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Thesis Abstract

THE DEVELOPMENT OF AN INVESTIGATIVE LABORATORY PROGRAM
FOR GRADE ELEVEN CHEMISTRY

IN MANITOBA

by

Edward Peter Labinowich

Winnipeg, Manitoba

1964

The purpose of this study was to develop an investi-
gative laboratory program suitable for the teaching of grade
eleven chemistry in the University Entrance Course for the
province of Manitoba. In this study the term investigative
was applied to those laboratory experiments which simulated
the activities of scientific inquiry within the limits 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 chemistry as an experimental or



investigative method of inquiry because the existing tradi-
tional chemistry laboratory program, as it is conducted in
L most schools, contributes little towards the learning of
chemistry as a process of inquiry. 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 modern view of science

education diminishes the importance of the particular subject
matter employed at the same time that it elevates the spirit
of inquiry and the role of the laboratory. From a review of
science education literature, it was noted that the following
summary reflects the shift in emphasis in the broad aims
of science education in the past decade:

Modern course content should:

i}[fg? l. Provide a logical and integrated picture of
R contemporary science: the theories, models
and generalizations that picture the unity of
PR science.

2. TIllustrate the diverse processes that are used
to produce the conclusions of science and show
the limitations of these methods: the ways of
inquiry and the structure of scientific knowledge.

3. Enable the student to reach at some point the
shadow of the frontier: to experience the
meaning of "we just don't know,'" and to be
aware of the progress of science.



From a review of various statements of objectives of the
chemistry laboratory nineteen specific objectives emerged

as those which reflected the shift in emphasis towards these
modern aims of science education. These nineteen specific
objectives served to guide the evaluation of the existing
traditional laboratory program, and the development and
subsequent evaluation of the investigative laboratory pro-
gram.

Since most traditional experiments are not excursions
into the unknown, but are thoroughly described in 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 the painstaking work of the scientist.
The need for an improvement in the existing traditional
laboratory program was established through an evaluation
made by twenty-seven chemistry teachers in the Greater
Winnipeg area. Based on the nineteen specific objectives of
the modern chemistry laboratory, the teacher ratings for
the existing program ranged from four to thirty-five out of

a maximum 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 scientific inquiry.

A careful analysis of three laboratory programs, the
MCA, CBA, and CHEM Study, which have been developed within
the broad framework of the modern aims of science education,
revealed that each program contributes greatly to instilling
the spirit of scientific inquiry into its students, although
each has an approach that is unique. The many new concepts
in laboratory teaching which emanated from this analysis
were combined with the suggestions of independent writers.
From this pool of ideas the following characteristics emerged
as the most desirable and the most adaptable to the existing
high school situation in grade eleven chemistry.

1. The laboratory and the classroom should be closely
integrated through an inductive-deductive approach.

2. The laboratory should provide experiences in the
exploration and development of ideas, preferably quantitative
in nature and place emphasis on methods as well as results.
The evaluation of such experimental results should be made

within the limitations of measurement.



3. A proper balance between student investigation
and teacher guidance should be maintained throughout the
i 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 own experimental procedures.

4, Through a pre-laboratory discussion and the student's
pre-laboratory preparation an atmosphere for investigation
should be created before the actual laboratory period.
Cooperative planning during these discussions should be
employed to crystallize the problem and to develop independent
procedures.

5. No experiment should be assumed completed-until
the student, through a post-laboratory discussion led by

the teacher; has the opportunity to correlate and interpret

the quantitative results of the class as a group. It is here
that the student will develop an appreciation for the vari-
ations in measurement and for the advantages of group methods
of investigation.

6. Student laboratory reports should be functional.
In place of the repitition of printed directions, the flow

sheet should be employed, since it is both 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 independently. The student's 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 CHEM Study, should be used in order to
facilitate the logical tabulation of data and to encourage
graphical analysis. With adequate pre-laboratory preparation
the laboratory reports should be completed and the carbon
copies turned in at the end of the laboratory period. This
type of notebook permits the student to keep a permanent
record of his activities and immediately enables the teacher
to check the carbon copy for an indication of the student's
progress. The procedure outlined encourages greater inde-
pendence and self-direction at the same time that it reduces
opportunity for copying among students.

Experiments, which met the established criteria and
which were related to the existing grade eleven chemistry
curriculum, were selected from a review of thirty-one lab-
oratory manuals. The experiments that were selected from

modern sources were re-written to attain a uniformity of



approach, whereas those experiments selected from traditional
sources were re-examined and reconstructed to illustrate not
only concepts of chemistry but also processes of scientific
inquiry. The resulting laboratory manual was pilot-tested
by the grade eleven chemistry students at Churchill High
School in Winnipeg during 1962-63 and 1963-64. For the
second year of pilot-testing, a complete revision of the
laboratory manual was made in order to incorporate the
improvements suggested in the first year of trial.

A comparative evaluation of the existing traditional
chemistry laboratory program and the investigative laboratory
program was made by the investigator. To obtain a valid
evaluation, quantitétive judgments were made on each indi-
vidual experiment rather than on each program as a whole.

No single experiment was expected to satisfy all of the
criteria but a quantitative summation of the judgments on
the individual experiments provided a more objective evalu-
ation of each total program than could be obtained through
a direct consideration of each program as a whole.

Rating higher in seventeen out of nineteen areas,
being surpassed slightly in only the areas of safety habits

and techniques development, the investigative laboratory



program, it could be concluded, is more effective in meeting
the aims of modern science education than the existing tra-
ditional laboratory program and is, therefore, educationally
more desirable. Through an evaluation of individual student
reports it became evident that students who experienced the
investigative experiments were stimulated to critical think-
ing and as a result of their experiences were made more aware
of problems and more proficient in dealing with them.
Although the approach of this investigative laboratory
program provides for progressive development in self-direction
and disciplined thought, it does not directly provide for
totally independent investigations. However, the extent to
which this laboratory program can be investigative is limited
by the experience and the mental maturity of the grade eleven

chemistry student.




CHAPTER T

INTRODUCTION

I, THE PROBLEM

Statement of the Problem

The purpose of this study was to develop an investi-
gative laboratory program suitable 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. stimulating to the student.

Definition of Terms Employed

In this study the experiments are described as investi-
gative if they .simulate the activities of scientific investi-
gation within the limits of the high school situation. Since
chemistry is an experimental science, the chemists use the
laboratory as a chief source of learning, a similar function

should be served by the laboratory in the teaching of chem-



istry. Accordingly, those laboratory experiments which pro-
vide for the discovery of ideas and for development in self-
direction and in disciplined thought are described as investi-
gative.

Traditional laboratory experiments are those presently
performed in secondary schools of Manitoba. Typically, these
experiments require the student to start with known facts and
principles, and to make observations or perform an activity

to verify the predetermined result.

Significance of the Problem

Secondary school education has fallen progressively
behind the accelerating pace of development in the science
of chemistry itself. This lag between the high school class-
room and the university laboratory has reached such serious
proportions that a pair of writers have recorded the following
observation, '"While our knowledge of chemistry has been
doubling every decade since the nineteen-twenties many of
our high school textbooks on chemistry have barely emerged

from the nineteenth century,"l As a result, numerous high

IArthur H. Livermore and Frederick L. Ferris Jr., ''The
Chemical Bond Approach Course in the Classroom,' The Welch
Physics and Chemistry Digest, XLV (No. 1), p. 13.




school graduates have been attending universities or have
been completing their formal education with "little appreci-
ation of the science of chemistry as an experimental or
investigative method of inquiry."?

As the chemistry program is now constituted, up to
forty percent of the time alloted to the teaching of grade
eleven chemistry in Manitoba high schools has been set aside
for the laboratory. The traditional high school laboratory,
as it is presently conducted in most schools, in Manitoba
and elsewhere in Canada and the United States, contributes
little towards the learning of science as a process of in-
quiry. In many cases the laboratory experiment has degenerated
to a mere "cookbook' exercise, which has, in turn, fostered
undesirable practices such as, the student being told what
to look for, and arriving at the 'right" answer by recording
observations of "what should have happened' or by rearranging

the data. The time devoted to this type of laboratory pro-

gram cannot be justified educationally because such practices

Ibid., p. 13.



have no parallel in scientific work nor do they stimulate
the student in any profitable manner.

Since 1956, three notable projects have been organized
in the United States in order to correct this undesirable
situation in the high school chemistry laboratory. This
study undertakes to integrate the desirable outcomes of these
projects into a grade eleven program suitable for the

University Entrance Course in Manitoba.

II. PROCEDURES

Establishment of the Objectives of Science Education and an
Evalilation of How These Objectives Are Presently Being Met

Any laboratory program should be consistent with the
broader aims of science education. A survey of science
education literature produced various statements of objectives
from which the major aims were selected and organized into
a rating form. By rating the extent to which each of the
objectives was achieved, twenty-seven high school chemistry
teachers from Greater Winnipeg evaluated the existing, tra-
ditional laboratory program. This evaluation revealed both

its strengths and weaknesses.



A Study of Modern Chemistry Laboratory Programs and The
Selection of Criteria for the Investigative Laboratory

Program.

The laboratory programs of the Manufacturing Chemists'
Association (MCA), the Chemical Bond Approach Project (CBA),
and the Chemical Education Materials Study (CHEM 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 summer institutes for teachers,
revealed many new concepts in laboratory teaching, such as
pre-laboratory preparation and open-ended experiments. To-
gether with these modern concepts in laboratory teaching, the
suggestions of independent writers were examined; a selection
was then made of those desirable features that could be adapted

to local high school conditions.

The Development and Evaluation of Investigative Experiments

Experiments which met the established criteria were
selected through a review of thirty-one laboratory manuals.
These manuals, which included several first year university
manuals for general chemistry, varied in approach from the

very traditional to the most modern. The experiments that



were selected from modern sources were re-written to attain
a uniformity of approach, whereas those experiments selected
from traditional sources were re-examined and reconstructed
in terms of modern objectives. During the 1961-62 academic
year these experiments were pilot-tested by a total of one
hundred and fifty grade eleven students of Churchill High
School in Winnipeg. As a result of the evaluation of student
performance many of the experiments were revised for further
trial during the following year, 1962-63. 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 the existing traditional pro-
gram and the proposed investigative program was rated. Thus
a comparative evaluation of the overall traditional and

investigative programs was effected.

Conclusions

Following a summary of the problem and the procedures,
the results obtained in the comparative evaluation of the pro-
posed investigative and the existing traditional laboratory

programs are thereupon presented and discussed. The discussion



brings into focus the comparative strengths and weaknesses

of the two laboratory programs. The limitations of this

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

this study--the investigative laboratory manual is included.




CHAPTER II

OBJECTIVES OF THE HIGH SCHOOL CHEMISTRY LABORATORY

I. MODERN OBJECTIVES OF SCIENCE EDUCATION

Introduction

The objectives of any laboratory program must be
consistent with the broader objectives for the teaching of
science. The importance of the laboratory program for the
success of any science course was strongly supported by the
Committee for the Thirty=-first Yearbook of the National
Society for the Study of Education,1 The objectives of
science education which have been published since then demon-
strate an increasing emphasis upon the 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 in science, its break-

Lig Program for Teaching Science,' Thirty-First Year-
book of the National Society for the Study of Education.
(Chicago: University of Chicago Press, 1932), pp. 370-88.




throughs and its growing unity, there has come a need for
an education different in kind from any previously offered
. . 2

young people in high school. The demands of this modern

education have been outlined by Hurd:
Science as a field of study is 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 must be an education that is geared to

change and at the same time provides for self-direction in

living,4 Both Schwab5 and Polykarp6 support the need of a

2Teachers 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 both the content and the philoso-
phies of these courses.

3Paul Hurd, "Summary of Objectives--Rethinking Science
Education,’” Fifty-Ninth Yearbook of the National Society for
the Study of Education. (Chicago: University of Chicago Press,
1960), p. 33.

4Paul Hurd, "The New Curriculum Movement in Science,"
The Science Teacher, XXIX (February 1962), pp. 6-7. :

SJoseph Schwab, "The Teaching of Science as Enquiry,"
Teaching of Science (Cambridge: Harvard University Press,
1962), pp. 4 et seq. ‘

6 Jusch Polykarp, "A Nobel Physicist Describes What
Today's Student Needs to Know About Science,' Science and Maths
Weekly Teacher's Edition, II (October 12, 1962), p. L.
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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 importance of the particular subject
matter employed at the same time that it elevates the spirit

of inquiry and the role of the laboratory.

Objectives of Modern Science Education

In the Fifty-ninth Yearbook of the National Society

7

for the Study of Education,’ Hurd set forth the following

aims of modern science education.

Understanding Science. ''There are two major aspects

of science teaching; one is knowledge and the other is enter-
prise.' He suggests that science is more than a static col-
lection of assorted facts. To be meaningful these facts must
be woven into generalized concepts. While learning about the
character of scientific knowledge, how it was developed and

how it was used, the student must see its dynamic quality;

7Hurd,,gR. cit., pp. 33-37.
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that is to say, in time this scientific knowledge is quite

likely to shift in meaning and status.

Problem solving. ''Science is a process in which
observations and their interpretations are used to develop
new concepts, to extend our understanding of the world. . .
and to provide some predictions of the future." Science
teaching should help students develop this abiiity to make
careful observations, seek the most reliable data, and then
use rational processes, to organize 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 but also to predict future
observations.

In addition to 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 technological innova-
tions and human affairs . . .

Appreciations. A student with a liberal education in
science should be able to appreciate:
1. The importance of science for understanding
the modern world.
2. The methods and procedures of science for their
value in discovering new knowledge and extending
this meaning to previously developed ideas.
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The men who add to the storehouse of knowledge.
The intellectual satisfaction to be gained
from the pursuit of science either as a
scientist or as a layman.

= W

Attitudes. The knowledge and methods of science are

of little importance if 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 the use of
verified knowledge, these are the scientific attitudes.

To understand the scientist is also to understand
some of his attitudes, such as the desire to know and
to discover, a curiosity about the world, the excite-
ment of discovery and the desire to be creative.

Careers. Science instruction should acquaint students

with career possibilities in technical fields and in
science teaching. A continuous effort should be made
to identify and motivate those who develop special
interests. They should be given opportunities for
some direct experience of a professional nature,

and a perspective of the fields of science.

Abilities. Science as a field of study is 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.
Some of these are:
1. Reading and interpreting science writings.
2. Locating authoritative sources of science
information.
3. Performing suitable experiments for testing
ideas.
4, Using the tools and techniques of science.
5. Recognizing the pertinancy and adequacy of
data.
6. Making valid inferences and prediction from
data.
7. Recognizing and evaluating assumptions under-
lying techniques and processes used in prob-

lem solving.
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8. Using the knowledge of science for responsible
social action.

9. Expressing ideas qualitatively and quantitatively.

10. Seeking new relationships and ideas from known facts
and concepts.3

Similar broad objectives of modern science education were
advanced by Schulz, representing the National Science Teachers'
Association:

Science as Knowledge

Objective: To develop quality understanding of
systematically selected concepts, principles and
generalizations of science and an increasing skill in
applying them.

—— — ———— St———

Objecitve: To learn to respect the tentative
nature of scientific data and conclusions . . . Science
students are rarely exhorted to question the 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 the limitations of what we know and observe about
natural phenomena . .

‘ Objective: To develop laboratory and communication
skills . . . Learning to know is not the whole of labora-
tory work; acquiring the ability to feel what the scientist
feels is equally important. In the laboratory, the student
should be "a scientist for a day." He should encounter

the joys and sorrows of experimenting, the elation and

the despair. He should come upon the unexpected, run up
blind alleys, and work himself out of tight places. He
should experience the sights and sounds and smells and
emotions of the laboratory. Having had such experiences,

8Ibid.
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the student can claim a kinship, however distant, with
the scientist and will have an insight into the scien-
tific enterprise which no amount of lecturing can give
him . .

Science classes should also contribute to the
development of oral and verbal communication . . .
By expecting the students to work at a mathematics
level that is consistent with their prior mathematical
experiences they should also be brought to recognize
and appreciate the importance of quantitative com-
munication in all branches of science.

Objective: To practice critical thinking through
problem~solving activities and to recognize the appli~
cations and limitations of such procedures in non-
science problems . . .

Science as Human Endeavor

Objective: To appreciate .the interrelationships
of science. . . . There is little real appreciation oxr
understanding of the relationships among the sciences
or of relationships between science and nonscience
activities. The historical and stereotyped boundaries
between biology, chemistry and physics disappear at the
frontier of science. Above all, youth must be helped
to appreciate that science is a human enterprise and
that both scientists and nonscientists share a respons-
ibility for using scientific discoveries constructively
and humanely . . .

Objective: To explore science for new interests,
continually evaluating science experience for career and
recreational opportunities.

Objective: To develop hospitable attitudes toward
initiative, resourcefulness, imagination, curiosity and
creative ability.

