 1:.r' r\ .'-^å:!:i_::ä-; l-l 'üo : -nl.- tlt¿ i,ìensi_'l',, of :in ltLmL:noi,inÍi iitllis-LiLncca
2) to :-iì.¡.:s';ije,ce "he :lossj-l:i,'it), oi- -r_rs:a..; iic:r;::-t;r ¡t, ¡:. ¡le;n;i of

i-cì.eirtifr.i.n3 a.n rìLurklor.Jn;' su-biireace "
'i-.,íì, 

'. 
- ¡J:ì11r¡ ì'lìif .*-- 

íd.entificat:i:n of chernic¡il tubs-tances -'L;: .Þ":Eoc1 on cj.jej-Ì, ci:i:,:acter-i.ctic pÏo,û.ii:bjLCSe ra-L:::iS c:.l<rr:ì-menj, ll-r: r-a]'oilr,::tJ io be userj. for= íde¡rtifi-
c¿lrl:lon r.¡ill- be cìensi-t;r. Ðensii;;r is it-::fine.: ue ,rlo iieÍghi of o;r1, sub;..|;e.¡ceper .'.:i-i voh'¡e (at a '-¡jven ienlrer-at',r;:e.) -in il.ie rieirlc ,,;rr-to,r,c_ris::.aÌ;iois e-l'r;r;:,,rerì' ¿ìr-; .3:i'iriic rrr cui-',ic centinc-i,er (¿/cr) or e;r.rns",:o:: ¡ii."-h-_l_iter( .t /'^1\
\ ./ -.t-r I a

h'ci¡hi r'ìna]- vo--Lluli€ .t:.'o lr:'c.l :r'-li.e.: of .a. l-::-,e cij-:ì-c cìrj ec b, i.tìriì-e d.ensi_ byis i;;npe:rtr'of ,-,1:c::r-be.,-.ii:- äf '.:.--.:ì-cjr,,,i1;, sh¡ect il cå:,:ros.,l, rail:c;r tllanof i;i:e ol:jcc-t i¡r.rel-f" rf i-s ti:c::io;.e :,.:rcìeLrcncl.cnt of tnã si¡e or. c,u¿lnbiiyoi.:rcy:,:iven sanple" Fcr.;:;enpJ-e a r:l]-inter i-n;.",r l:¡nll has tì:e sarire cl.en-
s5-t;rl::,:'bhe boarc,:îro::i rriiìcjr ii c¡,rliie,llt-:cu-gll .ulre;.c.i:;;l:,c:ncì vo] umed,¿hes?J-int:,r,r.ie älrch;:n.iIl-er -Ll:¿n'b"rci:. of -t.l:e bo..;'ci, ,chc ::.r-bio of iie-{-gi:.t fo
vol-tl",te -fcr the l:1:-ì_ini;;::: rs; ii,¿.i, -iot tÌ¡e bo.::idn

.{*}.Fl, ,, s j[.[*e_[uJ{ff [trO N I

l-o 0Ì:-,:L:,-i1 *i.;l .:: -'cf.:.e¡tce sl:.c.1 ,,:l ¡ cl:.ie:,ii-st::i, l;iand,boolr ¿.ncl-:,."eco:,C, in
;rort-l r':,c'bebocll Li:e iicnr:r'Lj-:;,',, i:o¡ l,re ¡-:1r-l-.¡..'';'¡;içg¡: ,l-.ì-s'LLc1 ìt;r ;re¡r -tc;:c.;lcrr" These
Af o 

":..:.ctr¡i: 
,l ¡ ].i-Le;:.,t-1.,.Ì:,.e v..l-Ul.:; n

?" _ 3:ceiia:.e ê taþlÊ íor a. coliectiieg clata. ía'bh+ te.lrle beJ-or,l. ì,ea.i¡¿rnge .ihe ordor of yotæ cle.ta
ca,l-cltl¿l'';ioils trtole conveni,:n{: o

:,Xìlt-r'i.,,:A't 3

.qåt Nq .Dql$-iJg 3.g,_AI[ J.AE-[T_r-L?_ï.ryq PROPERTY

ti:e h.boratory ainúl*r to
Ln ;riur t¿.,i:Ls to n¿..lie the

Ti"i-:1

r':.,.i-;l tlie u'¡l:noi.'n ÍJLr-bs ¡i-:rtce
oí- ¡. :rai.l. .teco;'iì. -rìie 'i.,ci?hl; .rnd.
notebooJi"

Fil--l- ¿he i;.:,t.:Lt¿'ü-i_ c;; linç¡.:¡
':.ccu-l.¡ieij' ¿inc1 *-,lccr* its -. t_LLicu J'Our

!U .', ,.!J, U:
/4. -^ ^ .?. - -l '1 -.L,,..r. u- r.'_-l--!-.i' -.:,r

ci'by. i.ead- the vollu"Íe
tinlçaor,rn to 'ii:e i;ra-¡ílr i_n
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-bitiir c;;-L"in:l .i', ,--ìo í.,L1--., i,,i..t-f i;].:i: si.t--,1 ., .i g 6..i:.lt ---i.,^. .- -i 1;.11¡"..q¡:,.::_ ;:.-a Ì:_-c r¡,,t.t,;-r:.rni 'ri'.,:'L ,r.o :rir- :-r,-ib,;rLi,s ;r., ;,1:--,,;r,, ¡,,:ãi., i..'-i-ã"i.':. 
":.;-n'-ii 

v.rl.,,,rre cf r;:..-b¡rr.
'jl:Lorc,il-:,jl:-l-/ r,1r;r -b ie sa,,l l-e lteÍo::c _irc r,:_ccncl. b.r.:r_¡:l-.

U:in3 'bìrc ic i;a" ccl-l-ectecj., c;ì'l ci,r--ì..1';c-r 'il;a r;o'l L:-i:r¡ oÍ' ';l,e .:¡Ì.rrl-t-e j:tjl(i iìiro
i,-'bs , .e:es' l,r'"

c¿ltü¿-lti*i.'

Co':paie l¡oltl" ci1ìl-cul-ri;e,,ì d.:n;¡iiJ¡ (;::rr,:::in:¡';al. r,r¡.1-¡r.:,) for ;r.:rtl pnl:ror.rn
Ëu.i:É'tl.r.ncÐ i.::i-i;ii tire I i-l;erat-¡,r-i'e valu-riC ,l'oi" ;]:e ,rou:l oÍ' lmo:,:n cULS¡¿¡rces bcinË
cô¡rsic'i.e::ed-" 0n tb.c J:¿sÍg of ;;¡¡'.¡ c,or¡iríson, (.f;,,ít ij_ coac-l_us_ion a_5ou-i -Llre
icj.e.:'t:'r,-,;. of' -i;l:e -,url;nor,;n i íiíi:Lili..r...ra:: ,i,o 

J,Tìr.

D:j-scu.ss tlle rrossible lil:itat,-':-o:::; o:i '¿l:,:is. :LC,;,:Lj-fic.¡'b:.itn i-rcluc'.ing a
consider: t..oil o:;l';,:rc li1cc,ri¿ri-r1t;r oÍ,.;')l-:-ï,r-1,3,--'.i.:ì.1ïtit-:.ir1.ús. i-tr vi:il of .blrJ::e
co.'tsir,icl::.'.-b,j-ons sL:-tì .::sL o possiaJ-'.; :roc::,,,tL:e l:-¡ -,,:,icl:.:.-r.r:1o-i_i:rç:l;:.1 t::,ta i::Ll-clf
¿ r., Ctl:,el: Chat:,.C't,.:f j-g,'b-j-C ,:fOireft:i_c:¡ C r,llc.r ltr: ol_., ;¿-,.,,:1ed-.

- Fi,sl.q.Ë-:gii-j-.:{fclæ: T::i,:-c,,'-;c iio...: c..ci: oÍ tl:.c Ícl-lor,r:-n3.. ;.:if:rc-i.s ;r¡ui.cllcul.:'bcct cro.'.rr'i'i:;', ( *, * or '0 ). ïoui instr,,tc-t,r1" .Ì1r¿J¡ ,.r,:;l; fo;: ¿r cci:ir-l_e-te
dlscui-.sìon of a¡;r of -LLe;:e ,:io;l.sj-ì:ll, cjr:-ojtËÈ
I ) /fn a. j-r hulcitie i,s t-r: ;:r:ii '.rnc'le:r 

-i:jr.i; 
í,r,t j,r i-t e :i_i: ;l:.r: grac:_ll;;i:,s 

"b) The sil:iilLe 'ir.rs not 'totr..Ii;. :r-r.:ii,:rr,:rjrj'i-;';À- r.;atero
c) -riou "":,,i] 

t:.u r?Þer :rnste;ci oi' ¿lie loirer iort,ìon oi' i;l:e ileniscus in ü:e
. cy'iir:t1 :r cru.-:-:r.1 bo'bil l.r--¡:dings.

c,) rou- rc¿:ij 'cl:ir ur)rjeï ¡io::t:-oir for tÌrc :irst re:cì.in,li onJ-¡'"e) Torr .-'t¡'i 'Lne '"tpp"t i:o:rbion. o-l 'i,he ilenj-scu-;; fo:: llire rräccnd- le,rfijag or.Llr¡of) iilcohol ,(rlonri-tj' 0.?9 '¿/::J-) ,*'ur, i""i.:"niu,f:-;. sul:-;.lib:-rt,ed for ,.j;:Ìter (ien--/-sl.tJr lS/;1l/c

.ElåiS-tJ,I,!,I

a.) itJ-ncì, iìl; lc.n.:,i'b¿' of "-, bl-oc,k of ,,:ood- iri: .- :;rico:rr-, r.rocc¡,,u.¡:e" Col.il:aLe
J¡ÕL-rl' 3níi! er -lo ihaf obi¿ii1¡rcì. :i."r:r..i tl:e :i'irs'b .icc'tct'u-re . ],j..:j_ch j-s no::e
Þ-r¿cic.--? .iL:ti.:i r.

b) it:: '¿1.1,.: l¿lr:-:'-¡,: o-- i-11., :.:-::.¡-i: .::,:_,.::,-lli:ni
:io:: r'i,:tc¡;,t:in-iir.¡: i]:r: '' 

".'.,,. 
¡:-'ir; o.. _,.i ,,.,t1,:c_l_u:-,.;ì-e

i'l ' :::oc.gcitÌ:. a , i,cVii:::ì :t ;u:.-b. ,Oc;.
'riln-Ll¡ri ;.o-licì-¡ c...,. f:-i1c ÊliincL,

c'i )
i-,14r -.- 1

i \ -!'r.r

.a!
__r,J ...,i_l :¡_';;- o.:.

l:'i, cí l'-', (ii; -..o

.. .tiJ.-)t.: L¡ u_.- t_r-... l-i_f-

ìui=C-':il,r i:; l- ".-¿,,/,:,i, .lj:,,¡l; ar ., :-.-.rli il::tt :..:o: ii L1o1J
t l; :) v'. :i'i-::, . :t-;,- r:f -ii,c. _lTi'::.: ;'rii..: .;.":',ì.i, fi_Lrr.,
o-l .,. 1, .-;) t,,e ïc.r i-; tc l-i O. JU l:., o:; l;f¡,



,þ

SL$tä"t 'bo ri.i;cov;r tjro iio:1.;h,u et.b v¡;;;ieh ¿i l),;r¡jrl:çr; oi. r¿a,bcir elroufrl. þe.rlacr¡d
"'bo'' 

e 'bJ:lc; lrut:i'ner þo ob'i:c:Ln-'uhr rr,xffllnuJn 'Þot;iporatu::g f'r.år.l ';Ì;r¡ f.1..:loo

Tli?..)0i.,,'ííi.i.i:i- iryò,d4ó,æ.à

'!l:r.r l)rorJu.c"b:.on oí' a ;f},.l:ro :Lnvcl"v:lr¡ ¡; ú,':(jt'¿le',J- :,eaet:Lon ]¡e i;r¡c¡on 'L,u¡o

5Ð,r";'3ß, 'r Íu-.}l g,n¡; and. oxYg;ß'"\ o,, t,:e r:í.i1. 'I'hc¡ 'liç¡r.l'.¡¡:¡:a i;u;.,a ol¡taínecl i.n .i;i:o
re;:ction.cl.c.rrr¡nc',e on i;j':e ;liltu:,:er of i;llr :i,'rf.,,til 'll:el:r:ä1r,"<¡ø, o.i"r lh:i pl,-oi:ana, ofany:Lncrrt 5:'s .(r:1ît)'lþ) l;hlch illno r:urr::iú be iroiltod., ;.nc1'on.bì:o ya'i,o ¿rpil. conr-
i:lctenoco of ;ri_xíniï .r:rc!. burnj-,rg of .i;li;: 6i:rioe.

* Vory oi:ten s'bucien'l# ûi's seen hoa'bi.:rg oìrjootn:ì.n tho iiron6 pi:,rt of the
Bu':rsen Sttrner Í'1;r.lro" ,'iuclt:înefficj.on'l; uão oi,:r,,,p,:rr.'i¿s:róuùr'br¡ j.n a,¡rntoof both tj.l:e nnC' fltr¡lo Tou vrí]J- c',f ;rcotr,,:rr, j.n 

'¿ rlä *rçi,"iréåi t:lrr.U grore ísone e.rlî¿in¿¡entent of cplinr;:ttts for so c:i,nplo a Job ee Lsaùj.n¿; rrator:Ln e bàalccrthat givos n¡^itj-in.ür eii:ì.cj.e:rc¡', ' ";'.-- --

Ïou r;ill 11':cc en lron rii1ô ¿r.i: i.r rliva;:t }n:!.;;|'i; al¡ovc 'il.:,3 loi: of 'bire
Bunsen busn'¿r and f:i.nC.tirc bj.lirr¡ rc¡e-,,j.r:å to l:oj.l 'bl:o r ¡:r.bcr 1'1n¿."''tiìä0""'ãon-
d.i'b:ions. ToY',ij.11 tl:on c)ren3c LI:,rì hoi-.';h'; r'ro¡r tire 1op o¡ tri* irurner. to theír'on ::ing anct ;:',:,.lre*t ilre ;rroceclu:.'c fo;r ,.'.ij.Í. ,i,eni; ho;.1;L:ts" Cire ¡oi-5¡Ìlt
¡lrovidrng the i:igho;::t tetnircr¡.'þure, J'nc'Ì. tl"rerofo:is i'er,¡iiJ.:n:.;*¡; ihc er:.loi.tost tlmsto boil 'Llle r,raùr:r is '¿l:on f:-r1,"¡1¿o

fn orcl"er to a:"rive at a v.irlícl ccncl-u.sion j-n i;l,rie eic¡:1,:;::iirenii, .bhe
sburr''i;ing con'iitlons foi: e¿,.rch tcst sl,:oull..]:e :Lclenti.c-..1" Thi,: rs.: a ccntrolled
e:rperÍ.mcnt¡ ''Ítl: onJ-y one vlría'Ìr1c - tl:,;,:iíllf:rren'¿ heirrl:.Ls o:l',;l;:, ìrîF,*}*:
a.bo';'e-bhe bu::ne::. In bl:i¡; cr:';crincil'b tir.o:i..c tro itÖ\'eïal- ccnst.lrrts, or iden-tical i';t.-r.rting cond.Í-tions, sr-rðh E ï. -i:".¡:;.,: r,,o'r,ü:le of uator j_n tL:e bea,í;sr, .bhe
sta::ting ton::e::atrirr¡ of 'bhe r.r¿rtor, etc. The .r:i:e-Ie.ì:o.¡rr.Lor;i o.ss:'.grunont 1s-ihe lcey t,o ti:le succesi: of tj::Ís exrrc:,iucnt"

O1:l¡:' f¡ -,111¡¡\'1ii .ñr. i.ti-.l/:: L._¡ :. 11,.. _' ¿ll .Str Li..¡i. I I C.l I,

ll:c1,.1r,Írrrei.lt, l,

iniJ.fi :i,i i '::l;' ..i ;ìu,r::l ,.i6+s*Ê.Èr4 ¡.;r,-É... i r.i

1n s'bu,il.y t,ire ctescr:Lp-tJ-on of i:hc Bi.rnr:en l:.eir.ner" in -li-20 ancì T-r"2, crrefr,rll;¡ revi:l.; the topic of crni,ro'rl-cc e:;:¡eriin:nts" Tiren,
la'i:. notebooli, lis'û thc conci'broni, to bi- co::i:rol_'rci." Der,c:,:ir:e rjo,": ;,3çto lcee't ¿:acl: of -b:-\.e:e concl.i,¿i_on: cc.r,,-Ll,.rr;u

3. ir:'ep;r.e a ;..a'ba. ta.b_'l-e :lc:: b:ì_::l.i aniì_ i:ej.¡;l:.i, :..eco:i.c-r,_i_¿,,;s.

I¿,BC:_4iltj ìT -,1ìí-,i;ElJRE. ,

P1¡'ce the blu'nel on i;li¡ b;':'re oi-i;lt¡; l-ib r,,-ta::c1o ¿tclius'b the posi-tion ofan iron r:-ng on the ;.-'i;a:rcL so ;r-rl-r; j-'¿ is 2,J cn abovethe top o:: teá lr;;;"
Us5-ng a ¡:-:ler a1d- a ?et1ci] , irl..rlc ofi the prescnt :osit:-on oi ille ceni;er of-lhe c-La:::r¡ ¡ncl the sì.ì.ccessive-¡ros_i-.b,ins io _ìo uiec._ rå* 

"u"L-ies¡t,

in your
plan



n.*^,t,.¡i::: :f luin'::: fl.r.:.ir so 'bl.:,, t !11:' i¡1;,1¡ r:-'ì-uc cone is cl:.:,::-t_;¡ cjcíj¡rd.,rnc -.|ei]o rr.s¡r.-l-, ::.ot:-u'.k: ¡ ¡o;Lrj_na noi¡.c, jlor lhcu--'ì_, i,; b: l:u:'¡:ì_ng::.1 i,r,snexi¡:ru¡ Ìrcigì:t 
"

Each i;c,:t r:lj:or-rJc'r rcclii:ì_..=c .no lrorc ,cl:a:t .ij:oirt ji :,rj.nu-o*s, Tht::cforc, cirooscB- rce.eonål¡l-c anourrt of i¡¡ Ler t,o ¿.cÌcl_ ;o thr bea-lc;,r r;o ,Ìie.L i.i; ,,iil_l :s.ich ürcboiling poirrt in tht i,i¡1i3 1,1r¿rital;Le" Dr_r-:rÍ-ng th.: Ì::a.ting, c.;j-r tj:c r.¡¡.icrgcil't].J¡ l¡ith a 'i:he::¡roirster, o.nd- : lcord. th..: tlnc ,¿akcn to*:.:,ach tiic Tro_i-ling
:ooint.

1o 'Ls "-¡. ï'3,'-u.1! of c:4,:'iiLning,¡i¡rd in'bcr',:rctiitg ,l,.our tabul-:,.t:d. d.ata, ¿.,ryivcei onc 01-'ðoi:o ciefinj-i;c eo¿clusionc. Ât r.rhat i:ãi3.nts ¿rijor.c ilrc,:urncr C,oesthc uatcr 'poi-l in il:c sl:ort:st t_ì-nc?

?" Tf your cl.ata doi:s not':r"ovicr.o su_î_{j-cicn-b -ì-nfon:rat-i-on to a¡::ivc atsuch a ccnchrsj-o:r.r cl?. ;:.ot hnslti.le -to rlty so6 If your clail is insusff,c:æntsuggcst rcâsoil,s r,,hy this i-s so,

3* JvElu¿'be J'ouJ .tccil¡r.ìt.uor: .ì¡r co,.,r.i;iclling fl:+ cond,itions of biris ot:_pcrincnt. ff you r;ele to i:c1.:-.rri t1:Ì-¡; 3;.',rori-¡ãn,1 , ,::cr.¡ coitlil yctr_:: t.cchnj-quc"_*-Þc inplov:d?
-.ìi'',î-l 

Tc. Trìi:C -+\J/JJ':I, f U:IJ ô

Jç Fill a bcst bu.l.rc
thc i.ra'L:r to a boil o'¡l.:r'
.":a'tcr boili_:r.3 ru-t of -bli,:

keeP ¡6i1sat,:ino i-:::+.:;-1 j¡ou

h.llÍ'fulL- of l¡.)icL" Usin; a ,¿c,.;b-bu-itc
-i,l:r .lJi;ns:tr. i-l.l,ic. ïf i'?Li c¿-in ,-to bhis:
tr-ibc, ;'ou li.,tvc ltistcrrcì. -l;;i¡: tcch¡r-i c,Lr.es
ar.'C :.U-C CO.tS-i-i.r"l. 

"

L:,olcÌ-cr, bri_ng
r:ithout tire

ì-r¡ .- ^IfI rlUU¡

a.". r O¡1v-'..- lt
:r¡,'
,¡ aì cl

L,,. > t)

ì';qe 1.,
iÈL2l¿.0?
C: C12

ri-1 '')Ot-'

rtrya\

. r: Cl-
,i,:2SCr.
::n /.ÍtVrl

i000c
).( t

ô ricl
7 o\)

3, lhc-br:,i,r;i't';u- ;i..'j:_.i-:;;r-L-b:,,-::.o.;oJrorr. l,.b1:.:: _.1-o.r¡;-i;ì: of L:i:: rlu¡lc;r fl-a::reC:l:l r) ì Ol¡b,,_j.:f _.i. : r),.;.:O;:--i-:.:_,;;.r:- ìr-- .:_t.., Cj_,f ,1 ill ir.írìi i.i,:C :.il .i;Ìl: f 1:,_:,.: .tC ti:-f*f ,,rcnt I ¡r";31 s. *ìrc c¡-!-o-- or'" :iì: ::i- r ä.r.,:ì,,"ìlil t -r:rr: i: bi_r_..j j-.r- jor ror,¡c; :5o0oc (:t-oi:) r ?'coo (::id), gooo (o....j"Í, itðd-¡;:,,ii"i;i ."i. íioo" (i:hitc),
/r' ?he 'bc¡,1'rci:a.-lu.;:, o-l .',lt:; !1.rn.. ..,. .:'r .-^,:

nc'Lr.,n rìo.: -iu.rilr::r ,.:r-i,or;,ir-Lion 'l-,t]..-i'^t't:,;::-r'., 
-1'-:3 ¡t c':3¡'iltr':'-ì ìr;' s¡16¡i-

i:n,.'¡l .¡n ¡^¿^,.\--. Ã rc\1.,ì ',^., -;'..,:, "-::.,-r:i".,-r-'2 
0:l i;l:: ir'jcj:'ilcl ;rncl- i'j,'blis

:¿\i:.;:t-L¿¡ , u ,Ç..1_:,J(..í' ), A>J,to rCì.l ;:l__.,_: .r.:_-.1.C: _l_.j -,-;1-v;j..j: tj_;:.¡- lO C;1....1 j fe t.:C fC_
rt'"r-l Ls oltt¿, .'-:rcl'i ;;;, ¿;__- 'Ll:-r-.,::.,c;,ho...;,;,
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¡,1::lrc::iroen.b 5

¡!i rir.+Jc *:ìqjT:t .*O{jr. jilRE*+ ÊI4:10åj

3*0lL!--: - 
-bo o.etel¡i::Lne 'i-.e r:leltin.; .¡oi.nt of e.

rre tr-lod.s .
pu.l:e sul)€Jtilnce ìty tr.:o ¡;i.-ferent

i$;,i::,i.:: 3:

Á' ;rrr're s:-rì:'':'b;'ilce (erenent oï' comr)oL:ncì) nelts ehar,¡rf;r ¡rt a ciefi-nite tero-po::'â;Lr-re. Ð;teri:rinaiion of '¿irc nrel-biäs ,r;ínt o:i a subåtänce, tJ:renrprovid.es¿t conven:'-en-b Ine':'i1ri 'bo itit:li;lficat-ion, ã;-trau eacÌr subs'b.-,nce h;,rs i.i:s char¡.c*'ieri¡st j-c nel.cing r.r,riÐ.t.

Ììrr:J¡il ili:!r.1, Rï,p.t û::LR{I:i g: j :

1, Revier.r iÍcating. tecl:niquef , T*2 a,ncl Grai:hing, B_Tb2" Pre,:¿rre 'r,abr-cs su.itar:ie får recorcriì1g ¿iai;"(tiïå, temperal,ui.e,obr,:err",-å[ions) fo:c perts .4. ancl Bo3, Set u.1: the axes o:i .Ljre grrph .rnd iclentífy"

^w3 \

.4. o g€lÀqe Bej1..1.,1ioi,
f "- frffi'.-+ffi--i:l be¡k r to il:r.ee_qu;rrters

aboi-rt roon 'fenp.:r-:.i Lrr:e (:ioc) " p_i.;;;- ¡úoi-'iuàr.""¡*o '..1IJ UqlIçI I

2o Ol:tai-'r '':'l:oir'-b 15 gr¿ins of the conpounä ;:a.ra-olicirlorobenzene iir a testtu'be froi;ì i;'onr in*.b::nc'Lor] Gentþ i;-i-îi;;:;är-,1 t.,¡* r.¡ith the bu.rner ad_justcci to a lor'¡ fr;,nre. contiaouaiy r.,or," the test iube bacri and. forth,Gracì'J'ìl--l-i'' inc¡gai,;e tLe iein,:er.nlbu"" u.n-b.il the soli_it_ mel.bs" îhen :o3_ace athermo¡re'ber' :i-n ilre^riquici ã.nd eontj-nue h";;in;-;n.bj.r the t",rp""uti"""rrr."reaclrecj. tlte /o5-75o0 i;,nge" '-' ..

melteii conpound _i_nto irosi_tion eJ:ove the beakerof t¡r,,iter. Fefore ialcing .bhe ne:c: step, beceriain-the.t ;'ou and, your pr.rtner are organ_
i.zeci9. Ont 1>.lrtnc:r sl.,tuJ-ci L" ;oropo"ed to readi;hc Lime e üe?y Jú seconcì-s irhd. at ¡:he sanieÌ;ine reco¡'d the oìrse::r,.ations (-tenpera-br,.re,
a,lt:)earallce, etc") ,rotccì. bJ, tjre other l:a::tner,

J ì^,. -j -.-^ -t,o rí.eíte -i,ji€ tenpera.ture of üre ¡:ara_rlich_Io::obcnzene 'bo -Ll:e nãa:.e iL O,ZoC" :1""ã"¿;hI.
e.s th,: i;e:¡Ðe::.,:-tu.ie at O seconcis, Iirunec]-i¿:tely
i¡a::ler¡;e 'i,he loi,er h.alf of ì:hc tes-l; tlibe i_ntotl:e ¡r¿.i;er b.il: :r¡:cl. cl-¡*o .i;he tube into ;:osit,ion,j-lo-l-ci the ti:crnoneter ¿l-:ã.Ln,rt the ..:j.ce .rãcì just --off tl-ic botlo;¡ of -bi:c iube so tirat it irill_ berist¡r-s1¡ti in -ll:ai tosi-tÍ-oi: nhen the conpound sol_icl.ifíes" -,.ìecc,:d. fl:e ten;oertu-re ev?ry 30 second-su:rti] a ien;:e:..: l,ure ia tiie u:¡;oe: thi_ities Ís-

cirp::çlty r.rith tap tre.:er ^t
on 'Lhe b:'se of j,'tu-r l¿ib

lilgitoci, fn ¡'e¿t- obseru.ationå, no.t,e r.rhen so1_-i.:lirri- '.1-.i¡:r :1,r.-J-,,; anCì ..;l.:en il':.U COmplete,
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Ð

í;.r3re Ll": thc .:1,¡lm:i:a Lus
of ii:e r,iJtoï and. ;nrn r,i.re

as ,r;l1oun j-n -bhe oial:can. ,:,aj-se ihe test tu',:e ou'r,
cl-al::lr arouiri so ¡hå.t the 'best tu-be is on ¡l:e ol¡-

posiie sir'1e of ihe 1ab stanC., opposite
the vr¿L'Le:ibaih. Su-r¡lro::t tÌ:e i:;ter'l:a.',,h
on an iron ring ilncl ,.ri.:e geu.zeo }ieat
-bl:e ,ie,i;er to a1-rproxi¡r,iteiy ?OoC" llor,t
c:'.4 ¡ro1-¡ s:1' l ti-¡ne iir -i:Llis lErt :tep?
thcn, tu-::n off ihe burner, i:u-'b leave it
i-ir losi'Lion. Ðuring ihe ccu::se of the
t¡:lpe:'inen-b, occas-i-ona11¡r ::,:acl- the ten-
perariu_r'e of the tia.te" .,¡Íth e. second_
-bl:errnometer io e.voíd. cooling of the
r¡ater belol,¡ óOoC. Therefore be pre¡nred
to u.se '¿he blirne't, Lo keep the tenpora-
-bure betr+een 60oC and ó5oÇ, Íf 4gcessaryn

iìe¿rCL and recorcl the 'oenpera.ture of
tire eoliclifiecl d.ichloyobeilzene to the
nea,resi 0.2oC. fmned-ii=.'ce1y in¡nerse the
lot.ier haLf of the test tube in'i;o the
r.¡a-berbath ¡o -bhat Lhe level of the con-
pound- j.n the tu-ìre is ìrelor,¡ 'bhe uater
I evel. P.ecord the temperatu¡.o of the
coiepou¡rd- er¡ern j0 seconds, not5-ng when
ít is conplete.

i.Jnen tLre solicl is freed of the r,¡al]s
o:i the iest 'ütiber lrove the ',,h.ermometer
gen-bly i-r.it ancì- o-ol";no iìeco¡cl the tine
and- lem¡c:.a blr.ïe untj-l ilie 'bonper¿.tul"e
of i;he p:ra*cì.-',-chl orobenzene is a.bout
áooc.