9Richard Schulz, "Quality Science for the Senior High
School," The Bulletin of the National Association of Secondary
School Principals, XXXXIV, (December 1960), pp. 77-88.
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Teaching the Method (s) of Science

In a report on a survey of forty-two syllabuses for
science courses from thirty-seven states, Brandwein points
out the general agreement among science educators to teach
"the scientific method" in the laboratory. It was found that
éach one of the forty-two syllabuses proposed this objective.lO
"To cultivate the scientific method of investigation,' is
listed as one of the objectives of the new University Entrance
Course in Manitoba.ll Despite this widely accepted agreement,
there is much controversy as to the concept of '"the scientific
method" as distinguished from the diverse processes of scientific
inquiry which produce the conclusions of science. It would
seem that this controversy is responsible for the absence of
the term, ''the scientific method," from the preceding state-
ments of ijectives of modern science education.

Over the last few decades there has developed a point of

10Paul Brandwein, Fletcher G. Watson, and Paul E.
Blackwood, Teaching High School Science: A Book of Methods,
(New York: Harcourt Brace and Company, 1958), p. 11.

11”Excerpts of Interest to Science Teachers From the
Initial Report of the University Entrance Course Seminar,"
The Manitoba Science Teacher, V, (November-December 1963),
p. 11.
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view that there was "a scientific method" with definite steps
to be followed in sequential order. These steps are commonly
found in textbooks in the following order:

to recognize a problem.

to gather relevant data.

to formulate a working hypothesis.

to test the hypothesis.

to accept, modify, or discard the hypothesis.

12

U W0N =

"the scientific method"

Consequently, this is the concept of
as presently held by high school students.

Among leading science educators and practicing scientists
there are many who will accept the concept of "a scientific
method." James B. Conant, an outstanding chemist and educator,
points out that the traditional interpretation is not acceptable
and advances the term, ''tactics and strategies of science' in
its place,,13 The scientist does his research in a manner-best
suited to his particular temperament. Some, who have a
scholarly temperament, sort out their ideas and plan their
experiments with extreme care before taking a single step in

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

equally clear idea of the problem, prefer to attack it directly

12Brandwein, et. al., op. cit., p. 12,

13James B. Conant, On Understanding Science (New York:
New American Library, Mentor Book, 1951), pp. 17-32.
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in the laboratory. Hurd is of the opinion that because the

methods employed are so highly flexible, the details of
investigation are seldom the same for any two problems.
Furthermore, he asserts, ''There is no one scientific method;
in fact, there are almost as many methods as there are
scientists and problems to be solved."l?

The increasingly popular view in this controversy is
described by Elmore, Keeslar, and Parrish:

No one 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 (recognizing and clarifying problems,
gathering appropriate information, setting up hypotheses
and testing them experimentally if possible, isolating
the experimental factor by means of a control, running
check experiments, making careful measurements, organizing
and interpreting data, drawing suitably qualified con-
clusions). The number of steps involved and the order
in which various elements of methods may occur in any
situation will depend on the nature of the problem and
the background of eXEerience and insight the problem-~
solver brings to it. 6

14Ernest Grunwald and Russell H. Johnsen, Atoms, Mole-
cules and Chemical Change (Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1960), p. 6.

L>Hurd, Fifty-ninth Yearbook of the NSSE, op. cit., p. 35.

L6E, Elmore, O. Keeslar, and C. Parrish, "Why Not Try
the Problem Approach?" The Science Teacher, XXVIII (December
1961), pp. 32-37.
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This point of view is in accord with the opinions of Hurd and
Conant.

The widespread adoption of the traditiomal interpretation
of "the scientific method" may be explained by examining the
papers in modern scientific journals. Here one typically
finds that the reports are similar and logically organized
in the presentation of the problem, the hypotheses, the
experiment, the data and the conclusions. Robinson suggests
that anyone without much personal experience in scientific
research tends to assume that such reports reflect the method

17 Furthermore,

by which scientific problems are solved.
Robinson states that in the writing of such a report, any
"steps" of ''the scientific method" are easier to find in
retrospect. In addition, he writes that it is apparent that

"the scientific method" is the most

the traditional concept of
understandable to the inexperienced teen-aged student.1® 1In

accord with the above writers, Hurd believes that presenting

173ack H. Robinson, "How Should We Teach 'The Scientific
Method'?" Part I, Science and Maths Weekly--Teacher's Edition,
XII (December 5, 1962), p. 2.

18 7ack H. Robinson, 'How Should We Teach 'The Scientific
Method'?", Part II, Science and Maths Weekly--Teacher's Edition,
(January 16, 1963), pp. 1-2.
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problem-solving as a series of logically ordered steps is
merely a technique to isolate the critical abilities and
skills in order to give them special attention in teaching.19
The inference seems to be that there is a greater need for
the teacher to be conscious of the steps in formal analysis
of scientific investigation than for the student to memorize
them,ZO

Since there are still so many practicing scientists who
are in disagreement over ''the scientific method," Robinson
advances the theory that éducators have been preoccupied with
the wrong question: 'What is the Scientific method?" He
encourages them to pursue a more fruitful question,‘éuch as,
"What are some of the ways scientific discoveries have been
ﬁade?" This redirection can be achieved by the repetition of
variéd experiences in the tactics and strategies used by

scientists in solving different problems. Robinson feels that

it is this emphasis on various aspects of the question which

19%urd, Fifty-ninth Yearbook of the NSSE, loc. cit.

201, Mills and P. Dean, Problem Solving Methods in
Science Teaching, Science Manpower Project Monographs, (New
York: Bureau of Publications, Columbia University, 1960),
P. 5.




20

has led to the adoption of varied terms, such as 'critical

§1 11

thinking,' '"tactics and strategies of science,' 'problem
solving," and "the processes of scientific inquiry," in an
attempt to avoid the use of '"the scientific method." Through

varied experience in the tactics and strategies of science
the student will have sufficient background to make his own
judgments about the nature of science and its growth. An
authoritarian presentation, on the other hand, of a single
scientific method is diametrically opposed to one of the

great traditions of science.21

Summary
Numerous statements of the objectives of science education
have been recorded in scientific literature since 1930. An
examination of these statements reveals several similarities
to the statements of modern objectives. The change in emphasis
iiii in the modern objectives, which would distinguish them from
the objectives published previous to this past decade, is

reflected in an interpretative summation by Hurd, who states

that modern course content should:

1Robinson, loc. cit.
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1. Provide a logical and integrated picture of con-
temporary science, the theories, models and
generalizations that picture the unity of science.

2, Illustrate the diverse processes that are used to
produce the conclusions of science and to show the
limitations of these methods, the ways of inquiry,
and the structure of scientific knowledge.

3. Enable the student to reach at some point the shadow
of the frontier; to experience the meaning of 'we

just don't know,' and to be aware of the progress of
J s prog
science.

II. OBJECTIVES OF CHEMISTRY LABORATORY INSTRUCTION

Objectives of Chemical Education

The role of the laboratory in chemical education cannot
be considered separately from the objectives of teaching
chemistry and the broader objectives of science education as
a whole. The most recent statement of objectives for the
teaching of chemistry has been made by the Chemistry Curriculum
Revision Committee of Saskatchewan:

It was agreed that the general aim of the matriculation

course should be to provide students with a thorough,

up-to-date, fundamental course in chemical science
which would:

i 2 o o
22Hurd, "New Curriculum Movement in Science," loc. cit.

——————r



22

(a) be a challenge to all students especially those
with academic talent.

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

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

(d) encourage a quantitative rather than a quali-
tative approach to chemical science.

(e) make students aware of the importance in their
lives of chemical science and technology.

(f) encourage broadening of scientific interests
and knowledge by suggesting outside reading
and experimentation.

(g) give students an understanding of chemical 23
science on which further study may be based.

A second Canadian source lists the following as student-

teacher goals for any chemistry course:

1.

2,

The student should learn CONCEPTS through organized
thinking.

The student should develop some PROBLEM-SOLVING
ABILITY,

The student should learn those particular SKILLS
which are specific to chemistry laboratory work.
Laboratory work should INCREASE OBSERVATIONAL POWERS
and call attention to hidden meanings to be dis-
covered in laboratory experimentation.

Students should see the PRACTICALITY, versatility,
and great future of chemistry; APPRECIATE its impact

23A. B. Van Cleave, "A New Chemistry Course for

Saskatchewan High Schools,"'

' Report of the Chemistry Cur-

riculum Revision Committee, Regina (mimeographed) 1962,

p. L.
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on national economy, and be, in some cases, influenced
to make chemistry a vocational choice.24
It must be noted that the preceding statements of the

objectives of chemical education reflect the broader goals of

science education.

Objectives of Instruction in the Chemistry 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 laboratory in high

school science:

It is of some significance to conclude from studies
on concept development that an effective approach to
science education would be to involve the student as
much as possible in the procedures followed by a scientist
at work to give the student some insight into the
methodology of scientific inquiry, of the acquisition
and interpretation of data, and of the sense of excite-
ment that comes from.discovery.25

Hurd proposes a similar role for the laboratory in science

education:

24Sister Ernestine Marie, "High School Chemistry Today,"
The Science Teacher, XXVI (October 1959), p. 426. :

25Guidelines for Development of Programs in Science
Instruction, National Academy of Sciences--National Research
Council, Publication 1093 (Washington: Government Printing
Office, 1963), p. 8.
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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 learnimng; a similar function
should be served in the teaching of science. The purpose
of laboratory work is that of acquainting students with
the processes of inquiry as a means for exploring and
developing ideas. The student is concerned with: What
questions should be raised? What data are relevant?
How should the data be ordered for interpretation? Data
known and analyzed, do not give a 'conclusion.' Theories
or models are also needed. They help to synthesize the
data, tell whether the experiment meant anything, and
describe the conditions which permit predictions.

There is general agreement among science educators that to
become aware of what science is like, students require direct
experience, with the factors, preferably even unamed, involved
in creating some tentative order in the complex world.27
Stollberg sets up the aims of the laboratory program in
the following manner:
1. to increase critical thinking.

2. to increase powers of observation.

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

26Hurd, op. cit., pp. 8-9.

27Fletcher Watson, ''The Place of Experiment in Science
Education," The Bulletin of the National Association of
Secondary School Principals, XXXVII (January 1953), p. 99.
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to gain deeper insight into the work of a scientist.

to acquire improved understanding of basic concepts
and principles.

to increase proficiency in useful skills such as
organizing data.

to develop interest and curiosity in science-related
areas.

the laboratory in introductory college chemistry,
and Bennett propose the following goals:

Some familiarity with the general nature and appear-
ance of many elements and compounds, including
substances most important in the laboratory.

Some experience in measurement of weights and
volumes, . . . filtration, fractional distill-
ation, recrystallization, precipitation.

An awareness of the direct relationship between
principle and practice.

An appreciation of the quantitative nature of
chemistry.

Experience in following instructions, with practice
in self=-direction.

A concept of the limitations of physical measurement.

Thorough training in observing and reporting accurate-
ly and clearly.

An enlightened view of what chemistry is really like.

chief function of the laboratory, as discussed

28Robert Stollberg, 'Learning in the Laboratory,' The
Bulletin of the National Association of Secondary School

Principals, XXXVII (January 1953), p. 100.

29

R. T. Sanderson and William E. Bennett, A Laboratory

Manual for Introduction to Chemistry (New York: John Wiley

and Sons,

Inc., 1955), preface.
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previously, is to provide for the development of skills in
scientific problem solving, or inquiry. Several analyses of
the problem solving objectives have been published. The
following outline is based upon these.BO’ 31, 32

1. Sensing and defining problems

(a) Sensing situations involving personal and
social problems where scientific skills can
be used.

(b) Recognizing specific problems in these
situations.

(¢) Stating the problem in concise language.

(d) Analyzing the problem into its essential
factors.

2. Collecting evidence on the problems

(a) Learning to recognize valid evidence.

(b) Drawing upon past experiences, both personal
and those reported in the literature.

(c) 1Isolating elements common in experience
and problem.

(d) Using experimental procedures suitable to
the solution of a problem.

"Science Education in American Schools,' Forty-Sixth
Yearbook of the National Society for the Study of Education,
(Chicago: University of Chicago Press, 1947), p. 145-147.

Loreon Keeslar, "A Survey of Research Studies Dealing
with the Elements of Scientific Method as Objectives of
Instruction in Science,'" Science Education, XXIX (October
1945), pp. 214-216.

321,, Mills and P. Dean, Problem Solving Methods in
Science Teaching, Science Manpower Monograph, (New York:
Bureau of Publications, Columbia University, 1960), pp. 84-86.
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(1) Devising experiments appropriate to the
solution of the problem.

(a) Deciding upon the evidence which
should be collected.

(b) Selecting the main factor in the
experiment.

(c) Allowing only one variable.

(d) Setting up controls for the experi-
mental factor.

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

(2) Carrying out the details of the experi-~
ment,

(a) Identifying effects and determining
causes.

(b) Testing the effects of the experi-
mental factor under varying con-
ditions.

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

(d) Determining and recording qualitative
and quantitative data.

(e) Being aware of the limitations of
quantitative data,

(f) Generalizing on the basis of the data.

(3) Manipulating the laboratory equipment
needed in solving a problem

(a) Selecting the most suitable equipment
and materials.

(b) Practicing to gain skill in manipu-
lation in order to secure accurate
results and to gain an understanding
of its function.

(c) Appraising scales and divisions of
scales on measurement instruments to
become aware of their limitations.

(d) Avoiding hazards and consequent personal
accidents.
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(e)

(£)
(g)
(h)
(1)

3)
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Locating source materials such as handbooks of
chemistry and physics.

Using source materials.

Developing skills in notetaking.

Evaluating information pertinent to the problem.
Solving mathematical problems necessary in
obtaining pertinent data.

Making observations suitable for solving a
problem.

Making the best tentative explanation or hypothesis

(a)
(b)
(c)

Selecting important factors related to the
problem.

Identifying the different relationships which
may exist between the factors.

Recognizing the assumptions which must be made
in formulating a hypothesis if one goes beyond
the known facts.

Selecting the most likely hypothesis

(a)
(b)
(c)

(d)
(e)

Analyzing, selecting, and interpreting relevant
data.

Judging pertinency or significance of data for
for the immediate problem.

Recognizing and developing logical sequence of
data.

Recognizing inconsistencies in data.

Using resourcefulness in proposing new hypotheses.

Testing the hypothesis by experimental means

(a)
(b)

(c)
(d)

(e)

(£)

Checking hypothesis with recognized authorities.
Devising experimental procedures suitable for
testing hypothesis.

Applying the hypothesis to the problem to determine
its adequacy.

Making quantitative measurements of experimental
results and estimating the probable error of
such measurements.

Recording the results with strict adherence to
standard definitions and usage of scientific
terms.

Rechecking data for errors in interpretation.
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(g) organizing data in tables and graphs so that it
may be analyzed.

7. Running check experiments involving the same experi-

mental factor to verify results

(a) Study the conditions of the experiment to
detect any omissions, defects, or errors,
particularly those errors which might have
been introduced in the experimental results
by coincidence or chance.

(b) Recognizing and, if possible, checking further
the validity of the assumptions involved in
setting up the experiment.

8. Accepting or rejecting the hypothesis and testing
other hypotheses

9. Drawing a conclusion

(a) Arriving at a solution to the problem based on
an honest, unbiased appraisal of the data.

(b) Suspending judgment when results are not con-
clusive.

(c) Calling attention in the conclusion to those
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 primarily as one of

convenience.

Summary of Objectives for Laboratory Instruction

The following outline of specific objectives for chemistry



30

laboratory instruction is one which incorporates the aims
from the literature cited and reflects 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 adequate student preparation before
entering the laboratory.

3. To encourage the formation of hypotheses, or pre-
dictions based upon predicting recorded observations.

4, To guide students in the planning and developing of
their own procedures.

5. To direct students in selecting the kinds of equip-
ment and materials that they will require, and in improvising
apparatus.

6. To provide for the logical organization of recorded
data.

7. To provide for training in processing and analysing
data by graphing methods and solution of mathematical problems
to obtain secondary data.

8. To develop an awareness of the limitations of

measurements.
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9. To encourage the evaluation of the experimental
procedures on 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 aspects of ''team
research."

11. To cultivate good laboratory habits of safety and
cleanliness.

12. To develop proper techniques in manipulating chemical
apparatus and handling materials.

13. To provide for individual differences among students
by encouraging the students to extend an investigation beyond
the basic experiment.

14, To develop critical thinking on the part of the
student.

15. To frequently employ the investigation of an "unknown"
material or chemical system. ‘

16. To indicate practical applications for the procedures
followed in the experiment.

17. To require laboratory reports that are functional in
that they emphasize communication skills rather than needless

repitition of printed instructions.
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18. To provide for individual student growth in knowledge,
independent thought and self-direction.

19, To give the student an insight into the actualities
of scientific investigation.

The objectives listed above, which are consistent with
the broad goals of modern science education and the more
specific objectives of chemical education, will be employed
as the guidelines for further development of the investigative

chemistry laboratory program.



CHAPTER III

AN EVALUATION OF THE EXISTING LABORATORY PROGRAM IN MANITOBA

I, THE TRADITIONAL LABORATORY PROGRAM

The Traditional Laboratory Approach

The traditional 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 revision
undertaken by the Manufacturing Chemists' 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 experiment typically follows the classroom discussion
on the topics. The student, thereforé, starts with the facts

and principles and makes observations or performs experiments

to verify what is already known.1 For each experiment, the

Ipavid Blick, "Purpose and Character of Laboratory
Instruction,' Journal of Chemical Education, XXXII (May
1955), p. 264. |
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object, apparatus, procedure and methods for treating data
are completely described in the manual. Since the topic has
been studied in the classroom, the student can usually read

a description of the observations and the conclusions from
the text. The only steps which are left for the student to
follow are the performing of the activity and the gathering
of the data.? The main outcome of the traditional laboratory
experiences is the development of skills in manipulating
apparatus.3 The existing grade eleven chemistry laboratory
program,4 for the University Entrance Course, is traditional

in its approach.

Criticism of the Traditional Laboratory Program

Numerous criticisms of the traditional approach to the

laboratory may be found in science education literature of

Z\Milton O. Pella, "The Laboratory and Science Teaching,"
The Science Teacher, XXVII (September 1961), p. 29. :

3g. Pierce, Modern High School Chemistry, A Recommended
Course of Study, Science Manpower Project Monograph (New York:
Bureau of Publications, Columbia University, 1959), p. 5.

4Frank Harder, Outline of Laboratory Experiments,
Chemistry II.
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the last decade. The chief criticism is that this type of
laboratory provides little experience in the ways that chemists
arrive at knowledge through scientific inquiry. So much
emphasis is placed on qualitative exercises such as routine
preparations and verification of chemical properties that
students are not likely to learn much about the actual work

of the chemist.? This decided emphasis on the qualitative
aspects of chemistry results in an almost complete omission

of instruction in proper methods of organizing data and deter-
mining of experimental error, at the same time that it permits
quantitative verification of physical laws on a single set of
inaccurate measurements. As the experiments offer little or
no opportunity to discover any of the basic principles of
chemistry, they present no challenge because they provide no
opportunity or need for individual initiative.® Hurd summarizes
the objections of many science educators to the traditional

laboratory program when he writes:

5E. Pierce, loc. cit.

6Harvey Pollack, "The High School Physics Laboratory
Approach," Science Teacher Achievement Recognition Program
1958 (Washington: National Science Teachers Association,
1958), p. 4b.
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An experiment is useless in learning science if
the result is known in advance. The traditional school
"experiment' set to give predetermined data is unknown
to the scientist. An experiment should be an exercise
in disciplined thinking, not a routine without chance
for error. How can a student develop confidence in his
own learning when the unexpected is always a '"wrong
answer'? If there are no opportunities to question
experimental results, no opportunities for critical
thinking exist for the learner./

In brief, the chief criticism of the traditional laboratory
experiments is that they emphasize techniques which are a
part of the tactics of science, but do not emphasize the
strategies or processes of science.

In a reference to traditional chemistry laboratory
manuals in the United States, Campbell reports that they
typically contain blank spaces to be filled in by the students.
He further asserts that fifty to ninety per cent of such
entries require only perusal of the textbook with no refer-
ence to laboratory work.8 Such an insertion of words into a

prefabricated sentence permits the student to do a minimum

of thinking, thus further reducing his initiative. The latter

’Paul Hurd, "The New Curriculum Movement in Science, "
The Science Teacher, XXIX (February 1962), p. 6.

83. A. Campbell, "Chemistry--An Experimental Science,"
The School Review, LXX (Spring 1962), p. 52.
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criticism of the traditional laboratory program is the only
one which definitely does not apply to the existing labora-
tory program for grade eleven chemistry in the University
Entrance Course in the province of Manitoba because the essay

type of report is employed.

Undesirable Practices Resulting From the Traditional Approach

Since most traditional experiment are not excursions
into the unknown but are thoroughly described in the text,
this program fosters several undesirable practices in the
laboratory. Science educators have reported ﬁhe observation
of the blind obedience of students to printed directions,
when the students read the laboratory manual and do what it
directs, one line at a time.lo It is because of such obser-
vations that the practices of the traditional chemistry
laboratory are commonly referred to as ''cookbook' chemistry.

Other undesirable practices reported in science education

YYoward Nechamkin, 'Laboratory Meetings Should Teach
Too," Journal of Chemical Education, XXIX (February 1952),
p. 531,

10; w. Lefler, "Teaching of Laboratory Work in High
School Physics,' School Science and Mathematics XXXXVII
(June 1947), p. 531.
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literature are:

1. The students talk about irrelevant things while

. . . 11
the experiment is "cooking."

2. The students record the phenomena that they know

should happen rather than what actually does happen.12

3. The students often work backward from the expected

answer to acceptable data°13

Such practices which are outcomes common to the traditional
laboratory programs make a mockery of the word “experiment"

and ridicule the painstaking work of the scientist.

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 application of an inventory or check-

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

111p4d.

12gister Ernestine Marie, "Inductive Teaching at the
Secondary Level," Journal of Chemical Education, XXXV
(January 1958), p. 46.

13

Nechamkin, loc._ cit.
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has been suggested by Mills and Dean.14

As an outgrowth of Chapter II of this investigation,
nineteen specific objectives of a modern chemistry laboratory
program were arranged in the form of a check list or rating
form. Copies of this rating form were mailed to sixty
chemistry teachers in the Greater Winnipeg Area. Rather
than checking whether each specific objective was being
attained, the teachers rated each objective inits attainment
as either excellent (4), very good (3), good (2), fair (1),
or poor (O),15 Hence, every specific objective had a maximum
rating of four, thus providing a maximum total for the program
of seventy-six. A compilation was made of the data contained

in the twenty-seven forms that were returned.l6

This compi-
lation indicates that the range in rating the total program
was from four to thirty-five. A summary of this data in

Figure 1 reveals the assets of the existing traditional

141,, Mills and P. Dean, "Problem Solving Methods in
Science Today,' Science Manpower Project Monograph, (New

York: Bureau of Publications, Columbia University, 1960),
p. 84.

15infra° Appendix A.

l6infra° Appendix A,
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laboratory are the development of habits of safety, and proper
techniques in the handling of apparatus. At the same time,
the summary 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 for investigation, (2) the indication of
practical application for the procedures to be followed,

(3) the provision for individual differences by encouraging
the student to extend an investigation beyond the basic experi-
ment, (&) the encouragement of hypothesis formation, (5) pro-
vision for direction in planning and developing independent
procedures, (6) the provision for training in processing and
analyzing data, and (7) the employment of group techniques for

investigation.

ITTI, CONCLUSIONS

Although the maximum rating for the existing laboratory
program was seventy-six, no chemistry teacher gave it a rating
above thirty~-five; the mean rating being sixteen. Thus it
would appear that the existing, traditional chemistry labora-
tory program does not meet the objectives of modern chemical

education. The shift in emphasis in the objectives of the
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chemistry program during the 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 instruction on the processing and analyzing of data,
and (3) to provide the opportunities for the development of
independent procedures.

Further in support of the conclusion that the existing
traditional laboratory program does not meet the objectives
of modern science education, the Chemistry Curriculum Revision
Committee for the province of Manitoba has recommended the
adoption of the CHEM Study Program for grade eleven chemistry

in the University Entrance Course.l’

17 s am Doctoroff, "The Latest Developments in Manitoba

Curricula Changes," The Manitoba Science Teacher, V (March-
April 1964), p. 41,




CHAPTER IV
RECENT LABORATORY PROGRAMS
I. INTRODUCTION

Never in the History of American education have so
much talent, energy and money been invested in improving
science education as in the latter half of the last decade.
A notable feature of this movement has been the extensive
involvement of practising scientists. After long years of
indifference to problems of education, many of them have
come out of their laboratories,and personally or through
their professional societies, have voiced their interest
and have shoWn their willingness to assume leadership. Practis-
ing scientists in many universities now give time and energy
in order to sit on committees concerned with professional
preparation of teachérs and on those dealing with curriculum
studies and revision. 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 United States government through the National
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Science'Foundation,l

As a result of the interest shown in improving science
education, many projects in course-content improvement have
been undertaken in recent years in all areas of high school
science education. It would be unrealistic to assume that
all this curriculum revision is unified; however, there are
at least two common features which give a new direction in
science teaching: the provision of a logical and integrated
picture of contemporary science, and the illustration of the
ways of scientific inquiry and the limitations of such methods.
With inquiry and generalizations as goals of science teaching,
the laboratory phase has become a more intimate part of the
total learning activity that has been characteristic of
previous science programs. In the area of high school chemistry
three such independent projects have made outstanding contri-
butions to teaching chemistry from a chemist's point of view.

These projects are:

lorederick Jackson, "Key Role of Scientists in Curriculum
Change," Science Education News, The American Association for
the Advancement of Science, December 1961, p. 24.
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1. The Scientific Chemistry Experiments of the Manu-
facturing Chemists' Association (MCA).
2. The Chemical Bond Approach (CBA) Project.

3. The Chemical Education Materials (CHEM) Study.

II, THE MANUFACTURING CHEMISTS' ASSOCIATION

Backeground and Planning

The Manufacturing Chemists' Association aid-~to-education
program was officially started in December of 1956. At the
initial conference, four of the leading science educators in
the United States reviewed the status of high school chemistry.
Deciding that one of the major weaknesses was found in the use
of laboratory time, the group suggested that chemistry labora-
tory work would be more fruitful, especially for able students,
if more challenge were built into the experiments. ''Open-
ended" experiments which could be carried out only tﬁrough
true ﬁethods of scientific investigations were recommended.

The stated specific objectives of the MCA Program were:
1. To help teach the principles of chemistry and their

application to industry, agriculture, and everyday living.
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2. To make the high-school chemistry laboratory a
highly interesting and challenging experience.

3. To capture or to develop further the enthusiasm
of able students for careers in science.

4, To foster intellectual activity by posing questions
to be answered through laboratory experiences.,

The first steps to bring the spirit of scientific
inquiry into the high school laboratory were taken when a
review committee consisting of nine chemistry teachers from
the Northeastern United States approved a plan to prepare the
experiments, to test them and to distribute them to the schools.
Procedures for the open-ended experiments were written by
chemistry teachers from across the United States. After it
was edited, each set of directions, together with the accom-
panying information for the teacher, was sent out to at least

five different schools for trial and possible improvement.

Progress and Present Status

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

2Charles L. Koelsche, "The Course in Chemistry,' The
Bulletin of the National Association of Secondary School
Principals, XXXXIV (December 1960), p. 110.
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compiled by the MCA, and distribued without charge in class-
room quantities to teachers of chemistry. By August 1959,
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 Chemists' Association's aid-to-
education program, the primary purpose of which is to con-
ceive, develop and test new ideas useful in science education,
gave Holt, Rinehart and Winston, Incorporated, the rights to
continue the publication of the experiments in 1959. Since
that time the MCA staff has organized an additional group of
thirty experiments, to provide a laboratory program of open-
ended experiments that could fulfill the requirements of a

4

full year's course.

The Laboratory Program

The open-ended experiment. These experiments are

3nMcA Staff, Scientific Experiments in Chemistry--
feacher Book, (New York: Holt, Rinehart and Winston, Inc.,

1962), p. iii.

41bid.
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distinctive in that students cannot anticipate the observations
or conclusions beforehand. Although purposes and procedures
are described clearly, the results, which are omitted from

the student guide, can be obtained only through direct labora-
tory experience. In addition, on the basis of his laboratory
experience, the student is asked to make predictions and then
verify or disprove them. In order to answer the question,

"How do oxides behave in water?", the student records careful
ébservations on several oxides. He then combines his obser-
vations with those of other class members. From these obser-
vations the student is required to search for some pattern

by referring to the periodic table, the activity series and

the heats of formation of the compounds involved. Once the
pattern or conclusion is established, it is then verified or
disproved by prediction of the behavior of an oxide which was
not previously studied; the prediction is then tested.5 Since
the results of such open-ended experiments are not necessarily
uniform throughout the class, the teacher and student becomes pre-

pared for the unexpected. Sometimes unexpected results can stimulate

OMCA Staff, Scientific Experiments in Chemistry (New York:
Holt, Rinehart and Winston, Inc., 1962), pp. 14-15.
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independent projects and fruitful investigation. Open-ended
experiments such as these may be described as research prob-

lems in miniature.

Practical applications. At the end of each experiment,

the principles or techniques, which are involved in arriving
at a conclusion, are related to real-life situations; there-
fore, the "What's it good for?" question has many interesting

answers for the student.

Student reports. Each student is asked to make a

report on the experiment in his own manner, and to include
evidence for his conclusions. The requirements are not
rigorously prescribed, but the report to the teacher should
resemble the report of a research chemist to the group leader.
The report need not repeat the directions in the student guide,
but it should show that the student understands the purpose

and the method of the experiment. The data 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 answer what the student has learned and

should contain the supporting evidence for his conclusions.6

6MCA Staff, Scientific Experiments in Chemistry -
Teacher Book, p. 20.
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Teacher's guide. A companion Teacher Book has been

designed for chemistry teachers with limited academic prepar-
ation or experience. This volume contains suggestions for the
utilization of the experiments and the precautions to be taken
in carrying out difficult experiments. Samples of typical
student results from a trial class are also included. Owing
to the nature of open-ended experiments the Teacher Book is

an invaluable guide for the average chemistry teacher.

Flexibility and adaptability. In spite of the fact

that the MCA experiments have not been written for any specific
course they 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 are particularly
adaptable to group work so that different groups within a

class can gathef'data on different aspects of the same problem,
The results are then tabulated and compared, so that a class
answer is reached. By following such an approach the class
functions as a research team. These experiments have also

been adapted for the use as projects for clubs and informal

7Koelsche, loc. cit.
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groups of students. Regardless of the way that the MCA experi-
ments are fitted into a chemistry program, they are found to
be effective not only in illustrating some of the processes

of scientific inquiry, but also in challenging the student

to further investigatiom.

I1I. THE CHEMICAL BOND APPROACH PROJECT

History and Organization

The Chemical Bond Approach (CBA) Project originated in
1957 when a group of college and high school chemistry teachers
met for a two week conference at Reed College in Portland,
Oregon. The following objectives were 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 quantitative relationships.

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

4, To stimulate interest in chemistry, to identify
promising students, and to provide adequate
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8

preparation for further scientific studies.

It was recognized that these objectives could be attained by
more than one method of presentation, but the conference con-
cluded that chemistry could be taught better if the course
had a central theme.

Following a similar conference in the summer of 1958
at Wesleyan University 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. With this theme
throughout the text and laboratory program, most of the topics
normally included in high school texts were to be developed,
"not as individual entities but rather, as interconnected
threads in the total fabric of chemistry°"9

The National Science Foundation began to support the
program in 1959 and has continued to do so. In the summer of
1959, a writing conference, in which nine high school and nine

college teachers prepared the first text and laboratory manuals,

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

8'Reed College Conference on the Teaching of Chemistry,"
Journal of Chemical Education,XXXV (January 1958), p. 54.

9MCBA Summer Institutes" (descriptive brochure),
January, 1962, p. 1.
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weekly reports sent in by teachers on the 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 testing program. The text

and laboratory manual have been revised continously to reflect

the experience of teachers employing them,lo

Progress and Present Status

Since the initial writing conference, the texts and
laboratory manual have undergone three trial revisioms.
Publication of the first commercial edition of the text,
"Chemical Systems,' has been completed in early 1964 by the
ﬁcGraW Hill Book C;mpany. Interest and participation in the
project have grown steadily as a result of the National Science
Foundation Summer Institutes which provided chemistry teachers
with a background appropriate to teaching CBA Chemistry.

Table 1 indicates the increasing participation in the pro-

gram over a three year period.

1OIbid.
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TABLE I

ENROLLMENT IN THE CHEMICAL BOND APPROACH
COURSE SINCE 195911

Academic Teachers Students
year (No. ) (No.)
1959-60 10 850
1960-61 83 5,500
1961-62 200 10,000

The Laboratory Program

Intent and approach. The CBA Project staff feels that

the best 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
uncovering and extending natural phenomena. Towards this end

the organization of the CBA laboratory program has been developed
to aid the student in his study of the interplay of concepts
with observations and experiment. The student not only collects

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

larthur H. Livermore, and Frederick L. Ferris Jr., "The
Chemical Bond Approach Course in the Classroom,' The Welch Physics
and Chemistry, XIV, p. 15.
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data are fitted into a logical scheme based on a set of
assumptions and often some mental model. Such logical reason-
ing leads to a reasonable solution to the problem. Because
the experiments do not lead to a predetermined result, it is
this ability to follow and even to construct a line of argu-
ment that is the real indication 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-
mentation in the text gives sufficient leeway to allow the
student to interpret his own experimental data without being
forced to accept conclusions which may inconsistent with the
data. No unusual observation is considered wrong 1f the
student makes it honestly, CBA takes a scientific attitude

to unusual results and encourages students to seek out reasons
for such results. This type of laboratory is truly research-

centered.12

Student Introduction to the laboratory. The student

becomes aware of the emphasis on the interplay between ideas,

12vChemical Bond Approach Summer Institutes,' (descrip-
tive brochure), January 1962. '
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observation and experiment in the very first experiment he
encounters. This is the 'black box" experim.entl3 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 his ability to guess the contents
of the box correctly, but on the way he organizes the evidence
that he has collected through observation and inference.