C. Procc:si-nq -i;l.re Da-ta :

P-lc'b'bhe cooi--rng and. hcabi-ng-bea;ocqa'¿u;.-es on the sa¡ïe grai:h, etai=ting
j'or-rl jtlotii-n3 Í'r'on i,l:e -'j-e:li e.lge of 'íhe 6r"a.-.h, j'or eacir cooling ter:lperature
aniì. i-tl coÍ'resioilii-in; t,:.,,ie, nake a :mjll crosr. r¡or -bhe heating ii-ata use
;l.i¿',J-,r- c:.ì-icl:s ilo i:':r.., can r-ìi l:-b:ì-ncini-ch l:ej;r.:ecn 'i:l:,e :rlottecl polnì;s. Using a
i5l...clc 'r:-;:rc:-J-, cr-ï'?i; a snioo-bi: clri*ve 'bo ::e,-.r::ei-.en-t ì;l:e iiea'i:ing beh¿¡.vior of the
i:a::a-ii-chl-orcbenzeneo 

-usi-n3 a. red 1;encil-, cio the sa¡re fo¡ the cooling
bch¿'.v:'r-o¡.

A g'r'a,:J:i-cal fcri'n of tl:e c-l-;:-ì;¡ i:11-l Lr.,:1'¡ 'crr- to ar.ri'r¡e e.t soire conclusionsâ
O::-iar::i-åc your Ê;r¡,jrh so t¡.et ib i'ii-l-l- be rL:.c size of a ful-l- Ðage, I,trhich axis
sl:o'ur'lC l:c i.l:,r¡fl Í'o:r'blrc-i:-ì-i:e and--1,.:t:llci-i-i-u_--re? i,,ihich of bhe daia is _inCe-
i:enctent oj-' -thr r'1-ì'i.. ? T,te 'i;rf -.-i,',.-'¡.ì,¡:rt ve.i:i,al:li: :'t;i plol,'L,ecl al-cng the horizon-
+^'l ---: -tJÇr. -L ,.r r:-.!- Þi ¡
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íi¡. Nûl,isïc_i3 :
-"%¡

1¡ stuci;' i;r:e e:coerinrenta-l resu-Lts e,11 suna:ìrizecr. j-n you-r grarrhi l,,hat

,ïJii 
¡eri:-:.1 ;'clnt àr tn" ¡:ara-clicìrr.oråbeÃr,en"* ïth,at Í; the rreozing

2¡ Tn n ¡I:ort;oa.ra6::erh il.li¡crrr,s the cìrape o.f 'bhe Ìrea.l,rì.ng end coolfngcuii¡e ii" Ïf a i,reè1ier arirount of para-d¿chråràl¡enzone n,uä-,r,,äà, wir:_-.t affect,ÍÍ' a'';', 17iri1'J6ì. 'biris Ì:.,:.¡e on 'brte ol",p. "f l:..;-cru.,."cs?

E)íTENSlOM:

ïI^.1 * -, .Lr-us:i-n:i une cool-ing [eti'¿od., invos-biga le n series of materia].s such asira::a:[lin," ,:::cgr,¡üx a.ncj. napthalene. ¡.n ã:.r baür can be substituted for ilrei',:'ber'ì::th'bc 'r¡'!--:'- '"'i^l'^- ¡:'esitltso Deter¡¡ine r:]:ich oÍ'.i:he n"rteriels are,r'Jre sitbs.i;"tnce$ Ðni-: rj..:L-ch a]"e i::r; f;i.;cll"



cJ-

Exircz'i-i':ent, á

:lÇ-ÐT]l-'fr io .,1.e ç.c-,,'cp skill i' :recognizi.ig ciienical rnd. ::hj¡ricr.,J- cì:;:trgeÊ T.ilìenihe; occur,

-I.Ë.ËF-y-ü+!.oJ;

iL.;gardle::s o:l ',¡Lle'L¡er a change ic ;:l:)¡rrj_c¿J- or c,.elrj-c¿rJ, il:ero arefrecirreltfJ¡ cir:ngcs in 'i:he a.o.¡leâ.i:;ìi,ce of' tle uaterj-aL. liie n¿.i,ure ofthese visible altera.-tions oftcn;jives ii c--l-u.e a.s to u:r¡.t is hai¡1,ening'bothe ne.terlal-s being_treated., so:'-t is ïeïJ¡ j¡n-¡orta.nt.that you rno.l.:e a ha-bitof obser-;i-ilg car:efulÌy. Obse::-r'e i;ire snl:sl:lncã no'c otrl :¡ ¿rt il:e be gianiiigof tlte e>iperjnent ì:::t a.-l-l- biie r.lay'th::,-ru3ir it, irirr,', l-ooii f'or cÌ:.r1ges ill:j-ci:occur e,nd- ui:ich lrà¡r giys yolr- a. liint ai: i;o r,rl:ai, is hal:1:eni.ir.3. ii, ir: notenough sin;:J-;:' to nrake l;he observ¿-,tions; tì:e;; nu,st ìte recorãeil accuratel-;r
and con;¡letely. lJhat a:¡poaz's in,';i-gnj-fic;:rt at tjre tinie m.e;, .ilïove l-¿r'ûerto. Ì:e vi'ceJ-lri ii:rport:a'b in rutcier-s'i;ãirc'1-ir:3 irì:¿t iras t¿ilien lla.ce. 'J.jrerefore
m¡.ke i'b.: habit io recorcl. ever:j obse::r.ii-li-on conolei,el;...1.:ã Àà"u-ra,r"]y..

P ]ìJ - LA.t ir F/iil.O lT ¡'l-E ; :; ;ä,.i]" Çj À1,

1. P.evi,er¿ your hroi.,lìe:lge oÍ l:h;¡¡jca'1 a.:ld ciienj-c.-,1_ cl:,r,t¡es frorn:,.ourtext and notes.
?. Re";':i-e'ut tlie tech:r:-quel; rec; ,;j¡çi.- for -t,h-is exlteliile.r-'L, T_]¿6, T-7 _

3. Pre;rare J-n ;i6¡1¡ -ì-a.bora'ioi;- iroteì:oo)ii, a 'Lable e:i_r.l_il_a:: io tÌ:.e one- - -" Jl:e--l-or¿:ior col .'ectinq'bi,c d.L-b.r to l:, :e:i-. !,¡-Z',i .l"oU-i] nO-bCjcbool; si-c].e*

o B sE R\/A -T ro N5
properties Lre{or* P*pe.h'es Jr.,.,g prol)ertias aIf e.

çûlt r
woter

L¿!J]CR¿,.ir-ìFj P.. ìÚ U:ED URES

l-. in-bo a. 25 t;1.- oj'- r.¡.-,t,:;¡ .,"1i l rj,;i..le:, :::-:,,,olve is :.:,.ic¡ [;oc.:j_un ci;lo;::Ldcaíj J/ou c:ìt'l . -i',"oll'bi:c cle:.r goìLr--bio,r-1 .:).¿ r-Lo j ,:1 :j n-i:o a c.le¡..,r evir¡o.r¿l-bingdj-sì-r. i.ive 'Ll-:: rclli'ì -irj- ig ¡rol-b:,_oi: ,io.,l ; -1..'t,cr, .te,,,i. :)face .i,lte cl.:ii;i: o.t avlÍre '¡e.iize ¿r,rri- rina:; r-;-L:: lcì 1..r,:. he; i: r,::t-: ;. :,'1,::t,ie fl , ¡le" ir.r,lir t_:.,; :rol-"r.i:ion
l:ia-s nea¡-l-y- eì:r-.,)o.¿'e'Lci.,. :.,-.::rove i;.,e ..'-,-¿::-,0 '.;:cl 

--l-,; : i;¡.c l;olu--i,i o : e-ç¡.,¡orateto cìr;;rel::t -f::úiit-bl:c; l:rc'lt i.,-.r-b j-'i:ll;1-ì-1 ::e.ir.j-.t¡:, ot-r.r,n::ir-e:Lt r¡Íi-'l_ srr,:.rtcj..Üonperc -tire i;¿r,-¡e of ';1.-e i.cli,,cr.ur: 'lo 'b-r.,,i; o., L.: o.:.i 3ì_n¿:1. ::or'-u-L:_o.:. conra¡e-t,.rtie te.sie oî ì;"-1¿ I.:;,j.,_(l.ue to 'bl,.Lr:: or:i .j._rr¡ I sii.i-t.

2. ;ii':], crrii.l¡-ì.ç ¡1 si-¡l'i;o o.i¡: i-rcl-r:.)-; :,1Ìí.ari.,-.l¡ic.r-r.;.t ¿l-:e,:o-t-:.o._r o,l ¡rbc¿l:cr. l'bie '.r,r' c-... tr¿: :-,:r -Lr.:r.:-rci,r.';r,iï.,f i.¡,::-ch ,-,.t,,, ,lccr-tr r:,:- usii:i-.r ath:r.io,.,e'L¡r. ii,'.i 3 .lo'¡e c¡."e:i ,-r_;_ :- ;;:l ¡ ci,._, -..-;e ::_n a :.tcu.:,ì cù.
.l

-. -l -,*^
- ---..v,

Itea-r, i:i

,lxa.;,:i-,ie ¿: ;lat:-.iu-r,,1 i,l.j_ì:e.
t-:crr ¿11-'l-or.i -j-L to coo-'l-,

t.i,r.i:. err-¡cri ;ic_tt ?

i r i':i-:rc i-n t],t¡ 'bj: oí : .lli.:r:.cjr
:'- L ...¡;;t-',:. Ìrl:.'-1, r.i:.Ð l-.:,,; s6¡1¡gs a¡



1+" Cl_cln .-. -,3 c:r s lrir: o..; l.r:j-t1l::i.tii,r r.i :_rbo,r

i;il;'ä:""ïì;=";;.¡' r;ï,1;'r,,,',ï';: ",i;;;; :1";'
it¡l:¿-b 'n;:,.t '1,:c sol_i:i'ce oÍ hc,:,.- i,.: Lili:r ::caciion?
cii:'ecti;.' a-b i_:l; _i::_,:l,c:.1 il,rir:,ii¡3 i _c :-..eict:o::: (.t,o
Pl-¿.ce Li..e :rr,o:Ì,,;tc-b olr i:l coïeï -,1å,,,í; åj:li. exali::,ne

/.\
':-\ É'

¡.: i t' - ,:, .1.' -. -- c... . :Ol l Lì,S,
c -''i --:o.t i:: i,;:..'l i;ot: .¡, r¡d
,. C -j3... C';--Oil -r;t f. ,)U. ,i ,.1 o

Çi+.t¿_iip.f : Do lo.b iooll
'l;.-otùc.t ;11,.".-. ù.-,,', : ) .j-t c;.¡efu-]-l-'.

Í:c;,: p;::.1 t, j-.rtc ¿ tes.i;
:,.'C-::. tl,.,.l t.ct,i:,,,,fe.i-,.11.: ( oC) ,

-ûgqt-io¿r I Sil', e¡ n:'.ti¡i;e
,rcli, Cloan ::.a,r.J-s tJ:e c'.ay

l;eci:nic1r-tc c. ..lote ¿,ny
ti:e ::rocìucis to ,c,he

'o, Po'-rr ?Q. irr- of 
- 
co;r;ljï si,.'rf;'-Le so.l-,r-tio:r. -i-:rLo your s:.:.:il-.r;_rt beel:er.rn'bo 'b:is solîtion lrla.cä'r,r. t."on n¿:il (*¡:-r;.i. ,ixarii::c the :::ocl,.:-ctc a.cj-note-a.n;,- 'beili:er,abi.i:rc cha.r-:r d-:-r;:]rn3 ,;i,e'.,:c¡cií;n.-"ìr:-ri*,.'"";íå;;";;* *""-

available, icl.c1 a sp:,tuIa. fuU- j.nsioaí oí üru i.*rr'.,..1-nãtä"th." 
"]l*ng*u.T,'Jol'.] d ¿ì íjjecondl be¿tìier b;-: useful_ jr,ire o.s a concr,o_.j_?

7" TO';t r"til-l ì-.c ¡¡.,e:1 ¡¡-t ¡s Of trU_nll:lol,tn eO.t-u..Lj-ongir. iìeCotcl, tire cOd.enu:nbe¡; -in the .iata''I,:i:.".-'-':..-rr ¿t -i;es-i t,r¡"'îJ"17;"";pr;-;î¡î'o,rt:, soruti.onL" i-ocoÏc '{.l ie l't'rrtin3 te:,i:er¿.'tnre of 'cj-e so-Lutj-on. :ic¿r.Ì e ;-:.rrlil_.iranount of solutron 3 to.rilotl.riit tci_.t, -bn¡¿;. i,ij._t_l ib ì:e ilecel-rjca¡jr to ii*Esltrethe terlpemt-r-r¡e of l:oti: solu-'¿:lons? .d-x t,i:c tiro solutione. ,lu"å".i"*r,j:t"'"che.nge i-n ter:r;oer¡i.Lu¡:e ;incì- in a:tpearl,nce.

.c.o.iiQrj4ttsi!;

l-' f::u'recìj-ate 1¡r ¡16ll eiring e;icl': cirange i-:tvesì:i.3a'becÌ, clecict-e r.rl:at t;¡peoÍ ciranS'e occn-¡:ecì. ¿.n.r .f"coti,r, this in i;he a-¡rropi-,i-at,c coli-r_nn oÍ üre d.;,tatabl-e , '

2. i;l':o ¿; h-st o:r'-bi,s i;i-::cir, oi-'ìreh¿,-ui_or (Ì:eLt;rren ofi, e.fc.)vi:icr:
;rou oìr;-;ei,'cc:. illtri-itg'fhe pe..'fo::nr,ince o,í ti:cse.i;c.si;s:.nci. iri:icii colllC llar¡e
3:.r-'e.f JOt.., i-. Cl;;., t.l:it, C-.C;_:iC.i.r e1.,.-,;.r.,.- r:;rr. n-.n.1.7;i-i1ro

j.'r1r.;g'l i;3;'.,1,;., -tle-,:e
-!- 

^ -l *- .-- .. i- i ... -L;C -rr"1.'.-tl sj1.:_ ;- i.; tl:-L:_r-

¡ l :, I il ei.,: 'i;iioä i.n
?.. : -- :.L re; i-ii t.t .;-i_¡...,-i.

,¡obl-en.

bie :-ìïirll:)r'b:.e s of
cl.:i'-l n3 t :e rc¿t c'cion ?



3)t

li;pe¡riue¡rt '7

ii:c,i!'ii{.lq 
''iIEËËåi=rì.".'!=i1 

s.i(iAir Ål.lÐ l! ..0Jfii:l0i'1lr CI,i;i.NG¡ì

.|;;i0j.l.ti${a to m¿rlie_er elui:nti:i=tgtlve invustl,:;:r'i;lon of t.re aRoirlj, ei.:xa jae aeooirl,€êiry-lng a eìr;rrd.e¿i1 e r,:a,;o ernei ;i i:i.l;,sl=ee.1 el",r;iigon

j,i{[,"fi]ilf{¿O;"jI

.h|blro l¿,i:t, gii-':,rii'j=..¡ent you gaJ.tlÊr= e;tit,rt,loitce í:r r.eeogifiaiiils ¡tJ:r;;g_.1=g¿fnnri. e]:etnfc.rl ehetngeg ¡,¡J:,oR 'bhei' oee't.lc-l, .]ðLt d=;'.neo¡,ì:rr04 ti:ã{ e-..<¡,i,¡=ä.r;i älangosan;: ì:cr rercognlzoel b;r e rslo¡rpe i,n ,,re;lt :i;rerg7, = ÕlJBv.,r:, Uu{,l piry'eie;¡L g,o¿-*-
cl;en:Le¡rl el'rani;'lø ila¡" br; iìocofi,ìE';1ioer, b;,'a:r l,ñtalse un u, 

"ál-uãÀu 
in h*;t uàäJg',Än elr'amplu u,{.11ei;.u,rlr;r¡,J.ç¡,L'eli*,aß¡¡ r* u ã:iaoåjs oÍ,e,i;:t,s or:lir¿icã u:.Ãã.1"'

eucl¿ eil nol'fci.j'fieatlon 03' vçtilöi';ì¡;;[j.oa. I:: 'biriri e¡i'¡ei,irirÀi:ã-ybu vt]l 
'æilee'a o*u.etrti'Li:i1,:i've.:';;rv*r;tí,;;i'i;:Lon oii'blle trll'r.'¡Jilu er:.:oun,bit o:f lro.-rt'e:tor.jy û.€€o[1*nantrrt¡g a eli,Jïiaal" eh;rnge encî a plieioe, ellai:ger,

The he¿l'b prod.r-.leoC,. by tiioce elian¡gce illll ':o rsìJeerl¡ecl b;, ll,i'þer¡ r.6ãt.tlt-ing i-n an :Lncroaeo ln the 'borrr;por"iìtu.re oi '1:ho r,rator. [l,rã-uãiorru¡ of ¡e¡ert,l'¡Í11 ratso tlro ternporat'*rr¡ of'I ß oj'ui,itei. oner cie,j;ro, tj,¡n{lir;,:lc, Ten
ca.lorire¡:r of h,e;''lt vLll ralee the tei,rporr,r'b',rro qf' f ã ui r.¡itÀ"'fO ,legrãerìCoiiti6ral,cle. ü:tr¿ hlnt:¿yoci ce,lor;j.s6 ob j:,cl.l,o r,lj.lJ. rnaf,-.0 t;,,e tãrnnrer¡¡,bL1r¡¡¡ of,
1-0 ø of u:rter l0 cr.o6roor,; 0cratr,;raer,e ¡ ;'he qrir,n,br:,r.y"är,-il;*,È-(ilrär:j.å*l-i*
olrtafnc,d b'y rnu.L'Lt'.21ying tlro boi,l,:r;ra'blirc¡ cl;:,i;r-,;o rr;ir;nã ii*[g:',ù of ,b;ro w¿r.borln gra.ms o

P¡å:f¿Sì4AltQlY;i¿iilï/t.ünJ{

Ln iìovfevl tire þocl:nfquos aÍ v:ri.ç;TÅ.nge 'I*t,2, Pret:ero a d,rtä 'c¡bj-e 96¡ ,1arr:o /r-a;r6., ll"

]¡{.F-pruffi 1!::Mc-,:I¿:iri!Ë

A . IieS.t- -çf_Qeilþiq!_Loe

Ïn'bhis ',oz?l' o! Llrc eiçperíncnt you. u:11i. cLel,s::n:i-lic tlc anounb of hoatlíberateC. t"rLten e cancil-e'Þurns. Tlha a.¡nouüri, o:l c¡.ndils usoci:r-s obi,alnoil'by
weigi:-i-¡16 tl:e ca.'rcì-Le befoze anil. i¡fter a;:ar''c o::'ib Ì1,),r,j Jroen l:i,;.ï,necl.. Theheat obtaíneð. frorn.birc c"-.näle is used .bä u.1.jt ,t r,.reiAl:ecl. arlou.ilb of r,¡,¡.ber.

1. lrasten a cencile'¿o a tin cEn l:icì. anr-Ì- vlci¿'4ì:, ti:elr on ¡. ce::tigran balanceto the nearest .0L g. liecord t:ris r,ieigL-.t i-r: yo,-rr d.ata tel:le¡
t I.r^; ^.:^, i. r.r.'rór-i a1 enpt;; ca.n (r,;itri two holæ lunc:red. in o;:rosi-te sid.es near theto;o) on a trla'bform ba.l¿ince to il:e neares'b 1g, ;ìecord-'üie r,lcight in the

d.ata table,

3, ,{seenbl-e the ap:¡ar;tu.s aE sl'ror,ln in the d.iegrainn The irelght of tiresna.Il can shoi-r-lci ìre great enough 'bo prevent i;he cãncl-l-e flanie frõrn touchingthe bottom r^rhen it is l-it. F,or,¿ire ätl.innu¡. u;)e a lar:le ca.il oilcì.l,ed at, bothend's ancl uitii tt'¡o or three holes ;citrcireä nãar tlie ,¡otiom for ventilationo



i)a'ba .t;rcl. Co-., lcu-l a'r,-ions

-ncl-r,iir-e t, rl -io-,-l oi:--i::: :1 .,1-L:r
'be io;'e ¿,:¡-cl. ¿-r-it,l:: ì-:,---;,:L.i- '-... ; ii. -: t.t l.r.
¿:lcl t¡ai,cr: t,i.e'¡er.t:rla'.,tr,:c oi'.,:.,.::
Ng¡1i119¡¡,ç1.;rJe .

(:./

/+, .lj ,- '1,:..: i:c-,.,:x:¡. ciit-i,it ¿ilLcr.;.'b '¿i:o...
':Ì:i::rl.:.: ci-.r t:.lc-'.':, it-i..;1, c..,. '1.,, ,r ".i.'.'i:e.t " '-.-l
: .::-¡wl' ;"liou-J-rl l;: ,,::o,.:-'; l-i.")-ltc'0 l,:;-loi. :icoli
'J,.:-,: f '-::.'.,r -L"l-i,-.r, . .t.C C irt.:.; '.-,:-. : --¡].eC... l.:¿.: il,]:_:e

i,:.: 'b:t j:. j-;: , ,-l 'ri:C <..i.: .i.,:ei.. 'f ¡;:,il:el .-.-i. _¿.e l:,e fiLr"-re
-Lo ret,,o.¡c ''::,LJ,r :f cìti:. i-:iir;. ,;_ce ,

i:, .,e.-',:, ¿,:.1.'. ïOCO-,:.-j.,...r-,; -l¡¡¡.¡,.¡.,;iliìtlr.fe Oí'L]..e
t,ia-ber tc t.-i, ife-':i:.-'t il ..-'lj. -i¿ni-+"c 'b..e

c..'.:,-1.,-l-e " -.r.i ,:t¡:¿-b b-:.:r t¡¡'l;,:i . Stir ",.,titi;I;'
u.;:t:ì-'l i-t, L.t¿ic--:s I 'fÐl.ijt :-.'å ii.-..".,1 al:e:'--t rt: ilì.tC:,-
ai)ovi; :L'con te::ljle::¿l'Li-irr,- ::s :r'ü i.;.,.sr':c.r-oi: at,
ti:c s'l::::'i;. iloi' or-r.i -r"he ca:cil'¿ ;.;:oi. coitt-ln'-re
-¡o s;i;' r,llo rlitc.:, i:r-bir ¡11¡ l¡i:iiiest ie¡rio:"-
?':',r.1-e i-s le¡cìicd..'lcccrd- -l;l:is lri'.1':e:t -betn:l*

rr:lj:'-tì.i'c, ;.l:'ll.ioïe,'Lo':::e n:,¡rc;t, t.ioc.

5 . , ;e13h ll.c c¡.;rc.ll o:: b,^,c

ba-]-ance ¡.s befoi'c. ..,1:.c'_r-l_cl, 
);ot-t

cì-'i,,.:j-;.r:s , o:: vei-,.;l: tl:oir iJ-cl:;;
c¿r::cìl-e'i ll.ecr:rcl. t-re r;.:i;i:t 

"

Ê;l]le coi1tiafai,.
i:isca::ci any
¡ ri'l-'. l-" a

7 . i',ii.,r.:i t.': i; Ccì I J.:r '

il.li:ie .:,-Ì-:i-L.ir-r,:':..: l::.1-,. r.ìCar i;
i,ti1(1. t:ceol:rj -b..1: i.j.:;-r::iri.t .

;l:.o t:,:',ti:i ci tli''e
.t ii,,..Í 1-iÍjili ì:rc:icre,

fi.--ì^,,-1 ..-1 .. _!:.r;r,:-UL..-'--. .U t,..'.1 . -.ì..'^ì'a:.-:.:-'::.' 1._- .:'.C
'Li:ie -:c¿l'L o:i ú rir-tJìtÊ'biolr of 'l;.1e c,¿ .cl.l c

'¿:r-i-ie i-.:,:-ñli-t g .

rl .: - o:.'-' 'i,ii'.'.E; 'i:1 .o -ut.-::i -. o 1,. : ci:-.ril-e
': t c:' t.,:' .-jì:l'b ' c ;:ìi r,. J '.'x----.,'b o: - .e cr-r:ì.

Ì1....-:rì:;. \sc:Îct' -j 
:1 :.1.:. .':î'i,:i -.c- ;i .' ' .-:',. l'oo;.ì

c:,1.c'.'''l ,i-bc '¿l'le íoli-'l-o'.¡:L:t:.' i:.i-¡"::c't..'l-,'' :i::cn the
.r.1-:..rr,.-'- .:-.-., -.:,-! -,,:..1- 

^.î 
:'..,- -,--r...-' . -- -.¡-- -r -

-..:.lLj--, i;.-rU ¡-.-,i_r....u Uj_ u.ì,f, Ìjjï.i,..:J. .._i;:- r-r,ir.l

;,: rl i: t -.:; I -:.. ir 1;o
a,-t-a - -'.- a, )

Í-ci -.,; :':.'.]--LCì,'. ir ':: : ; j. lr . -,]-t:r-:::: .)ni l1-L .

. '.:-'-',..:r. :: :c-' 1'b ;Í 
-;' 

- r;.'. 
----' j ' '''--" - '

Or

iy: ¡ni rn
-b":,ì:-Le : -i;..e t.':i
.,,n1,'¡.-re -tei.i¡e::.

.: ,;oi;g C.¡:, ''U.' tO
ô. 1'. . .. 1,- .^ 11 .-.

I ' ) 
^-'.,\, .-.L ...lrv ô

¿r-...

..'., -l-

-r-. iìl:t,t:ia r i.;¡rlb tir.bc; co;:'c;:ini-ri; : ì:oir.-1, -ì-t 3 o:l ,i;x j'::o;i Jlc)ir-i iì:íj-rrr.:.cto¡.
ijrl;ìl i.:.e te;-;'i;'u-Lbe',,:j-rl: Ll:,e l.i¿r,- tc'tl:::: ne-,-,re¡'o C.I i;-; . ..leco:..cì.'Ll-.e r.'e:i-¡i.t"

::. .ii::,-.:lJ '1,..C- l.:,i,:a :._-r_-, :'.¡(:,.;, l:c:i_-. ,:: fj .;ti_]_-ii , i.:ur, C_ì_Ç.t.i: t;l-L ,lit¡:;., .:tOf:iCieC.:
j¡ou:' iä,^ iïl-lc'Lor, to cl-c'lr:l'r'ìno t.:e a-:,-rro::i-,.:,ä-L'.: r.re:i-¡.;l:t o:i ¡;r r)r:p'ùjl 'i;e¡'b 'i,-ù¡;"'Ìr i¡
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t j.r-ì-:.1ì t
co-]-cL {;

1,1;ì'b 3."
uilú i, .

J-,

'. '',:) . :.:.i_ ,l '.,:.-'t,.,.: a ...(:...," ...,:'-
i:: .l. r;:,- ...:¡ ¡,... i.,- '-;".".;':; ',-. il,.', ,: -l ': .. -j- i ., -t- - ..-,---. J .:.- J ,. _.t ,,.;::r.3:ì-là ll -iîl O:, ,;i_.3
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j'l;;äü¡ Io ¡';i:J"rr ir:¡:iei,i.ec¡ f¡r '[h,¡ r;t:otÈ¡r::s:r;l; rirri i.:t.5rr'5:;:r,r,ù:LRg :.,,:ii,l ei,atn ì:y nrallínga r¡u,:tn'b:ì.b,.r'bfr,n i,'bnr:lÏ of :þhc r.rl;e bloit J:;:.bi,¡eer¿ ;¿:l:.:;:äs.i.i.ur ,,tr¡r;. o:{y:-;snu
'|ì,nì ^nl )l ir' îì'r\ì\t ".:Ë:H;¿#;'.1,:t9jùä:J c

Tite .¡;rLtio of o¿lej; 0ti¡tt):r:LI,t0rt'b c,,,¡,:r:i.*11 ol.r,ii :l.p bito Iqi:ol¿:i;ot.;. i1$.;:¡encl.u noton-L;r çr;1 Ulri c,)i::i.iit] i,r.ltr*i;t.tl 'ii;iotr oí:' altcrl,ti.e,J. ¡r;,,:i fli)ltt,î.,l..buF i¡t.t.i; .llLro on .i:ho
i:lRl]i13r fn r¡llj"crlt q¡li¡1 ',;¡'ur,''L:r.'riti:r ,rìxrl, r.ii,,'b,i ,.,:,'l; *ör,,, rf :j.;,rl'..ìÅi:i l-,, , 

j.,,r. 
r;c,,1..

Thc' rsad.ings ro0oriìr:r:l r.lt:;nc'i;ty ;ft'ont 'þiit: tic,:11ç¡r,i o:i' ::.¡rÊi.briuqc¡lr.bÉ, lr:cl lçnor,,n¿'.Íi ralt d,,::.'iúðt" l3o.Lc¡rt' jf',Lt ,'rl'r.: co:rft,ontcld. l:y iho J:¡i,,.] di;ij:¡,r rouorcìcrcl. hy. ;t c,tUc.ìqt¡tr'¡l:o t'res; r,:alcin3 a c¡u.etn'i:5-tntÍrro :Lirv ,nt:1.:.ja.rrioi år 'bho :roac.i:¡..o:rr J:ct¡.rçcLr :jli1r1o-si-u¡r ¡.ncl. ot",yßoÌ1,

You a:re ¡cl:;i' 'bo tlr:'bo.t 'i.¡rr a'b 'll,,lu poÍn'b :Ln 'bl¡o o:::pcî'J.r::crn.l:, to )î,ocGír:J¿rncl i-n'bÖ:'''1.ct 'll':¡ ij''b¡ il,:ic]. ,ìl'ï'J.'!'e ¿¡,t a cencLunJ.on. fjälre rc:1 'b:ì.onshi1: be-tueen tr.ro cha:t;::i:r1 qua.ilt,í.l;:i.eu or.:.1.I.f;1bfe,:l ilight bo c1Íscovr,i:oc1 i:¡' rii:.,eetlyfrorr cl;ita. 'l,alcle" I'ioïot'r',r 'i:hi:: is of't:e:r ; ui'be'clj.,:lícult" ;ie1¡.b:Lcrnslrips ortrencl"r are l:lôi1e reacii-1;'clir.covei'e¡f.rrr" *¡,1i.ririiri.n,r,incì p:r:irc::r.b.,.¡,;.i:Jre:i.nfor*iution ín a. gra;:h" (stucty Iì-?1¡ thoi":r,',,;r,tlt lr;i'o::o tac¡lÍn3 .ftr:,-s ,*obLonn)
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Itr ¡'6ut' ial¡oratory no-beìrooli ;,r¡.i:e R :.trj,!:h of the ¿,,1¡ou.¡,- il.ê.ta. plot thel'reigh.u of cr'usecl on Li:e orc'l-i:r;.i;e (v,rtiic.l år y-**l"i .,..iii" r,oru¡.ie of cron i;he abscl¡;sa (horizon'r,.r ot "-.rti=)"--u.*.*¿-gi,"g_ggå[g 
.br.ror_rgh t]re ,:õints

C0.10r,J,i;-ii-,;Ìi ; :

-È-il

Uha'r',can Jrou- coucl-ucLe i'ro¡,r'i:h: ¡;:rar-rir yon const:¡u.cte.d? ijhat l.rr,l is í11-usttTa"ted. by 'bìris o:cpêriilÊnt,? 
. 
Cou.ld art, Lsefr.r'j infcrr:rat:_on j:r: obtainecl. b3

i1::;lt"= 
thiluei'.hl, cf i.:¡-:,ii.;sirr::r o:;irr,e",,iá,,".".i e,ra:,ns.b t,l:e i,cÍ -h'; of o,.¡r3-;en

J. 
" 
ll0



/tl

ji:l,rrir:r.r¿rlnì: 9 
t)cr

i,ll"ti li'Ö.ìji,,llt,lO:,'f 0j, tlii,i0IiJ_l:lti. il I

- Jl.9 .'lJ, t*J;'I U. .,1,{iE&!, * i,i . .fr* "i.ii:.,- ¡"0J Liäiï:l i.-
güq'ÐLlUt 'bo p:le¡r'":ro ^.'åirrrÇj"¡;ftäri;o ;i:':r,r¡rn i;,uro flo,Lr.r'þ:lo:rÍ"Ji r.jr.,,:),,jrð.,¡jr: .i;lrr.r ioo ctionntxùu.rr¡ by f:Llt,r,,r'b:1.o¡r, lnc!. .,;ç i:.1i,;covlrr rrlij.eir i:oir:tJ.on u,j,í:, J.n ¡)jicofîÕa

Ïi\TT, :0Dilrlt'.ir.) I rr-.-.'-..-,@ú.au

Onil of tlle¡ r¡vj.r:ir.rnci,g üe ü/).. )i,ii'l,y'rj.ly j ûr el ,r;r¡r:i.oi:iJ- 
e l:.-:n,io J.l: ,i:l:,0 iorrin-tion oJ' a proci;:ii!¿;1lc;. I'ihen ¡:r t,o^l-,;t'ì;:ì,.'1:;r oj l,orl.:i.r.r.i:i cl:,1,¡l,ieio ¿ri:t(.1 ð, go-t.r"r..bj.'n .fsj.l.vei' ni"i;r,s'ijo. aro.r.i:LÏed., Í ;:rz,oc:ì.r:f,b:i l.c oÍ' llJ.lvor, clt-Loricto li¡ formgii. ,Iho

golid silvcr chlorÍd.o can bo ropa.i'atod frorr {r,. rloi.iiïiån'¡y-¿;u1.¡,j.i_on,Ïn bliís Drocor:i:j 'bho oj-lvr¡r cl:lor:Lclo ls holc{ brck bytho;r::ir¡'ffi$ffégresolid ls c¡.Llocl. î gggrçlugl 
-rn. 

*o:L"iion-ouiruu,in,i .i:i:rrou.:,h ili<¡ Í,:i.r.bor ,re:rcris lcnol¡n :.s tir.c gfmø;
lou.r ilrobl-en is'l;!:e:l'i;o d.:Li;covot,r,i;.:ich of Liic.br,lo ¡:r:J-uti-onl:.,,rae i-nellcess; Your conclur,iion r¡il-I ìre a 1gqlillr',¿v? crne e:lnce;.ou. rriJ-l il,iscc¡vervliich soL'-it-i-on ir; j.n O..ce$s' rf ;',,ïîôÏñffi furthei,dalL.r r,rl:ich co,-rlcl loaclyou-bo ans:;or'lilat a solutj-on lJrrir oïcûflc l:ry x :rlj:rij;:.:r U-tcr,, 1,¡ro conclusioi:is'l;lren qu:l,n1;ii_{Lj-r..g, ' ' - J--

P:j- Lî,IQR4 ltOiìI pjgtrjr 
R'ri :r0¿J e

1¡ 'ri-roroughry re.;'i c;tr; the i;echlriiue s of Í'i.rtr"rt:;.on (.1*v_)2t OrgaLníze a floi'¡ r'lnect to rep:;e:cnt'bLrc pro."iiri,.ìr ñ¡1 r,rj.Il- use fortirÍs ex¡:c:::i,ment' ll¡irst st,r,ro1y tl:e j.nfonlr,¡::.nn-i¿*,7i on .rfiis sLrrljeãtt"ith ca'e" Tour instructor r¿iIl r¿ant to examine yor:r flow sheetbefore you begin the exporinent.
+480iì¿Tof,ï l,jltCoEpu4Fs- 3

1¡ Fæco::cì- tl:e coil-e :ru:.lber of the so_l_ut:,-on¡r cìslsi¡;¡s6ì- to ., o,,_i U,ie tl:csarne solutioirs bhr.u3'i:oui: -tjie Í'i::s:t tri¿:.,r- o-i ilie ,rrro"i,ir"n.U.

2¿ To jl 11 of so;l'itu:t chl.rriclc solir.bi-on rn a test t1,.,:e¡ i:.::efäll;r a.cldan ecrual r¡olui:rc of silver aitr¡,te solu-tion" Íjtir flre ¡:lix.buíeo pl¿¡.ce gretube ancl. j-ts ccnten'cs in a bea-lcer'or ¡oirin.i rJa-i;er:lor a fer.; lrinutes tocoagulE';e tho irrecipitat,e. A-]-l-or {;ire sil-ver cirloricle to selt,l-e to bhe l:ot*1;on of ii:e tube.

3t Filtcr the coolecl :L'e,'.ction i.:i:rtu:i'e bLi.,-.ouûll: a ¡roisteneil fiLtcr .pclperin a fr"r:r'rel anc-l co-]-l-ect'bhe fj-ltr¿r'cc :ì-n ¡. -'l-o r;1 !raaue.i".l ãj.rin.l=", ¡ìecorc,l.this on yor''r flor,.r sheet.

s-'j-t'.Uc and- thc :l .l-tei. 1).1;_i.;.; o-t
[,o cli:::;c-L .u-l.t_i.3]i.b or _i. c,: ii
¿lnce of Þrcci ,:l--L:-Le b-:_fo:.-c ,.:¡rct,



'l'cì

5, firrj"d.,l rç':,6: :Lj.r.,i':l l,a: ln1;,; i)r_I1;,"1. i1l):"i,j1,xrjtf:j, j.;,,,tet,l, oire .)Ð:l".bJ.o;fliÏ j.J-t:"e,to :t.,t, ,, itnd. 'hl:.€r 0'i;!lt';::' lll'i''j.'ì.f,';'¿:,'þ¡. ,1-ì1lr , ,lO l¡j..1.'b:.,"rt-,t: "l.i::, acì,r:i Un ,16.,,:,a1.

vo,].Ll.ìllo çi:' :roli"ii.ut ci'l-i.or':l.rg i'¡r:i.ì-''r.'b:j.o:"ru r'o I'J..,=bt": i:,;r J.ìi, ,äilr; ;'r,,1 or.'u. l. itoJ-i;:'no

!f rÍ.1'.'l:: ;, [tr;"bi ..c.'].Lrt,lcr:", .,ùe;corci tihe obcervsçi rr¡,.:iuL.i,s,

/o, ïi' a i:;:,cci j.i" la'bc¡ f e r,::lct, :ì,':'r (,1. ) or, (il) , I-i':Li"-'iisr, j" l il:rr.l .r.,:rÌ¡o j- :j- b
lliìes:ì.tiu9 ¡¿.it i)ct¡lrntj.no r,r..:rt'..e::' br:rlf:J rlirlcJ.:lj.'b,,r'[¡; J-r i;1.o,:rt:i.e¿t] 'b,) 'bl...c j;j.rs:'b
ro,rid.lte o

CO.:CLÜSJ.O:li:. :

i,Iiricjr r.>Í 'i,',.r,:t r.oac'bi'.¡.i ;:o"r.ii'Lj.onÊi tJ,:: g

Ln a ¡;horb pr:::,r.grri:h"

illrT..i1l5ï0:iÍl :

:,1;.1 oltc¡li'.tr,: i Defo:rcl )¡oun se.i-octiotr

!¡." i,lilI 't;,:l¿: rr,icl.jr.i:í':a o"i s:j.1i;'r¡:c n:Lt::'¿'Le ,..olu..i,:j.oir to .[::e c:olittion¡;
of otl:c:: cl,.Lo¡:-ì.cl-or re¡:u-l-'L in t.,,: fc¡rnl¿r'iio¡r o: si.lvel' cl.lo:i,i.d.e? io
ansller tL:r:ii-.,-rroì:l-¡;n c¡:t'efrrJ-ly aL,d. r¡ih'o"t n:ì.'Lr.e.te soìuri;j-on to iln oqual
ToJ-t1iile oiî 'Elr¿ cl:Ioi'i-cl.r co-ì-r.rtÍons i.'jríc:1. are .'rr';ri.ì.¿;.b.1c,. Col:per.l ti:e
precipj-t;ìtas: pl'oiì.ilCed. "tnj. d.ete::nj.lc t.::;oti'.er tliert,' ax.c, ,sjh¡er cl:1OriO.e,
i1111;t i-e i.'b e;'. e;:ti:r1 't,o 'p,1:,{)t)t.t.:, 'l,hr¡ ..:i-J-vcL:. ai-t::':.1:e rio-ì.itbio:: 1-n your rea;ent
bo'btle s by r-r.s j-;rg d. j-s'o il.l-er:l r,r i t ¿::.?

E. ili:e ¿1,:lcrl.j.t:i-on ojl soi.j-l::: cl:loric'l.e sollçb:ì.on 'tcr .;, i,o-'l-L'ttio¡r o:[
1e,ic1 l:itrete p:,:or'ucoÍi a r,¡l-.ite rrecJ-piti:l'le. -.r,-. tL,t- 'Li;o i¡i.j.te -"'reci.rit:rtes
bhe sa¡te cjreriica-: í,;Lr.l-rilt;,r,]ce? io a:rsr.r(:t' il.:is ;:::obirri:, cot,rir::rr t-¡e t'n:o
precilri'fa. ler; car{¡.Lt-,t i.j''r :rot1n3 ¿n\f cl.t^"r^e iir e;::c,,::rìl-}cec .-}!)oi:jc íj¿ìrrlil:l-es
of ì:ot, precS-.:itate,'' to u.l-tr.r.'iiol"'¡ 1-i.91.Ì," lio'¡. r:j_¡L:'l; :i:o-i,¡isl: to
coi:sult a chetìl-ica-L hani. irook ol o'i:l:er i'cÍ:rence i:o:t'i.:rcl. out the soLubilit;r
of L::efie clrloi'i-i,e preci¡r:l'ba-ltcl i:: l¡o'b].. l.,ot ;:-r',1. coh'. r::l'te:'.
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,Jx'rlt'ti-:i.i:triilt l.ll

-r"ip.p'!,j¡tr "t) b' r:'butî.;' 'i;'u pro'.:o,r.r'r;:rojr rr;1 oxy6.o:r a.r,j, j..br: eo"r.j..rc.i;J-oilui) tr: v.c::J.i:';,' r,orri c,l .,:1,r, ,i*urr,,ri,,iäi-är nr,;r,,u". 
--

.ir¡]',{&!,å¿Ç.{,.Çitrl ;

, llot"t wl;'i:o of 'bl;.r¡ o'tj-:tl.sii'Llr¡,'u'l,l:".i,; j.i::tot,îii1 iir¡ij,lerj.li;1,,.1.b..,t.:J.).,
s;nce yoLi ,:1rerd;"r.icrr,' 'i,,;ä.,rhi-riic",J. ,ir r e .;r:ì:i;;i ;r;"p""ti-ä""r" cr:'J,.Jeilbefo¡:e you bogi.*u .:ih:i. o;¡i_:::1oit i"i,. r1.,þ aii:i,r,clJr .ä*1"äal,l ,;n f:ltr,r't:a;rt,cl¡aracteri.stÍc of ths r;:efô:r'LfiÌi.c frc'i:li ,,,,.:1"e.:. .,;r-c cji.sco.uoi.c¡o1 fi.åi,l 

"" '*'-"
exi:roz'irnen'Ls is. ti:t, t, '¡;lort ¿ìi,) llÕ:)tl,or.ltrcfble. jt,:l,, obl:,or sa:rs,,r.tf$il c:ì11 i,o¿ìda roiro::t of 'L,ho origi;¡¿lr el;nerj-r::cn'L n.::r:i rclr;.'ocr.ucc j;ho 

"orr,rj.jb.. 
Thr¡r'rorit o:i bhi;r...b;',¡a¡_ 9{ expor:;, rónt i-¡; o,1o of väi[f..:i,.c:1.,çïg$ r"rtner tilandiscoveryo . tho ¡rl¡i1j..b;i to roì:::o¿ncr¡ 6io räsiij.tl-of ãîu¿ir;;-;cion,i:j.e.bj.s ¡. tcl¡:t of ycttr or,iu j_;:Ì:or,:tär¡r tr€rshnj.euer.¡,rnct, ¡rour pàvierr of observa1:iolr.

l,l¡;:-.¡t,lrì?].iii jiv.-.i1.ì;ri¡:r;iT.ï.i jl{r

L' llevievl Lire bechiri.cluer :rr¡c:.r.rfror::ì. :for tl::i.rl t¡:r'.rcl.j.rneni:, T*Z ¿r:rci T-'1.,/"2, -!rganÍao a ;iilovr 
'r[oe'b 

'bo ro::rcsr¡*t ti.¡o ].aboz,,;i;;;;-åråce¿.,*:e .b]rat
¡'ott i'ri.]J- follovl' fr.-lrn ;'oui: J.ilbor,ii:or;,' no'i:ol;,c;ol: .:i,dowrr;r's ånJ'rrr,* .i:l:,0 r,rhoLep'egs te pror''Íd.o ,'¡ir.ij:i-c:Lent .'-r¡ttco fo:: rr¡corcì.Ín; ¡.oi.:r' ohäorv..tj.o¡r;n

j$I i);,]al:il,, J.,:Ìi' ü.8 
", 

-jÈ8,3 ¡

/l.,I¡¿ngligt_qi.-¿üq ne
To siud.¡r 'Li.rt-: flì'|cbion-õf=,-:,;tnjr,.'i,eflr-i cllo:r:j.cì.¡ 1:: t,:c re,:lc.b:i.o:in:l:í'c'l:e¡ ìllcìce.euou;Jl: po'brlr:;-u:,1 cjrj-ãrete i:L .i:ile bot.bori ot,-, iar.go tus.|,'fube to cc'ifc:l tl19 cr.rrvcti;:oii:ioi:. 01-¡rr,r thr: tr:ì¡c oe":u,,...i:-i-y,on,", ..1.aì.1st,;nc1 anr,r hea.L it i:i.il; ¿l BLliLF.ln )ir.rnero ltl;en tiio sa-it llc;^lie, to nio L.b, .best

for o:';;':¿:tn riit;h.;, iloi.lj.;r. sp,1-i-ntcr., -Ç*qu¡io_i.l: ie carefr-rl no-i to cri,o.: thes.¡:'liittci' -tn'bo 'ti:e lest ti.rl:e. J:j' i,r.:í;.-ìr:lróJ:î,, r.x:o...e g:t: hu,,t"i..c,'irl..ri"" 
"neI.J s;lirlp-r e o

lie;i;l: olri:3 ..jrÍìti'.í. o.f poti rri:j.ì:t cl1.l-c::ct,r :t:.ct _1..5 -:rans of ui:lnga:resedio:rid.e. lf-:-l 'L:,r:lre tr,lo coirpolr.ncìs t_:orou.gÌ:_ì-;r oil t)a,ler. 
-e¡-;¿i;jo-qr .rti:;.a'ttei:ip'b'bo 3r-'nd- tlie ,ii;i-'i,1,-r'ã:i-n ¡r r,:or-u:rr r.rel,-::e..u-lt in an e:.,,r1-csÍo;r.TIa-rs;-ie:' 'b].-... .,,:.:;ti1ïai '1,ô ¡: -l',o.r'i-. .l-.irlr,.r r,:¡ . ..1 

',... ia.,¡a r7o .t l.ii{j -vo ¡l -úCS'ü 'L-._- ,._... ,..vu ?.:J u]1e ;,....-r,,lr,i.L:_1g ¡Íj S__c::..1 oì1.il..Jv I Kø

B. ftg?"i¡È l+_o¡.;11ci-Ç-qJ._j.g-c. i;j_o¡
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Fil-1 t]:e eo^]-l-ecti-n3 bob-L.r-es briifu'l r.li'bir r,¡,::t:,¡. .fir-:rcre ¡. coleî glassovci'-bLLe ¡:ou--11: €ì;rcr- i¡1ys¡u e¿lc.r bo:.t-Le intc.bl:B pncu.in¡,.lj-c;rOugr\., renovi::gtl:e cor.'er u¡d-ei'L.ra,tcr. !-,:-n:!--L:r::ii,.íj-]-r- I oir:rr- i:o.b-i;r-cs l¿j--bh r.:¿,oer and_ inverttl.lese il thc pneu.::,;j-c tror:gì: as neecLcc.l."

Gentl;' a.opl¡r hea'¡ nca:: i:;.le slrface of t:re nixïerre ¿nd_ as neltin¡;
occ'ì"rj. s nor¡e tiie fla.nio dor.¡r:r.;::,:rcl. 

"g,",r.lt_i-q;: An¡'contact of .Lh.: hot pob,:s,.siu¡achforate r'¡it':, the rublrer sto.,:per il:7-lîãcl,ice a:l exo1o.:ij.on. .e-t a litt,l-eof i;ì're lerÍi escâpe |i!o ilie ai::¡ Èc, ' .,oer:ait the genere.to:: io fill i¡l.birpure o>iygen, tlten fÍ]1 tl:e _!¡?o,tles r¡ith ox;geü iry d.i:splaceilent of l¡a,te¡r.Âs soon as eacÌr bottle i,-¡ ÍllLe¿., ,Jl::ce il:e äõ..,er. glas_< or¡ez, il:e nou_thanC pla.ce it ;.igl:'b sj-d.e up o::r tìi:. i¿:.ble.

l,enove tjre c].el-ive::' 'ci.-ìce f::on the r,;ai-,er ¿ìs socn ¿.it tr:e he:rt isrenoved' froil t¡e 3ener":-for'. ïJJry? :ìi-.corc. obser-;atio¡1s oìi -b.i:re appeaï¿jlceancl ocìor of t::c sanples ø

c. l&ld!9Ê!+s+__si rtgr!ie.,: :

1' Line ¡. cìe:i'1ag::s.ting spcor ui-bi:r a¡si¡esto;; ¡rairero irla.ce in íb a 1:ieceof surfur no'L, bigga:,:'b]r¿r:r !:a-'r-f ¿r ,le.-. allii i,;nJ_Le it over il.ie burner.
ïra¡,:ec1iaùcfJ¡ ¿jirrisi,'che s1:oon i:rio e bo-til-e of oï-.¡:qen, keer:ing tlie l:o.ttlecovered. :\fler co¡r-¡ariilq the Lurnj-:i3 of sulfrir in o.ir'-.-r.ä oi;";.:r, quir_ckl.1,extingrrish tl:Le b',irni-ns su--'ì-f'-'¡ '.rnd-e: i¿:,,r i.later.. :)reGoïd_ your. oiJ*;"i;;;"
irii¡rec.'ia.'r,eì-;r, iaclud.i_ng a clesc::.:Li¡tì on of tie pr.octucts,

2, .i;f'bcr c'Ì ea.nin3 tl:e;:,coon, reline i-b a:.rdrepeai tl.:e aboye pJ,ocesílfor recl. -p1:osl:horu.s.

3" lliti: J¡ou-r i;on¡¡r: h.ol-d. a s';ri1: of r,ragnesi-ur rj-b,:cir in fl:re llr:.rnerfl-a:re i:c igiriie i'1" Tj:ei o^:.iicliii'l-nse--t:; into:i ::ol;,ll_e of o4,gen.
Do no-b injr-tre yo,,:, eycs þ;;. loohj_ng c-:-:..uctl); ai t_:e b::_.r-I1i.:ni; ti!r:,,",
,ì:i.-.:rrine t,-:e ;orolÌ.'"tct,(s) .

/+" Pu_i, a lil:tlo 'nJe.ter ì ntc .t j:o.i:tle o.[ o:r;i3ea
la.Jrex ¿.I ti:¿ iro-¿-boi:r. :-]e"i'': sor.e :.teei,.rool, oÏlir:
bur.rner fl-¡-r.::te u:r'Li-l_ it igri-i;cs, end. a--b ¡ilce tit-rir.,si
Be carefu,l- no; l;o 'boi-r_ch Ì:l:e s:i:.es oi' cie i¡oi,t,_l_e.

io .fo::i:l ¡. :r:.otectj-ve
;: i.t irii,h tongs, in -ilie

-'ì-'i; i-:r'to 'blti: bo-;i:Ie,
]xrnine t]ie ì:::oCu,ct(s) .

e:'"periuen'Lo
for tìri-s

-c*Ql¡!r-j¡ 1i..:j:

1. Ðel:c:ilte ti.ic
l¡ii.:¿.. ì', na.a.o í.:: 3_r_r'e:: tc
reac-i;i.on, inciico.ti;t:
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2n 'By uha'b r.lo'¡ll.ocì tt¿\Ê aTli'{i),:Jn eoIløc,eæri,? 'vlLi¿t, i:y,s.,þr::c1 af the ;iasma.l":es'biri.r¡ ltet): o.]. ol eoi,_Lc:c.,:i."on poørnl.lri.oi

3' '(it;nuter;i.ze ii'.,c': pln¡¡r:Lcrü. a.në,. cl"tler¡i.ca1- '¡x:o'¡:erti.er,i o,Ì ov.J¿en .l!s.o.i
!'o1]- vo::ij'j.ed' j-n ü^,e raboi.a"r;ory, r:'cItlle'ir:ü;;;;;;'or)i.i.r,,iåi', t:.::.,era aepro.Ð_t'!¿,ieu Ìiore theye ðr1if.prop,:;r1:i.i"e uf, ,ürr, ç;ar: ti::,:-c:: yåu.,oii.¿. tto.L verify?Ði$cu'sÊ' artyr,hini¿ u'nusi:¡ti in your obr:ßy',;¿tTj-)åns ,¡.n: attempt to e::pJ..ain j-t"

¿'" l:!k'a'a; prr:i.tt;þ'f i'g¡'it;t.l.Tt) \t1::.tçtn any fr,i7'Ðri"i:tîce l¡i;L:rit r,l rn oxygen? .rï,rom greoj¡ge::,r,'a'LiÒ:7Ê) .eco-tð.ctc-),. ttl:,:.t, ¡¿anare.Iizu,.bi.on.rii ¡rl',u arivo at arbou.t the stitesof 'b;:i$ prod.irot?

EXTENSTONS:

J-¡ 'Iou yÉ.';, l:¡'..t'e notccJ..f,L.rlb proced.r.rre A ii.ri; ;rot a cerefr"tll¡r contro,r_led,el;peri:aen'i:' Ðevise a proceð:tre r.;l,ij-cir wii.l- nrore car.+fuJ-ly control. ¿1reconcl.í'b:Lons, lc,st yçtLy pr.ocridtre, atl,er grt,tj-n¡; ;,ortr :L;rst:,:.r-lctorþ o.1:;-r¡o1-¿f o' 2" Is a caLa.J-ysi useC, i_1. i-n a ¡:ea,c.i:j.on? ,Llo l:elp )/ou ,rnst,¡e:.. tj:is .:roblem,here are EorLø s,v.¿Ër¿t';i-ons; :{ou c¿ìn u.se e c¡:rof,i,i1l;, r,rci¿gÌ].ecj. aurour"l ofì'hOa:nd:red uiLi:L TtÕrt)u. -A.-ft.;r ,r"cornirosi.r:io:r irrt r¡i:j.cr: ¡:e..: j.ns j-i: .bhe
gei::erâ'to:- ie 'r. iiii-x-L'r.le" :lou cen ee:o.ra1e it pl'ai:l;;i.¡, ou., oi the prol:erty.oí :olnbility of i;he conpo¡re:rts.- ú;, *iio¿rij il" rûç;ì.çì¡rç ì¡e c.l.r), Seforeueigiri:rg? üheck t,:.,e r.rei!'i:.f of tie ,iä,rär.n"u. ,-lio:::-ie rg,,rinst .ihe orlgi*alweigl:t a_t the stc.y^i o:i tñe e:."ceriner:t.

3¿ l:rvestigeie.,che pogsibj-litjr-esr o:: subst:l-_Lu_b:,-:r.3 ::r:ro.t,her si:.1:slancefor nanga'nese di-o:ç.itie i.n ü.,i¡; ex,rcrJ-""*t,l''- 
-'

- /+¿ Pïei:a'z'c 
?r'-yge:l b-;;t.a) 'bile ¿.ild.j.t-ion oÍ' irat,.-.¡. rlo ,.o:ìiu¡¡ lreroxi-d.e"b),tire iecãrpori-tiõn or'n"ârå-,¿en peroxide or c) ihe e'.sb::o1;.sis ofr,'ater¿ i¡irst s'atti,¡ tile ¡täil.,oã *niln;,nc.i in À ::cfe.rc::ce tex.b :lnä nctean;/'ptec¿intio.rs ter,..Ji Teð...
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Ir:q¡-llqljr 1.
a
,.:. .

-:lrrl::-r-ir,:r.'l l1

tc ,t'i:r-ldJ- tna l-:-.1:o::ato:: ., ljií_j:_ì_:;r ;_i.::t ¿, l;i co_-1_1ec.tro.* of-bo 'v"e:.i.:î;.- bìre i:roni:rt:'-¡i oi ,.,;.drc3c.rn
ir¡t:-'.:o.eA.

ole o-,. -¡e;"i_íi_-
:ì 

ru 
Sr-r-Clt an

i 'i- .. ', .= ^ i -.^ 'l^ i ^.1^+ uri !:! J _i.1.1 __-L.>11

a.r.,ìerâ.'i.ì,i,t ti:.t i a:.c-t¡.ke 
;;,t r'r,iclr.Ie r

the;t s t-irci;'
of .L-,;-d-::og;eir.

¡-lD_:IåirJ-È{ic-,**,litri.Ìiiü:i.lo:,

1 c.'-..-r.-ac ù jì-icty T*,1¡_ :ì:.rcì. i_9¡ t¡:l<ing s:ecial ,noi;e of
í:1.., o _l-T.e c.. .