Though seemingly far-fetched, this experiment gives the student
an appreciation of the problems involved in constructing a

mental model of atoms and molecules,

Organization of experiments into groups of increasing

difficulty. Various conceptual themes such as stoichiometry,

and the relationship between structure and properties, 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

13CBA Laboratory Development Committee, Chemistry Labora-
tory (third rev.) (Lebanon, Pennsylvania: Wilt Offset, 1961),
p. L.
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related to the introductory material 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 manipulations is not treated as an
end in itself, but also as an incidental step to the solution
of a particular problem. For example, an introductory experi-
ment which is used to illustrate precipitation and filtration
techniques requires the student to find out which of the two

14 Hence this experiment be-

reacting solutions is in excess.
comes an investigation rather than merely a manipulative exer-
cise. These Group I experiments are designed to provide suf-
ficient information to enable the student to solve for himself
the problems posed. It is here that the student gains confi-
dence in his ability to obtain meaningful results in the
1aboratory.15

The experiments included in Group II involve the investi-

gation of various aspects of specific materials presented in

14CBA Laboratory Development Committee, Chemistry Labora-
tory, pp. 10-12.

15CBA Laboratory Development Committee, Teacher's Guide
to the Chemistry Laboratory, (Annville, Pennsylvania: CBA
Laboratory Development Center, 1962), pp. 1l6-17.
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the text. The assistance which was previously given to the
student has been withdrawn so that the student now has the
opportunity to suggest an experimental procedure to be used
in the 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 specific names of these substances, the names will
not be associated with the specific numbers on the test
tubes assigned to you. The problem is to be solved by
using only the substances contained in the test tubes.
This can be dome by mixing a portion of two of the
substances and comparing the resulting observations
with the characteristics of the various possible products
reported in the literature or given in the text,10
Prior to the experiment the student must study the characteristics
of the various substances assigned and organize an original
flow sheet for qualitative analysis. With such experiences
the student is made to feel that it is within his power to
learn facts and to originate ideas.

A number of more complex, research-centered problems,

which require investigation over a number of laboratory periods

16¢BA Laboratory Development Committee, Chemistry
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 way:
Determine the order of bond strengths of AX, AY, and AZ,
using data obtained from the aqueous solutions of the
jonic compounds, designated AB, CX, CY, and CE, assigned
to you.
No outline of procedure is given. It is left to the student
to decide what information he needs to solve the problem.
Ideally, some information should come from the laboratory
and some from the literature. The student is asked to submit
the design of his procedure for approval and then to perform
all the required steps independently, employing the ideas
and techniques accumulated in 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-

ground for such research-centered problems as found in Group ITT.

Extensions. Prominent in the philosophy of CBA chemistry,

students are encouraged, wherever possible, to extend their

171bid., p. 53.
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investigation beyond the immediate experiment and try to col-
lect experimental data to answer problems which they have
raised. Therefore, the laboratory is used as a convenient and
useful springboard for converting student questions into an
experiment rather than giving the student a direct answer.
Several suggested extensions are given for most experiments.
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 the members of the class do.

Pre=-laboratory and post-laboratory discussion. A pre-

laboratory discussion, preceding the laboratory period by at
least one day, allows the teacher to set the scene for the
laboratory work which follows. Here, the students will learn
why they are doing a particular experiment and also with

guided questions from the teacher, members of the class may
design the procedure for a Group II experiment through group
discussion. They may also receive a start in a useful direction
for designing a procedure individually. To make the pre=
laboratory discussion of real value, the teacher must be
willing to allow the students to try their proposed procedures

as long as this can be done safely, even though he may feel
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sure they will not work. The skill of the teacher in leading
the discussion of the proposed work will determine to a large
extent the attitude of the student upon entering the laboratory
and will be reflected in the caliber of the work accomplished.
Also vital to 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,18

The laboratory notebook. Laboratory notes are kept in

a blank notebook consisting of one-quarter inch graph paper
with alternate white and yellow sheets. The original notes
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 feacher° The student
keeps his original record. During the testing program, these
carbon copies were sent to the project headquarters for evalu-

ation and revision of experiments.

18cpa Laboratory Development Committee, Teacher's
Guide to the Chemistry Laboratory, p. I-9.
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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 others. Each report is expected to include

the following:

1. A statement of the problem being investigated.

2. An account of all procedures which are not already
described in the Student's 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 additional
information as the appropriate calculation of secondary data,
a treatment of errors, equations for reactions, and suggestions
for further laboratory work.

To facilitate the recording of experimental information,
a flow sheet is employed. A flow sheet is a graphical represen-

tation of procedures to be followed, the observations noted,

191bid., p. iv.
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and a record of the data collected while the student is
actually conducting an investigation in the laboratory. The
time spent in the organization of the flow sheet as a pre-
laboratory assignment will ensure that the student understands
the procedures to be followed in the laboratory where he will
find it a useful reference as the experiment proceeds and a

. . . 20
convenient means of recording observations as they are made.

Teacher's guide book. Because the experiments are truly

investigative, or research-centered, the students will often
arrive at results which are not anticipated by the teacher.

To prepare the teacher with an average academic preparation

in chemistry for such an atmosphere, the accompanying teacher's
guide to the laboratory contains 354 pages of essential back-
ground information. Theoretical discussions of each experi-
ment, background information, suggestions on possible pre-
laboratory and post-laboratory discussions, information re-
garding the general philosophy of the program, and the intended

progressive development of the experimental techniques and

20CBA Laboratory Development Committee, Chemistry
Laboratory, pp. A-13 to A-16.
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concepts are all contained in teacher's guide for the labora-

tory.

Correlation between text and laboratory program. The

laboratory program and the text parallel one another in terms

of topics and reinforce one another considerably. In some

cases direct use of the student's experimental data as a

part of the text development are effective, but this order of
presentation is not essential to the development of student
understanding. Integrating the laboratory and text in thismanner
permits a flexible use of the laboratory program with either
inductive or deductive development. This dual approach reflects

the ways in which science develops.21

IV, THE CHEMICAL EDUCATION MATERIALS STUDY

History and Organization

The Chemical Education Materials Study, (CHEM Study),
grew out of suggestions by a committee appointed in 1958 by

the American Chemical Society to study the possibility of

2lgarle S.Scott, "The Necessity for Variety," CBA
Newsletter, May 1962, pp. 1-2.
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revising high school chemistry. This committee recommended
a revision and suggested in general what the course should
contain. In 1960 a grant was obtained from the National
Science Foundation and a steering committee of college pro-
fessors and high school teachers was assembled to investigate
what could be done to produce the most effective high school
course possible. The following specific objectives were
proposed:

1. To diminish the current separation between scientists
and teachers in the understanding of chemical
science.

2. To stimulate and prepare those students whose pur-
pose it is continue the study of chemistry at
a university.

3. To encourage teachers to undertake further study
of chemistry courses that are geared to keep
pace with advancing scientific frontiers and
thereby improve their teaching methods.

4. To further in those students who will not continue
the study of chemistry after high school an
understanding of the importance of science in
current and future human activities.22

The steering committee set out to identify the irreducible

minimum of fundamentals that could be taught in a high school

course.

225, B, Van Cleave, "A New Chemistry Course for
Saskatchewan High Schools," (mimeographed), Regina 1963, p. 2.
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In the summer of 1960 a group of nine college professors
and nine high school teachers met at Harvey Mudd College in
California for a writing conference. As a result of their
labors, a textbook and a laboratory manual were prepared.

Later in the summer, these materials were studied by twenty-
three teachers selected mainly from the California area.
During the 1960-61 academic year, twenty=-four high schools
used CHEM Study materials, with thirteen hundred students
involved in the trial. Through weekly meetings, where problems
and changes were discussed, close contact was maintained be-
tween the staff of CHEM Study and the teachers. The reported
experience of the teachers became the basis for the revision
incorporated in the Second Trial Edition and the Teacher's

Guide developed to accompany it.23

Progress and Present Status

During 1961-62 the original twenty-four teachers were
joined by about one hundred more who had completed a period

of preparation in the National Science Foundation Summer

231, sibler, "The CHEM Study Approach to Introductory
Chemistry," School Science and Maths, LXI (February 1961),
p. 114,
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Institutes. Over twelve thousand students were involved in

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

and laboratory materials was exposed to about forty-five
thousand students in five hundred and sixty high schools.

With the addition of these numbers, the evaluating facilities
were expanded and six new centers were established to facilitate

the compilation of progress reports from participating teachers,24

The hardbound edition of the CHEM Study textbook, ''Chemistry:
An Experimental Science' and its accompanying laboratory man-
ual and teacher's guide were published in the summer of 1963
by the W. H. Freeman Company. It has been estimated that over
one hundred and ten thousand students were using CHEM Study

Materials during 1963-64, This figure constitutes between ten

and fifteen per cent of the United States high school chemistry
25

students during this academic year.

The Laboratory Program

Intent and purpose. The CHEM Study approach is based

upon the philosophy that the high school laboratory should be

24CHEM Study Newsletter, October 1962, pp. 1-2.

25CHEM Study Newsletter, February 1964, p. 4.
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a place where the student makes and records careful obser-
vations on a system, seeks patterns or regularities in what
he observes, and then develops tentative explanations or
mental models to rationalize his observations. The forty-
four experiments are quite specific in terms of procedure,
but open-ended as to expected results and interpretation.
Students are led to discover many generalizations for them-
selves., "It is hoped that, as well as learning chemistry,

1

students will experience the thrill of discovery,' writes

Merrill,"” and learn first hand how scientific enterprise

moves forward,'26

Uncertainties of measurement. Because many of the

fundamental concepts‘developed in the course are quantitative,
many of the experiments are quantitative also. An important
area of emphasis in the CHEM Study laboratory is that of the
uncertainty of scientific measurements and the dynamic aspect
of science. The student learns three common methods of express-

ing the uncertainties of measurement and the advantages of

20Richard L. Merrill, "Chemistry--An Experimental
Science,'" The Science Teacher, XXX (April 1963), pp. 26-27.
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using each method. This variability in measurements is
clearly illustrated to the student by the pooling of class
results to obtain averages, deviations and graphs of group
data. When the result obtained by each student represents
a point on a graph, critical evaluation of results follows
readily. The student begins to understand and appreciate
the limits of accuracy in measurement and, therefore, is
made cognizant of the tentative nature of the conclusions

based upon these measurements. 2/

Student introduction to the laboratory. After the first

week at school the student realizes that the title of the
course 1s not misleading; chemistry is indeed an experimental
science, From the very first day, almost 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

27a. B. Van Cleave, "Young Wgndering Minds in the Chem-
istry Class,'" CIL Oval, Spring 1963, p. 16.
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complex chemical system, a burning candle. The student then
compares his list, which usually contains about a dozen
observations, with the list of a professional chemist which
contains fifty-three observations. The difference in the
number and the quality of the observations comes as a shock

and revelation to the student. The student who states that

he observed carbon dioxide and water vapor being given off

by the flame is directed to recognize the distinction between
observation and assumption. The first experiment sets the
stage for a series of investigations related to the candle.

The student studies melting-point behavior, investigates the
chemical changes that occur when a candle burns, and identifies
the products of the reaction. The investigation of the candle
is culminated when he measures the heat of combustion 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 physical changes and those

. . . . 2
associated with chemical reactions. 8

283, A. Campbell, "Chemistry--An Experimental Science,"
School Review, LXX (Spring 1962), pp. 55-56.
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Laboratory reports. Although few specific requirements

have been laid down by the CHEM Study staff, certain skills
which are associated with the gathering of data and arriving
at valid conclusions are emphasized. These skills include:
the careful recording of observations, the tabulating and
graphing of data, the indicating of the limitations of each
measurement 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 sheets. The carbon copy
of the report is torn out and handed into the teacher for
checking and the student keeps his original as a permanent

record,

Teacher's guide. As stated in its preface, the program

guide is designed for optimum day-to-day and background support
of the lone teacher with somewhat less than ideal training,
teaching in a poorly equipped school or working with other
limiting factors. Therefore the guide is a detailed and

voluminous directive. For each chapter in the text there is

a section pointing out the intent and approach, the outline,
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new concepts, schedule of related materials, development,
supplementary materials including a full discussion of each
laboratory experiment, background discussion and answers to

problems for that chapter.29

Integration of text and laboratory materials. The CHEM

Study student is allowed and encouraged to discover for him-
self ideas which through class discussion and text treatment
will lead him to the understandings that the course seeks to
develop. Consistent with such a philosophy, the experiments
are closely integrated with topics in the text, but generally
precede the textual development. Frequent reference is made
in the text to experiments which the student is expected to
have performed and thought about. The laboratory work is so
closely correlated with the text that it would be almost
impossible for the student to profit from the CHEM Study
course without participating in the laboratory work,30

Although the chief approach of the laboratory is

29 cHEM Study Staff, Teachers Guide for Chemistry=--
An Experimental Science, (San Francisco: W. H. Freeman and
Company, 1963), p. 3.

30A. B. Van Cleave, CIL Oval, loc.cit.
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inductive, many of the later experiments involve unknowns
where the student is encouraged to predict chemical properties.
Hence the overall approach of the laboratory program is
inductive-deductive 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 course.31

V. CONCLUSIONS

The MCA experiments constitute an independent labora-
tory program which can be adapted to any high school chemistry
course, whereas the CHEM Study and CBA experiments are closely
integrated with their textbooks in an inductive~-deductive
manner, with the former emphasizing an inductive approach.

The chief difference between them is the amount of direction
provided for each student; MCA and CHEM Study experiments
generally give the student specific direction but do not

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

3lcampbell, op. cit., pp. 59-60.
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ments provide a minimum of direction but stress independent
investigation. In each program the laboratory contributes
greatly to the teaching of science as a mode of inquiry by
illustrating the diverse processes that are used to produce
the conclusions of science and the limitations of these methods.
All three of these programs are now exerting a strong
influence on curriculum planning. Although 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 CHEM Study
staffs agree that it is neither possible nor desirable to
join forces and produce a single 'best' course which would
result in a national curriculum. -On tﬁis topic, one CBA staff
member writes:

No single course can achieve all of the legitimate
objectives of a high school course in chemistry in the
best way for all of the different situations in which
such courses are taught.

. » . Acceptance of a single course, or of a single
limited set of criteria by which students and courses are

evaluated, customarily leads to a standardization of
practice which inhibits innovations, hence retards

improvement.32

32garie s. Scott, "The Necessity for Variety,' CBA
Newsletter, May 1962, p. 1. .
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The aim of both the CBA Project and the CHEM Study is not to
sell books, but to provide models--to educators, publishers,
textbook writers--of what competent research chemists, and
university and high school teachers think are good ways of
teaching chemistry at the high school level. With the copy-
right of each program held by Earlham College and the University
of California respectively, rather than by the publishers,

these programs hope to encourage writers in preparing their

own materials after reviewing the CBA and CHEM Study materials.
In this way the area of chemical education at the secondary

level will be accordingly enriched.33

335tatement by Richard L. Merrill in an address to the
CHEM Study Institute at the University of Saskatchewan, July
1963,



CHAPTER V

THE SELECTION OF DESIRABLE CHARACTERISTICS FOR AN INVESTIGATIVE

LABORATORY

I. INTRODUCTION

If a major objective of chemical education is to have

students attain an internal awareness that chemistry is really

a dynamic 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 demonstration and repetition

of known facts. More specifically, the laboratory program

should include the following objectives:1

1.

2.

4.

To

To

To

To

To

give the student an opportunity to state the
problem in his own words.

provide for adequate student preparation before
entering the laboratory.

encourage the formation of hypotheses or pre-
dictions based on recorded observations.

guide students in the planning and developing
of their own procedures.

direct students in selecting the kinds of equip-
ment and materials that they will require, and
in improvising apparatus.

1Sugra, Pp.22-23.
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11.

12.

13.

14,

15.

16.

17.

18.

19.

To

To

To

To

To

To
To
To
To
To
To

To

To

To
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provide for the logical organization of recorded
data.

provide for training in processing and analyzing
data by graphing methods and solution of mathe-
matical problems to obtain secondary data.
develop an awareness of the limitations of
measurement,

encourage the evaluation of the experimental
procedures on the basis of the results obtained;
to emphasize methods as well as results.

provide for experience in cooperative planning,
evaluation of group data, and in other aspects

of "team research."

cultivate good laboratory habits of safety and
cleanliness.

develop proper techniques in manipulating chemical
apparatus and handling materials.

provide for individual differences among students
by encouraging the students to extend an investi-
gation beyond the basic experiment,

develop critical thinking on the part of the student.
frequently employ the investigation of an un-
known material or chemical system,

indicate practical applications for the pro-
cedures followed in the experiment,

require laboratory reports that are functional

in that they emphasize communication skills
rather than needless repitition of printed
instructions.

provide for individual student growth in knowledge,
independent thought and self-direction.

give the student an insight into the actualities
of scientific investigation.

In the pursuit of these objectives, specific characteristics of

a laboratory program must be examined in order to select those

characteristics deemed most desirable for the students in Manitoba.

Such desirable characteristics were selected through a review of
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the recommendations made by independent writers in science
education, and then combined with the desirable features of

the modern chemistry laboratory programs.

II, CHARACTERISTICS OF A GOOD HIGH SCHOOL LABORATORY

The critical topic 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:

1. Classroom and laboratory work are closely inte-

grated.

2. Flexibility of the laboratory schedule is highly

desirable.

3. The function of the laboratory is to seek answers

and to find information.,

4, Real problems are most desirable for laboratory

learning.

5. Practical applications should be found for

theoretical situations.

6. Cooperative planning by the students and teacher

is desirable.
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7. Improvisation of apparatus is encouraged.
8. Laboratory manuals are used merely for reference.
9. The laboratory should be an approach, not merely
a place.
10. Long-term laboratory activities should be encouraged.
11. Note-taking, data recording, and sketching should
be truly functional.
12. Required reports should have purpose and meaning.
In concluding his discussion of the characteristics of good
laboratory experiences, Stollberg points out that no one science
teacher, nor ome school need display all these features in the
organization of laboratory learning. In many school situations
it is difficult to try to make progress along more than a few
of these lines at one time,3 With the latter statement in
mind, Stollberg's characteristics of a good laboratory program

were reviewed in this investigation and integrated with the

ZRobert Stollberg, "Learning in the Laboratory,' The
Bulletin of the National Association of Secondary School
Principals, XXXVII (January 1953), pp. 103-108.

31Ibid., p. 108.
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ideas of other writers, in order to arrive at the character-

istics most suitable to the Manitoba high school situation.

Close Integration of Classroom and Laboratory

The laboratory should be thought of as an approach, as
a method--not merely a place; therefore, classroom and labora-
tory should be made 'mutually supporting aspects of the same
enterprise with no sét rule as to which should precede the
other,"4 At no time should the classroom and laboratory
experiénces be divorced to the extent that they appear as
separate courses, or that the students can profitably take
one without 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
arise spontaneously in the classroom. With the laboratory
scheduled on prescribed days, it becomes out of phase with
the classroom and bears little psychological relation to it.

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

4Tbid., p. 103.

SW. Burnett, Teaching Science in the Secondary School
(New York: Rinehart and Co., Inc., 1957), p. 190.
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in Manitoba have the physical facilities to accomodate it;
consequently, other means of integrating the classroom and
laboratory must be developed.

If it is believed that the primary function of the
laboratory is to transmit the factual heritage of a civiliza-
tion or that deductive reasoning is more important, the labora-
tory will be used as a place of verification. Here the labora-
tory phase follows teaching. This traditional approach is
referred as deductive or deductive-descriptive. However, if
the students are to learn how to employ the inductive methods
of inference, they must be provided with opportunities to make
inference from facts; the laboratory is one place where facts
are collected in a variety of ways. Hence, the inductive

laboratory is planned early in the teaching-learning sequence

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

principle. If the principle thus discovered is applied in
solving a more specific problem, then the approach may be

. . . . 6 .
referred to as being inductive-deductive. A comparative

6Milton O. Pella, "The Laboratory and Science Teaching, '

The Science Teacher, XXVIII (September 1961), p. 31.
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study of the deductive-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
techniques. Because of the fact that the inductive-deductive
class achieved as well as or better than the deductive-descriptive
class in the attainment of the general outcomes of a high
school chemistry course, but secured significantly superior
results with 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.7

Problem situations experienced in the inductive labora-
tory often lead to productive classroom discussion. Through
this approach the student gains a feeling of personal partici-

pation in the discoveries of science. The student can then be

/Clarence H. Boek, "Inductive-Deductive Compared to
Deductive-Descriptive Approach to Laboratory Instruction in
High School Chemistry," Journal of Experimental Education,
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 predictions
with experimental results. The inductive approach followed
by the inductive-deductive has been successfully applied by
the CHEM Study laboratory program. In the inductive-deductive
approach followed by the CBA laboratory program, the experi-
ment gives depth and meaning to the text; the text in helping
to interpret the experiment, leads back to the laboratory.

"Each type of learning,' writes Stollberg,"

should support the
~other, knit together with other types of activities to consti-
tute an integrated set of learning activities."® A balance
between inductive and deductive approaches, therefore, insure
the close integration between classroom and laboratory; it also

emphasizes the interplay between theory and experiment, which

is a characteristic of the development of science.

The Function of the Laboratory: Exploring and Developing Ideas

The function of the laboratory work is to acquaint
students with the processes of inquiry as a means for exploring

and developing ideas. The laboratory should develop a sound

8Stollberg, op. cit., 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 spirit of discovery. An experiment should, there-
fore, be an exercise in disciplined thinking, where unexpected
results are not regarded as a wrong answer. To be a correct
answer to the situation, the hypothesis need not be true; it
need only be logical and Well~founded.10 Since the nature of
scientific enterprise is found in the methods through which
_problems are attacked, more attention should be directed to
the processes or methods of seeking answers rather than to
the too frequent emphasis on finding exact answers.

This shift in emphasis away from the deductive-descriptive

approach virtually forces a change from a qualitative to a

9L. Mills and P. Dean, Problem Solving Methods in
Science Teaching (Science Manpower Project Monograph), (New
York: Bureau of Publications, Columbia University, 1960), p. 1.

lORalph W. Lewis, "How to Write Laboratory Studies Which
Will Teach The Scientific Method,' Science Education, XXXI
(February 1947), p. 16.

llpayl Hurd, "Summary of Objectives, 'Re~thinking Science
Education," Fifty-ninth Yearbook of the National Society for
the Study of Education, (Chicago: University of Chicago Press,
1960), p. 35.
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quantitative laboratory. The laboratory should, therefore,
provide insight into the subtleties of measurement such as
the limitations of measurement and the need for independent
measurements, which are so basic to successful data collecting
in the laboratory.l2 However, it is also in the quantitative
laboratory, when the experiment is designed with the expectation
that all students get accurate results from a single determin-
ation using crude apparatus, that the open-minded spirit of
investigation can be cramped. Elmore, Keeslar and Parrish
propose:
The precise right answer then is recognized as a hypothetical
point more to be abjured than striven for in evaluating
one's results in gathering scientific data, and we should
look askance at exactly right answers when measuring
instruments are crude and chance errors are inevitable.l3
The laboratory should provide students which opportunities to
see the variability in measurement through the pooling of class
results. Once the teacher and student are aware of the limi-

tations of measurement, neither will expect results which are

beyond the precision of the measuring instrument. In such a

12paul D. Merrick, "Secondary School Chemistry--A
Laboratory Approach,” The Science Teacher, XXIX (March 1962),
p. 1l1. ‘

13¢, Elmore, O. Keeslar, and C. Parrish, "Why Not Try
the Problem-Solving Approach,' The Science Teacher, XXXVIII
(December 1961), p. 3. .
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quantitative laboratory an open-minded spirit of scientific
investigation can be sustained.

The maintenance of a proper balance between student
investigation and teacher guidance is emphasized by the com-
mittee for the Forty-sixth Yearbook of the NSSE.1%4 1In pursuit
of the proper balance, all possible degrees of independence
or freedom in student investigations should be examined. Five
such degrees of student independence, as proposed by Pella,
are outlined in Table II. In procedure one the purpose,
apparatus, and method are completely 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 the text. The only steps in the total procedure left to
the student are the performing of the activity and the gathering
of data. Pella raises an objection to the formulation of the 5#5%1; 
conclusion by either the teacher or the laboratory manual. He
points out that the statement of the problem very often provides

a statement of the conclusion,15 for example, "To demonstrate

L4vgcience Education in American Schools,” Forty-sixth
Yearbook -of the National Society for the Study of Education.
(Chicago: University of Chicago Press, 1947), p. 236.

lSPella,‘QE. cit., pp. 29-31.
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TABLE II

FIVE DEGREES OF STUDENT INDEPENDENCE IN

LABORATORY INVESTIGATIONS

Procedures
Steps in the Procedure 1. 2, 3. 4, 5.
1, Statement of the problem T T T T S
2. Formation of hypotheses T T T S S
3. Working plan T T S S S
4, Performance *% S S S S
5. Data gathering S S S S S
6. Conclusion T S S S S
* T - teacher S*% - gstudent

that one gram molecular weight of a gas occupies 22.4 liters

16 Procedure two may be achieved by

at standard conditions.”
providing activities concerned with problems that are without
answers 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 elementary introduction to the

laboratory. Procedure three will provide opportunity for

16Frank Harder, Outline of Laboratory Experiment--

Chemistry II, p. 15.
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students to exercise some creativity in the development of
procedures for testing hypotheses. Here, the student must
decide what controls and variables to have in his experiments,
what kinds of data to collect and how the data is to be treated.
Of course the teacher must serve as a guide so that any pro-
cedures dangerous to the physical welfare of the students are
avoided. Procedure four demands further creativity of the
student and leads him to expect confusion as a natural and
necessary state which usually precedes good thinking. The
latter two procedures give considerable stress to the methods
of scientific inquiry. The steps of independent research
would be paralleled in procedure five, when the student is
confronted with raw phenomena. At this stage he must define
the problem and then over a number of laboratory periods,
arrange the various facets of the problem into a logical
sequence so that they may be attacked successfully,l7

Sooner or later, therefore, the high school student
must be weaned from total dependence upon a set of explicit

laboratory instructions. He must be led progressively to a

l7Pella, loc. cit.
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point 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 own experimental procedures.18 At
present the grade eleven student in the University Entrance
course is undergoing his first formal experience in the labora-
tory; therefore, the problems to be investigated should be
adapted to both the student's experience and maturity. The
student 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 student's confidence as he undertakes others. Too great

a complexity early in the year may lead to escapist activities
such as daydreaming and quasi-solutions.l? "The problem, then,
is to provide initial laboratory experiences»(or to build on
previous experiences) which do result in student involvement

in an emotionally and intellectually satisfying manner.”zo

Since the grade eleven student is gaining in experience and

18Merrick, loc. cit.
191,, Mills and P. Dean, op. cit., p. 13.

2OGuidelines for Development of Programs in Science
Instruction, National Academy of Sciences--National Research
Council, Publication 1093, (Washington: Government Printing
Office, 1963), 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 not yet be capable of truly
investigative research after his first year of chemistry.
Therefore, it would appear that an investigative laboratory
program for grade eleven chemistry could be introduced through
procedure two; once the student has acquired some experience

and confidence, along with a knowledge of some basic techniques,
the program could be progessively advanced to include experiences

in procedures three and four.

Real Problems--Cooperative Planning

The provision for experiences in the solutions of real
problems arising out of classroom discussion, project work or
out of the community and not restricted to the manual source,
as suggested by Stollberg,21 pre-supposes a flexibility of the
laboratory schedule, superior facilities with ample storage
space for long-term investigations, a teacher with above-average
background and preparation time, along with students who have

sufficient skills and knowledge to proceed intelligently. Despite

21Stollberg,'gg, cit., p. 106.
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the inflexibility of the laboratory schedule, inadequate
physical facilities, an authorized manual, and the limitatiomns
of student experience in grade eleven, this aspect of labora-
tory work can still be pursued in this province by encouraging
students to return to the laboratory in their free time.
Individual students or small groups should be permitted to
carry out laboratory investigations in which they are most
interested and for which their talents are best suited. Since
this matter of problem solving is highly individualistic and
cannot be regimented effectively, it is unrealistic to expect
all students to proceed at the same rate and arrive at an
answer together on any given day. Some students will be able
to solve problems involving subtle distinctions while others

22 The experi-

may learn only to recognize minor differences.
ments should be so designed to have an initial, basic part
which all students can complete. Other students, proceeding
at their own pace should be encouraged to investigate the more

advanced problem which is an extension of the initial investi-

gation. Besides providing for individual differences in the

221, Mills and P. Dean, op, cit., p. 10.
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laboratory, this procedure stimulates a number of students to
go into interesting, related investigations on their own time.
According to two prominent authorities, it matters little

if the problems which the student attempts to solve have been
problems which students before him have worked upon, and the
answers to which the teacher knows. The important point is
that the student investigates a problem, the answer to which
he does not know.23 However, a problem for the student is not
necessarily inherent in any given question, interesting and
stimulating as it may seem to the teacher. Expanding on this
point Keeslar, Elmore and Parrish write:

The problem as such must spring to life in the mind of

the student; and the sensitive teacher can do more to

create situations which challenge and tantalize, leaving

questions unanswered perhaps, and manipulate and encourage

the student's thinking to the point where he accepts the

problem as his own.24
The atmosphere or climate in which this problem solving is

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

motivation of the student investigator as well as the physical

23John S. Richardson and G. P. Cahoon, Methods and Materials
for Teaching General and Physical Science (New York: McGraw-
Hill Company, 1951), p. 30.

24

C. Elmore, O. Keeslar, and C. Parrish, op. cit., p. 32.
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setting. It is the pre-laboratory discussion which sets such
an atmosphere, where the student becomes psychologically
involved and where the relationship of the experiment to the
course work is understood. To ensure that the student returns
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 found in the experimental design,25 It
can be concluded, therefore, that if the student is to accept
a problem as his own, both a pre-laboratory discussion and a
pre-laboratory student preparation are essential.

An able teacher can lead and direct the pre-laboratory
discussion in such a way that a class is lead spontaneously to
reach conclusions pre-determined by the teacher. Battino
describes the use of such a discussion for teaching a class
how to carry out an experiment from beginning to end. The
following is an outline of his method for cooperative planning:

1. Presenting the problem in general terms.
2, Presenting the specific problem.

5Frank Brescia, et al., Instructor's Manual: Laboratory
Studies in General Chemistry, (New York: Academic Press, 1961),
p. iii.
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3. Finding out what quantities and qualities must be
determined.

4, Setting up an experimental procedure.

5. Choosing a practical chemical system.

6. Designing the experimental apparatus.

7. Pointing out the available equipment, reageggs to

be used, and the results to be reported.
During the course of such a discussion the student answers to
stimulating questions are discussed on their merits and
occasionally questions are left unanswered. The teacher's
role in this type of discussion is one of guidance, of seek-
ing the measure of the student's thinking, and calling his
attention to unrecognized sources of error, false assumptions
and other deviations from good practice,27 Further to the
topic of cooperative planning, the student's experimental
data from suitable experiments should be made available to
the group; as a result, more reliable answers 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, the teacher should also lead a

26Rubin Battino, "Laboratory by Discussion,' Journal of
Chemical Education, XXXVII (May 1960), p. 257.

27C° Elmore, O. Keeslar, C. Parrish, op. cit., p. 33.
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post-laboratory discussion, in which individual 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 modification and
improvement 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 individuals and groups consider the facts with all views

presented.28

Use of the Laboratory Manual

Stollberg suggests that the use of the laboratory
manual be confined to its value as a reference, with students
developing their own procedures by consulting a variety of
such manuals for suggestions without following any one manual
specifically. Further, Stollberg states, ''In using such
manuals, it is well for the teacher to remember that, almost

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

28"Teaching for Critical Thinking in Chemistry," Three

Reports of Summer Conferences for Science Teachers, (Washington:

National Science Teachers Association, 1958), p. 25.
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29

with average background, ideas, inspiration and equipment."

In Manitoba, however, every teacher is limited because he is
authorized to use only one laboratory manual. Difficulties
arising from this situation may be mitigated somewhat through
exploration with the student of the plan for laboratory work

as set forth in the authorized manual, such as, the basis for
choice of techniques and materials, and the reason that a given
procedure in the manual has been selected for the solution of

a certain problem., Furthermore, this exploration may assist

in making the student sensitive to further problems arising

from his laboratory Work.30

Functional Laboratory Reports

Reports of laboratory activities should have purpose
and meaning. The purpose of such a report is either for com-
munication to other people or for future study and reference
by the experimenter. Stollberg doubts whether the educational
value, in itself, of writing a laboratory report is equivalent

to the actual laboratory experience which the report writing

298tollberg, op. cit., p. 106,

30Richardson and Cahoon, op. cit., p. 32.
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displaces. He proposes varied methods of reporting, such as

oral, written, demonstrational or gra'phic,31 Richardson and

Cahoon, on the other hand support the formal report With the

four traditional headings; problem, procedure, observation and

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

planned, as a replacement of the report, they also suggest R

the possible inclusion of a short test or quiz to evaluate
student understanding.32
An experimental study of the relative effectiveness of
two methods of recording laboratory experiences was reported
in the Thirty-first Yearbook of the NSSE. Method A was the
preparation of a conventional or formal essay type of report
with the inclusion of a statement of the problem, complete
verbal description of the method, observations, and the con-

clusion, accompanied by a labelled diagram of the apparatus

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

report which included a statement of the problem, a motion-
picture method of describing the procedure consisting of a

series of labelled diagrams showing various stages of manipu~

3lstollberg, op. cit., p. 107.

Fn

32Richardson and Cahoon, loc. cit.
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lation and an indication of observations during the progress

of the exercise; and a statement of the conclusion. The
investigators found slight, though not statistically signifi-
cant advantages in favor of the graphical method. They con-
cluded that the graphical method has an advantage over the
conventional method, since it effects at least as good learning
of subject matter in considerably less time,33 Hence it

would appear that briefer methods of reporting laboratory
activities such as the motion=-picture method or the flow sheet
method may be substituted for the formalized essay type of
report with equal effectiveness in certain respects and with

a considerable saving of time. However, because each method
of reporting offers the student unique and essential values,
every laboratory program should offer opportunities for report-
ing by both graphic methods such as the flow sheet and by the
formalized essay type of report.