T ii,:ìr¡ ì;

'bl.:.s s¡.fe'c;r ::r.ecLr,i.tions

.l*gåe.,t-1g.n-¡¡¡:iii-c^o-i"þc*t.:-oJ
f' Se'i; u': the apllàiãtîs as: shor,¡l :ì-n the cli.agra.i*a. sLjrde e. fevr ,ri.ccesof'zinc inro'r,h,: fli¡;rc. 'lrien -;;;;;;g;',;uî";*into tjre fl-asji to sear. orfi;he bobton of 'L'lie 'c}istje tr:be. Tesi; tã see'L,hai ti:e gener.a.tor is air-tightb;' blot'ing i;nto t.:e r:eli-ver"J: .ii;þs to thi:.t i;he r+a-Ler r.,-ses j.:t tite thistletube. Tìren qi-ij-cr:'rj¡ close oif il." ieriver.r,, tujre r¡:-tj_.. ;rour fi_nger. 1:ereare ro 'l.eal':s ii i::,r: r:ete-' --r-eve'r. :i.n 'br:e :¡.;u¡i_e ,¿rì:e 

c:äe l 
"ãi 

-Ji*.

2o O'rce 'bire in*rt:ii'rcto:: l:ai' o-,:i¡1'ï::¡ì. Jîot\:c -,.J':, u.-J, ancj- i¡oì-r ere cer-tcli-n that'i,her'e a.:e noi; a:ty.olejr fìcìi,ics reårb;r, .roL" * ieu nl- of ctihrf;e s.Liliurj-cacid i¡r'¿o 'i;lle tì:j-r;Lle ti.ibe. ",!-''ue? t.lu :.u..cì,j.on sül:sicl.,¡s a Li.b.ll_e nor-e acicl_na;'be ¿rc'liocl-' Cof-l-eci;;r c¿1.,:llJ-e oÍ' ;iie g;,r rri::-c-: irs eçllú,i¿-T-cnt tcr,cl:e vol_umeof ti:e fi-¡isì:" D:r-:c,,:::c t':i.; ian,rr-e. ircr] colrc"; ¡;.,;"";î,riï*ä"oil o..,""Lrl'c3!ì"oóei'1., Sc'b 'i' : -li.-'l-1r-.,C 'roi:tl-ls ¿.,,i:,1e, iitci,t.b_\. ,i,olr:1r,J:,rcls;. î.ecord- J;.oilr. O,S_e::'¡¡r't:'Lo.rs oj tl:e rc:=ic'tj-o:: l:1;'. 1lr.or:ei'ijies o_l-the r:rrs. ê-c^ r:nrnr^

to r€aUv€ ScimDle
cÊ qor p"t rrtqieunder botile I i

(.r-"1È.
r,.: jl,.;l (

'F_1<I:
r------}

F¡ ;rSr e.g. color.
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3' Disrj¡r::tle an<.i cLee:r o'.",t tlle goirerrei'uor, rj-nûfnß çrr¡ coir,oe¡ts j.ni:o acontaj-ner prorr:Ldecr' ìry '{:Ì:io i.ilr;trirc,toil" Ú:nr:-pi,icoø 6Í. clai:,li rrotfcl. j.:: i:*j_cmixture are zi'nc. lir'i¡'¡ zinc ru;;' be ::c;co'o räc, b:y tittrin"ti'.on 

^na. 
uøod" again.

l/-zuilq+t=e¡--.o-i_=o-¿oge.î[í.çS.¿
rr lieel)J.ng'th.c ri:oltj: of .bhc ga¡rr:J.o þohLj.c,j.oy;rÌuazd j-nßert e hn¡rnings:rÍnter' ''ri-tþqq.ti,-tåe*till--,itäi;ior¿l"z;";,,r'r,",.:,n,r c;:rorully ror evíc1.o^ce orthe gr:'s anti-i1rfr-rît#ï'.'rr.î.'' il'iie.räaîiii, *o of i;en ír.ü g¿ìr rornaj.n¡: ín trei¡ottle 

"

2'PLace a bottro of l.yir.ro;s* *o:r'rr. to rno."r'bii,-oii..r,+q-Ë_o_? of a i:ottlo ofai'ro 
'4'f t'er ¡' fer,r rni-nr-ttei; 'l:es'b ec.c.h bo';ile-ror llydr1.oge.r. Ðo c.:rof,r¿1 tolreep the scco:acr. i:ot,1;Le co'¡erøà r,¡l:rj-fu¡ t"øiitr; uro ccnte:rts of .bire f,.rr¡t

f;ltff;""i;i;H:" thc re r¡u-r-ts oi i:ir:'*"i*Jt,',li..trici yä.ì-rino mar;r.*s c&ro-

3n 'iurn a,'oottle of !:yci:ogen r'i¡;lit i-r;Lcl.e uil anrl rrlcovot'. ..ì.¡?tor aborrta ninnte, 'i;e,l'b foi' the ,:rá.,,.nõe of ñy.cr.ro¡;en.

/t' carefizJ-l;' lot'ter a cÌe:îJ.irr3r'atÍrr6_ Ëilooil conte.i;rj.nj so¡lo s,ci,onglyheatec'l- cupric o,'(i',':e (cuo) -'rn'Lo a ¡o'rfue.-oi ìrycr::o.e.o. pbsor,.e a'd. rocordany resnltín3 c-ra.nges.

cOl'lcI,,-,iiÏ0]is :
-+%

1' Ðiscus¡s tire sj-gn:Lficance of 'bho th:Lr:'blo tr¿brr j-i: tiro g¡as ge'erartor.
2. I^lh¡.t is tire sou.::ce of i:yc-..,:5en :r.n t.ris ox::i¡rj.i.re:rt? l,k ite 

'neo.uation ;or bhe ::e¿tctioir.

3' lj'st -L'l:e cl:e:lical- a:rci. :hJrsj-ci..1 prr:i:ei..:res ef þrrf-n¡gen il.1¡ i, youverifj'ed -i-ri thjr'; e:l,cez'it'ne:'t," 
- 

Tâcluc'le Ëarináu:i ecl,-iatiä,.. oi:,.",.u ér.pproj¡.r:ii:..i;e.i'Nn"rt properüies 
',.Jej'e )¡ou u::_..ìr1e tc ol:g,:z-,1" 

-o" 
.,"r1fy? i1h;r? Ili-scriss.

/.r. Ca::cfu-I-r¡ er:.tla,.:r ,¿he dj.:lf tre,r_ceÉ th:i.L ¡rou ol:se,:ve,Í i:: t.l:,e tturn_.-ngof i:;'cl_ro3en d.uri:: I :biie íirs.b ti.:o tes.i,e .

.p,!it$-1_c,,lJ1:

f,. Col-lect a fü11 .br.tbe of .,,.;,r1,.ro.3.e.:t.t:ic...ooi_,:l ii; ii:to a s:;coltd, tÌrbecontaining air' Ïiovr r,:ust i-rj-c'L: dðne? r"-ri'i,:.u secoi:cì ti.rbe for hJrdrogento be s'r-r-re iLrat ;he tr:.nsÍ'er i_s s,.rcces,.;f-iil_.

2' Col-lect tu.bes in r,:h-ìch hjrd;.o-..e1: f:iil-s t/o, t/tr, t/3, :,/Z ,¡.nc.,. Z/3of tl:e tr-tbe' 'ìlapty L.'re 'u:¿':':i: out iaci ter,;1: i|e c,---r-r-osivc p::olerties of eachh'1'c'rogeir-a'ir iili:ltu-re' calculai:c 'i;le o;:t,inr-un ni:-xt,,:.r] of aî, ån¿ ìiycì.ro3enfro¡a tl:e s-ba'ncl-.po'i n'r of 'r:l:e o]:)¡öo.r. coi:ceri',r¡-lion j-n the eir". i:or,,r docs thiscom.Þa,re !;itlt ;'91,_;r. expcrinen'ra i -obscr...r. ,tj ois .
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3. Devi.se a rnei;l.oc- for tlre r{:lcovery o:l'-bl're [ìcc,:l];., ¡ro'"jitct foriileci b;'

a fLoi,t gireei:, 'cliei: 'Le:,,t it" lrt;:.on t]:e procì.t.tct .:,,''s l:eo:r iso]-ettcd. i.;: ¿l c'l.ry

staite, cLescrii:e ¡roirie of j-'bs phyo:',caJ- nroireri',:i.sÉ, irrolrlcl. j-i: bc eorr,:¡c't: to
state fTn-l z'Lnc cj.ie i-roj.ies in 'bl¡e acj.cl? (i..u. '.urd.orgoe$ il i:þ';.ri.cal ch;rnge)

/¡r I,il:;' .',loulcl. $ conir;i.t'iooir of i;ie ;'.rpee,i. of ge'L'bin3 h;'cl,::ogei: 1) f'roin
colC,' co:rcentr¿r.tedL Ì:¡:,ci.rocirloric cc:Ì.Ci ar.i. na¡nesirinr ri'oìro:r anil. 2) from t.'irrnt
cli]-.ite sulf:.ric aci:i aylc'. [1osr,]y zínc nOb l:e cci-e;:'bific? i,:'i$t, ¡5.t. ¡;cr.tial,'l-e

factoro tlat'.¡oi-tld aîîeet, i;,'io s;peed. oÍ ;et'Li:a3 h,ch'ogen. 'Set ui: con'ùl:ols
so yori eoul-.,'' ii:rou hor,l ¡aci: co:ril.ítion (frctrr) :.rfÍects-lìre speeil of get'blng
hyd.roge:ro

5" Inves;tigo.te thc oi'feêt of aC.r!.ing coiiper srilfgÈe soJ-utiotr to a
hyd::ogen gene;:ilùor. i';bssy z:ì-nc j-s no¡'i: of'ben us:c.]. ins:teacl. of zj.nc sl:rips
to attaí¡r fas'bor generatio.: of the 3as.," l,'ire grea':er.qli.rfir.ce oíi ilo' urossy
zinc is,sairi tc acco',.r-n'b for the grer,'¡er opecc:u Bu.t tiiere ltÌ<]; þs another
factor i¡ivolveC- alÊoo ?orirel:*; )¡ôu cc.n iiloni:j.f'z ;l:j.,.: oti:e:: fiic'brrr ìty
controllir:j tne sr,rríace a-rea of -Lhe zíns. 1o oneh cf tuo tes'i 'i;uj:os add
eclual r'¡:lounts o:í acj-d. (cl.j-l) ¿..nr. eqiral s:Lueci stri-:s cf zi.:c; iCcq. a sila:Ll
ar¿otlnt óf copl:or s'-ilfaie ooluiio:r to onli' o:re of ti:c iul¡ee. Can;"ou
Ld-e;rtif,y Íihe :Î,,ctox t'r'a.'E i¡'olr. siudy irore?



'/6

ii.-e1r o r lr;r,ei:yE ).,p,

?,?[èLl'| to coilsl:,rv.ct .¡ 1o,.1:r.e:"'I '.:rsú.ctl. o.i,
co'ril,,-;,Ln:,tT o:., rl'b1;.',cL l:),tl::it o

!I,:::t [_g:t

bii tt-gi.ng L':,eþrp:Lir:e.L, Ict¡'¡'J.ci;.i- y,1gçJ.(;1-ñ, _i.',le .bl;lr¡Orj"pc .,Tô.,:;ai.,e,,t, j.;11 oJ-¡,.e nrijoil.E2eleclrong, ert- cl'.erÉ.r::,it-',tOnl.t; ,ar_r.,çr,lçta':: 
:¡4:,Or,:r,, to f;t,::i:;,, i::aj.",zev.Lr,:n" ::l,anc¡ of i..:eoe

ea.n be or)ße-[qÍed.o

jt- .:te,i:al-J-el- n.Lr;,v.e..i;:i.on ul ,:. .1..::1.,J,.,. t:çl .ooj_.1-¿it:ori,r .i;o:..;r ,,,tau.L(L l:e .Lo j.t:fer il:lepropet'tiec o':' e.'t o't:jae'a ccnL¿7!..nn,:". ).:1,.'i:i.::i.ct i,, {:a,';k,¿'- co::Ji:.-1.n,:i o:r l-:l¿rcJc bo>lb;¡ t:nk)-ng a serieíJ o!. et:izr::t:r-l- or' :,.At.i.Teca; o',)Í:,e-rv,::.'.ç..o..1i;j¡ [ irþ]-¿:,g!ç bs¡5rrTeptefie:{iÉ A.1l ¡s'it¿'i'il;;.7- t1:g'\"t,, y'.::i-e';,. ",te r).tt:,.) .la 
î,i'úLIi).¿, t,¡j..b}rOUt tmClrfS.ba.nil.ing

i-Ls i'rne: !.¡s:rc'i,i-one o:: ).z,tot.,ti-n, i..Ig cÕÃ;ear,í,.

Sorte of ¡ott. c1',eriatrÍ ,-,'.nce i-'L
Tlov er¡ : r c'n.=r,.-í r,'tr¿-
a.z oî nîrnLpu-f-::.t:,-û.g
bo',t i-ð.eaû r 'c,-oLt-:;i'c

'úeÕ
c ''r't

:to
i1q

?ye'¿a-re
eltt¡.i t¡¡---'' ---Ò

a 't t:.t)-i-e ,lLilLl-tjc
-v'ite r¿:ç?e-r i-nan:c .

L'¡ 'cl:¿ o:r.c i-rcJ-or; :fo:: recorcl.:i.ng
':l,s-rn Jt üï¡ L.t.b Ci':t t at';' ;f c'bebr.;oll

'b..:,c oltse.i.vir -L,ions

l'.l iiewa¡'s and.

Qut€stroa

,'thoLe 't:.:;e 1;o aloicl ov::Tc:iott1i-r:.,¿ ¡ov-r-. no.i;e i1 .

Itlc.niprllc,tro¡ 6 rl Ëc¡ ttve C oràc
(¿,sb rr rnpt rocr )

Obgp".rsLio.'5



w
Ïn;161r¡ 1"",lioi';lflori'Ilo'boi)oôli, :cr.,;eo'tô.'t!.t,ø nurri,tr::r oÍi fnu 1)o:î ar:6iL¡¿íx:c1,to you" 'lefore ;:":''":ii¡c¡Liitr; 

l,::."1:otr',:c, l,l;1" (rn prÐc)(r{J.v,ire ar rn,ni;ndtlc¡en, re*cord in youTle'',ü-ct ';,i:te mi.bi.eu.I,. L. ,.^n,,,::'r,:|,.åf¡ 
;ro.,l" r,iti\,^,:t rúa 

n i:.:1,: r.n4 ;r ,J.o icrípf íonof the r:ra.ni;r.rLai;!.on'ii::.;c,lE j¡oil .pI,,ì;.1 io ,r.i,"':io'a":,tt,j.?. ."]1ii..ú r,,3.(;\r(¡Tø ,:ij.te:¡, 
ee,cjt'orocecì'11-¿'e 'nai: i'te en cowt)-ea¿e'l., t:øcarc1. 'i:)ln <:ayi:elilond.:Lag eht,ieÊy;1j.6y,¡,, Foret'ch rLeg oji i;hc Ln't ttntj.,.':,0,',:j.en .,s:ttt. e,r.rú ,:::). ni:;,;Lun,.r{:;i.o l o.i, \,,.::.tia..rj.ve con-clusj on¿

gglq'tl¡-;:lÏi[:i j

1o ,:lv;luate e:.ch. ai.,i,t\),r,';'i¿LÕn oi: 'i,t;¡i|ú¡r.'i;5.ti:: rJo,,:w'.l.lti;i.cln \,il,::\.ci."" ).o t !,ll'nni'de b;r c"'oclci:r'; ull:ot.er i.t fr'; oôn,':.i.ij.;):,1 ui'i;ir t,,¡ ot:l,rI- ..ioi,, .,t,:¿rl eónoJ.[1i,¡Í,orxruDsscarcl r:rJ'' ::ixco:r':i.sto:r'r; eonc.iur.;foiiì,, 
-{:.ri¡ 

r,.:r ,r;.,0r..,6 i:.,:icrl crionrt ¡rrr,¡clr¡ 1¡r"t,htl:e other co.crurr:Loni,u '3".t',ror'l l¡.ã ,í,nfrii*än or nry tair.bnt,r.vo eons,,r,uil:Lo¿rìrjr a ruri.tto:l cìj.itcilsr;fôn. d

2o D't'uaribo l"'r uriÙ¡l:rr¡ n r:lodol r,i,.:Leh fi: eop :î.i,1j6rit,il ¡J..bl, nl"J, ölrnefvn*tio;rc anci t'thj.cl:. d.+c¡r'i no'b ccln'c:.':c'.Ìct;;rt 
-";"jrour 

0ö¡riii.¡;.ben'b oerflülurrlc¡*r:o lfs*alurdo a sire'bch of $li.s moi,$J- i:.r y.6r.11. nä.fror,oålr,

3' ðåsettgli tjio Lrn:Ltr,tio:t, of ;;rrolri :L¡ril:1"i.'oct ôt¡i;i,:rtvð,b:l.oitlio !¡ln,i; pi,lo*peþ'bieij oj' tl:r: oi:ject coult'î not 1:l olu:,, io.;'¡y t,llrri :r*äãöäiii*t

../r: u9ugg';:¡5d otl:oi'. lrilil-'í.':rn"j.¿:l'bro:Lu or nroeor,{,itrcru r,,h:r,cr',r ¡rr.uh.b i,clv6¿,rracì'dit:'iona"L cì-ata on tho objec'b i.n 'i:l;ci-l:åx,--lT;*,1; .lci.ctfti.o¡aÏ-'il,,.bn r,tor¿lti, j¡ót.lex;:oct to oÌr'bej.n? fil:r',i; r.;c:Lontir:'i.c j-ni;tr:,rrtrrr:ir-,,''i,;i,t"iir"lä,.,ri'to 
oll,br,j.n" 

-'-'

thiu i-ut'ornia'b:lon(wit-'lor rb opr':i.tr;¡'uL,c con.u..,inn"l,

,,lilIENSTO.\iÍi :

,1 .. ì. ,.--J{llll }166' Íiti'br'ltctor i'or ,:r:rol:.:oT, ìrl,rcll l:o¡c r,lh.i.clr. nól,J öoit.tfll,R6¡itore thâ:r ono unknor'rn objocb, :1o.llou'bl;i.o oÀ,,io.p,rnrocj,";,r{¡¡ to ar-:,J.r,g ¿rt åIo;i.ce1 mocl¡-L oÍ' üro r_inlr,norr:r"



ib;il.ri.nent 1,3 ry8

ru¿ü!:ir:si
FìllLii::r to i:.r¡¡esti,3a;:e tÌ:o pr-rrifi-ca'Lioir of vtr.t:,rtT h;, ð:¿rlci.i.la.i;Íon"

ï ii"I ;lû ¿- tC i],r,l Ìi :

ï¡,ri:u.rc va'b,::r may conto.in clísso]-vccl matter th;r.b íc in ,.;o1utj_on a.nd.
undj-r.sol-'vcd, ¡rr¡'l;terbh¿rt iri helcl :Ln ,çW'eoJl!,jsn bocr;ur;e tñ Ëî.bfii-"u-'oi* toor::ral.L to settle outn River,,i,a.llÊr, ffiife, :,iJ-l contai.n l:oth clissolved.
so-Lj-ds such nj-noral oalts frorn ¡o-jl-l-;:nd. rc,cic bei,;Íc'te c.issoh.,o,l Lirjrriils from
selJa:3e, aflci 'lusi:enricd. m¿r'lbn:: such-e.¡r clay" Íjurspcnc'lod sol-,.ds a:e i,]rra.¡r;: re-noveC fro::: r'al,.rr to ¡r¿llce iL.rota,ble, Diarro]-vcct ;:laItr,, ancì. ii.quid iaay-needto be relroved. if 'bi:ey intc:rfàre t,ri'i;l: certe.in :i.nc,uoùrí¿rI 1lf,oce si;es or l.rithchonical reactions,

&]4,?A:iÀ t9*t" ry:¡,i4T:J*l r

Díagrern A on this ira,3e :rl or.li, ¿l ¡:ÍlrpLe itrverter:t nL¡i .ql¿lr;s bube. calledâ:n air-coo1ecl. cond.€ilseuo Díi.graia B sÌ:oirr: a LiebÍg (.',a.ei_"oã1"¿i-å";d;;;;"
r¡l:ieh' isthe:nore eÍficient of bho'br.¡o. Stucly thõ i.etaif'o-of'uo{,1. s"i-tps-so ;reu can uíie i:iiicl:evar olæis t-rvailal:le. Ii -i:!re air*cool.ect cond.enLer isuseC'r :rote lts ;lcivanba;ie$o ¿1.1so 'i:li:.nlc 'bh.rou,gl'r the ,..,,::on, foybho r¡,.'.r-bicularhose contrection ¿ilran,jei:to:r.[]"

tì

I



w
#:¡-oJli i'0 nJ 3 Bi c ¡ iij,¡j,ls, :

1" Set up Lh.e-:'.LnEí)-Líng a,p4y¿.+,us-

2" ?yer:,.::a about jO rni- of ,ir,,^tvtrt, r,t:,,.i..ery hy ar:.ð.i-n¡. eboLLl- Z grame of sodiu-asulia';e oi r¡odíi¡r crtrorictet (rcJ-v'dl.t: sort:. I.i,r",.,*i-iijr""sIíi* Lhe yni_xtuye untilthe sal-b jrac d,ÍesoL,{eÌt"

)" Pour ou-t !-¿:"i-!. .:-'" t,'ir:t,'iuhe o:î'-ih.c:,j.n::v:.-en vater a.nð..¡Lace a;he remainderin the dírtilu-n :¿; i)rt:;!t" Ðro.;t .Lnic i:)ic .,¡,,:r- n; án 
"år']r'Z'.io\ling 

etones ( smalr.pieccs oÍ' ¡:t.:.rble or' 
"7-:l pl.at:e) 'oo sntt::e--¡.'r.;tín;,j vl,evel ¡Ãirinc or rbunpii:g.lc:¿in'aea-Li-ng" Test bire VatÐLe"-o'î r;¡.:ir;;.;'e;; va-iet, íloy suh.la.Le o-t ehLoríd.esal'b, r';1,:içJ:er¡er 

_tras aralgned.'o :recorij, yoüi ou,.rervations and 
=eL this tube¿rsid.c; io ì:c utl?ÌL a.s a ControL n " - -

L" ccllect ¿rn i' tr'41 vol"u.ne at t'hc c,.ít'çi.J-!;.'¡e in a cLean i;est tube, Againtest for ti''e r)¡s5¿nce o-!'i;l:e eolu.bfu r"ii,- .-.cpea,rl ,che iyocess u¡til the testis nogati.re o

5. P,eoe...t the l:rcceclui'e af j:or ad,åi-n1¿ a. ¿',?o,.i of a.:¡ronj_um hyci.::o::ido (,¡61u,ri1"ilnlu¡iiv) ¡rim'¡uj:e iai.r':l-eir" Obtain n uiií;riu .i;o be uu.o- Á,, ä contro1. AgaincoLlect js iæ-ny ;ubes (r,;eJ_l cfu=neA) ãi iíirtillaic .-is ,,"qo,irree .bo co;irirleielyreno\¡e ttre voht-i-r.e i;:r'-.u¡j.ty" rf nor.e tha; ;;; j*¡-"iå"ääå*.*r;r, be sureto l;eei: 3he"i'r-iÌres in orcLe¡'- Tesi: each sarir:r1e of d.ic.biL1¡.,iÀ-ror tho presenceof the voratil': ímnu.rity" ilote c::,:erir[y uny ind.ieation of r].iÍfe::ent amou¡tsof volatíle j_upiu:i.bj" in-.bhrj 6arrì)les, e.Ê *froi.ñ Ìl;, d.e;:tii-of 
-ãotor" 

ïn irowrûanir:afl:rles of ci-i¡i'i;i11.i'i,e cliil tl:e úcl¿rtile i:r:rtär:..i uilår,rp: r..rhic¡ sa,::ri:legärrc evirience of coilta'jiti-ng 'Lhe :1:ilatest a.l:lor-rnt o:i' voI..,ti-r" :-,,r:urii-"r--."'t-*"
Cj;l,li,llf:fC:lS-:

1. rr'iirat 'L,ype (s) of :.;n;:uri-t;' a::e con:-.:-le.ie l-;r ::,eno\¡ecl by. s,{.mp1e r'istill_ation?
2o r"ihy Iroir-lcì Jro-ct not collec'l; a. bee.ko::-îr,rL of cliEl;illa:e and- ct-i-vic'ì.e it intoec:ual- sarrrples fo; testing rat].rer i;lia' ti:e ,r,.o"",rure -i;hat 

;roü forlor.recì? l,.hen'n¡oulcf it l:e accelrtable to coIlcc-t all i;hå clisti.ll-¿t[e:Ln a ]rea,lcer? lJhat na'leis girie:r to eacir .oarli',le colLec'becl-? i,iha-i, nane is :-.i., etl io i:l:i-s tJ.,¡e of c.is-ti1-l-at:.on,

3, ','lÌt¡ inust col_d r.i;.ter flo-v; ,-nto .bhe loi,eï. encl. oÍ.i,l1e cL.il,cr.eal¡e::?

,lXlErttSI_Q-]S I
1u F'eco:rcl 'bi:c ob; rv.rti-o;ts of i'iha'b ha,r.¡ens ¿r.¡ i,ir: . istiLla,ii-on al:i::r¿rtusconcl-enF;er cool-s ancl. o::,t.1-ain r;ir;, i.ii-.. ha.p1r"n"J., ilh¡ .t, nea",.,.*" ca:r ;,or,.,_ talieto 'l:.event i-L.is?

2, ïir tl:e e:i::ri-raent.,ou- r;ere asJceiì.-to arr:Lr.,,e frt, a general conclu-siona-fi:er nrìrin3 only-a. sjLngJ-e tri¡l-' i¡o:'o. conãl-u.sion t,o Ì:e i'ali-il it slioul-d. bebasld on -tLre res''rli;s of a l¿.:r-:e nu-r:1ber of b::iaIs, ïoÌ.r- cou-lc1-rrrpeat tire pro-ced-nre and t:r}' reprcctuc:_j:g Jiou:. or.¡n resir.l_i;s o:: suj¡stj-tui;e anotler i¡¡l-r¡.í f;r jnyour r';ator sor;r¡--ls. Another e::¡.r¿c-r-e oÍ' a, volai;:rle :-irpurjii;. ï, ìr;,d:¡o"nao,.r"acic'l- (hJ'c.rogen cl:l cr:.cl_e :ra-rr ,jt -rr¿rler sot.t.t.,.on j 
"

) ' Tnves ii-5--' ie the disti.l-ia.'t-i-on or a. coillolli.rcr, r;i:.j,cl: cìe c,.-.rapori:s i,:hen theteilpe::a'i;r-r-.r,e j_s raiseclo



ôrìUU

JSWOISJs
A ni:c'turc iÍ u_ørr,rple of ;.1¿t.bi:r. in r.;l:j-ch pu.:;,e eubs.t¡nce¡ elelleni;s andr/orconpounds t '¿'Ye sin:pI" intarr'.rÍngled ln 

"n¡t 
poolrór1:ion, ?hs inzroc.ien.l,s i,rhlchnake up a ¡:rix.l,ure ã:i:ô referyscl" .t,q ac i.i:s"côñp,nent,s,,

The nechanical- o't Phyr,tical, r:retliod. u..çocl. ilor ire,:,:r,a'flng i:hr: com-cenentsof a mj'xuire or ror purifytn¿ a'sube1;anes clelronäo mo.inly upon"irrã";lüää;Ìstates of '¿he cor.:ponãntsu- t-lo oi: uã"o oã:-iJ.s ini:en;ringrec, nay be r;ei:..rated.because of c'íffercnce j-n physícal p"ã:p,r"iire sucir,r* ,ürr*",riiìrirÍby to mag-nctic a.btrac'Lionr.solubilílw, ancl in åo,r. ,0."ãä-irr"iiãi"";í;". A sorj-d,¡ri.xed r¿1th a tic_rrid but not óiissolved.:iri ii'l:rg.;r 6u selrara,ted.-i"or iñä"-îicuiaby c-eeantai;j.on or by fj.1'Lr;itíon, Â,er:-io-0.-'rr¡sãlveci in a li.cuÈcì. uray be re-covercd bv or,'apolatin,:; orf 'Lho iir..u:Ì.¡. il¡., ir-il';; ;-;;ä* .o recover rheliquid_¡ by dí;:ti1latiðn"

tR¿- L¡.\ e,C FÂ :icpJ ppgj?r pJiqIoN ;

ïour instructor vriLl asi;ígn J"ou one of .r;he forlovring mi>:tu:es¡ì'iix'¿ui"e :,' I - sod.iun chloricler-r:iiJ_fur anc.,l. sand.2 - sodit¡¡:r cL:Io¡'ic:.e r natrilralene anc.l. sand3 - man¿anese d.io:id.e, sod,i-u.n crrloride a'c'l s.;ulfur
/+ - ,roí:ssitm lritra'ie, su.lfui' ¿rlct- cne¡coai i;;-ii1 black gun,oor,rder)i:y roíe::r:Lng to j¡ouri:e::'b o:r otáer rno".", ì_nves,;igatu ti.u sãlu¡¿ritJ, ofeach eon¡onenù in the::.:i::tu::e al.ssignecl ,ro'you, fs it soLuble or insolubLe?If ib is sclu-ble, r.ri:ich t;-ih" bost solvent io uso? If -bhe soLvent istra.i;er, lrould ít- l:o of any adva.nba.l;e ì;o use hot r.iater? Reco¡d.''î¡.i*""iiloraa_i;j-on in ycr-tr la.bort.to-ry noLel¡ook.

Devlse a neti:ocì. to sejrara.te ihe.c_ÌrI¡ comironen.bs frorn üie llixture, ïlLus_trate tire sep;ration scheraã by r:reens ffia ::rår,¡ shoet" sinco ,årì-îi"thå**--solven';s. rnay be d-angcrolrs, invos'Li.gai;e.the pieceutions to be talcen and in-d.ici i.e 'bhere on the :Ílou ¡,heot"

H¡T:erj.nont t/+

-Lo r:epar"',te a ¡,t:i::1:,r\Trt Lnt,o ít,ø cor,ipononti; (gpíng e. rne.i,¡oêt" o1 i,owor+n design" )

(Ïcs'bing j'ouz. me'i,hod)

B'ei'¡ove on3 Coniloneni a-'c a'li¡ae usin3 onc of i;he solven,¿s. The selrara*tion r';i]'r- i-nvoh-e filtra.tionr (cenbri:îuslnú ir-a"..r-j*iiãj-oiã'"rr".oorationuP'eüember tha'b ee1**,r'a.tion is áoÈ cornrrotõ crur. ihe co:';:å*"rri" are dry.At ihe co¡rplction of the sc'.:,r:¿ì-b:'r-on-,.io noi Ji"ð.tìä"-:iläö;i*niu untit iheins'bi:u.c'bor h¿. s cirecicect theii"



B1

COiTC,,L,S IOIÙS :

ivaluaie j¡our rletì:ocl. of sep¿1ra"¡j-ono ,:ìr-i-l¿est geJrrj of ilrproying thenet;lod. if yor,i irere ,co Co tirc c:lp,:1,i-i¡"nt a¿^airi..

€XTENíJTOì.IS:
%

Siud;r tl:e p[ysical
to ;.'6¡ b;r testi.nS snall
iìecord- the,.:e .oroper-bie s
tu::e containing ihree of
iìeco:i d_ your Ð1ocecl.rr.::e 

"

oroperbies of' five ilLulknor,inr substrl:ces alsii¡ned_
senr:Lesl I'itÌr ,;r ma,1¡-ne.i ail., clÍffeiient soh,enbs.for e¡rcl'r sr-rbstance. Tou r.rir. tren ìre .;irren i i¡ix-the oric;ina.r subs,;'ïrcêec se-¡arate .bhe eor*ponur,ïJ"



Ð;;perlmenL tg 82

!iü:nL^J. WiLi.i+Ã#, ßIM" :Ä:49 _e,EgFiRçË

I'RQBIE#; .io rl.at,¿rr,..j-ne f,h.c c:íteøt, of .Eer:,p:,re,r.urÉt u.,ia:t tha so;uhlhiîy of varíaassal'Ls ín vaiet:"

ï].tT.,.icDUCi-- OiiI
%

fn this e::perL.mc:nr yov uü.J. finf. .t:ha 
no)-a,a:i.LL.i1: oÍ., a rl..IL ttt, sev.tra.Id-írf zi,nt' ''r,cr:t1:':r ,l\rat" TT.ír: J-t, cJ"ö,ne u,y onLai-n:t:n,¿ a it,ri;n*d- ,r"lrtlãÅ'åäî"_rated a'o a gí'ieß t'e^'prtv¡'oare anÕ-.øvaporit.+i."it -tt, lõ a.r:ynorrl,i," rn" solrrrrílityin gra'ns per roo g of \¡ilczr e:.n ¡e c¡.1òu.tu.:,åd. ,.:¿", I'Lï.zi,i"g ,ch.e res1d.ueoFron the xesu-L'cr,: ¡'csu tti-l-i- t'hen conp'P,tae'c a ¡3't:np\t çaLIeð. s. 

-iåunfl-itlr 
cürvêo

This j-s c1. i,'rol7p e2îpri7!1;1rrntr" ',lt:,¡'tty;âI r:1,að.cst.l",¡ j-n -Ellc cLer:s may ¡e find-íng {;he '{clu.c_-a.'o one gLiren ';,g1x'¡8,t''r,Lt-.:o" }'oh,ey$::,e ,roing the ;:a.ne ezperi_nent bu-t aL cTiffetetl'benpriTelc¿'.:oe¿ The $u.vt:rrzri/' ol' ,cha--Zi,+àíiür'"i;ifi'Ë;
e,ever':'ced- tron -'ohe rest-J-'ú| o! t':rc an-Li-:e 

"irrr,,,,. Therefoi,o th:Ls vlír.r be aiurthex e:ørtol.e oî scíenr,i:ríc 'i:ea¡moxh i-n actiann

PPJ- é^åCÈ1T!tur_pREpAF,{l ¿ Ctrl :

1o Bevier¡ the t:chniciues r..-c:, íred. ín ,¿his crpe::inentl2' ox'e'-níze a' í'Iott iheet ió represunt tr.u pr.ocec'lu,:e that you uill follol,r.3' Pre'zare ¿ r1':'i'e teÌ:re for the ,ro"oii-,.ing of i¡,'r ol¡n iì-¡.-ta ancr. i,rre car-cul¿rt';on of I'he sol-ubil:i-ty of i'rtc sali ¿'o one gÍr;en tenpera.ture. A1so
î)Tepete Ð- ùa'tl¡: for s,llima:ízíng üre grou.p d.¿..,ua,/u" .::et rip the a::es foy :.he grapha

IêBOR¿Î0.R:]: P3OcE!_LprEÈ ;

Tou¡ ín::-i.ruc-;o.: t'tlIj-.-o'rcpe.re a.l¡out jOO nl o:i c¿tu¡abeit solu.bion of asa'lt such äi5 ;jortaíjEiun '-.ictrorn¡.'te" Tl:i. ís cione by bri-n3-ing 5oo ml of r,¡aterto a boil- and. acdin'; t)::t2ir-!h calt ,:i-th ccncte.ni ,ri;irui;eg îo--Ï"n,r" cricesscrys':als on tÌic bottor,r of Í;he con'ct:.nc¿T, I'ie uill- tiren cool the ;:aturatedcol-ut.íon b-v irrnez'cín'¿-t.a" eon-::¿j.ner in bho colil i:e.-ber loiil ihe be:rpera-iureis aboi''-t ÚOoc' The contai-no:r r'ti.ll- th.en iie 
'ãlo"u¿ fron il:c r,;a-Ler ancr- ctirredvigorousi;' to eo,ueli-ze Lhe -benll..';a,-itt:¡e j-¡r the ;-olu.bion, The ter_rpera.bu_¡eui 1'l- bc ¡eco:.cìec1.

A r:nall ,ÍoL1-p oÍ s'Lr;den't;: (r/6 of ;he cka¡-e) l¡il1 tl:en h¿ve aboiit t0 mlof 'Lae colutiàn at the:reco::d.edr tein,:ci:t,-rre pcured i::to-th.eir ireigh*evapor-aiing dish. Be su¡e t:he e,¡e?or1t!_ng ¿ici-j_"'-"lua.n a_nd. d-::.ied_ before rueighingso tha.i, it ',;íl-1 not cho.nge 
',ãigh.b ',.ãen 

il i;: hc¡.ted.,

The solüt}?l 1l cooled. irjr the jnc'l;::u,ctor by L}oÇ s.ieoi.;" Students fncnall !ìrcutrrj r:i-ll'$O nI ¡ort,iän;, of -t.._:c r;t1.Lj-o;r r.i, caci.: te;._rcz.a.b-r_:¡e level"



Frelrrr"e a n'l;aam ba.Lir frzunerlfa.i;,61y, by fl11lng y-rrjlf,ulL l:l'flr vi¿.itÉr:: ,;rnd" bßßr.n rreatJ-ng" "eán"ynrr*[ËiËn 
ur: nsavo t:l.ne i.n t;';i.¡¡ rite,Bf

úß

bealçetr'i;Ïir€ g*e,,ur,.: rto r g
mCI'bl.od. r,;-;,leh uíll

l,loi;h 1,h.ra o:.:,-rg;- 4.,,'a;,ro,.r'.].*e,ln:., rjiJ.r-rhø Vlsl:h i;lrr¡ r:ii,;;h eoni;ni;rinÍï al¡j¡rOxÍ_na."veLy 10 lrl of' çolutlon, Tlren,¡v¡i¡ãrå.,r* i,lr* polr"rtlon .bø dvynør¡i c¡verbhesteam ba þh" ,Jhe 
;Î:Ln¿lJ- traeon oÍ' wå'bor ¡raï be rl:,rovr¡d by ,,Jae;n,¡ ,tha r).fuihon a tiire gcuâs ov/rr ð, clnall.burnor fL,,.:iJ'o i)¡:oeooc1 tfti¡ äãutJ.on l,n,rh*sete;: to ¿tvoicl ov;.,:rlzee'bing rrnJ.eh *y ã-"rã íipit'r,''çç¿yi.n:ï or øvon ð,acornnositíonof tlre siTlto coor" ¿nel r,'oigb the-di.r:,li ääntär,rø thø i:ø,¡Ld.ue*

ïoi'.r date .j;e,l:lo 
nj:ou.fu.]. J¡c or,.anlr,sd. l.n Ërrelr a ¡ïannor¿hai: from tha dntaobta.ined e>:p;rlr,renta .Ly, Jrou c¿;,n ö,r¡.f;nyril"ne l;na ttøf",lif'--;l- ,où.a ûry s,elt andtlre r¿eí¿ht oÍ the tta'bov' in'cho ø0l'rtiãn-ay'ino c,uyt;c,ric.t,lorr* ¿t"r.tly fronthe tabLe" onco lrnot'¡inii i;lre_uel¿ht oi r,riter ancl the r,rolght of ..i,ho dry øalüyou can orLcula.to 'bho soLujri.LJ.'oy"(,',ltc, nw.ain,rr of ,,,¡a¡,rs ái-rãú /iöo ã-åf---"r,rater) 

"

Tire clasÊ Yø¡u'L't't: llí11 bc 1ro,".i'boci on i;ho board,. ilecorcL-in tal,¡rr1¿:r forn,aLl ti,re sor-ubÍrítíes at ,¡ach.lívon ;ri''rp-irr:r:rtw, " i:rot tho cI¿r$s rosurtsusing the v;rlues for tcr:'¿erai:,u:i? on ti.o lràiiuontel atrlr.:t i,nã. r:olubility J^ngrams per gral¡s of t'ra'tor on the vorhic:I a¡ii.r:u Thc cr.,.rve næ.y bo obtafned1ry fírst evtra';1!-n3 tli.: 6roup rorurl'bs nt oàáh jtven ,¿o¡n¡:e:retureu A seconclnethod i;ou'ld be to.rlot aLl-the valueu *nã-inán upp"oiiîrirling .bho aver:goby d'ra'uing ti:o curvã bett'roon all tl:repe pãint,o . Tr) it irormj.r:sj-¡Le to cls-ca.rcl. or ígnore any o!î thor;o va,'-r.r;s l;, oi.lñär :rothoc.,? iour :_nstructor maya::si.gn eíther net, od."

tl1icI,u5T0$s:
%-

1' By e:ø'nj-nation of the clata anci i.;l:e ;;r,a.rh, ,.ir-rive at a concl-irsionu CIan,rjlririi,ir;åii rtre eane rort o.t a ;ra:ih l. trói.a1 of ,Lt:¡, ¡ol.r.rt¡iti{y-_s "ii
Z o Die_cl¿.,.Ei.on. of .:osf[¿Jg-_e_rq9g 

:
rncicate I'orr eac[E-t-hã :îo-l-Lol.rin1 ¡ffo:.'ts y.ou.z' ci.lculatecl ,.o]-uìri-Lít'y (+, -, o). Tour instruciã"-"iil-"rriäiì""t"in parts for discussionoa) The volr.:Íre of th¿ eoluiion u,;eo rráã-il .lf j.ns.teacl of lO n¿"b) fne sal;u::ated- ;:o'l,,rtíon c¡îrst,111í,.;ec1 o;ce j_b ira:, ilou-rec,l- iirto .i;he dleh" -.c) Sone of the.::'.,sic1r.te-spattärecì cl.ur:lng lir" 

"or*rlr:t-í.,:n of evn;ro::ation"a) A O.rop of tho sol.,itiãå-Ì,r:.r 1)i1l,rd. i;jìe¡ lrei-nß e;:,i.i¿,c,..to l;he dosk"c) ttre ei¡,;;oratinE c.i,.:h ,,u. 
"ol. 

conrlrtcbe:.¡, ,1_r.¡-.r"-îor.e -i,j_e :i_¡iti¿:l r;crghing"f) the tuui.l.lr" coãhj.neci i.rås .rot cclpletei;, i.î;, befo;:e the fin¡l r,,ej_ghing.g) ttre instruc'Lor reac, the tcij,¡':,r¿ltu:.e of äatu::erei ¡,orr,r-t:ì-on r¡ut Jcu irerethe last i:erson in ti-re group to r"""i.o"'" sÌ:1.,_-1eo

exTE$sJous
't

Lu checki@@. B¡r inspecùing yourgrar:h . t-".Fteilpeie,cu.: ,, tha.t, you d.ic1_ notuseø iìecora this ;*eciictioä* ot¡tain u ,.tu"oiäã""äiiitto,i"äi the sali; at
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j;hat tenpeF.ture q¡ro fj-nct üre i:oj.r¿bi1i.L,r, ïìnco¿.r-i ,bh.e nolul¡íIit;r and cono¡:reit to ti:e '¡ahie ob'l,aÍnocl from ¡'çq¡ Ê;jrå.,j.1" Co:rrnc¡nt on :Ulro-lir;;;í"i;- Ìäñ:'"pai.e Jou.r i'esu-lti: to ¡'el.¡3' prort.fCtj.on)"

2o IÍ'the $alt;re¡1 rrred. j.n,bhc o¡cpclrj_r,lsnt-ti:rouj.r.be hyd.rel,ce, rrltat cl.íf-ference in 'i;h,e ¡ne'bj:oci, íf any, vlor.rLcL ,r.,u ur,o? f,¡"üi,f-yrri'ä*p,r",, any d.iffer_ence in the re'llLl'bs?

3. Díiì. ¡'epi. salt a.l¡sorb or girzo off one;r¡È;Jr r¡hon lù clissoLved.? I{ow canyou icll' ca'n the 'o;ze oî energy chango l¡e ur"oci'bo p::eciic'i:'b¡e sirape ofthc solu.bi.lj.ty cuyvc? Inveci,j-":rii',o¿

.*J:l;:orír"rcnb t6

:Æilt4-9- JryjåUIÊ,U;iyjJ
P;¿Qts.L:l!i: to -i.nves.t)-:¡a.-Le i;]re o:]ä]¡illÌ;.;r of a:r u.nl::onn salt;
litlRûDir3.iÏOì:r:

The solul:Ílii;' of a ¡:o'lj-c', in ¿l cc.;rtÐ,::ni sc,Ivrnt 91n be cpecifiori i:y givingthe i;eight of lhe solic ,lrich, r.;hen i,íi-¡solved :in IO0 g of solventi ¡:1:jires ase'tu¡a-bec', solr-:tion" Ti:e eo:ì-uúiti.t;', oi "o*r", de;:enðs on ii o tenpereture¡the solic]. sttr.d_ied in thie e:l-:er..rr¿enl, Jr*corl.,o l:tore sol:,1::Lc in ua..l;er as theteml:eratu-re increeses. Insiäad" of tlea=ur¿nã -LÌrcr polr,il¡i-lity at a ¡¡i..,çn tenp_eratufep ;rnu wÍJ-J- neasu:re the i;erlpe .,.tures ¡-t r:l::Lcl: solr.rt.i.äns of lrnol¡n conÌl-osítj-ons becone sa'tura'tcd., Tou cãn-bl:en itot o. culve o:l soLubirit¡- ¡,* uft'¡ction of ten'Ðeratui:e,':nd. reacì on j-'t'bÏ:e ;olui¡i.lity of any tenpo::n.Lurein t.¡hich j¡oü âr.e j_nterestecl"

P'lJ-Lál0:!ri I'r-J PREPARi?Iill :

1¿ Or.ganize a d.rta i;al¡l-e and .i;he ¡.::es for J¡ouï glra:lh after reviernrÍng R_?,

PRCICEDLEA Iæ
In 0n to,recj. paprr,

the eolid to a large

2" Oalcula.'Le ilre so-t-u.bi-_-ity for
use e:¡,.âctLy 7,0'g oÍ' solid_;

'lhe ii:'st trial, e'.scuning üra.t y6¿ 1¡111

veígh accu::a'i:et¡7 erÌ:or-rt 7 g o:i u-nlinoun so1id.¿ Transfertest tubeu cl:r,r;; -bhe tnbe .¡ertical]-y to a lab stand."

- zn 'Pilrctte-5 nl of t''aicr into the tube. Idar¡r to cìi-ssolveo ïf the saltdoesnr'i d.issclve adcl i¡oi"e r,¡ater, 1nl at a tisãl tee¡ring *"Àf,rr record ofhot¡::u-ch vlac ¿¡¡ir-led,. The r.larnj_n3,n.y be c,ione by'a..r¡:lyin3 heat to the tu_be
''¡hich-ts a'd-ju:'bocì at an a.tgle, ðr rjr the use oi a sater bagr r,rhen ì:ire tubeit, hel-d vertic¿fl_y.

-r?'^^?1::^:h:-sol-ìc' h::r' c.:i ssorveci¡ oJ-;,,,;: .Lh.: tes'c tu,:e vez't-ic:r[yu Ar]-olrtne íloJlttion to cool, using .Lll-: the:;:oi,tet,cr as: a s.bi;:ring rocl , I,trä,e carefully'i:he'be:ripera-i:ure rt r'¡i-ich ti]e Íirs-b sign of crrystaJJ-i.z:tion r¡,ro obs:;rveciu
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4" .),epe,li: '|:,h,e ¿tbove n:'occd,u;rô \ilL,n :i.'riur y:.ore 5 Erl di-lu.bi.one,

?:?OCÉS5]-.IC. .iHE ÐATA :

J-o The veiiiht of Lhe tta'Lçr (anr:;u,;ro ':,ho û,cnr,j-.v;. oi ya.t,ey j.r: 1¿00 g/nl for
'c¿r,!l-'ia a.''çLon,s hotrldev:.ry 'isy:.ps:;:..':a: e i-itvo,Ii-ec1) ancl terrpoi:atu:;a of ir.ítfi j- c;:;'7 .Lrrv\r¿lrsLL/ ç1t¡Iç¿ VeltLPú,''A úU;i(i Of J'.1.11/]'¡ J- Q':1.,.1i.;

bc record.eð" 'jtov c¡ch '3::í,:rJ., c:tLcnú,,,',:a 'ih.a r.:tl.v.it:i-n.'o¡r (::/tp100 g ,,t,:t':,et) fot
ea.ch Lcr;¡t ):: ¿':aur ë é

2o Convcrt the c..rt¿ 'co e. ur:e:'l¡lo forn ity'.tLot'l,tn¡¡':,ho cu-:r\,-e of solirbílÍty
a.s a. functj-on of tclloor,;:l.u-re,

c,Q¡iûllli-roiL:

..1: .By exar:,lnat,i-cn of the g'ta;:'n, errj.vo at a concl.ii:;j.onu Can yru i.sÉLr.ne
tha.t 'Lhe sanc sort of e. gra'.:h ir:i i¡1:icalt- ot 'inr¡ so:l-ullj-l-j.iry' of all salls in,sai,er?

2" Ï'fl:¿aÌ; is the solul:iL|ty of y'ur i-urls.ol,¡n eo1r<l ¿it, 50oC a.nd. ai: j6o6 a.s
indicated- hy yout solubiU-t ¡r cwvo?

3¿ .Ðåqqu.sq:rqn o_Lj].mpäs :
r'l ycuz 'i;hcrr:onete,.' rcad.ing ie 'L,oo high (poåtive o::ror), your eryoriå calctrlating bire solu-bi1-ity o:fl'Ì;l:,o u¡rlsror,;n r^¡oul,l, h;ve been (nl *¡ oi. O).If yorr. ira.d failecl'bo noiícc the iniiíaI a.ir¡earance of c:.;;ri.¡¿i, a.nc.[ had

ualtec]- r:n'i;il a k.t7e fz'a.ctj-o¡r of *u'f,c: t:oiute i-r;ici lrr"ecipi'ba'i:eci, your error inthe solublLi-'cy r,¡ould h¡,:vc i:,cn (*, - o or 0) .

EITENSIONS:.

Prepare a I oltibi-líL¡ eurvo for the r.r.ne sal'f by tr,ro iiiffor"ent r:euroiì-:.;"
fv¿.Iua.te the net;h.oci;' anc,T. C.eci-c':e l¡-_icl: is t.rore ectu:¡ .,e,



-t/

.J¿ocr..;,-.tl'¡'t7 -þ

åHJrruruuguJ ffi
4QJ-I*iUc 1, to rl'evise end 'boeil ,3 ne¡tl,oel fon d.g'LseL!.n3,,hrr¡i,itc:,;. ¿ eryriey.rine

eaiitþal.]'Ðd. llxt' \,t¡t':,¡¿t elral;rj"eally or ;rhy.U:Le1:LLy l¡ounri to it,
ililTR0DUCTL.0ll Iæ.Ð..*É

W¡t'ít:T ir: loínad.'r,o -cririlie.l.Llna Ytth.,l.;'ne,tt j..n .Eva rjonürn], Ídi:f,í)e i;¿rterray he ch'ei:.i-c:,"1-:i-y honð,ar!. fb n cr:in'¿?v.ry1," Ïç'¡rscsu¡;¡:l,r og ihln- l;,pe, a::o ci:L1edhïë#q'bes, r,nd 'úhr.ty i,.::,t a(:,:i.fi. ,,;6 con,,;r;r:i.n U*çr¿-ø;¡l*liUf.¿" 
-Centfy 

hea.tinge oomourlcL con'çar,n:i.n3.,.r]íttt:r o'!: h'¡i.::;:ti.çffiJïLñ.,îË,'äîiã, the compounct oftt¡: r:a-ter. þ'laf,ay rø¡ ;:Lr:o Tto ltiiy*lcatl..¡, oi 
"ä;nriäiðãjj;";"il1 by a. cryrta_Lrine con-:otùtë,.' -urhen 

heûçj.n,¿ t::r:i.r: ir,¡i'ul'eiyr.1rr.il.:r.no î,u¡ilrnru, j-.b íc safd.ro ð'ecvapita;:;&" 0onpou.nê.l Lh:'.;i, coni:a':\.n no ,,ãtor" ;,:..-,;, ¡alii iá ¡u ê{t}ìtr|cra]åc,

Before Lhe,f.tbora..loi:y pc't-ioasçr4c1.er ovr.,x, 'llhê :tol)lcr] y.nd. ;n your labnoteboolt cui,gerlo a ne''oitod" oi-ð,0:liac,Jin,¿ inutï.rr_a col:rpouircl h;:1, uatä:: chenico.llyot phycical)-y bound- to it. Denc:-Lhe ihr, ,nçi'r-oo. to l¡ä-uc'e¿" anc. oÌ:s:¿rvetionsyou e:qpect to n¿,ke ' þ'J.rto incf:v.t.e a 'bheore'ii-cal- cl.ircuccrion of l:hy ;,ou rrould.e;çect those obcr"Yv7.'¿i.on¡i' Your j.nrtructor r,r¡.11 inii;;i-t";, lly:ooth,;r;is att'lre-begin;lin3 of the labora''oory;terioð.. /1Lro prerir¡rre.r,.baï¡re j.o:. the re*cord.ing of yove o:::;erv¡,.tj-oníj oni: r:a.].is.idl-ni" Lhä ãl{peliiìãnt.
L{,0, ;ìåT0õ P:l_¿c}r_r_u,g$,.; :

a.'' t""!'rîÊii:ÎËä 
f;#'*ei# 1yrl cïy.r3i;'+c of cripr:i.c r:ulfare, a eor,rpound

rorl tn_.i_.

.lmov,¡n to hold. ítc va'íer"chenicar_1y, ano."iree,t .r,i:e¡n :;;tij, il a cloan, crlteet tu1re, held rn a hori.zon'cal 2zí,Ltion,- irb.rre c,irefur orrr-:-rr-ü,:tioni.i of theconpound ana-'Lhe ter:-t'bube c1*ring tiis ;rroced.ul.e, Iìci¡eat t,.,is oro"ecr,u:.,e r.¡ithsoc'r-iun chlori-c-c, a corflpoll-rr,l. Lc;tovtn to h:rl:: itcì.r"";Ët;"r:iLy boi-r:rcì.,

Sever¡:l othet'conPoun;.íi l.;i-_r1 be ¿ir,i,::iL¿;.lLk: fo::_Les:.bi-ng to soe if Iì"0 ischemicall¡r or phTrs!çal1-r' ¡e*c7, b¡r the cla¡:ir-¿ìÍl a. groulr' Use a clean.õrJ
ff;i":"r" 

.for e¡.ch ';aL-L'¿ ;ìecorrj. I. r,ri.;;.,a.r¡r of ;he i"o*i obrlrv¡..t:Lons :i-ñîour

CÛ-ICLUSiOiIS:

0n 'the basi-s of ilre ::-es,,rlts obta.r.-:.ed., evalul,r;e ;roui: hy,lotrrle;.i r;, rnyour cLiceltí:;sion incluci,¿ lrrl,ï.lc!ffi- of r.¡þ..¿ ;rár-r.ilun:. to be ;ccura..e. Alsoinclude the infor:reti-on i;iiichllL¿rnad- f¡or.: -ihe e:-pori¡ne.nt and^ ,o¡h:-ch sirould.be includsd in your hypothesis i;o ¡,nJle ít coi,i:l-:te,



w'*i,"¡letr!.r 
an'+ 1$

?RüB'-L;t;;t ,r'o í'avar:'çí'¿ttLr: r, 'tha ''çh:.-*j-ay of :::er.':,:: v:pon .;...poî.:u-?çt rio Lhe e.1,:io**
phere 

"2n lhr¿ eance.pl: of +tr:t,ey af, h.yr).ra;,c.,,.on -Ln ctVs,ca1*
f orr..t:¡'çi"on"

I ¡:Tl l-'"CD ti Ç' i' iûbi t

conpoun'il t;iti-ch J1)i:or+) ircirlcu- e lrorn'rhe :!-r oze t"L:,Lð, Lo lte ):tjÆ:_osco.ai-c,
Yth?con1lolEtt...abnoy.'::-:ønclaghlla'çer'çobeconevir:i'bLyt';i(-,;ð.;ffidis¡olve itæL:i) o;' to bacanã ,a 'aydxc.' ,ã, il- iru .¿aíð. .Lo lr" .-l"ri.¿r. ercent.conpouncl-c 'ttkich Lo' e 'cheí'c ,:a.?,er ot nya.iu;ri.o^ opon er:Þosure to tire a,iî,os.o-hexe ate caJ)-eðt efflotet:.cenþ" 

^The::e "áipo"*.au 
lra],e".r.:7, tiaíy"i,^íií #"i;:dratron ví'r,hcl.!¿ Lhe ;.t-ci'ui-on oî ,neat^

PP,E: lti 0: *vr Tû_¿-it _PEEIA p.,AT I0 i I :

1' Set-up i: Labl.e lor Lhe_recording o'r oltue;rrr¿.,'b-?.ons d-uri-.ni i:rocedure A*2n Q¡',aníze a Í1ot,l :..hr,:::t, .ior ?xoecclure B"

I¡l;QlÁ1rolÏ _p;lQË" iliilE{i I

--'-{' .Dre¡rln$'¿åa3i.qP Yoür j-ns'lru.ctor r,rj.ll t:,-:tr v.i) -i:v,ro ilciüonstrationsr ers clla-graned belou. xp-ch l9:-p:linent¿Ïr lube r'r¿r; p::e',ra.red. a feu cr.Lryjr befo::e theJc'borator¡' ;oeriod,o It r'¡j-11 bo ca.refuily cãni:i",,d. to ths rcontroln tuJre
T*igh r¡-c1,í: pi'ej)ar¿d iru.rcdí3tely ;:recoilipig .t:ho j-iijro:;;r.borl poriod. iìecoi,d- ,uhe
differenceí'i obr:rrvecr. i.n :he airpäai,ailce of .bri,, l¿rr.i,r i.n ycur tai:re.

r-:
I ¡ i"ì

--, 

J*. --- rlïìa:ti

Bn Usj¡re a p¿pez" brough, illace ilil.¡rjoil (i,;ocÌ.iun thirsuLfate) ciystaLs ina cl-ean clry i;er-;t t,ube to a áei:tù oi aboül j c,n:, ,tr.clc. 5 á;*; of l¡ater to .i;he
tubgt notin3 any Leripe:a-ttr- e ähon=-u r,¡i'bir a tr,hernclle'te:'" Irrar¡l i;j:e tr,rbeq"Êtlly ove¡ ti:e f]-¡.rie:-rntil onl;'.-'' cl-ear solir..¿ion renaj-nso Cool_,i,hc tuì:e.'¡itj:out a;itat:-on in a s'1-.:ea¡t of colcl r¡aì;e" iror.-ti." t",-i-.*til- ii is a.'p-ro:dnirtel;¡ at roon te:rirerailu:.e" jì,:i_nie of.i:.r tfrur,i"r."t;;,ri;t i¡o.ter a.nd touchit to a c::;,'sta-I of ttl5r¡sii. (Ti'.il i-s l.,..roinn ufl -i:q,gcll.n€ er lrotution; -tìre crystalof r¡h¡'porrrs a çîççi crysi;i.l") Leave bire'bliernone.i;er in'¿he iest iube" Re-cord- all observ¿'ì;'oniì[-Ee ter¡Ðeleì;r:- e ch¡nge ant-ì. cì.ì];]eâ1.âil.ce in bhe appro-pi'i-ate Þlcce in .:he fl_or,r :_l:e,:t"

tÇ.,cliii:.OiIt:

't' cJ-assify the sal ts -i nvcs:;igatecÌ a.s e:îfr-o::escent, c-'r.el:rc:u-escent, orneither" Def'31d ;16¡¡ c].tssj_fic¿:-tion,



LJ.J

re!ìåÍnj.n:j j.n 'Lh¡"r teri t'¿Ì¡e af ¿er
the c::yl'cal-lj.zetion tooir place,

the lli:;rl:grr crl'¡¡"¡t 1-r i1 tlich a i:n:aJ-l
vol-y¿le of l:atc::"

3) Account :eor .bl:e 'benpe
- - ¿ f -.-z-r {¿-1_o:.! o

"ð.'úure chan¿e dr:rJ-i'rg soJr:'-'bion ancl. ci.ycl¡11i-

E-)ffEN'siQg:

I'j¿lce a- o,uentibative i-nvesLi.3¿'.;:ì-on of tire bcl:.¡:''¡-j,-c.rr oÍ calci'-r¡r chlorid.c
upon elcpo¡u¡c to 'bhe ¿tnos..phr:::eu ,iil¿rce I gre.ns of' anhyd.l.o,¡r: c¿Icj-ui:i chlo-
:'iri-s e¡ a tratch Elass an; lreri.gh" ii:;1:o:e1:;:j.r c¿rl-ciu.l': chLolid.e'lo the a-.i:-
nos;ohere a.nri- cheek and recorC the lr:i-¿Ìrt ûlti?rn¡.-e;oelj.ocic,-.1J-ya ,il large ¡ra.ä-
ber of vâlu:,s...:-e cl.esi:.'eajtlc, Usin; tj.:ie a¡d. t,oi_ght va_l_ues :ioi: plot'.he
iloinis.lnc'l- dreL,: the 3:a.rho Dral,,¡ a conc-Lüs:'-on f::c:-: r;trul-..;lrtlrh anól cti,.,rcuËs
r,¡hether -bjtis inforr:ration it of any tar-: c.iícal viì-rLteo

i\ T-.Bu L) fcr,niify tlte t;r¡s of solr.tj.on
. a) the :ro'l-utj.oi: ',::r cooleri, b)

2) i;,ccor.'-nt fo:: Lhc ¡o1r-r.bi1-i.t,r e¡i



-¿Tl
'7

i'Jxlrorinerr'f !S

$O_tsj1.i!: to dcte::[i.nc the ,jerc]n.bâßi¡ of, r,r¡,.be:: of J;:;r:irai:j.on j-n crj¡st..llihel:tjii,o

^1trlc¡!ÇåiQ:¡

Tho pogcentago of -vr¿itci: cÍ h;;.cl"r.;,.t i.on (erir.:,t: -,_Li-z:ttko:r) ;o;r;, beCretemri¡:ed j.n the.l_a.bora.tory hJ. f,oe.U_r_ng f.ì.áretu¿. sr.rr;..þ¿.1.. oÍ, a selt ¿:rd.c'riving of{ t}:e v¿ier of h;clration' ,,o"o"äto"te ¿ccoL:-nting of t):a r.re:-.gi:tsbefore hea.ting ancl. after Íre,;tj.ng i,¡ill_ gi.,ã ?:r, n"""g,*"yäoi¡. to il,-rlcethis ca.Lcula'bion" Conlrlete ,ie.nridratíoñ-piun, accuyacy la r.reilihing aref¡reto::s u"pon wliicrL the 'v"c,ei:: of tr¡, àr,iori,r.nt cJ*irenii,s,

A najo:r fe¿tu'*'e of'a:a' c1u.'.ntitati're i,¡orJr trlo-ert:lcen by a. cher:istis tae neei' for tt'ro or iroi-e r:éts of ::esu.lts-ilr v¡h:-cl:: ilr" 
-u.,'ìinÌ:it;,tive

clata are in cl-o:,e agreenent. If ti"ã .lu"ntrtrr, tr,ro trial"e siloulc'I. ¡enad'eo The r'esu-"ts of eecii triaL cl:oulii ¡"ì¿únin r;i-or-""ãli o4:er. Thisclose ag::eenent.arong sepr:.rate seta of reirrr.-l-tr: a:rr a ireeic requirenentr,riier¡ever ciefínite coaclu.ii_ong a.ile to be cl.¿.euno

Piúj-.ï.+,3;J:ï!Jû.î*q..-i .ïq+

i,leigir a clcan, d:..,,r er,.r,,:ora.fi,:g cl-i,ch ;i:iii recoi,-j. itt; l.le:Lgi:.b. Acid.aboui 5 g of ftu-nlslountt iry.dr..rtea 
"r7,ir,ro:.,". 

(it .ttr" 
"rryri"ir--åre not Jliire,the nort;'r end' i:ei:tle r.hãulci be u.såJ..)--úo ìü* orr"rpor:r.r;ing cr.ísh" iloighfire d.irh and its conteiits. Record, il,re vle:..gnt,

Place tl-:e ev¿:pcrating crisl. o-r al l.rrj-re ,j';rÌrz,l ,,,1;i:..cLr is rü.,r,:oi.-ted by aring c-|,:::o anc, Lab ::L¿:nc1., -iiô2,;.i t;re conte,:ts-,_lcr.:ly lii.i;,i-i;l l-oi,,r Ílane. Thet'en¡ete-;-t:'e ;;fiould cci,le 'i,o ,::l-irr::t1,ø o','e:: -LcOoc. ¡:ii:: t.:e conte,rts carefr,-IlF.Avoid ;i:illing eny of tbe contõntc or 
"r*r-t-n, ¿r_losr, in i,rci.gi:t in any ot,'rerl,tÐ.:jt. T'i:e b'yðte.1;r:s it&Jr stíeL< tc ilie rtiyy;n-'rod. i.r-rrbil Ít ,trecor,res 

tJâïtroAvoid ):eabin3 it to ¡ucl: e. higi:r terapu".,irl"u'il:¿i.i: c.r.econlirorj-i:j_on talles;olacoo
Ãfr'er no ¡rorä clnnge 5ee:r€,to 

_t¿:iie ¡hce, coor t,rie er,.aporating ciisha-:t:l- reu::i.ih it. -:,cou.cl. t.':c r.l,¡r:;i:t. -.,::ù i¡e .:í i-ãn""'-_"rà-f"¡ ebol,-t 5n:inu-bes,: .:s beio::e. i;oo-r- anci r,:,.,:--,i: tì:c cr.ir;l: il i.:concr. tl::.1e. ï-i .i,i,,.:re .i s itoacl,cr.:-t'ional losc i;r r,rei .ì:1,, r-i:e .r,.:ci:l:,.¿ is 1,,-riü_ to rrr: 
-c_o;l;:-b:.rn1l . ,,,or.i canasslì.:,lo frir.t :Lr il.ie r¿ri;..¡: of c¡,.ct,l_ì,-ii-:.,-L:.Lcn ii¡. ".å;-.r.:-*i. oi:. iÍ i;hereic a.n er'li.i-ti-cn,-:J l-oss in irc-r-3ìri:, "'.e;:cat b.-i; 

-¡rcces. 
,,:_i:-i;i-r +.vo sriccessivel,reigi,i'3r: a¡e ü:e sane. ;ìecorct t,:e f -i¡r¡:_ ii ,ì-¡;¡ ¡,

Daì;: ra.; C-. J-c,ule_¡.:-onil I ïoui. ct¿tt I .b¡:b-i e ;,.i:.or_r.l tj co¡.ba j I ;l:lr_ee co_l-i;nnsí'o:: i;i:c."qt-iarlÙi-¿;l:it" ¿c' t¿if-""t:-ial ,,r-r-, t,".':,i',,1...,,.,,.. _i.-,¡,.;:::li;c. -L-:rri:..c.rt,e,b-:eO-.lCr¡. 1'Oni. :'-:'.fd- :,--r 't:Ì.'i 1-. l-.'-.r-- ¡.: lr.r't 1:..:^..,. ^',
,,*i o,,,,.,,3 ,,,. 

",,lu. 
il ; ....ï; ;i";ii;;1":'";; T;r 

j'"ìl" 
j;i"",,, 

-:r'i. ,,1,1,1,]riå..
l., e c'u:-on ¡rt i'i;;: ¿ i.i-.1-,. ._r I i_ò clc in il lt .
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A,

3o ci¡i:¿r:r-n ti:Le ir-lcnti-i¡ o:C ¡'ov.::: ,'.i'dr:;:i'¿îí.r froi:r yorrï. i;tl:trircLor, c"r,Lcu-L¡,¿c+"i::e 
!'.,t:t.ei¡.ltJ.c.1J, "',"i 

ef' \¡r..li,,rry of )r¡r¡j.,;,,.,i'.:.on i:iiti).-'.bl:rc¡:r i"..eie",,,i-*u ;,ou"',:,r:Tce;ÏL¿' ¿e oî €t,jtouo

c,,tl-i-"iç" -r,r:'-;rq1 -gi --e-i:.2;; ;

ïnci:Le;lto l.or'l e.izh o!. L'i:r: fol.Lorr j.::r1- .::..i:Õi,i: o:: c,::¡1r.,l.i-.t,j_ocl¡ ¿L.. ec,oyov.r calcull-ateo. ani-,!rer, ( o, -, or O ),
a)
b)

c)
cl)

The l.r;d.raiec1. ç:t.LL v;û r; efÍ'l-crer.rcent,

;Ï:iî. ol the con'ien'L¡.; of 'L,l:e Dv,:rl)orât;.r::g cìj-el r.rj.L1ecì ctui,inE
-:r,3'r3r¡ó a

Ti:e e.rapora'c!-::".¿ d..i ;;1-: r:,':rj rti,i,
Tl:e hot ova.pora-lj_r¿ rj,j_cJ..: r.ilr:
C.e sli surface.

e) The ,.:al'c r,,l::ìíj Ítot j:e:.i;ei to
f ) Tiie se-l-t r¿a,,r l.ieai;,:c'l to t:tcii

co¡::poscd.
g) The r:olt r¿¿c clcli-c;-1rsc:trt.

c-'i_erl_L e'{; 'bl:rc r,t;, ï.b o

,:'ì loi,¡,':r. ic cooJ- o:r il:,e i:aintecl

sc;rl:'b-.;,¡'b',le:,:Jht (,¿o
.r '-; -.,,, -! ^ .-.-,-.-.. - J.i.: i._ ¡,i t-u,. )g¿...i -,--:1-.r.1

.\
¡- ir".7.; ¡a -¡ r¡ I

--.¿ ¿.vtrÈ /

'¿rl,, it C,e-

EïÎF;[TS,iOÌrrS ;

ite.r;ise .
nrr¡:ì¡er of l¡¡ tet
frolt a sinilaz=
t¡oul-d als;o neocl

oÍ'aìi¡'<1.r..te(tle
to'bl:e co;lito'-r,-:.ä)

of ¡.rh:'cl:.or-:ç conpou¡d.
;io't1:od "
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t,ll;r-rcti.:ren'b ll1

REAc'T"i0.hr"-q-F-qII4E"qrq WJQF:F-.Aì{,Q ,"\r.4qqB, ."1 r.EÅt4..åÇJs-F¿qc.å

SjprÐ.I*EgJ' *ì 'Lo i'.:Li:jco\..or;, v¡hJ.eÌ.. i:,:r;J.cl,o;: $e¡r;,[ r.rj.il, l¿¡rt,r¡roi¿) t'lJ'i.oro ir ','0're'Li.on ','loo,,', occ;r1i, to ,riotçii:rLnå r,¡l;,at b/rrc ojJ eoil¡orurclf s fot"lrt:iì ,

.r.1.,[|fl c,Qii_c_i[Qf $;

A1'¿l:or,r'.ll li.:¡t t trc'[.].ocl;.r ili'e '"ti,,;ri. 'b¡,, lrcl.elnl;:i. h,r: , t]:o ::o.l.r'.rru-i.:i¿ l:t¿t.i;. bc,co'i.;írieroc t' l¡o tiro foir¡: b..rs:Lc ¡ctfv.i"tiei: oil r.icíoncsr1. to accu:rul¿l'be f,'fornation tii.:cou.";ir c.lrofu]- oJ¡i:crvnt.i.on.2' to or¡;,:ti-øe thj.;r inf'orn,r,:,iJ-on *nìi to iãrir;rflti;i)rnr: or r.r;;uJ.i;:r.:Ltj,.er: J..¿ it"3, to r,¡ond.r r,,ri:;r {,ìrs,-,q):reguta:..ftr:.* ã*t,,i er:ir licr,.j.r,o tileorios,bo crx;:laj.n.L ì^ ^.-vjtg¡:l .
lþ. to cor:r,i:i'n:Lcettl il:;; rilrci:!.n¡;r:t to o.bhol,i:,.
Tìrj.s e:;:Deri:::c¡n'b r,rj.Il oro.r.iiic ¡i611 r,r*ttr oi_lorielrce i.;l ti:c Í.Írlr.L two oí .bhesoblsic l,rcti.i'ities.

The oxiclos 'Hill l¡o i::i-:;eo. r,r:ltl, r,,¡.'Ler oilo,:rt a 'b:Ln:s" Tho lrater vli.Ilbe tes'bsd' r',r:Lth rec anc. r¡rue ritinul'; to.eã iï *n,::cj.r,l o¿.]1,,ìr,;,; ir::ronìred."0b¡crvatj'ons' t;j-1-1-'be tr¿i:r.e o¡1 any'other,.a,,',"ij.o,r, i:ì.1.', o.n.br',s el:t:¡,,r.1, of thosoiuiril-ity of tl:e ov:fde. Jìeg'r1är:it,i.¿il Ln io"." o]:r;.:rv.rtio;ri r^,i¡. bo rought,b;' refcrrj.:r.g to fÌ:e ;:erÍ.or.r.lc-tnj:rle, t.:,e--.icîi..,":.tr. ,.;or:;.er; 
-oi 

r::o.beln, êtc.Tìre rc,',i-rlari'cj-ç¿r: in jt6¡1¡ conc.r.u"ij.olr l,li.Ír io' .:-le eioi:r,¡r_r :fli,or: tjiç rolurtcof t;re e:r'þ.'r:co :ïrnio ,I:.e;r.ce, tìrir"r ,;'j.,;;,;'l;nt iij..r..L i,rrv,r-*,- ,n or:a:,i,:10o!' r:ci.ent,ific teel.r,:or,,,: i-n aó.bio,r.

3-Pg#l¡g&-!lQ,&;i..!_iFl{i&lüIQS,

PÌ.art.t t^tL 'u'Lr: ¿ È cl 'L'É: Ìr1o f oz' '¿1.-Li-' r'eco:r¡i.i.::-: o:í- ol:lire:lv,.lt:ï.oÍ.i (:tLr.].:'L:.tg ti.io experi-ineÐ.t. lll.rir, trl¡ie r¡troulcl j.nclur:.e col_.;rrins forl t]::e forluia-oi the o:lJ-d.e,tlie p"rt¡'r:ical st¿te e i:).c: so_LLibj._l_il,;r, t:,c-ei.i.ä.t o:. h_t;ru¡:e iì,ìr1 *ci..l orb;. se-Íorning.

!åP.¿8ar a ?i *drj¿Q-ril iff*? :

1. se'lec'', an o:licj-e . irii-'b:: a soai.'-':fa. taiçe ,, ,aii,:le o_i _i_.b il.e ,:ize ofa ¿ti;i-n of ri-ce a.nc-l-'r-l¿'ce :Lt in il:e ce:rtr" oi u',. ,,¡lich :ìla.r:,,.;. Droi: l.raterfron :r :l:o,1.;c:î o.r'¿o li::.:.c c::i,i.c u:';:;-r --o1,. l:.ì. e ,r.,.ä 
"."lrilii'iu.,l.c.l_e ¿r:oi-u:c.l- these.,.:1:l e. ,9'3i:' tL:. , ,.:i-:l.tr].Lo I,i.;:: .t r-j_- 

'.ri 
roc]..

, il^ ^+ -L '^t-. rsuu r,.ic f_i_quid aro.lr,l iìie o:::i-r.c r.¡.-.i:ir t:oill-, L.-r-:,es of l_:ì..b:lrtt¡ ìlo;lcil ,lì-inse tl-e i:r-t:,ri:c jl¿ì:le::" 'bo j:e 1.i,.-c .i,l:.t ,:::...," cor_oL c.,r,naíe j_L no.L cine .i;c
rrttd-j-s-"olvecj soLid. r.r-:,.iiin1n5 ol ..i;.Lc-;r*;,u"." iãt. 

"" ,n;r-ll_r,n^""ttr"t +"el:esitl.:ce jL.n t.:.e oxiCe ¿inil ::ecõrd- iL ¿, ll;o.
? ìl^_^ _ ! _r_r^ _L ¡r. 'tc¿¿. u L:r(, r,c,:'ú ].J1rr1 o¡iler o:ri,_lr_cs. B: coi^ta.i_:r i.ì.i._.t ilre t¿a.bch

$fa. :': is tì,.oroiL¡.h-l-;,r cì-e;,i.:: þcfo::e r"ei:-silrg.
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¿þ" QDT'i'.Ln ilõiiìltilül: o:i. 1,1;rr: C¡l.ei:te,ti;,, t ùi).e,;), abOUj; i,:r:J.,r. ti:.p r,::i.,¿,i¡ L,i:|. e ,ï,Ti.\.J.nof rice' Pl''¡'co 'LÌ:'e olçn+::rt J.nto ,', ,i.r¡¡,, ëronf:i-u.¡1r,,;;{::,i.;r¡4 r;,roo:r. .,l.6ni-t;e 

t,itøele¡ncnt bJ. ì:e;'i-,.j-ng," 1"oJ,ä ,bi:e. T:ul;nj":ti,- i.r.,,n-rll i.n , jav eoni;,,i"nl.n;¡ a !:,a:-iÌ_j-:rcir 1¿ì]¡ot' o'I '.,::.N,ri:, aJ-or.;c bha .';àn ,il-i; îr-??x-*-t ¡¡ia.,,:, lrtren aa,te tsuvni.nSr:Lopt.:, i;Yu,.,.i:.e t':.-,o gt,Íj oï, r.;,lrol'.e^tn, .,airc Jar l,li.tih r,;i,e,,'y¡þa]:, 
'jîà,nou, 

,:,,,:ie 
i:noor.t,

Y-,ilg " ï*: r.- t'od,i :í)1,).Jit, z t:;,tpLt; ctt 't:r.ä i:c:i.irt:ro,, oi-¿ 
'bo.bii .Eyltar: o:i. ^r-:r.þr::ur..) . )\i.:'. .,ilp:f t .iiii:,¡: 

r:;,.;i.,. .O,., :r.'rt:t ,l;,Ìf ¡: ;,,,r .i:: :i.n:j_:i ,, 
ry-1.t,,.t,, j1.,i{,, 

'u *

5' 't't;ic grollil ('t,'i)':. :;',:.¡t'b+:t eoï-l.c¡c1',.tii, ,:?,r' rfflfiorí.led oyl];':;t,ti,.)o.(.1,'.,. 1ly.\lir,t

tabl-e v'tícl, clett;t:i"l:Lc,t i't,r,* o.¿:iô.cit.: unC.er t: reç liaaeti.n;;r,; ;) liei.d._forni*;b) ¡a çe-fornins c) .io nuä"tiun vtLþit \laþør,
CO],TCLÎJS]Û.iS I

_...¡<,_._;_

1o on Llne i:ieyi,.að,i-c Tah],cs J.oc;t4:e 'l,fiç rtlerÃe;rtl r,¡i¡o;ri:r oï:id.oi.; f:owrcd.a bai-e uLlj: vaLaro !,ri,o îj.:tcl. l',ha ,so,,j.t,i.ån átr tLio elç;na¡rtr, vhoire¡ oitrû.Êi;. ?e*acted t'o ptoi:ucø å:tfi i¿d¡-{." 't|i:,e ta,'tjl rail;t"äf",r,r,u ¡:ur:lÅi.lc-,',1n,ø,)"* ij}io',¡,; ,Eroujcrjof metal¡:, non'r:et'e.rr, i-nert _';a;:er:i 'ur¿;n;:r,b!..on:r*,riri ,i;;-i;i ,r,,rr, c:arth.t:2er,ço Are the acíd;-ioining; elåne^ii, ãj.,riräí.-r" eny one grouit,t *::a yhsDai:e-fo'rn!-n,¿ ele;:rcn:L;; cLti:.a1,. :i.n o.ry in* ,¿îorrr7 i.i"Ta t,tio,tc r:.lcnont;; r,tir-,rch2rod'uce no reaci;ion cra,:r..,el -i.n an;r ont gr:ä;:p1" i.t r:a, ie."-r¡rí",t¡,.,i;iie iárou.po

2. Tn'cce-Ãcti-riLy se-ti-e;: oî L:--e .t:jrençnr,r:, îlrnc\.i:r:.e oocitj.o;r oftl:o;e el,enent': ,,jL-oi:e o::j.der: yoa t,ei:,Ler, rj;r;"ï:r i"ii"ïiin"ï",ruifr¡.,rt ,.'pa'Ltcrn betvecn tovÍ reí.t1r.Ltri at',.i, 'cLie po;,zl;i-rn-'ir"lrtu-'åiriri"Li i" gris Lj-r.rt.

3" p,eorganíze ;,or.T d_a.ba 
-,o7, 

uríLi.n|, i-n tnto co}u":n::: (e) tirefozn¡tL:;: 'iot' r:':;e ot:j-c'.c:.t i:t"::j-e!:t c1.i.c, lL,tt: ,t":iiicti-oÐt rtíy:. (ll) tiio;:,r: r,ll:ícj: ciiclnot. Ait'er eact fo'rr;*tl;. ",::::-'ce ð,ot¡Á 'o,ne 
"orrá, 

prnð..Lng .*e;t.!: of forrution.can yoa r¿j-;corer a 'ga't'ierr:.'¡;:t¡,teen ti:,ei.r, uolirr, tncL \îoLr,, Teí;l::Ltr:?

V'-L:Ltilí:,Jz

1ler,!¿y¿gpgç.,-c-qns¿-jL,.:\9aç,, lL concrt.;z,.,.ott íi ::ati:,.1:,cior,y whonit. e;r:bt-crc jõo +-o:rilf.îci ï;iti' ;;;:,:oru:-,,¡!e- ,loi"o,,r, t!:e behar .i.or or lrati;ert'¡hicl: va:- not _p:zvíou;L¿r testecl,o tn L¡te bail,: oi 'che crncJ_1J.í.i-cn, t)ta.t,yoÌl c-''teÍ,r e prer_-içr¡ yLov ao o::itð_e, vhi.e,,. ;roa A.ä. no.l pi:r:vipt:sly. r:tt:.d_y, ilhor",,ld??":ct uith r.¡¡-ber" Once ;.6,J ha.ve tecotd,e(; .,ou3- y:- ti.:..i-ctLon irt. yotttJ-e'borzior¡ eotebook, o'/çi'ín a :nnple oî'Lit7't oxi(ie;nd te::"¿ ,,our pretij-cti-on,îæporL ,'ottt' re;:tlL'' Doer: t':,i t:. Te-::.o.,t ztreagih.en or ¡,tee,t:et). ¿rg1¡3 cancL'r:íonc?



j1

;l.i':¡l.l]j;r to :'icì¡i:'bj.:i'y f1v'e unllior,,rn soir¿.bicns 1;y in.;es;ti.gating gre:Lr
cl_cEj_co.I proi:er-Li.o s.

.tiiìjQ¡*¿c.ilgjl I

.l.n 'Ll::l ,s. e:l¡:ori:::ç,1.i .,:eir 
_l.ti.l-1 ì)e ?i-,,; ,)i.r saltl:ì-o,r o.f c.,.cì1 oj, firret-u-tl:lor'r':r co'l'u'bionlr i:r lrur:beracr..'bcst l¡urcãs ïo" in ciropp,;r bottles). T'efive t"il:es r'¡il-1 con'i,c.iu so.Lu'ti.ons or ri',;le'ãå,:,;ro,::rJs r¡,1ro"re cl:r¡::acteristícreact:lous l:¿lve 'reen pr.evj.ou.sl"r¡ st,,rcjied.. 

-¿ii.rou;3i-: 
you r¡il] l¡s girreils;:ec:'fic l1':ìi:lÍ)s of tirer,ie su.i:r,;tä:rc,.:s, LÌro nil;; r+iLl not l¡e asi,,oci_at,erl, v¡itht;.re Ì1u-.rlrors or.r 'bi:.s 'bent tnì¡os. T!" ,:ror:ioin-i*q ohê of ciunrit::.ti,¡e;:nar-1vr;icr't'i.,e::e yoll.3ro to identif','åiãn-"olut¿oo by ncilie. This can ¡ecionc b;r li:".::in6 a l)o:i'tion of tr,ro of tire soluiio,.r, unä 

"onpuri-ng 
tire1'a'3"1'r !:Ln'; oi:scrv:rti.o,::.ri to .i:rle crra:."rcteri;ti;-r:;,.;i;n;";i*iii* *orutionsof 'biie five con,¡oui.ril.s.

:fi:e reago:'b: nr.'.rt bc I:ìnitecl tn the contonts of ilre five tir.bes. iroo-bl:ei'ciie:':j-ca'ls,' ilo ot-:rer reilgonts, no trcni-äno. no acd.itj.onal- ai:iount of,rrn;'ojl *-,e sor-u-tio's az'e t,o be useir.. .i:ou;:rus.b vort a;;*ä;;*tne practici-ngcl'¡er:ist aL tir]es) uith a rÍniteci rut oi-üulJii*rs anc confine your'i:hi::lting 'bo tile reei,rlts ol¡t"r.ined r,ríth ti:åm.--tt i, inrrolves-o*t ing *carcful recorcr of alr ü:at is knoun auout'ii:e materi.ars.
::ili_:i:,. 

ùQ Bå'=cjli -qBE 
pA RA T _i 0.)t :

ÍJx.iro ::'i.:::ent í:1

1; 'li;;;1i^:îr:::lj:i^1" j:l,e .labor,r'ro::;., corrp'rere il:e forlci,¡í:rs b.rb]_e iir
íl;'î. l.i i';i lî "i-'i t 

: l:: :, -'!ll i . 
; :*" ;;;'¿ 

" 

" ;r"il;;.;;;tå; ïi;if,'åiåi.lït .
:î.:::.':..:ll:'_::,tl yl;F'1.i"äárlii"ì! i,ïir'""iT:;i""å;'ïilrå"ä"uå:il;
î;^:i,^,1ï:r?ltie, 1:,a! 'uu:--ro"i'. 

--:iãr"äi"*uÏã"rå'åü.:-ï""i;;ÏJi: 
:t:re e c:ua::es.