Furthermore, Lefler recommends the placing of emphasis

33Moore, Dykehouse and Curtis, cited in A Program for
Teaching Science,'" Thirty-first Yearbook of the National
Society for the Study of Education (Chicago: University of
Chicago Press, 1932), p. 93.
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on only certain individual elements of the laboratory report

for each experiment. He is of the opinion that the preparation
of a laboratory report presents an opportunity for the student
to analyze his method of solution and express himself clearly
and accurately. To require a report with equal emphasis on
each of its elements for 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
student would then simply prepare something which he hoped
would be acceptable to the teacher. To overcome this difficulty,
different elements of the laboratory report may be emphasized
for each experiment. The student must keep a neat record of
what he does when he does it. Only occasionally should the
experiment be written up as a formal report. This report should
be as simple as possible without needless repitition of printed
directions, but should include all the original data recorded

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

34

ingful, and a paragraph of conclusions and discussion of error.

34R. W. Lefler, "Teaching of Laboratory Work in High
School Physics," School-Science and Mathematics, XXXXVII
(June 1947), pp: 531-38.
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Lefler's view of reporting has been adopted by all three
modern chemistry laboratory programs.

In reporting, therefore, stress must be placed on
description of procedures, data recording and drawing of
apparatus assemblies, if they are truly functional. Data
must be recorded when recording helps to clarify them, or
when they are needed for future reference. When the data is
recorded it must be tabulated in a way which facilitates direct
calculation from the table. Diagrams must be made when they
are actually needed or when they are not readily available,
Since it is functional and time-saving, the flow sheet may
be employed rather than a repetition of printed procedures.
The essay or formal report may best be employed when the
student is developing a portion or all of his laboratory
procedure. A truly functional part of this student report is
the pre-laboratory preparation which arises from the pre-
laboratory discussion and prepares the student for the labora-
tory, and thus ensures a problem-solving atmosphere.

The laboratory report is to be written in a blank note-
book consisting of graph paper with alternate white sheets and

a carbon copy on blue sheets so that the carbon copy of the
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report may be torn out and handed to the teacher for checking
at the end of the laboratory period. The student must keep
his original copy as a permanent record. With adequate pre-
laboratory preparation, most experiments may be completed be-
fore the end of the laboratory period; if not, a copy of the
student's data must be turned in so that the teacher can
immediately check the student's progress. The use of one-
quarter inch graph paper facilitates tabulation and encourages
the graphing of data whenever it is functional. The use of
carbon paper and the completion of most experiments within the
laboratory time, further encourages greater self-direction and
independent thought on the part of the student, and at the same

time reduces the opportunity for copying among students.
ITTI, SUMMARY

Many desirable features of a laboratory program have
been reviewed with the following characteristics emerging as
the most desirable and the most adaptable to the existing high
school situation in grade eleven chemistry:

1. The classroom and the laboratory are to be closely

integrated. There is no set 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 situation. The laboratory approach is

to be extended into the classroom so that the 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 quantitative in nature. Emphasis is to be placed on
methods as well as on results; the results being evaluated
within the limits of instrument precision. Initially the
laboratory should provide the student with experiences in
techniques 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 fﬁi}
and subsequent experimental verification, and the develop-
ment of independent procedures and their evaluation.

3. Students will become psychologically involved and
be led to accept laboratory problems as their personal challenge
through effective pre-laboratory discussion and preparation.

For some experiments, through cooperative planning in the pre-
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laboratory discussion, the students will be led to develop
their own procedures. In order to evaluate their procedures
and results, group techﬁiques will be employed in post=labora-
tory discussions. Students will always be encouraged to go
onto interesting, related investigations on their own.

4. 1In the reporting of experiments, stress shall be
placed on fﬁnctional activities. Diagrams will be made when
they are actually needed or when tﬁey are not readily available.
Because it is functional and time-saving, the flow sheet will
Ee employed in 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 student's pre-laboratory preparation.

5. The students will write their laboratory reports
on graph paper and make a carbon copy which will be handed in
completed at the end of the laboratory period. This method will
facilitate data tabulation and graphing; it will also encourage

greater independence and self-direction.



CHAPTER VI

DEVELOPMENT OF THE LABORATORY MANUAL AND EVALUATION OF THE

PROGRAM

I. DEVELOPMENT OF THE LABORATORY MANUAL

Following the establishment of the desirable character-
istics of the grade eleven chemistry laboratory program, thirty=
one chemistry laboratory manuals, including several first year
university manuals for general chemistry, were examined. These
manuals varied in approach from the very traditional to the
most modern. During this examination, particular attention
was directed to approaches which could be adapted to the
established criteria of the investigative laboratory and to
experiments which were compatible with the grade eleven chem-
istry curriculum.

To comply with the established criteria, experiments
which developed important concepts in the grade eleven curri-
culum were chosen, not only for the phenomena which they

illustrated but also for what they taught about the processes
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of scientific inquiry.l At first, experiments were selected
only from the modern sources; they were then re-written to
attain a uniformity of approach and often combined features

of several manuals into one experiment. As suggested by Lewis,
the traditional approach to the laboratory was ignored during
the early stages of preparation. However, once the mutant

idea of the investigative laboratory was developed, consider-
able use was made of the traditional material, which in the
presence of the mutant, took on new and useful characteristics.
Similarly, in the development of the CHEM Study Laboratory
Program, the staff of writers took no special pains to develop
totally original experiments. After deciding what concepts

were to be discovered by the student, many available, traditional
experiments were re-written by the CHEM Study Staff to emphasize

either the inductive or inductive-deductive approach.

Ljack H. Robinson, 'How Should We Teach 'The Scientific
Method'?" (part II) Science and Maths Weekly--Teacher's Edition,
XITI (January 16, 1963), pp.1-2.

2Ralph W. Lewis, '"How to Write Laboratory Studies Which
Will Teach the Scientific Method," Science Education, XXXI
(February 1947), p. 15. .

SRobert Merrill, personal letter, August 26, 1963.
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In the present investigation, a re-examination of
traditional laboratory manuals produced several experiments
which were reorganized to fit into the established framework.
Obourn writes that even the most commonplace topic in science--
with a slight shift in emphasis, can be made into a challenging
lesson. Such a change of approach will utilize the concept
or principle of the topic, and will, in addition, give practice
in using some of the processes of inquiry‘.l‘L The following are
examples of the reorganization of traditional experiments:

1. As a means of introducing the techniques of filtration,
a traditional experiment common to many laboratory
manuals involves the preparation and separation of
a precipitate. This manipulative exercise was re-
organized by the CBA Laboratory Development Staff
into an investigation in which the student is re-
quired to determine which of the two reacting solutions

is in excess.? To avoid misleading observations, the

4E1lsworth S. Obourn, Suggestions for Starting Process
Teaching in Science, A Bulletin of the Office of Educationm,
U. S. Department of Health, Education and Welfare, (Washington:
Government Printing Office, April 1963), p. 1.

5CBA.Laboratory Development Committee, Chemistry Labora-
tory, (third revision, Annville, Pennsylvania, 1962), pp. 10-
12.
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student must now employ more careful techniques.
He is also required to do some critical thinking
in order to arrive at an answer to the problem.

2. In order to 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
text. However, 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 investigation. 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 mixing equal volumes of these nameless solutions

must come from visual observation and measurement

with a thermometer. The answer is not available in
the textbook. This investigation can also be extended

by a superior student to include the identification

of the types of change following a study of the chem~
ical properties of a chemical system, 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 within the investigative
framework through the use of an unknown hydrate, the
independent organization of the flow sheet 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 determinations.

To produce this shift in emphasis towards the processes of
inquiry, a similar pattern of reorganization of traditional
experiments was followed for the remaining experiments in the
program; however, two traditional experiments were reorganized,
only slightly, in order to illustrate the use of the experiment
for reproduction of the work of other scientists. For the
preparation of two gases, oxygen and hydrogen, and the study

of their properties, the experiments were designed chiefly to
illustrate the distinction between a verification and an
investigative type of experiment.

A most desirable outcome from the examination of modern

laboratory manuals was a method of discussing possible errors

and their effect on the experimental results following a
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quantitative experiment in which the instructions to the
students are given in the following manner:
In Part A, state the error (+, -, 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 stopper.
c¢) The vapor does not displace all the air in the flask
at the elevated temperature.
d) During the cooling process, some of the vapor diffuses
out of the flask.
e) The temperature of the flask does not reach that of
the bath.0
By requiring the student to discuss portions of this list of
possible errors, he is faced directly with some of the subtle-
ties of experimental error and is challenged to do some critical
thinking. It is only after experience of this nature that the
student can independently and intelligently discuss the sources
of errors and their effects on his experimental results. This
approach to discussion of error was readily adapted to the
majority of quantitative experiments in the investigative
laboratory program.,

Since the varied processes of inquiry and methods of report-

ing are to be stressed in this investigative laboratory program,

6Frank Brescia, et al., Laboratory Studies in General
Chemistry, (New York: Academic Press, 1961), pp. 45-46,
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a detailed introduction to reporting was prepared7 to insure
that the student will be familiar with the elements of report-
ing such as the organization and interpretation data, the
different methods of graphing data, the distinction between
observation and assumption, the concept of a negative con-
clusion, and directions for the organization of a flow sheet.
Through this introduction to reporting, the student is also
lead to appreciate the importance of a laboratory notebook and
the necessity of his pre-laboratory preparation.

In this laboratory program definite emphasis has been
placed on the processes of inquiry and reporting; therefore,
steps have been taken to ensure fémiliarity with chemical
apparatus, the development of proper manipulative techniques,
and habits of safety and cleanliness. To introduce the student
to chemical apparatus, descriptions of their structure and uses

were adapted from Hoffman and Sanderson,8 In order to intro-

7Phillip Goldstein, How to Do an Experiment, (New York:
Harcourt, Brace and World, 1957), pp. 28-46.

8Emi1 Hoffman, Basic Principles of Experimental Chem-
istry, (Notre Dame, Indiana: University of Notre Dame, 1955),
pp. 5-10; R. T. Sanderson and William E. Bennett, A Labora-
tory Manual for Introduction to Chemistry, (New York: John
Wiley and Sons, 1955), pp. 5-10.
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duce the student to the importance of proper techniques and
the steps required, detailed descriptions and diagrams were
adapted from several manuals.9 The description of each type
of apparatus, technique, and element of reporting was given a
code number such as:

A-20, The Bunsen burner.

T 5. Reading scales.
IT-7. Weight measurements.
R-7. Analyzing and interpreting data.

As part of his pre-laboratory preparation the student is
encouraged to review all those references which pertain to his

immediate experiment.

II. AN EVALUATION OF THE LABORATORY PROGRAM

Pilot-testing and Revision

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

tory by this investigator, the first laboratory manual was

9Harper W. Frantz and Lloyd E. Malm, Essentials of Chemis-
try in the Laboratory, (San Francisco: W. H. Freeman and Co.,
1961), pp. x - 27. CHEM Study Staff, Laboratory Manual for
Chemistry An Experimental Science, (San Francisco: W. H.
Freeman and Co., 1963), pp. x-xi et. seqq., 10, 11, 23, 24,
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prepared for the academic year 1962-63. One hundred and fifty
grade eleven chemistry students of Churchill High School in
Winnipeg participated in the pilot-testing. Once the students
of the first class performed each experiment and turned in
their laboratory reports at the end of the period, these re-
ports were carefully evaluated with special attention given to
the difficulty and the lack of clarity in the questions asked
in the manual or the discrepancies arising out of the outlined
procedures. Students with their unexpected answers pointed
the way for much revision; these revisions were often made

in time for pilot-testing by another class on the following
day. A colleague who participated in the pilot-testing with-
out the preconceptions of the investigator was also a rich
source of suggestions for revision. Owing to a lack of avail-
able time only a limited number of experiments could be pilot-
tested by the Grade XI students during the first year. For
this reason, the remaining experiments were pilot-tested by
the same students the following year in grade twelve, or by

the grade eleven Chemistry Club. For the academic year 1963-64,

the laboratory manual was completely rewritten in order to

incorporate all the revisions made during the previous year,
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to achieve a greater uniformity of approach, to organize the
experiments in approximate order of difficulty, and finally,

to include a more detailed introduction to laboratory techniques
and methods of reporting. Over a period of two academic

years three hundred students participated in the pilot-testing

of the laboratory program,

Fvaluation Procedures

To obtain an overall outline of the investigative labora-
tory program, a summary was prepared which included such
relevant information as, (1) correlation with the authorized
text for grade eleven chemistry in the University Entrance
Course of Manitoba,lo (2) the laboratory time required for
each experiment, (3) the laboratory techniques employed,

(4) the concepts developed, (5) the intended purpose of each
experiment, and, (6) the sources of ideas for each experiment.
Such an outline was useful as an overview prior to taking steps
in the formal evaluation of the investigative laboratory program.

The rating form, previously used by twenty-six chemistry

teachers to evaluate the existing traditional laboratory pro-

10pyl1, William Brooks and Clark Metcalfe, Modern Chemis-
try, (New York: Henry Holt and Company, 1950),
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gram, was applied in the evaluation of the investigative
program. In order to facilitate a comparison of the relative
effectiveness of the two programs, a variation of the original
method was employed. In the evaluation of the traditional
laboratory program by the teachers, the range was from four
to thirty-five out of a maximum of seventy-six. It would
therefore appear that the teachers applied varied interpre-
tations to the specific objectives used in the rating form.
Taking this into account, the investigator evaluated both
programs independently in order to obtain a degree of uniformity
required for comparison,

The method of evaluation was varied slightly so that
the investigator made quantitative judgments on the relative
attainment of specific objectives by each individual experi-
ment.11 Owing to the wide scope of the objectives, no single
experiment was expected to measure up to all of the criteria,
but a quantitative summation of the judgments 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.

Marthur c. Murdock, "Evaluation of Experiments in High
School Science," The Science Teacher, XXVI (December, 1959),
pP. 546, '
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Results of the Comparative Evaluation

A comparison of the judgments on the individual experi-
ments in Tables 3 and 4 indicate that many of the experiments
show a consistent weakness in specific areas which is reflected
in the total effectiveness of the programs in meeting the
established criteria. The quantitative summation for the
existing traditional laboratory program was 176 as compared
to 540 for the investigative program. The graphical summary
of the comparative evaluation in Figure 3 points out that the
traditional laboratory program is slightly more effective in
the areas of inculcating habits of safety and cleanliness and
in providing for experiences in proper techniques of manipulating
apparatus. The investigative laboratory program, in contrast,
is shown to be more effective in meeting all other criteria 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, experiences in critical thinking, and growth in self-

direction.




TABLE III

AN EVALUATION OF THE EXISTING GRADE ELEVEN LABORATORY PROGRAM
EMPLOYING THE EVALUATION OF INDIVIDUAL EXPERIMENTS
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Specific Objectives of a Modern Chemistry Laboratory Program

FIGURE 3

EXISTING TRADITIONAL AND THE PROPOSED
INVESTIGATIVE LABORATORY PROGRAMS

SUMMARY OF A COMPARATIVE EVALUATION OF THE



CHAPTER VII

SUMMARY AND CONCLUSIONS

The purpose of this study was to develop an investi-
gative laboratory program suitable for the grade eleven
chemistry in the University Entrance Course in the province
of Manitoba. For this study, the term investigative 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 the science of chemistry as an experimental or investi-
gative method of inquiry because the existing traditional
laboratory program, as it is conducted in most schools, con-
tributes little towards the learning of science as a process
of inquiry. Since 1958 three notable projects have been
organized, independent of each other in the United States, 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 investigative laboratory program suitable for grade eleven
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chemistry in the province of Manitoba. The topic for this

study is justified, despite the outstanding contributions of

the projects reviewed, because no single course can achieve

all of the legitimate objectives of a high school course in

chemistry in the best way for all of the different situations

in which such courses are taught.

Any laboratory program, however, should be consistent

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

view of science education literature, it was noted that the

following summary reflects the shift in emphasis in the broad

objectives of education in the past decade. As stated pre-

viously,

1.

the modern science course should:

Provide a logical and integrated picture of contem-
porary science: the theories, models and generali-
zations that picture the unity of science.
Illustrate the diverse processes that are used to
produce the conclusions of science and show the
limitations of these methods: the ways of inquiry
and the structure of scientific knowledge.

Enable the student to reach at some point the shadow
of the frontier: to experience the meaning of 'we
just don't know', and to be aware 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 modern

view of science education diminishes the importance of the
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particular subject matter employed at the same time that it

elevates the spirit of inquiry and the role of the laboratory.

From a review of the various statements of objectives of the

chemistry

laboratory made by science educators, the following

specific objectives emerged as those which best reflected the

shift in emphasis towards the modern objectives of science

education:
lO

2,

10.

11.

12.

To give the student an opportunity to state the
problem in his own words.

To provide for adequate student preparation before
entering the laboratory.

To encourage the formation of hypotheses or predic-
tions based on recorded observations.

To guide students in the planning and developing of
their own procedures.

To direct students in selecting the kinds of equip-
ment and materials that they will require, and in
improving apparatus.

To provide for the logical organization of recorded
data.

To provide for training in processing and analyzing
data by graphing methods and solution of mathematical
problems to obtain secondary data.

To develop an awareness of the limitations of
measurement,

To encourage the evaluation of the experimental
procedures on the basis of the results obtained;

to emphasize methods as well as results.

To provide for experience in cooperative planning,
evaluation of group data, and in other aspects of
"team research.”

To cultivate good laboratory habits of safety and
cleanliness.