Ft¡(¡t0¡)z

(ti--O+
¡,j,,,. ÍO.t
Fb(iJOr

_
,,;^Tl;i,.:i"';í1.'-:;::":1,.1:1?;", 1o".¿r:e :recorrl:,nr or vow 1abor:.ror¡e r v¿' !.joi¡serr,;¿rtiiont. " Tiris t.-.bi-e shoul-.. l¡e s-i r:ri-bhe n'-r::bcrs I io 5 s_:ori-]-cì be ¡:,_,_b.:i;::tui;ec,i Íor, .i;i

rur. L.¿s .recorcrj-ng Of' yoUt 1e,bOf:.LOr¡
be s:inil-¿.r in orgatj.zation¡ excep| thalc

iliíh r :riii"¡eit í"i.;ii;ï=i",.ãi; 'ii;;."åTir,lí'";'ï"li:ïlîi .?:,,r1:.:oî:",'"u.
ry.ilr: i' oi=d_e r to "ijlll'Yî; 

r.;Ìlot 
_i.lei-ri¡ 

cfl''¡ c¡e,r'L iests r.:ill yoir- neeð_ táSIulC.j- ;i I t,.te .COSSible COlrb: ii¿-i.i onç n.î o^l ¡t*i n,n-ri;o at u tinã. 
--r.,i.iiull".i"luí"ff.:;f""lio;;'i;::*";";i!*:',"::^'l:tnt

unìlec e ;:; sary,ju=olicat:,ón, tl:e first ia.ble and. avoið,



"'4'1/\'lA:n ¡r¡ nr-
.Tl:-!.,r#-r.'.I" e-ft¡jcf,Qufffj;;

(L ,::J-), ti:c ;i'b ;l
ol:¡;c¡:vti ti o.i¿s i.i:i

'i;o tllr: :Ì.n,.J'Li'ucii rr
l'.:L:: r¡r:Ij. v0luÌ:les

in,' recorcj your

P,l.:t c o i, '1,.. o:,. o,. 1jxr:l
,1 ,..:{'oii oi [].tr.r f r:conr.: fjrôl uùj.on
l;:i;l "l.L {if ijr",¡lJ[i i:ç i:]li,:'i: ,i:CVc:,:.1
Coniin'"ie u:rtj.l j.ou havc triocl.to Iro ;-lc1crrl, ììocord. ÍìJ.'L j,our

Ci'.ÌCLU-cf CI\TS :, ^-- - - --+.. ð-- -:_. -

con;aie 't1:re or¡lei"ir;,'bions of il_re :re",ictj.o:r$ :Llr u.ls r.l]rorr...bor;,tti'ii.: f|¡e cittm ctetisl'Lc 
""."'bi.on of tl:e oniut:-nnu r.riri.cl, ere rocorc,çc'-in ;'eur f:r'sb t::bre. Tl:j-s 'rrovj-;.es ;rou r,,ir-l;ì eiroirl;i: :i:l:rofl::,.1:i.oa iioicl-eiitif;' if;i ¡s,''¡ eiLc': of 'L;.ð iive ,"iùtiå""'- 

r/iivç')¿i -!"r'¡'r'{''r"r :'':

'aÍ'¿ez' ir'r'uí:rg es'ü¿ibfis.ieii 'bl::e ícìei1g1¡r, of r,::t¿ soLtttions t -?Tefien,t,tin il::i'{,j-ng, ô.ir. rccourit of i-clv J7.ou" accot:iplís_i,ec.t .i:ltic j-d.e;rtíf;j-ca.i,lo'¿

?)iT-ú-i.qIûi-iS :.%-J-

Det¡i¡'e e. s'.rif¿,¡ )robl-el.: oí ;.e1.¡. oi.;:r ì:;. i-rs,i-ng d-iîî¡¿renbsolu-tj-o;rs, ti-:cr tes'u- ¡ott-r 2-;ed.ic,¿eir.::e¿rcrLj-ons i;: t:re l-:.-,:ota.r,o-ty¿ ,rh.ocL':e-r:cterist'ic .:eact*àn¡r oJ ü'-o colut_-Lon¡ 
""å¿ no.,,_ onL¡ j-n.._olve p::eci.:pi*tation¿ ,ìepo::t r;'o1-rï i.ìi'csiir:a.i: o:r i¡ r, na..,rir til:r:lar Lo -L!,e oita intl:is e,--pcri¡_:otrt," - --Q
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;:hrirrrflntetrl+, &

fRctsLllil¡ t'o cloternfne th('r Eiolecula.r tte:i.gj:ib of a csnr1€rxßål,l.o . åpôFn
Ï:'T.lilÐ1"'CTI0Tl r.ru'

ïolr lcnow t'hat Lp,,ra. Llþara gf.a ga,e aþ ,irp sontår.n* on* ßrflm*no].ecular r,rolght of e;r., ßor, ln .Uil¿s äir.i*ii,,,,r,,,.b ;,çr.i sjrnlJ. ciotor::rfno tirevolune or a gíven r,reis;irr"or *,#lu, ljrun iåu-iïrn ä,,,r-eir:"aîã :i.io r,re16nto'i L2"1¡ 3-!.r'ert.ot 'Ey,r: g;rs ¿'b sfp,' firå-rä,rl1itj.,r6 ,".nl.uÀ j.r-.u;,ä 
&xa)r*rrolocular weígirt !

This ;rrocechrre ca¡r also bc foJ.loved for a lt.quici that c¡.n bc¡ con*vertod- to a gan' A e¡.:ail- r'or.r.r-':rg. 
"f il;;ii iä ,rr,¡,ce,l rn a fJ.isr:. ?r:oflasl; ic t'i:cn ire¡'tecl- r-r-rtj.l 

"il tlrr ri.r'iJ"'eipel"l.oc and ¿ho fLastr ín j:.ilred.t'ri'ch ra;ror of the subctr;rcs lr"i.,ig-ur*å..*',riänrÌ¿rol,c is-u:.i .oti*e,., ci.,usingthe vapor to conc'l-snee, fofl:i:rÍ; a-J.fqu.fd" 
.Cù,r'..,,r0:1.,ilit 

of ilre U.qr.:.ici fs u:osåae e.s i;i:e r,rei.grrl,. c:i) ,;j:e var:ór u:a{ ãonnlrïðry fj..ir.e¡-tn"-rîrn*r. at th.eele'ated Lcnpt'ia';'re ancì baro'ãtri;-ir;;i;;ã*tn üre laboretory. rou. can
:i"Ë";:å:uJe.'\,¿ 

rro:i: the 3^, lrr,, uro-voÍ':;ro-"r'ìliïã il;';JT;it or va.iror

-. Design a 'ba?rl-e lrliiç11 i,ri-Ll j-ncl..r.cr,e all tho o::i,en.L,j.a.lOrlanize tl:e d-:'f.r t,: or.rtain 'the r,tc:i;;h.L of .bl:e ioàtgnt of, 1,r-,e(r'ri:-ich is ec:i-ra1 to tlie tiãig..,i""ãt. flro i.íqu.icl co:rd.e.reed),

IÁBCP/i 10R,- iIBOCEÐuREg ,

1o Cbtai¡r a. Éc¿t13.re :

o'î ahllrin.,,r: foil (aplloxi:la.te1;r
$ inches. sciuare) , arc -úiã e eap foryour f-l_:sh 'b;' layíag the foil on lhs
::ou-th a,rd :îo_LC:'r-ng d-oi^ln tlre siC.cg,
lising a 11in: pol;c a t-i,çi hole i;: tiieceater of ,che ci:r.

2, Deteriti-ne thc .oreig;:,c of .LLre

flasir .inC. cai: to tlre nearest .01 g;I,Iiat e¿se u"å you_ r,reí3hingi

3" Adci al:o_'.i j r:,L o-î ,¿he 
u_,rknor.rnliquicì -bo tl:e f-ì_;sli anct_ ::e,tl-a.cc i;1e

ca;r secr.uei¿i.

Clarap ti:e fl¿;:k in ¿r r,;a.t,erlbät;h" Fill a 600 nl i:ea.ker r,iiU.: i;aterso tha.t t-,e i:iayi;:iu¡r fla:sk 
"u.:=f..cu 

is-- '\
l?lu=?.i y:itlr ir¿.ber^, ¡.,ieat to bo1ling"-l- 

- --___.)"

;:;:l.t'., i:ìt'..ll"ti :.ìr"'-Lrrr:) of i"-'c''oi1:'-n3:
r;,i.: u!r-L !::.Li-:_ lJ-:C O...,¡.Of.:e-bij_C r)l-ûSÍjU:.e.

lr *¡
ì,/Ð._001

Alumin,orn foil
w¡th pin hôte



e6
Abt.er";e'l):ie a1..)a.Ta.rúlut, c)T,itu.)-J4,

conplcLed., Do no't, coníuga ,,iullhl,l:r: i.ntlie i7't\.t:navn ILrTuið, i'n Li.::.e f]-e.:.:1,:"

''co Õ.rtei.rl.s ",.,i.' ..afl.,..:\ro.Þor;:.Li-on is
'r,,\¡s lsa!-L.i.n(¿ vt'Ley lti'oh .Ehotit: of

villLr.e 'ío:r ''ç:.,e molecular r;ei¡;h,o of il:ie
r,:ej,¡";ht of ilre iul,,¡or,.rn U.q,_rld rel¡.tecl

5" liei4t, tL;rt i.yut,.i, ci;."J ¿nr.1. cond,r,:Ãî:cd. y.n!1nott,.,. l-j.c¿v.iö." îiliai; eleeare Jroll t,teiEliin1?

/o, De1'eritlne'Li,c'i-nt,eytn.J- riohur:re oí'û.:,C i,j..;,.f;,,;, I¡ifSt, Í.i-l|-.Vneflasl; cor:':_l_etelv'îu-IL cf vlter artc,," il::p:t ororru"å í.bs volr_u,le by pourÍirgthe t.la.'cer-out j.äto a l.;ri.¿e 3ractie.,:,re, c;".l:iprlcr. Doee .bho na::.ki¡gt'rZJ;:Lu on'l'!ie :îiz,"t: ínð,lca.Ie r,i:e 
^e:racb 

volu,le, r,-i.1s.. nakir6 ít u:r-ncce:rsâr;' to r-:c¿:lí:tlr.¡'e tl e vofu:::c of il::e iiL¿.ilc1

7" CaJ-us"I¿.i;e .bl.e :":olcclrl-ar r;r:\:i.jlit oí ü.e nnlritol,;n ïJajloi:.

l-Q¿c-U€.+.c;tr:

-l-.,,ite'f e jroì..r.r,3i3)erinei-rta.l
'"r,.:L;no1vi1" iiol¿ is ü.-",e i.:oI_ecule.r
to tl:at oÍ its ve.por?

2. Di.scusF¿gl-g, ¿e.r:p-!!.-e-_qr.qqqç." _iiic-:icate ,rou e.,:cìr of ilrc follor,ri.:rgra cto::'Jîõ:riiîrErieiõ';-G-=; ;iö j ;'oiotiät"*:ined ,.o1"ãr.,i*r r,reigirr.(a) insteaci of a. foil- òup, ;rou ì.r,se à ltoi:per -r,,iticl: abs.,orl:s rolle of'bL1e va,;ot,.
(¡) T,te condc,:rcerì licirricl- contr.ias su7:s,t¡.:1ces e:r:.ractecl- frol_: ü::csto':,¡e2.,
(") Tie-ienr:era'buie of tle f]¡.sl; ct-oes not reac;i u:"rt of .i,,:e b.i.bh.(o-) 

i:,:ll* iï.:e cootj..,.g;r"o".rru, soLre of t,l:e vapor d.ÍÍfr.,.¡es o.urt of .ul:e
I ¿cl þri .

(") Tte rr:ror C-oes i:ot cti¡:,rlace:rl-.- of -Lhe ai-:::Ln flre f.l.:,sl: et ¿l¡eeleva,¿ect te:loer¡ tlu,e .(f ) In il e .r"o"*is-of' ,uie:i;l:i,râ, tie to.r.¡l- ric:L-,Lr.b oblainecÌ uor_r.l-cìiacru,.de br.:at, of i;hc f.'-erkr-t::,e ca,-r ¡rr:ì ar-Eo ti:e1i"isit of .¡i:i: air.
ËLIì:.l5.Luf :

Deternine ì;i:e molecular_,,reight of a gas bJr cì,:rsjl_l-a.cing tire ;lirin a flrii: of ]'inoil¡r irei-g1-r'c anci. volurre l¡-i 'bll"¿i 3es.it a ].;nou:1 t,er.:,Ì:cra-i;r_r.reand- p¡ess"ire, -bhcn record.iag the f-r_nal u,*_lght.



Exncriraent 23

E:ilr *qùs-ÌEqD-gçlÐ
lÐPI4Ii: to make â c.¡Lrâniitptive

hycì-rochloric acid- and
rea ction,

:}:ITRODIiCT TO¡i"
-!..%*---*Y-r

, 
investigation oÍ, the reaction of a netal withto deÌ;ermine the volu¡le of ,ga" iroOo"ud in the

BÏ jì R;,:CTTÔT\T4¡ _- -. -_¡ -- = t-:_

-,n a ¡u

First you luitl ealcuJate ih'c voI,-rme of ä2 thet should be evolvedby a known r.reigìrt of t,íg reacting,¡ith ãn 
""i.t.unå.å* iäi"r.tory con_d-itions" Then vou witi deterr,;ü" ;ö";i""ntally the vorume of H2actualry evorvecj bx +"hjs r.reight_ 

"f i{;- FÍnar.Ìy you_ r,rirr co;rpare thetheoretical and_ u,,lu"ioàr,ic1 vol,,rme s. 
r¿r.t-L- i.y you- l'Jl-l.l

FE:LiBOiì-¡i TOrìY pREo, &, T S:-èa::_

å. iiîXi,1l{_,:;?::-î"|,:_ ::|.ecrion and rneasurernent of gases, r_tz.t' 
ïíffir:"t;3tï;3 *'î^:':::::":i :": u "eÍ]ur "t"i"iliÍåå"åi"ä;]l; r"ll*l;::î,n?.i?j:î^.::¡;_llli"i; ;ii';";i";.ï.::i.i:iffiåï,:vw ¿It L

3, |iffíiT:1t; " ::::::::-i"u- :i":i:i p"""i.tiãiä 
""qu;,organize a n ap'ropriate-äut;-ä;i":

Fgn¡rc¿ tAo_c¡.UTS{å 2

1' Obtain a piece of lvÍg ribbon api¡:roximately I cm long. r,ieasu.re thelength of vour r-l-¡bon 
"""ãrriiy";rä';;;;"d thi; to ilru-nuarest 0"05 cm"Your i;eachor r,,'ilr give yor.,.. the"rveigh¿ ;¡" meùer of the ribbon, ond sinceit is very uniform in thickness y"i'-""À-carcurate trre ìreight of magnesiuraused-,

2, Fold üre ribbon loosel;r so ilrat it can be
;îÍ:rmade of copÐer l",ireo Läave abou-t 5 cn oi

3' set up a rab stend aniì. utility crar:r1: in i:osÍtion to holcl a 1oo nlgas rneasu-ring tube which has beon ríti"a ìîi;d å 
"n or bi¿o hore stopi:er"

lu- rncline ürc gas mca.suring tube srightly fro'an upright positionand pour in abor'-t io mt or *o¿8"ntely conceni"eted HCr acid.
5" t¡/ith the tr-rbe in il1e s¿',ne position, sloiiry firr it r,rifh tap r,/atcrpoured rrom a beaker. . {,/híle t;di;s;-;ri.;-;;; acid rhat may be on thesides of the tubc so'r,hat tire iop oi'the tu.be ïi* con.bain vóry littleacid' Trv ro avcid stirring oj_ir-r" acid raye,. i^-u.ã'Ëiï.;';Ë s:e tuï:e ,|iTtl;;" "ååig¡;: to the ;iö. -ãr 

lr'"-iüt-äå,'' r,"-ì;;;J;"å"iy"ï,u poine

í', HoldinE the coÞrrer hand.1er, imnediately insert ilre i,tg rleiar abou-t3 cm c.o,,¡n inio rhe-i;t", 'îåãi"ir." 
.";r;;-;;LJ*ãuu* the edge of the tubeand cla.p it there pv i.nr"riinE,-t:.u "ü¡¡ã" "tãoiu"_ The tube shourd befull i,'íth r,¡ater up to tr,c enã îr-llr"t;';;;;";":"uu

encased in a small spiral
the wire -bo serve as à
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7' covcr i;ire holc(¡) in thc stoprcr lri'bh i.o.r:r fin,,:cr. ancl inve:rt.i:hei'':lie into a -b:11- c;'rlinr*c:: coil'r¡ ini;:,e io.o -b,.r u ¡" ,Io"nl- inaio"",, -:.irre , c.'l ¿imirthe gas rrrt-rsr-r:rini tubc in rr:."u. -iü: 
acic], ìr:in¡ noi:; äe¡se i;harr r,.ctòr:.'¡ili c'LiÍ':''j'-'-se iì'c¡,¿n thr'o rgÌi ì.t ¿rncì evcnLir¿;llj, 

",-,.,.i 
,,,iiù .bl:e i:,::,

3" itltcr tÌrc reacticn stops, i¿aii; foi. abo,t j minr,r-tcs -bc altov¡ the+,'-rbe tc col'-rc-bo rcon temÞe.,:atir-rc" Disi-od,Ee onr,- !,,ùfi.s clinging to thesi-dcs of tiie tube, F.:ise or loucr t¡re-b..rbe un1;il thc. lever of theliqu-id insic'le the tribe is bl:c 
"n*u ru-tir,e leveL,rutsic,le in.i;hc-;al1cylinder" Tl:is :erniÌ;s yo'i to neasure Lhe vo1,-trre or ilro ,rases. in .bhetube at roon þressll-l:'co Þ,ecord. tr:.e vãil-¡oe of 1;he ¡,,r, s to ij:e nearesto. 05 ml"

?n Recou'cl Ì;Ìr.c iemperÐ'ot-t¡c of i;he waici in tÌre -br:l-t cyJ-indero Âfteronsulting thc berome:¿ìr, record ilre ,r::ess:lre in .i;Lre r-aboratoi.y,
: 10" Renove 'bhc aas rrrces,:r.ing Lube from ì;rrc cylinder ancÌ pou.r thcacj-d solution it contains cown the sinlc. Rinse ii v¡iih tap raatcr.
ii-t-*-{Ð"*cl-Wr;-Tlo-lÞ:

The olata 'r,able sìrou.rcr incrBjrc the for__r,or.¡inr¡:
- the r'reighi; of thc i4g ribbon,p"r,r"t"ri ü." tength of .brre Mg ribbon.- ti:e e:rperímental voiuüre of H2; the iååp"""t"rc o_f ihe r"¡ater; theba rometric Ðress,Ltïe.

I' Find the r,reight of. lig^i;hat you nsed from ürc gtams Þer rneter rel_ation_ship and ihe length ãi tiru ii¡¡on.
2o calculate the theoreticar vor'me of hyctrogen at roon conclit,ions.
3u compare the theoretical ancl expei:imeirtal volumes and calculate thepercont eïT'oll-

1' Discuss the effec-i; (-rr-ro) on the experi'entar volume of hydrogenof each of tire fo]lo"ir.g ur"o"s, 
-

a) some air is alloled îo ãntnt the gas rrreasur-ing tube upon inversion"b) Some hydrogen gÐs escaDes.c) Some ]"ls ribbon sticks to the side cf ',he tube and d.oesn?t react.a) tne uoi*ru o{ H? is read. rìnen the water lever in the tube isabove that of tfie tull cylinder.e) tne re&s,?ed 
"oiuru ãi ;å; "rs assuned to be hyd'ogen ohry,2. Ex,oanding on part (_e)_above, account for your fu.go o"r""* "rror inthis e'*ioerÍllent' '¡¡o'-ll-ct a cár'rection factär a.o':lied to your experimentalvolurne reduce this i:ercent error? cal-culatc ilrc cxperimental vorumeof drv- h¡'drogcn, neãs'rrccr under labor-atory 

""r¿iti;î;:*""*'
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AÌìIAty"sr$ 0r AN JNIl\[oJ{-r\L-Mr4T.uBg

?:)'lBT.Eit"; ta ca.IcuL:,,'cø hha-i)tr eent by vo:Lr;!i.t of nø,car:aLthn e,t:.Ictrate tn a*iztute at ;aLai;t)i"u.r:1 c\ilori:Le ,:.,Ã. ,1s:;^1r'elurî, c,i.i.oyi.d.a"-

TNTRC|UCTTO-I:

Th.iç c::rpctTi:ten',i prot.ið.cø e:t ez:,tn.:tle oi ,qu.gpl¿i,þ¡1.!::1t,s_.2rna.J-y.s!q,Bv in'test'!3a:ttng 'çke t:ai.?;b.L reJ.a';ionr, o:it¿tl-na,¿.-liori''à.ã- i{r"á,ï:.on lor tb_cd-econposí'tlon or pc',':t-,.i-t:.r'i c|,1-on:.t" yory e;n-"e r:rt1r ,çho ruäì.ri-to ,co anal¡tnea potzcslur: c'.:ti-:s-tr:1,e-?o1,,.r:r,iur;, c,::J-o/4ðra rn.L:,:Erce,

Aø yo't-'11t't'rg 'pvst¡:rousL1" n.ot'eù, ,oot:tr-trÅ.vlt, c::ikoraLe ¿.eco;rposos ghen
hee.'cecr- _st':o:tgrl', ILLL !;e ai:u,g*n, cex.-ho c.rivi¡,-;Ir"I;';rtl.""''o.r.,,rirrnchloric're, Ti'pi'eto?e, vl"e1 a' ltív,Lute of; .:ot;¿tnr.t!-tttt d:.loratõ änci ,rota,gsiuÐchlori-d-e is heateë,., 't'::e ,,tr*:::,r,1'Ç 1aør: ir.: d'íe ù 'tl:-e otcyilen:ce1'e;gs1,. þ1,t!:e potassii]xr cr:ilo'rr.te, Thle íúorr:;:t:Lan-pe::;lj.ts y-ou_ to carcu,late hor,rnucir po'oassiu¡ ci:lo:¡ate na.! i)reÊent i-n tb.e oiti-g:.nai ,.iziuru"

t

1" Pre:are a ír-oi,¡ s!:eet v':Icb represe:rts il..e procec,l.ures you t,liJ-lfo] lol¡ "2" ]rganize ria.ta 'bable -bo obtlJ-n; (a) tne r,roigl:t of u;e unl,*rounrixture and (b) Lh.e vei-:¿',.",t oÍ ilre o"q,¿è"' 
"uoiroa, cr..irectJ-;, f¡e¡the table,

3' rllustí te t:.e r'rei-:;h'u rel-¿:tj.on¡ of ?otasciull chlora.tc by set,tingup a vreia:it-i:o1 ;1:t ;oroble:.,:,

LABORATORT P.R0CED-U¡E€ ¡

L. To a clean, C:::;r 1:;re:l tube actci a,:inch of mango.nese dioxido.I,'jeigì:i the test tube a.nã its conte::ts to {iå--n*u."ust-0,016,'-óu.r,*ioan 
'n!-;nor¿n 

ni-xi:ure. fron ;rour iirst'ucior; rscorc', its nu¡rbãr in ;16¿¡]-aboratory noteboolc. .!*ctð- abo..:,t 3 g of ij:e ¡ri:rbure io the r¡ei.:,l"crl-tube containi:r.'; i'hngancse rj-,,ro>;id.ãr-o.r.ri ,uui:;l.- tile ;o.far. ¡,r*"iliä-conte;rtl+ oi' ilic trrbe by tapl:i:r; ge:tbly.

2n Clairr: tllc tube to a lab sti:r¡:C a,¡,_a;-t a.ngjs of /y5o" l.:.eat gentlyr¿itìi a fl¡ne tc a-,,oi,:. tjre e-,:ler;-,ïê.itGê of fr-a:ieÈ enierg-i-i1g fro¡rr ilie tnbe.i'.hen i:he solicl- .:ertrs increasð.tj:e heaiing á,r.', heai ¡.s-s-i,i:on3iy aspossib'i-e fo:: a fer,¡ ,:i:rutes. /lr_lor,¡ il:e -tJ_i:e io cool- a,nii ireilh'thetr-rbe plu-s the ;::oci*ct(s), lìepea-b the ::r-oeess o¡ heating, cooringani i.reighing, until a. const;ini r:ei¿ht _-i-s aL,taineci,

3. shor¡ tjie ca--l-ci{ations oî (a-) the r¿eigr,t cÍ oo.ta;si..rn chl_oratepresent in tJ.e eirtur-e, a:rci (b) t:.e 1r*" ""ãt b;¡ irei-ãi:t of pota.ssiuxrchiorate in tl:.:.e i:_nlmou:r ::r..:tture.

'i'" Obt'l'iir a secolrcr. c'iete-rtiiiia-¡io.a 1-r;r re,relii;r3 'Lire r,¡llole ,:lrocec]-Lr-re.
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it¡ t:ei.,g\,c sf rrt::.ta.sr,:ri.i_u:: clrLora.Le tn ü:e unlinor,ln

i::'-ons
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(c/
\i:/
\çJ )

conc'].i-
cr 0).

vl'r. tsi :::e cliani.öa1l y"

er:perine,:t,
EXTE\1S-].ONS :

De'¡ise a ;.retlod ì:;r 1¡-;.1ç_'. irou co,,rJ_C" cLet.:yi:ij_::lc il:e 1:ez, cclitcoirposibion b¡ uoí,3ht o! a.';tj-:rtt:e co,.,,rose,:, år ti,o 1;,ciråto..- ,t:..,¿sciì;-::,t'¿íta'bi";e aaal;rSJ.s ;:ez,;_:,its you io a-ni;ly j,ãur. *nou,i"ll3o ofsii:uLtaneous line;r r:c,il¡,tions. ?ert ;.fp¡"rräüro¿ in üre,-r_abárat,or;ra



l_¡.1

PB.EPÁRA.TTON Orl 4 ÊÜ"!W

PR0BIEM; t'o 
'tre,se':o a s'::í-'Ií)Ia a'Í, rør]lut; cli]-griflr¡ fronr CIftjroi: a bj-c¿¿:cvsrsnel:,s ç,a. ce.rbooa.Lr,t,

ïill P,ODLC r'-l0J I

In::cny.of t':"e-,)re,,-j.ou.Í: r:ti':psi:!.i:tø;tEr;, .|çy1 Uc¿re r|...i.recrl,Cd..botte¡rð. t|::.asclu.tion aÍ',r,i.'e r:rcr.:rei.r "is;. cLenx-eut ne,cnoë:."r:, !:iy nay 7ou have learnecleno.tgh arrou't c,,teni-tLty anð, )-a,¡ora,*cr,;rr ,cße.:;.:tiÇ¡trr!tri to p*ir)*"" u ns;,ciiiel,,;i:to';it't' al a. :;i-,:e'!j co'::::oolt;!ð. l,,j-tj: L"_ct Á.y¿1i-7a1;le i:r;rr.ipoáÀt', 
-r'o; 'i:;rr""r""

o'i saîeL¡, ho,evc.:T , yolrr .;t-tocel.tt.:ce 
rt:.,.-,.t: .i!.ynt nå a:,oirot-ad. :ii, ,;¡ou:e i.n-si:rirctor. you l;iil pi'epa.re a t:rj_'c'ce;r ,rlan f oy a çäyiàj it \rr"orrr;:,orJ/.troeeð-ts.res to l¡e ueed. to ?T'enat,a a r;0,,l_r10 0! ç:or.t.j.txt, chl0r,ic,e"

cirlo::j-rle¡ are ti:ø oJ..ltE oil .!L:rd:¡:ocr.rLoi':i.r: ;,t.c:i.r), rn tr:j-r: e:rpe;:ir.rentyou t'riL1 Lree'¿ sori.lni:l c¿rl:or'.'Le (or ì:i.c:r::?:o¡ate) ,iírn-i""i..ioc¡Lo:ric acicl.in orrLe¡ 'ia p:tol"ace sod.:,-]-'¡,i cllLoric,e, -:[.oD. r.till r,roäilu", î1. qir,:ntii;y ofsodir-ril cl-tor.ici.c ot;tair¡ecr. fron ti:e j.:nor,ra. itei¿ht 
"i ;;ã;;--.ui¡onri"" G,l¡icarl:o:rate) ;.lii coìnpe.re this e::reri-n::rba'l val.u.e r,rith .tli.e iheorebicalval-ue.

Pfi E-.r,431;,Ìí{::t0-.lÏ?FEl:jlR:iH:.-0.\T;
1. l,h.llo a Lj.srf-o-Í;Ee a j);Jara.'ilr.s anil n¿rterlal,s requ.irecl. for ii:ie e:qrer-::-ilent.
2' Pre;:'are a r,rr:itten ìrr-rìn fôr a sci"ie;: of ]arr<;ratcr;r 131.9se,_:r:Jes to beused' to frei.)alto the ea¡-role or sodirin cllLoz'íc'I.c, clar:ì-fying tì:e cr,i-;r.osti.onsraised. i¡r tl:o orrtlino aid inclic¿,¿!n:!an;, io".ia.l precau.bio:rs to,re ti..,!ien.3, SLroi,l i'rell--or¡¡anizecl cal-cr:l-e'i;i-õn oi *)-tl" volui:re of -bl:.e aciclrequired; ¡) the tl:eoi"etical ;rlsf¿. oÍ soclj.iur ci:lo:.ic1e.4.. .,N C.ata tal:ll_e for reco::d.in¡; you.i. riei,ghi:rgs.

tål3tì.,ÌlÏORi f LOCEDIRES - O.ur.uLi_ne .
1.l..le@¡.-,iraccLu:.¿.L,e',..yont]"'teJ¡:,i]-a,:rce.Ac1il1gra.nof

sodiur,r c¡rbonate (or bicr.r.l:o:ra.be) to the ä.isl: ancl rer,rei.gl.r.-tlsing you-r ì;:rot'rlec'lge of .concer.cr,lter:.1 l:;-drocJ:loric acj-d., celc*latei;he volu-r:te of -L,lie acic', v¡l:licii is:ireecl-ed'Lo re¡ct iri.l,h;-our sanirle, h¡ou.til.yoi-'- að'vise ac].d.:;-n.î ê.n elleess of the aci-ci? ìii-l--l- thi;; ca.use a,n e:::cor? Iior.lebou.t toc Lj-'c'lre iryf.¡ssi1l-o:rj-c ae:l_cj.?
3- Adä'cì:e e.cicl-'bo'bl:e sa.'.ri:le. r.ri-r-r-'br,e:..e be ¿- r,i.iji_rlre ïec.,ct,i_on";, }jrratc¿tu--qes it? Is_'birere d.air.1e:: of los:s oÍ sa.;-l-:le a-tthis sta3r: Iioi,, ca¡ ¿.oui¡ini::tizc -bhis dan3er.? i.,Jlia't irea_r.s; s_:oil_r_ii ,;ã usecl. .bo 

arÌc,l- .bne aciC? I,Jl:atrate shoulci l¡e u_secl. for-the ac,ct:t--i;j-on of ;;cj.r,l_,? I_1o,,: ci-rn you Ue su::e tha.t alltìre sa-i:t,:l-ê -'ri:, cìclloi:,ed to ills l1:rd¡scl:-ro¡.:Lc :tcld-? ïf yoi-iciecic.l_e to oti;; ;--s-lirring ::od i.s iiot ec1¡¡rsal.ie? ìiil:;¡ ¡ot? .l:or.l can j¡ou. ìre sl:.re i.+hen tjlerea.ciion is conrpler;e?