To develop proper techniques in manipulating chemical
apparatus and handling materials.
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13. To provide for individual differences among students
by encouraging the students to extend an investigation
beyond the basic experiment.

14, To develop critical thinking on the part of the
student.

15. To frequently employ the investigation of an un-
known material or chemical system.

16. To indicate practical applications for the procedures
followed in the experiment.

17. To require laboratory reports that are functional
in that they emphasize communication skills rather
than needless repitition of printed instructions.

18. To provide for individual student growth in knowledge,
independent thought and self-direction.

19. To give the student an insight into the actualities
of scientific investigation.

These nineteen specific objectives served to guide the develop-
ment and the evaluation of the investigative laboratory program.
Although these objectives are more readily attained by
an inductive-deductive laboratory approach, the existing tra-
ditional chemistry laboratory program for grade eleven in
Manitoba is deductive~descriptive in approach since the experi-
ment characteristically follows the classroom discussion of
topics. Since most traditional experiments are not excursions
into the unknown, but are thoroughly described in 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 workd experi-

ment and ridicule the painstaking work of the scientists. The
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need for an improvement in the existing traditional laboratory
program was established through an evaluation made by twenty-
seven chemistry teachers in the Greater Winnipeg Area. The
rating form, an outgrowth of Chapter II, which the teachers
completed, contained the list of nineteen specific objectives
of a modern chemistry laboratory program. According to one

of five quantitative categories, the extent to which each
objective was met was rated by each teacher. In summarizing
the results of the forms, it was noted that the ratings ranged
from four to thirty-five, out of a maximum of seventy-six,
Besides revealing the many weaknesses of the traditional labora-
tory program, the evaluation pointed out its two strengths--
the development of laboratory techniques and habits of safety
and cleanliness.

Within the broad framework of the modern aims of science
education, the laboratory programs of the MCA, the CBA Project
and the CHEM Study have all been developed. A careful analysis
of these programs, including participation in both CBA and
CHEM Study summer institutes, revealed that each program con-
tributes greatly to instilling the spirit of scientific inquiry

into its students, although each has an approach that is unique.
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The many new concepts in laboratory teaching which were
revealed in this analysis 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 chemistry.

1. The laboratory and the classroom should be closely
integrated through an inductive-deductive approach. By an
extension of the laboratory into the classroom, the laboratory
is thought of as an approach and not just a place.

2. The laboratory should provide experiences in the
exploration and development of ideas, preferably quantitative
in nature and place emphasis on methods as well as results.
The evaluation of such experimental results should be made
within the limitations of measurement.

3. A proper balance between student 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 own experimental procedures.
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4. Through a pre-laboratory discussion and the student's
pre-laboratory preparation, an atmosphere for investigation
should be created before the actual laboratory period. Co-
operative planning during these discussions should be employed
to crystallize the problem and to devel op independent procedures.

5. No experiment should be assumed completed until the
student, through a post-laboratory discussion led by the teacher,
has the opportunity to correlate and interpret the quantitative
results of the class as a group. It is here that the student
will develop an appreciation for the variations in measurement
and for the advantages of group methods of investigation.

6. Student laboratory reports should be functional.
Diagrams should be drawn only when they are actually needed
or when they are not readily available. 1In place of the
repitition of printed directions, the flow sheet should be
employed, since it is functional and time-saving. The essay
or formal report should be employed only when the student is
developing a portion or all of his procedure independently.

The student's pre-laboratory preparation should be a truly
functional part of every report.

/. A laboratory notebook, similar to the type introduced

by CBA and CHEM Study, should be used in order to facilitate
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the logical tabulation of data and to encourage graphical
analysis. This type of notebook permits the student to keep
a permanent record of his activities and immediately enables
the teacher to check the carbon copy for an indication of the
student's progress.

8. The laboratory reports should be completed and the
carbon copies turned in at the end of the laboratory period.
With adequate pre-laboratory preparation the laboratory
report, for most experiments, will be completed in this time.
This procedure encourages an investigative atmosphere in the
laboratory and greater self-direction and independent thought
on the part of the student.

Experiments, which met the established criteria and
which were related to the existing grade eleven chemistry
curriculum, were selected through a review of thirty-one
laboratory manuals. These manuals varied from the very tra-
ditional to the most modern in approach. Those experiments
that were selected from modern sources were re~written to
attain a uniformity of approach, whereas those experiments
selected from traditional sources were re-examined and re-
constructed to reflect the shift in emphasis in the objective

of science education towards scientific inquiry in the
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the laboratory. During the academic year 1962-63, the experi-
ments were pilot-tested by a total of 150 grade eleven students
of Churchill High School in Winnipeg. Following an evaluation
of student performance, many of the experiments were revised,
either for the following class or for the following year. The
laboratory manual was then re-written to incorporate these
revisions and expanded to include a detailed introduction.
Pilot-testing was completed during the academic year 1963-64,
The success of the investigative laboratory program was
also measured by evaluating its effectiveness in meeting the
established criteria. This was followed by a comparison with
the evaluation of the existing traditional laboratory program.
The investigator evaluated both programs independently in order
to obtain a degree of uniformity required for the comparison.
Quantitative judgments were made on each individual experiment
rather than on each program as a whole. No single experiment
was expected to satisfy all of the criteria but a quantitative
summation of the judgments on the individual experiments pro-
vided a more objective evaluation of the total programs then
could have been obtained through a direct consideration of the

programs as a whole,
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Rating higher in seventeen out of nineteen areas, being
surpassed slightly in only the areas of safety habits and
technique development, the investigative laboratory program,
it could be concluded, is more effective in meeting the
established criteria than the existing traditional laboratory
program and is, therefore, educationally more desirable., In
the final rating the traditional laboratory program received
176 points in contrast with the 540 points assigned to the
investigative laboratory program. Through an evaluation of
individual student reports it became evident that the students
who experienced the investigative experiments correlated with
their grade eleven text were stimulated to critical thinking
and as a result of their experiences were made more aware of
problems and more proficient in dealing with them.

Greater objectivity could have been attained in the

evaluation procedures 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, was beyond the scope
of this investigation.

The evaluation procedure which was employed not only

pointed out the areas of comparative strength in the 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 measurement, (3) an
indication of practical applications, (4) experiences in

group techniques, (5) independent selection and improvisation
of data, and (6) the encouragement of hypothesis formation,
These areas might be further strengthened by re-writing some
of the experiments and shifting the emphasis towards these
areas. Since no laboratory program can pursue all these
desirable areas simultamneously, a choice 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-direction and disciplined
thought, it does not directly provide for totally independent
investigations; therefore, one of the established criteria,
that is, the independent statement of the problem by the student,
has not been met. The extent to which this laboratory program
can be investigative is limited, however, by the experience

and the mental maturity of the grade eleven student.
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APPENDIX &

SAMPLE RATING FORM EMPLOYED BY CHEMISTRY TEACHERS

The following rating scale has been organized in conjunction with the
levelopment of a M. Ed. thesis topic. It contains characteristics of a high
school laboratory program which are in accord with the modern objectives of
science education.

3 Rate the existing Grade XI Chemigtry laboratory program which you have
saught in the past year according to these characteristicss

Excellent Very Good Good Fair Poor
Lo I 2 1 0

1) Gives an opportunity for the student
- %o state the problem in his own words.( ) () C) ()Y ()

) Provides for adequate student pre=
- paration before entering the lab. () () C) ) ()

) Brcoureges the formation of hypo=~
theses, i.e., making predictions
from observations. () () ()Y ) ()

) Directs students in planning and ‘
developing their own proceduress () () )y () ()

)} Directs students in selecting the
equipment and materials that they
will require, and in improvising

apparatus. () () C ) ) ( )
) Develops the logical organization

of recorded data. () () () ( ) ()

') Gives training in processing and

© analyzing data, e.g., graphing

. and solving mathematical problems ‘ :

© ‘o obtain secondary data. () () ()Y ¢y ()

! Develops an awvareness of the limite
ations of measurement, () () €)Y )y ()

' Encourages the evaluvation of the
-+ experimental procedures on the basis
. of the results obtained, ilceey .
emphasizes methods as well as results.{ ) { ) ) () )

Provides experience in cooperative
planning, evaluation of group data,
and in other aspects of team research{ ) ( ) C)Y ) ()



<)

‘__
S

.

1)

Cultivates good laboratory habite,
€.80, safety and cleanliness,

Develops proper technigques in manip-
ulating chemical apparatus and in
handling materials.

Provides for individual differences
among students with onportunity to
extend an investigotion beyond the
basic experiment,

Develops critical thinking on the
part of the student.

Frequently employs the investigation
of an "unknown" material or chemical
system.

Indicates practical apnlications for
the procedures followed.

Requires laboratory reports that are
functional in thet they emphasize
communication rather than needless
repitition of printed instructions.

Provides for individual growth of
the students in knowledge, indensrdent
thinking and self-direction.

Gives insight into the actualities
of scientific investigation.

Excellent Very Good Good Fair Poor
4 3 2 1 0

¥y ) (

() Cy 0y )«

Arycomments in relation to the rating of the existing laboratory program are
3lcomed below. o

)



ANALYSIS OF RATING FORM RETURNS FROM TWENTY-SEVEN
CHEMISTRY TEACHERS

Excellent Very Good Good Fair Poor F@ég Bating
4 3 2 1 0 (4 maximum)

') Gives an opportunity for the student =
to state the problem in his own words. ( 0} (2) (5) (13) (7) 1,08

} Provides for adequate student pre= .
raration before entering the lab. (0) (4) (7) (&) (8) <96

') Encourages the formation of hypo=
theses, i.e., making predictions i
from observations. (0) (2) (4) (7) (%) 067

Directs students in planning and
developing their own procedures. {0) (o) (1) (9)Y am bl

- Directs students in selecting the
equipment and materials that they
will require, and in improvising

apparatus. (0) ( 4) (4) (16 (3)  1.33

Develops the logical organization
_ of recorded data., (0) (3) (8) (9) (7) 1.26

" Gives training in processing and
- analyzing data, e.g., graphing
- and solving mathematical problems
to obtain secondary data. (0) (0) (2) (5) (20) 033

Develops an awareness of the limite
ations of measurement. (0) { 3) (7) (9) (8) 1.18

Encourages the evaluation of the
“ experimental procedures on the basis
of the results obtained, 1eGos
emphasizes methods as well as results.( 0) (0) (11) (11) (5) 1,18

Provides experience in cooperative
planning, evaluation of group data,
and in other aspects of %team research( 0 ) (0) (5) (7) (15) N

*The numbers in parentheses indicate the rating distribution among 27 teachers.



Excellent Very Good Good Fair Poor
A 3 2 1 0

k} Cultivates good laboratory habits,

1)

;fn)

)

€.8., safety and cleanliness.

Develops proper technigues in manip-
ulating chemical apparatus and in
handling materials,

Provides for individual differences
among students with ovnportunity to
extend an investigotion beyond the

(%)

basic experiment, (9) (%) (%) %) o2

Develops critical thinking on the " » o e e o

part of the student. (+) (%) (2) (&) (3 &8

Frequently employs the investigation

of an "un’‘nown" material or chemical N . - . o -

system. (%) (%) (%) () (#9 558
») Indicates practical apnlications for . . ) . o

the procedures followed. () (%) (9) (%) (79 =37
1) Requires laboratory reports that are

functional in that they emphasize

communication rather than needless - o P "7 : ¥

repitition of printed instructions. () (=) (2) (&%) ( ) &'

Provides for individual growth of

the students in knowledge, indenendent

thinking and self-direction. () ( 9) (5 (9y (1 W7

Gives insight into the actualities
of scientific investigations




APPENDIX B

OVERVIEW OF THE INVESTIGATIVE CHEMISTRY LABORATORY PROGRAM

NO. TITLE CORRELATION TIME LABORATORY TECHNIQUES CONCEPTS INTENDED PURPCSE SOURCE NC.
WITH TEXT (periods) (*tintroduced)
1 |SCIENTIFIC OBSERVATION introduction 1 1. quantitative and | 1. To develop skill in making and recording CHEM Study, p. 1 1
AND DESCRIPTION (first day gualitative scientific observations.
of school) observations 2. To emphasize the importance and value of careful
observations.
3. To illustrate how many observations can be made
on a seemingly simple system.
4. To distinguish between observation and assumption.
5. To illustrate the importance of quantitative as
well as qualitative observations.
2 {THE METRIC SYSTEM AND Chapter 1 2 1. measurement 1. precision 1. To give practice in measurement techniques and Three Reports, 2
MEASUREMENT TECHNIQUES length¥* 2. accuracy graphing. NSTA, p. 29
welght* 3. limitations of 2. To give practice in estimating to 0.1 of the Youden, pp. 24-32
(.1g balance) measurement smallest division. Weisbruch, pp. 15-17
volume®* (graduate)li. per cent error 3. To illustrate the importance of independent and 21-23
measurements.,
4, To distinguish between precision and accuracy.
5. To illustrate the value of, including the range of
the data with the average result.
3 JUSING DENSITY AS AN Chapter 2 1 1. measurement 1. density 1. To show the limitations of a single physical CBA, p. 3 3
IDENTIFYING PROPERTY weight (.01 property such as density, when used as a means Sienko and Plane,
balance)* of identification, pp. 31-33
2. To calculate the density of an unknown substance Weisbruch,
from its volume (displacement of water) and its Pp. 27=29
MmASS, Sanderson, p. 38
L JUSING THE BUNSEN BURNER | Chapter 4 2 1. measurement 1. controls 1. To discover the height at which a beaker of water |MCA, pp. 5=6 L
temperature® 2. variables should be placed above the burner to obtain the |Weisbruch, pp. 2-L
length maximum temperature from the flame. Sanderson, pp. 17-18
time* 2. To organize independent procedures for controlling
the conditions for the experiment.
3. To illustrate the importance of arriving at
conclusiocns which are within the scope of the
data collected.
5 |MELTING POINT OF A PURE | Chapter 2 2 1. measurenment 1., To make a quantitative study of a phase change. CHEM Study, pp. 4=6 | 5
SUBSTANCE temperature 2. To illustrate the value of graphing experimental [MCA, pp. 10-11
time data.,
2, heating 3. To discover the similarity of the flat portions
test tube¥® of the heating and cooling curves and to
identify the melting and freezing points,
6 |AN INVESTIGATION INTO Chapter 3 2 1. measurement 1. physical changes | 1. To exemplify the association of various types of Taylor, et al, 6
PHYSICAL, AND CHEMICAL temperature 2, chemical changes laboratory observations with chemical changes. pp. 17-20
CHANGES volume (pipette)s* 2. To extend the skill in identifying chemical CBA, pp. 4=5
2. handling reagents changes into the study of "unknown® systems.
3. To develop further skill in recording
observations,




COMPONENTS

formation

To test and evaluate this procedure.

Dull, pp. 11=12
Sulcoski, pp. 13=1k

NO. TITLE CORRELATION TIME LABORATORY TECHNIQUES CONCEPTS INTENDED PURPOSE SOURCE NO.
WITH TEXT (pericds) (*#introduced)
7 |HEATING EFFECTS OF A | Chapter 3 2 1. measurement 1. calorimetry 1. To contrast the energy involved in a phase change| CHEM Study, 7
PHYSICAL AND temperature 2. magnitude of and in a chemical change. pp. 9-13
CHEMICAL CHANGE weight energy associ~| 2. To provide further experience in quantitative
ated with investigation.
physical and 3. To compare class data in order to arrive at a
chemical generalization.
changes
8 |THE PROCESSING OF RAW | Chapter 2 homework 1. stoichiometry 1. To show in the reactions of a solid and a gas CBA, pp. 8=9 8
DATA : 2, Law of Definite the relationship between the weight of the gas
Proportions remaining and the initial volume of the gas.
2. To give further experience in processing and
interpreting data.
9 |THE FORMATION OF A Chapter 2=3 2 1, filtration* 1. stoichiometry 1. To illustrate that when two solutions react to CBA, pp. 13=15 9
PRECIPITATE--A 2, heating (beaker)* 2, flow sheet form a precipitate, any excess of either will
QUALITATIVE OBSER- 3. measurement not react.
VATION OF A CHEMICAL volume 2. To discover which solution was in excess,
CHANGE 3. To introduce the flow sheet as a means or
recording laboratory procedures and observations
10 |OXYGEN-=-A VERIFICATION| Chapter 4 2 1. gas generation and |1. verification 1. To study the preparation and collection of oxygen.| Weisbruch, 10
EXPERIMENT collection¥ 2, To study the function of manganese dioxide in the Pp. 71-73
2. heating preparation of oxygen. McGill and Bradbury,
3. inserting glass 3. To verify the propertiess of oxygen. pp. 63
tubing* L. To appreciate the value and the place of the
verification experiment.
11 }PROPERTIES OF HYDROGEN| Chapter 5 2 1. gas generation and 1. To study the prepartion and collection of hydrogen| Taylor, et al, 11
-~A VERIFICATION collection gas and to verify some of the properties of the pPp. 75=77
EXPERIMENT 2, inserting a thistle gas, McGill and Bradbury,
tube into a 2, To study the function of a particular piece of p. 64
stopper® apparatus, the thistle tube.
12 |CONSTRUCTION CF A Chapter 9-10 1 1. logical models 1. To illustrate the method of the construction of a |CHEM Study, p. 65 12
LOGICAL MODEL 2. black box logical model from indirect observations and CBA, pp. 1-2
assumptions.
2, To illustrate that chemistry is as much a way of
thihking and handling observations as of
manipulating tubes and reagents.
3. To give practice in evaluating data &nd discarding
inconsistent items.
13 IDISTILLATION Chapter 7 2 1. assembling apparatus|l. fractional 1. To give examples of the distillation process. McGill and Bradbury,| 13
2. use of bunsen burner distillation 2. To discover the concept of fractional distillation]| pp. 71-72
3. To illustrate the importance of cleanliness of Weaver, pp. 69=70
apparatus. Black, pp. 33=34
14 |SEPARATION OF A Chapter 2 and 7 2 1. filtration 1. analysis 1. To devise an independent procedure for the Garrett, p. 7 1L
MIXTURE INTO ITS 2. hypothesis separation of a mixture into its dry components. |Weisbruch, pp. 63=b4




OF FIVE UNKNOWN
SOLUTTONS

descriptive
chemistry

analysis

investigating their chemical properties.