"..!:'r^::,T ïÍ 
Ì;l:e sodL'-u:: ci:lo::i-ô.e Ìre se,:aïEtec'r. fron the excess lio,u5d. i^ríthout!.:¡uv ¿uÞÈ; r¡r_ia'i; :l_ç thc j-iqr-ricJ?

Ê Ì Í^; -..ì-). r.'el-jli 'uì:e evctpotab:i,l3 dish a:rrci ilroll-Lr-ct. ].or; ca:,jt j"olr_ be sure that a]Itlie ]Íouid lLaS Ì:ee,r rer:ovect,i
CC..iCI:-TS]-CNS :

Ïad:-c¿:.te '1,le e>;,r3i':i¡re[tel ¡;r:] -¡;:.ieoreiic:l i-i.,-ì_u.ee _lo:- tl:e r.reight of
sod-i.L:-::: chjcr'j-cÌc. ü¡l-c:il-ate -i;..e ,:cr.ce.ir-¡;,i.clci. ril ;-es r,*"á-.io ¡c,: eatt:,ìe c;:i;:erii::e:rt ¡ s'ca-ì:e i;i:e ¡oì-nts ¡r,ú .r: : j crl";¡our. -uec: ,ri c*e 

"oorj"¡u"- 
"-' "

L;rprovecr. to j-::crease t,:c ;-l-cltl- of cccl-j_ir-l: cirl_oij_cl"e.
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LÇE

.-PFìOP ; 1. 
::rii;iilrns Lno cì,en*f,,;¡, of, oxysen oxper:ì.i::on tall.y. r,r.ncler roor;r

2o to i::r-vor-.,tj-g;'i:e ù;:c sl.finiírcauco of rl.i.f!:oyo;:t es5:ects o:r theo::,:erj.:_:elr.bal- i:lroced,i,r::on o -

-{NIBÇåt'ÇllS,

Tire r'reigl:t of the o¡iJ¡pjen :Ls c:tete: :.1:."neci fron .bire 1oss in vreigl:t ofa so-l-ic' riì'ich, r'rpon heaLr-ne¡" j'i-.r.i* *r)r;""î;, tr,g_o'ly gas" Tirc o:rygenso llrod'Llceri is rti:að, to c.i.r:iÍa'co r,¡a Lc:: iror,¡ e. 
"¡ottlo 

fntõ a beaker. The;il:;å ;ír:ï orrrza,en iej cioternined j¡;, uã*u*rns 6¡e vo|m" ãi, 4ru eiu-

n. IdeiAh. ,ì s,:re..t.ì t:s.i: .úLrbc conts.i..niit ¡; I5-?0.:jrür:tÊ of lead ilioxj.d,e. Becert¿rin t-:at ir.e t'rr.be i.cr c.rean ancl cl.ry rt ü"-rtert oÍ,ilre ex:eri¡:e:rt"
2" IJse a'j'riter" bottre (0. ri,co;.,irottre, íf possible), cr r¡00 illìreal;er, a lrinã.. :\.,pi ;;;; ì.,r¡,. .rr,,". ¿;;;,{3 änd sro,r,:ers ro ser uir rheai:;:aratr":.s so 'bL:¡t clilri';; il,e e:çeiirLient. u:e-'Jroä." evð..r.veci on heating 

're
leacì crio>:ic',e r'riti: torcr'i,ri,or-i;i"o* the ¡o.r;irã-iå.uo i;ire .bearceru To slro.rt
;;Tr";i"';lï:;1, shor.rrd t:," iåtiie ¡e ne,rii,,-J*,õty, half*fuit ãr nearj.y

3" '[,I]:en iieatln,.-j br.i.c reo.cr. cr:roxícr.e i::ove.bi:o ru-nsen frer¿e ebout¿ Do notconcei:trate the hea.t, in one cpot.

/+, DLuin' tj:o course of .tl:e et:;:erj_nrel.b y.ou will
l:l ctisptace at 1ea.s.i; 30C r,r1 of r.¡¡ter.(b) rcco¡d taP';enrperatirre of tl:e u,.,!"* o.nd tì:e baror¡etric pressìlïo,(c) reweigtr i;.:e i";i-iuli-u,..i resid.,¿e.(ci) r--reas-ri"e ü:e volu:re o_i the d.isplaced wtt,er by weigÌring it, or/ \ b;-_ uLi:r3 I 3.rrd.i,ateci cylincì.er"*"' 

"ïå"iiÎtåatu"rdensit;' 
or o4¡gen (e/Ðr) at 1) room concr-it'Lons,

Design a t¿.ble .o j-nclucie t.te. follol,ring ie_La: the uei _,r{, 6î .,rstest tube a-nd l_eect clioxi,_'e, u,re i.ieigìrt oÍ t,¡.;sî iiìoã'.,..jt'ï"ïTilï, ,a"volu¡ie oÍ -tjre clit3e:r^evol-r,ác'-, r;ire tãnpejr.-,ture of ,oile oxyle:1 , baronetricpiessLì're, rr:feF:s'-lr: of 
. 
tr:g oirçgn. crSa.,rize t':e o-a-¡a -b¿..bre so il:a.c ,i;hecelcu-l-ation of üre i.rei;llt of ir," or.,,gun evolvec nay.be fa.cir-itatecr..

tPn ,t-o o 
^,¿v !È¡ a -iooc1 e:ï:er:i-ile::'r,e¡ j-i is impcrta:r-b io stuiÌ.y tire v¡. lue of tirecìifÍerelt ,rr""".-1,,,..r"s iì-:c-. ,;o antic.ipate ¡;; ;;;;icn¡ r:efore they occ.,_rro*t;:Lttrffii#*-;;:*f"ii, "on"ider åni ansuer rr¿e ror.r.äwins o,uesrion



am
-..]

f . ilirai j-r: Jtor1.:i ag'L:t.;"'ia'i:a of ETTett, (*, *, or 0) j"i: l:rj.ll-i.berÉ i:r ûj:ei,'o_l_uj"te o.!. Lii.ø r,:,i,;:?.t.a.coú.lJiÌ.1{lt, íf ! 
-

a) tj-c :',.ar] ":'¿)i tiil¡,,¿ is ;.rot f:Lr.j-ccl r,illl u.1'iie:" ':ofor'o l:,e:rt:i.n¡;?'b) tl:c 7)Tefißi:Te of i:iro gúrßori j.n 'i:b,c l:o'f1;.'l-o i* :rot the ¡¡al:to ¿r.i .bÌre
be3Í*J.n; e,ixc1 .-,,¿ thc enc't o,: .i,lii: o;;pot:íl:ront?

c) tl:õ be;rl;õr eonta.J.níag fhe col-Iectãd. r,rel;cr ii¡ ronroveci e.i; .Lhe
enc', of i;he heaL)"ng reri.ocl, Ì:ut i5sf'orc1:l:e test tui:¡c hao cooled.to roon ter,tporature? (L;,ici ilior:i.d,o cìoco::rr¡ogos et ãçõãõ"i----

?, tríiraþ ilil_t- ',,.ap..-,en tllt \
a) tl.e píncl:r 

'ci-;'.:",p j.r¡ not re::lo,/ecl. l:oforo *t*ri:1if:rg ',so tre¿.b i;!io tosttltbe co:rt"ti_rrihr; .lhc 
l_e¿r.'. cl,lorr:lcÌe? -

b) ii:c o?cití'¿ oÍ the <icil:Lvor;. i:ir¡ã :-s very l-ir;o?c) tl:e o:2,.fi-a:¡ o! ,ú,:,.ç¡ cleli.,.ery t,rie J.ru vo:.,ir si1,.¡fLf
ð.) -c:',t, 

-cl--o1-i-';¡:l; t'.¿l¡e i,lr fufl äf wa.'bei :l,rii U.:e teet tubc is im:rerf'eet1¡"
¡e¿iler'.1 ín.i:o the ,rtoitper?

3' Ts t:^.ere a.ny ad.va::t;rjie in collecti¡rÊ; '3Co nI insteacl of 100 r¡L of r,¡ater?
I 1.i ¿ -11- -/l'o trrr.l' ?ei:ellencÊ to tL':e d-La.grei:l of thc;.irpar,L'Lir.s, r.ti-ür. tÌto deJ-J.verytilbe i-1-r;o fi]-IeC, t,r-i't:r l,liter, i:te i.¡i'Ler äoe¡: noi cillhon i:r.to the')eilto?) i-Í i-L cl:oes lrhat coæec-l;ive i:te-rs, i:i e¡;r, i-ioLtfa )¡olr ùulco?

ú0Ncl-¿lr,Ir.qtlq

1" i-i;ale itor.l-l: e)"'le::-'.ne,::t.¡.1 lahte for i;i ,': çi.gns.¡irr of o::¡:3e::t at s.t¿ndar.dcoi:d-j-t-',-ons. IJ::ol:r t,:e resülts of il.:rs e:,.:olj-ir:e;ri;, i,rÍrat iro_l-u-;ie lrouLd)2 gtz;:,s of o:73e:r occu_.1-,. '.';:cjet- sta:::c'larC co::rli-lious?

,r ri I ''\ l;i P



'TO&

{*o
2'

Q,
a)

b)
c)
d)
{.t )

D:l-se',,rssij-on o:Í e¡r'r'oi'sr iil:,.r'i: efiîcc'b vor,rJ.ä e.:cl, o.f t;ic fncto:rc
o:. 0) Lrar¡e on t,.,o c,.o;ti,:.'ily oi: ö:;jr'lt,)n unc'l ir Í_; .I u .,. ?
Ïou negJ-cci;ed. -i;o t¿lte :Lnto :rccol-r¡t i:l:rc va'ro:: )rur;$urc o;i' tjre
ua Jer. " '

Tlie,"eac. clirxír.l.o ci_'rC. noi, c,lccoi..r;:oJe cor:r:l.Letct)r"
So:,re oqt;-;on LealierL out of' 'blio iest .i:u.lrä, -

illi:r.e Leac'. d.ioxicle coi:tainerJ. ¿l;'r inort i-i:pu::'it;' Fi'rc r ai, :rJ.:.1û..0
The leacr. kio:frilc r-on'Lt:i-'red. en .'L:.ip'rt:r:i.1,¡,' lurcl.r ,i'iË pot¿'.í.sir-ri:r cl.J.oi.a.be,
l.ll:rici: a1s6 ge.vr oi.'Í ox; gen wj.rei: he¡,ri,ecl.r
Ti:e -bcst tu-be con'bai.:ned sor:re iì.::o;rr-Lets of r,li:i'ler ]rcfore 'b^:.c

er^peri-iaent bega.n.
Tl':e receive¡: l¡aalior co;ltained. sonc t,retor l¡ef'ore ilre o:;1rer=ilie,:t
sta:rted.

s)
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å rrojecb rro'i;:Li..r.er", ¿r.:i. op¡ortun:Lty.f;oy jror¡ ío cl.:ooûo an arcr1 ii)cJro::rj.s'fr";;" r'1.;.i.ch_j-¡; of e::xrcja:- :.iitoi,cr,;-;å ;rã* ,,,,,,.i ,,c,1:ror'l;o ,:o:rfor¡n ann''¡es-tigatj.on of yoni, ori,,r c1eci1;r j.n i;li:Ls .*i",,," g;¡i,i"j*u|,,,]iäirr"¡ 
siiou.iclbe ì:s;;9¡1ç'[ 'b..;c ccoro of t,:o *:,:]rc:..j.,:,eil.i:s ul..J.cll ¡:o,r 1,,1, c ,,ï,,.,,t.orrrl;, c.r.o¡refroi:r ùliiri r-ia¡rnurå1. .ro:r rroLr:.ã."ii,":;,ir,;";.;;,;irr,'n,r r- or,irä*u;.;;-f. .r.c¿5,.r'docas o. ¡rrojcct L'.ltlcs¡,: i.',; :rlr:i.i:cc,i ni".r.::;,, l,t]Jì ,:ri;1./i.,:i,ci", q¡u,r:e.L-rrong ui:íc;. a.rc¡ i:rl.oÉt_i¡3a.becl in tu.rn. Tirin i,o;¿,i, ,rioir:rt'-iil; );"; lo'",r:l];,itrit, ,;;;;";::igi.nal_j.l,yin ar:ll;'ing th.e princeirkre árî c,.,ci ,.-.,:i,i,i í,iri.,rL,":_ou h¿ve been oiufu.i,.g,.

The clloice of ,¡rojects ar.e U_initec.l only b;r il:e avtrilejrLofacilitÍes e:rd gooc'l juclgu*un{, ¿r*d il:c 
"".t",'..ir.o¡.r6 ér:ríi fs,r^i.

-¡tltj:ouch no set i:roced,rrre i,Éj' be oui;iined., a ¡;o¡ci.a1 metirod,of a.'r':roach foi tir* ãeitíii-.ìi''"r ¿¡r i^voctrgatl_on ls ,:uggestec.r.
ao Yot¡ ¡¡¿" be ablc to conscrv'cc ti-r,:e if yor-r f:Lrst choose $or-1e narro!.,fÍeid- of cj:e;:ristry uh5.cr: ar¡rcarr uo ¡,ou..""-õnr* ti:ê ;h;ic; ïs na.do,13o to the libraiy an:'. tl;i::t through 

"ii-'i¡u-¿nt'c"natloii-ilr.,ï ,¡o.r c*nf.ind i* ih.is :íielcÌ. ï:1 .'hi:._,reoliti_,r¡,; 
O.oosÃ,t _oir,3,;est ;r gooclinr,'estigati-on, you nai¡ j¡e r,reH. .nois_u:"¿-iã"'ch.cose a.:o.b"1ici fi.orclanci etanb a'$c'liilr Tl're i.clear to;ri-c lo onu-ii uhi.ch.i;iie ct.:r;,ei:..b ca::igr:j-n boti: in linol,llecige *ind a.lþi.,ccia.L,,ion oi, cire,.:J.srtry.. le carcfulnot to atter,ri:t inveoti-ga1:i.oirs i:rvoJ-vr^¿ .Lheories 

r¿h-,.ch .:r:reìre;rond. J¡ou-j: cEi-Jacít;, bð unciei.c.tsircl.,

Bo 
îíH..fi:Í.choj-ce Ís r:¡acr.cr'üre i:rojcct slior.rrcr ire ai:rrcvoil rry ;,.our

il ;;irå#jå:..r oit s¿r:tery, ilie::e aï,e cei.t¡l:ì.n Þrec¿ìurions ü:¡.t r:u.et

1. îl:rcl.er no circtrLns'i;¡ince,s er:ou.rc'r the r:,:epe:..at:Lon or handJ-i.'goÍ' e:l¡los:ì.ve i:¡.re¡:i¿i-Ls bc ette:_:p.bcit. 
-i ----'-

2, Àvoic'l :::ojeci;s requj-ri:rg lar¿e a.,::o,,1-:ts of ,:oisonous subst¿ìncessucL: ¡. s cltlor,:_,:e.

'). i]acì.crl ¡o circu.rl.La.,rces shoulô û-r;¡ clie.jc:il. i¡orll be cì.6;1e i¡¿ì-lj¡oile I lt hOì:ie.

.4,.r ii:r,lc¡ta:rt :¡art of tÌie e>tl:cri;:e,ri j-e tre r:r_i._.be*up" Tlte ¡e¡u"ltssì-rc'uli Ì:e r:u:i:,:rr'j.zeiì. i-:: ti;-;;;:;., o-Í, a J:¡iej. i:r-r.t, irel-j-_r,*-..,t.e¡1 re,:o'boïor'.r re.ro't s;rio.'.J-cr. i::crr,.ire ¡"ir t_," 
",..,,.,ni;; ;;"¡iã-liiå.r.tr;"-Iu,.rr.y::rececing -tL:e e::i;e¡i¡rel'i ;ni il'.c lj--tc¿-ati-,:.,, rãr"ï.e.-l.cðso .rr de bair_ecicìescri¡iioir oii t::e iro.,:.Ì: au"u ul,år,lô ,1or-r-or.,. 

-i;; 
r.esnfts oi¡¡aiireclshould. i:e carefrrlr¡r ¡¡;cs-d".r ;.;ã ilrû ç¿.is-.irutiän, incru.iecl. ?rreseres',-rl-ts shoulcl. ì¡e carefrill;, evaJ-L.te_lcc...

ri; is lioped.'¿i:a-i; -':'or,r finci-:,iuci: i¡:..rr:i_r¿l-t_.loir a.l:ii:r,r_in frr_r-t,r:ei -Llrte::esti.a scj-e:rco âl.l ;iq¡r. {c ¡ ,rrojeci;.

C.

D.
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iiN EXTENDED ltWEs,IrcArlQN OF A CAN)r,E

t:

1,

4ø

'Ihe fo11o9!'L'tLß ta;"Q r,rolno q'LtÉic'bJ.anrL v,,,,i.elr liffiy fgì,lidß JroLtå" J.,''Jví,ø,1*6nLlonr¡

i'/hq'b 1e '¡ho colorl"oørs J-fqu{d, {n ,biro }¡ovrr a,ii ,bhe ,i:op of tho rrr,ugrn6e;'ndilc¡? liorhape 'E',:flø J.!"rluåcl j,n Jun'b ,r*í,¡äri oinx, uä *t, rmy 5o-anothortxqufet?^ ffha,b LyirE og ã,,päoi,*änt'iruriiä"lr;íö ,yä- ,þrr ,toej.cl"e rdtr*oh tseoytoeþ?

l'trlrat ai,'o 'bh¿r ui'orfuet,r proeru€orr on burnlng? ,T,[rB,t 
tar:Jt,ã Een y,ou u'ro toLdønt'Lí'y ttrern? can yotinróïiäüí* nov iruãn*or oäorr ;1:r,odiu,e,b Ls forrùoc1 onhwnLng of, tho eindlä"

3* lthaí fu: tho purpor,ro o;f' 'Eltø vLele? 0f r,rh;rt l"s å,l:, corn.i¡oeocl? Onn other¡mtertels bs nuþr¡brtuter 'bo navvø aÊ frre v;icict rf ;;å-rîd,i aó .alrr*o
nat er:ia],'tt l1;;:l¡ r; fn eo¡;urgn'l

ïnvøøt'Lga1,a 'r'Tt,,t lllarne hy ,.i;nvlt,øt:;ln,g ovj.ilone& iro ûn{::îr6r ,blro followlng
c.uen'ELanrs?
a) wyry cloos 'bhe'.r fl¿rrne rr:;vr: ,¡. parrtJ.e':J.nr CIhape? Ðor¡n :Lt vrïry 1,¡.rdþaiy eurt,snLs?
b) vryY 1.t: 'ahet;iL¿,rno i¡.1u0 a'i; 'þhe¡ b¿ree, c{.;iL,l,r fn ,eher cr);:i.bür, ,r,nd. yelJ.or,r

a]',søvh*yg?
qI llnf lø 'i;ha fl"arro azrtt,itn¡4nlr:l.lerl r¡h.n ;,,au ]¡loL, on f,o?d) þ|ha't cJ,o':,u *Ita ;,1.uø o,f :Ëilã'i;iàn* cloirr¡iici on? l,lfl1 ¿i ea'c,r.lc¡ r,rlth a
, lu"ggÍ" cllanre,Í;or Srroeirueo ,î, l;1rra)î i:'i;rrn,*?e) C;.rr 'l',iro c,.r'd,l.o ,?¡urn r,ll.ilr n,pn-iurl-noLro f,l¡,'e¡?

The lrurning of a ei'.nr-L'Lø fnvolvor:r.bo15h eh,r;r'rteal e:re1 i:hyeÍ.eal- e¡,en6eo,uhleh a'rê ¿?,eco'i"LrrnlLe;d l¡Jr onor,gy (hont) þ*"1*rfã*, gan you txéåítnr€hor'r riuch $n(rï' y 
"url 

t"uL*f;;;.i"ch.li,fn,g'.ilr,rso ãùiÀue*t

It:s e'11 eancllor: r.rido onfur of r':¡,i¡"-? 0n:: ;,rou i¡arce a c.rn4rj,c; :;Íth anogrereulrstaiiceT i,'ta'urre 5rrocluets or rLu*rin¡4" tii*'Ë*"*r

&"

J@

6,
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'Iable f

VrlPOR PRESSURE Ol,. iI/i,IER

p¡essure
Temp (oç) (mr rig) Tenp (o6¡

Pressure
(mm Hg)

Pressure
(mnhg)Temp (o6¡

n

10
11
L2
1?
I4
U
L6
1ry

1B
1q
20
2T

)/.

26

L5.5
16.5
17.5
18.7
19.8
¿I. I
aaI

lJt ó
1).1

27
tó
29
30
/n0
6o
80

100

Itrô+. )a
9.2L
9,84

ro.5
lL.2
12.0
12.8
L3.6
Lly.5

26,7
acl 

^/,4). t
40.0
31, B
55.3

r49
355
760
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,sl q.x iE Lc4 iL Elqqr_rijr_

Iaborator]¡ measuJoments usnally Iequ-ire thaì; you. esi;irnate il:e fr.aciicnbeyond. thc snal-l-est d.ivisioil cn the" instrur"r.i,-- l.he accuracy of this estirrratedfígure is doubtful" rt is 
"tr*ioru"y to retain cne c-Lou.btful figu.r"e i' the resul_tof arry meiìsu-rcme"l: 

-{1e.-astr.{crqnl-_.wç.h t¿?g-!P.{¿='.t-,le 1_.rs!-,giai-.- 
,

The number o$ significant Íigures used L¡ elrl'css a nees-r-r.red- r,esu.ltd'eperrds cn rror.¡ :rrecisãi-y the mcasuring rnstr"urncnt is caribrated..
I',hat can l¡e d.ei;ermined
1¡y r¡e¡surenent, abc.ii the
lcn3ti: of 'l ine riF? The
pJrp"I rule give s /,,.6 cm;
the liue is certainlv
bcti,¡ect: 1¿ z:rd. ¡ "* ãiA
arlÐefll.s tc be abou.t six_
'r,enths cf ihe r^/¿ìJr from
/+'bo 5" Tl:e lor+er ruler
gives /o" 63 crn; flre linej-s certainly bctireen /u"6
ancl /+..7" Thc first mcesurc_
neni" (4"6 cn) has tr¿o
signif ica nt figurco^; ilre
scccncl rûeasuremc"t (2r.63 cm)
has't hrcc sigi-:ifica.nt

usef'erl in deterrniniug r^¡hen a nui:lbcr is significent,
-j{ige.¿.,i_: I2T 

" 3/pE coniains five signíficant fizu¡es"

-li c'rt¡^.. 'td-ifference in i;he i'¡o ineasuring inst*,nenbs, thc19 "r::;i,ä";;u"tli"ür:r::riffii;he len¿tir cf Lhe s¿ine lj-ne. ih"s" rel:resent criffer:cnt.d-egrecs of precisiorr.The first neesllreïne"! L:6 em, is o"u"iãe to l_ part in 4,6 (ap,:ro>r. l¿/"). The sccond./o.63 cnt is rrecise tc i ,r;;i i; l¿t-(;;r;år-ol7:.t
rt is obviol'r's tl:at' ¿ noasureacnt can be nc l¡etter ihan the measuringinstrunents used to malce it" it shoirlci. ¡e re,-,rembered- also that the last

;åfi:tt""nt 
fi¡;r-rre is alr'ra;rs.,n"""toin in tr'," nur¡u:: obta-ined fr.cn â neasLlre-

I

I

I

I

¿ñ

I

î

i

rl)¡

1)

2) /.!1._l ze_ros þet
LzO"OO7 m conilainssix significant

),1 ÌJ;:iles,q sirec if icall;. incìica ted b;r the conterb -bo bc signi.iicant¡ .1].l_,ze_r=cå
eCinlal rroint lrr'* +^ -j-l^^ -i-.r,r,LpqiFå bl¿! !-S lbe-qif :+! .p,C^'eËrlzeæd 'o' a r c nq_Ls=@'* ffi ,l*.åffi.

ÐLL
-1r!ë_lçJir-r,*"a-Eg-L.e__b¡ç..J¿ålti¿_-q€__g
tcm contains six signii:rñnîGres,

% + r_ gr_i--qeq_ge_L_ Ð ojir! _ þJ! -g^isr-t-essJ,eiu!,n_iíi_*Ãiîm 9J-!---aI a nonzero
s i¡;nif lcant f i3r-ires.

The follolring guid.es ere
ic¡tz.elo digit,s are sj

:essed C

: 109r000"

5)

cm and 30.00 ing contain +ht _o_f_9._liEircro
l'oi-rr si¡,;nif icai:t



Eire_{gtsg; I{:w na;ry si3nific;nt
c cLr-ia in?

a) LzT.5o tm¡) teoo m

c) goozz.oo cc
d) o" oo53 s

109

figurcs d_ccs cacl: tf the fcllot¡ing me¿isu-remen.bs

e) 6zo ng
f) 0"0730
s) Æ"o50
tr) ¡oogoo

erijllrcss tl:e resul-t ii-i tÌre lfrc;)eï.

c) 2/* x I2.5
d.) Sz x o.t6 * 1537

l¿

t
1r r:

f.:ii::a":":^":-.:.lirifi"..nì tiãs nelies iì; i¡ossibte io sivc as nuctr
ïi:íïå*::,:i_:,_î:î:iill:-or rrg¡lru¡ru .¡our-; ;;;";;å;"# ;;å",:"*iii,;"*,_

if;;':i::.1'ï1"í"i:,"1::-.',?i^:t:a¡: s;;í. ;;i";i;;i";:';ä.;i:ï:.ff.i.0""u.,.uuthey creo.te aü urro,,r"or." i"p""""1;; ";';;":iJ;fi:

renenbered in Lhese oir".tl-^*bfons:
¡t_i5jon: Three :¡ oi n b s ¡r'ev i- ousl_)r cì_is cus s ecl. s ho,-rld- be

ll ii: ;ilHä":r;i:fi**: ï:*::,1.',:1u¿,s,-u-eiiient ir "i dci,rb'crt,r accul.¡cy.
also uncertain. "li'iii'"'::j.::;'í:uncerta i rr-

su-pr:ose yo''t t'rish to deterHine the vol-rine of a J:loclr of l,rei;al" yourneesuring instru¡tent is a neter stich^h""ing-r 
-.* 

ciivisions. you. find thesides tc be 3"5[ cn, /,"^8! cn, iîu t. t& 
"^r-'u=Ii*tiq ii:,e ]ast fig,_ire ine¡icll case, The a.rea cf ãne áu.,:;,ace :Ls

3.5.1¿ cn * !"85 cn = 17. W . Z
Recognizing that the prodr-i"î ;î nnyilrffimu}-biplied- by a dru,brj-f'l fip.ure is¡'Iso doubtful, and thåb ol'l.o- ãiu. ",,"t figu.re na;v ì:e car.:ieil, thc res.:r_tis'ounded- off Lo r7,2 

"*2." ri^-shour¿ be obvicuä tnot the fárrnc.,, c"g"uucf accuracy, 'ben-thor.'-sand'chs-or"" 
sqllnr:e centineter ccnl-cÌ noi; be ob.bained witha neter stick gracluatect_ in tenihs of ¿: cei.iir.ile-ucr"

3) Onfy one cloubtful rJ_i¡3it is ::ej;¿linect in ihe resnlt.The::efore, the product ã" quotioüt is o""o"o-iu-ic ttre nunbei. of sii;niÍicantr'r,1l1res ccittained in the l-east o.ccurate factcro

'id-ciition-and'subtraçLiçg: The Llurnber resuli;ing frcr' a:r acl-di-ticn cï subtr¿lc.tioncitu have no siSnífiãailrigures tc 'cnc righJ-.'F t¡u 1as.c significant figureof any nunber i:rvolvecl iir lhc o,rcratirr: | 29"s¿'- ;""u 
Þr(i'i-r

+ 3"_oli72 _r,;

32.9L79 ,3 corr"ect su_a = 32"92g
9xercrqQ.
1" Perfcrm the indiciited. operlticr:s enolnuniber cf signif.ican.b fir.urcs:

") s.z36J + ór,"ez _ ò"ð¿ä*'b) 5"L1+6975 + 0"0236 ^ 3"5/,7

t' 
:niînl;ä ;iåå'iil"i;rí:;ïü-.ï:.ir,port::'t i,: carci-,r.ofin¡; trre dcnsiiry

l/eÍght of conteincr " . .- lO!" 6 gi'JeiSht of ccnt¡ine:_ -l- I ioni 11. 1)A Ão+ -.
Vohii:rc oÍ liciuiil. -\ói'oó"r,í