CHEM Study, p. 36
MeGill and
Bradbury., pp.309
DeBruyne,
pp. 2656

NO. TITLE CORRELATION TIME LABORATORY TECHNIQUES CONCEPTS INTENDED PURPOSE SOURCE NO.
WITH TEXT (periods) (*introduced)

15 | MAKING A SOLUBILITY | Chapter 8 2 1. measurement 1. solubility 1. To determine quantitatively the effect of temper-| MCA, pp. 32-33 15
CURVE-~TEAM welight 2., team research ature upon the solubility of an unknown salt. Hall, et al, p. 60
RESEARCH temperature 3. interpolation 2. To provide experience in organizing all data Sulcoski, pp. 35=36

tables and graphs independently.
3, To illustrate the value of team research and the
plotting of group data.

16 | MAKING A SOLUBILITY | Chapter 8 2 1. measurement 1. solubility 1. To determine quantitatively the effect of temper-—| Brescia, et al, 16
CURVE-=AN INDEPEND= weight 2. saturated ature upon the solubility of an unknown salt. pp. 29=30
ENT INVESTIGATION volume soluticn 2. To evaluate the different procedures applied in Dorf and Lempkin,

temperature Experiment 15 and 16, PP. 48=49
Sienko and Plane,
p. 109

17 §{ AN INVESTIGATION Chapter 8 2 1. heating 1. hypothesis 1, To devise and test a method for detecting whether| Weisbruch, 17
INTO THE PROPERTIES 2. water of a crystalline compound has water chemically or pp. 97=99
OF CRYSTALS hydration physically bound to it. Dull, pp. 55-=56

2. To evaluate the proposed method and to suggest
improvements.

18 | AN INVESTIGATION OF | Chapter 8 1 1. measurement 1. efflorescence 1. To investigate the behavior of crystals upon Jatt and Morgan, 18
WATER OF HYDRATION ' temperature 2, delicuescence exposure to the atmosphere., pp. 7576
IN CRYSTALS 3. water of hydra- | 2. To investigate the concept of water of hydration.

tion
1S | THE PERCENTAGE OF Chapter 8, 12 2 1. measurement 1. heating to 1. To determine the percentage of water of hydration| numerous sources 19
WATER OF HYDRATION weight constant in an unknown crystalline salt.
weight 2. To introduce the concept of heating to a constant
2. per cent error weight

20 | REACTIONS BETWEEN Chapter 7, 19 2 1. regularities of | 1. To discover which oxides react with water; where | MCA, pp. 1i=15 20
OXIDES AND WATERw— chemistry a reaction does occur, to determine the type
TEAM RESEARCH 2, verification of of compound formed.

a conclusion 2. To organize the data and to seek regularities in
3. negative it by reference to the Periodic Table, the
conclusion Activity Series, etc,
3. To verify the conclusion by prediction and
checking.,
21 | THE IDENTIFICATION Summary of 1 1. drop reactions 1. qualitative 1. To identify five unknown solutions by CBA, p. 43 24




NO. TITLE CORRELATION TIME LABORATORY TECHNIQUES CONCEPTS INTENDED PURPOSE SOURCE NO.
WITH TEXT (periods) (#*introduced)
22 | MOLECULAR WEIGHT Chapter 13 2 1. heating 1. the mole 1. To determine the molecular weight of an unknown Sienko and Plane, 22
DETERMINATICN 2. measurement volatile liquid by the Dumas method. pp. 85=87
volume Garrett, et al,
weight Pp. 85-86
Hoffman, p. 129
Brescia, et al,
pp. 43-46
Sanderson,
pp. 59-60
23 DETERMINATION OF THE| Chapter 14 2 1. collection and 1. vapor pressure 1. To make a quantitative investigation of a Brescia; et al, 23
VOLUME OF GAS measurement of chemical reaction. Pp. 63=6L
PRODUCED BY A gases¥ 2. To determine the volume of hydrogen gas produced | CHEM Study,
REACTION 2., measurement of in the reaction between magnesium and pPp. 27<30
barometric hydrochloric acid.
pressure® 3. To discover the concept of vapor pressure
correction.,
2 | ANALYSIS OF AN Chapter 14 1 1. heating 1, heating to 1. To caleculate the percentage by weight of Sienko and Plane, 24
UNKNCWN MIXTURE measurement constant potassivm chlorate in a mixture of potassium pp. 67=70
weight weight chlorate and potassium chloride. Black, pp. 39=40
2. stoichiometry 2, To illustrate the value of weight relations MCA, p. 13
from chemical equations.
25 | PREPARATION OF A Chapter 14, 19 2 1. evaporation 1. stoichiometry 1. To provide experience in devising an independent | Brescia, et al, 25
SOLUBLE SALT 2. measurement 2. per cent yield method for the preparation of a given weight p: 65
welight of sodium chloride from either a carbonate or Garrett, et al,
volume a bicarbonate, MCA, p. 52
2. To test and evaluate the proposed methed,
suggesting improvements,
26 | A DETERMINATION OF Chapter 13 2 1. heating 1. apparatus design| 1. To determine the density of oxygen gas. Hoffman, 26
THE DENSITY OF 2. assembling apparatus 2. To provide experience in the investigation of pp. 123-125

OXYGEN

3. measurement

volume
weight
temperature

the significance of different aspects of
experimental procedure and apparatus design.

Brescia, et al,
pp. 33-36
Dull, pp. 35-36
Sulcoski,
Db 1471-4""16»6
Malm and Franz,
pp. 99=102
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AN_IFTRODTCTION TO THE LABORATORY s

The purpcse of any introductory laboratory work is either to
begin the real training of a potential scientist or to help the student
to understand what sciece is really like., For all of you, this is an
opoortunity to learn chenistry from a point of view which you could
never <»tuin fron.class discussions, observing demonstrations, or watch-
ing films. This laboratory provides you with the opportunity to achieve
an understanding of chenistry which all the books in ‘the world could
not provide, the chance to see with your own eyes, and to work with
your own hands, in order to gather information which will lerd to the
solution of a nroblem through scientific thinking. For those of you
who are undecided about the future this experience will clarify your
thinking as to your possible role in the advancing scientific world.

All scientists are intelligent people, especially those who are
chemists, Mo doubt, you have already observed that if a person is
intelligent he or she can usually earn a rather good salary while work-
ing at a job that is pleasant., Also, you have orobably heard that
chemistry is difficult, Why then should an intelligent person under~
take the study of a difficult subject, such as chemistry, when he or ghe
could more easily master a simpler subject and eventually earn as much
money and live just ags comfortably? The answer is simples although
chemistry is difficult, it is fescinating. Particularly in the labora-
tory and in +the thinking associated with the laboretory work, it is
an enjoyable experience,

It is hoped that the experiments in this manual will cause you
to think out broblems, perform experiments to find answers, and get
some fun out of the process. Work hard and enjoy your laboratory
experiences/



AT FWTRODUCTION 10 LADCRATONY APARATUS

During the course of.the yeir you will uze, very likely, most of the common
borztory apparatus shown in the accomnanying figures and described in the
llowing peragrachs, Such apparatus is so generally useful in chemistry that it

Tound not only in high school liboratories but also in the labor:ziories at the
iversities and in 21l kinde of industrial laboratories as well, Familiarize
urself with the name, desizn, and vsc of each niece of apnaratus,
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Leboratory gla:sware is made of soft or hard (Pyrex) zlass, according to the
3 for which the piece of apparatus is intenced. Because vyrex glaoss softens at
aigher temperature than soft glasze and hecauce pyrex zlass withstands rapid
inges in temperature, only zlascware made of pyrex glass should be heated,
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Beakere, test tubes and flasks are primarily used ag
: vegsels ond as contalners. Thelr transparency of course makes it
possible to view the materials within from all sides. The specific niece of
avparatus used for any particular operation depends on the nature and size
of the substinces involved, The volumes indicated below the pyrex trademark
on these pieces of anntaratus are rough approximations and are to be used
only in crude estimations of volume.
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A-1. Beakers. These are the most widely used articles in chenistry lab-
oratorier, They comse in a wide range of sizes from & few ml to several
liters canzcity. Their smoothness and regular ghape make them easy to clesn;
thelr relative wideness makes the materisls inside easily accesible and
their indented lip provides for convenient bouring.

A2, Teg bege Perhaps these are the most familiar of all scientific equip~
nen 2re simply small glass tubes, closed and rounded at one end and
usvally flared slizhtly at the other. 'They are appropfiately named since they
‘re_conveniecntly used to contain very small quantities of materials for small
scéle tests or experiments,

A-3. Tlorence flegks. Having nmiscellaneous uses, these vessels serve as
containers of liguids, and as reaction vessels for many chemical reactions.
They are both uith round and flat bottoms. The Former are mechanically
stronger and more suitable for operations recuiring addition of heat since
liguids are less likely to "bump" in round bottom flasks.

I

A~lo  Erlenmever flasks. These vessels have nany uses in chemistry. They
offer a wide base which can be uniformly heated, and which makes them un-
likely to bs tinped over when filled, They are useful for long boiling
operations vhen 1t is desired %o retein as much solution as possible; the
red walle help té condense and to return the vaporized liguide They
At

ecielly effective for mixing when adding some reagent drop by drop;
{ is one of gwirling rather than shaking.

Volume meaguring devices are usually not nyrex;
should neither be heated nor, ordinarily, used as reaction

th graduated sceles on their sides. They are often
The scale etched

saows the volume in milliliters (or cubic centimeters). Some
scale in which the divisionsz are numbered from the bottom up-
ing the observer to measgure the volume of licuids poured into

' ¢ have a double scale, the divisions in the second scale
the top downward, thus meking it possible to measure the
poured from the graduate.




A~6. Pipettss. The pipetite is a glasc tube tapered
it ie used for more accurite measurem ¢ of volume,
a bulb-like enlar ement near its cent ;

It is calibratzd to Jeliver a2 gpnecifi

1ndlc uec d ig convenient for measur: cut a numbse

identicael in size. A mezsuring nipet
usually in tentls of 2 milliliter and is used for the
volumes of liguid, It is particularly coavenient when
vary in size,

e
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A-7. Gas meaguring tubes. These are long cylindrical devicas wliich are
used to measure volumes OL gases wiich are nr OOLC“d by a reacticn. These
tubes are uswally of 50-~100 milliliter capacit vy and are graduated to a
tenth of a milliliter.
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Dronper. This éexlce provides a means of adding small cuantities of
iquids dropuice, rather then from any test tube or be:l ere. It may be used

as a drodning ninette For Sm&ll*Slee (geﬂ1~micr0) tests, oncs the number
of drops vhich are equivalent to one milliter has been determined.

Miscellaneous Glassuwire

are used to support a
iguilss to pase freely
olid i re not dis-
ional diameter

A-G, nggplp. In the process of filtration the
porous paper called filter paper, which allovg 1
through the pores but retaing the particles of

solved. The gize of a funnel ig indicated by the cross

at the top and by the angle of the cone.

A~10. Thistle tubes. The long =lender sten with an open bulb at the top
is indespensable for the addition of reagents into alr-tight vos-els fo
the generation of zasss, The cases genevated are prevented from escaping
up through the thistle tube by the weight of the column of reagent in the
stem.

s are available for measuring

ne one most commonly used

A~11. Thermometers. Although many cevics
semperature, the mercury-rfilled thermometer ig
‘in an introductory laboratory.

c—{.
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A-12. Wateh :lasses. Thes
which to weigh solids, or as
may be warmed genulj, but th
intense heat mey cause thenm
flame dirvectly to one

izich to collect gaces
uged as containers

A~T/, s serve ar a Ycover glass" for
gealing unich to mix powlers or pastes,
or as g s¢ of corrogive reagents.



A-15, o This is e uubv vhich ic cooled on the cutside, in order
Lo re rom,und condenses vapors admity he inel The cor
censer shown is & gimple wate _-chkvvod Tiebi

cold wa: iz run through the jacket to

process of boiling or evanorction, letbing

@ 15, is called die i lation.

o

then condensii
the digti llate

S are materiele notb demsed by high temperatures.
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A-16¢ Crucible., The crucible is a sman cup made of dor0ﬂlain, a special
clay vhich hed been heated until the outside melbed and became like zlass.
It will etand higher temperatures thsn pyrex zlass and will not soften at

the hizhest Bunszen burner tempsrature. It ig comnonly used for high teme

perature reaction of solicfs and as containers in Rulcb to fuce (melt)

solide.

A-17, Ivavoratinz dish iy dish i usually made of porcelain. It is
usged as 2 vessel in viich evaporate & solution to smaller volumes or to
dryness. .

A-18. Clay triangle. Usually wlaced acrosg the ring on a lab gtand, it
serves as a crucible support during hsating; and as a support for funnels.

} t
A~19. Asbostos mads. Asbestos being a good ingulator, these pads are
used ag surfaces on which to regt hot gless tubing or vessels.

4
“, . { . .
ciay triaagle evqporatngcﬁeh

A-20. Bunssn burner. This 1 Lype 01 Jhrnar is JlMO“
source of hoeat .nd is used in most '

availsble, but all are go Con“truos
ctream sné, thcrﬁlore, a mixture of air ;

of the vertical barrel., The nature and erat ¢ of

trolled by the relative volumes of zae and air admitted.

\
rach type of burner the same parts ia common; although specifie difw
ferences exist.

The opifice or soud is & small opening through which the zas enters.

The coll: ,‘ air holes can be turned up or down, thus controlling
the

The hs r“el pernits the mixing of the air and gzs before burning at the

Of

il ofi some of the air-gas mixture and feeds

h « Tnig serves L0 prevent the flame From

'c‘l‘,‘l'::}c

1
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4~21. lington or flame gor e LG T
provides & wide aspread flome vhich make
tubing. Its use is generally restiricte

te on the top of your hurner and
it easisr to heat a length of glass
to glass hending. '

fte

é
C_tube holder. As the neme implies, this device is used to support

@ tost tube. Frequently the application of heat to the hobtom of a test tube
desgired. Glassz is not a zood conductor of heat so it ig possible to hold

the top of the tube in the fing:rs and the bottom in the flame, However,

the heat does travel upward, end eswecizlly if the liquid conteats suddenly

boil over, or if vapors rigss and condenss on the wooer part of the tube, a

test tube holder is much more convenient and desirable to use. Furthermore,

such a holder is useful when pouring corrosive liguids into or out of a test

tube, where slizht avkverdacss may result in spilling down the outside

the tube.

A~23. Crueible tonzg. These are used for the handling of hot crucibles.

The iron stand, iron ring clomd, wirs zaune, and the utility clamo,
in combinntion, form structurel supports for many of the common laboratory
operations.

A-24e Wire zauze. Hven though pirsx zlass ie cuite resistant 50 thermal
strese, it is too much to expect & beaksr to stand the Full heat of a gas
flame cuddenly applied to one spot on ite bottome For this reascn, & small
squire of wire gcreen or gauze ig veually nlaced betusen the becker and the
flame-~the beaker resting on the gauze--which sorsads the hea nore uaiformly

el A
over the entire bottom surface of the beaker and lessens the chance of breake-
age from uneven heat. The auzse, of course, ils in turn supvorted on an iron

ring attached to the iron stand.
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One of
ersal clamp, so called because it can

Ehels in direction as well as jaw opening. Most
clgm@s reguire a clamp holdsr to gupport them on an iron stand, hut the
utlllt¥ clemp has its own builbein clamp holder for this purpose. The
clamp javs ave covered with rubber or asbestos in order to support firmly
and yet without danger of cracking the glzse of test tubes, etce

A-25. Ubtility clamp. Thers
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A~26. Iron file. The triangular file is primarily for cubtting glass.

A~27. Pinch clamp. It ie used to regulate the flow of a flyid through
rubber tubing.

sl Placrats P 3 o g
A 23 Pgilasrétlng 000N Also kanown as a combustion spoon, it is used
for heating substances directly in a flame,.
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2d pectle. Composed of porcslein or zlass, t
ding solids to 2 powder.

\ls apparatus

4-30. The tsct tube rocke This is a wooden sugport for your test tubes
while they contzin meterials being studied. Some racks also vrovide fov
the storage of test tubes upside down to allow them to drain dry after
cleaning.

A-31. Corks and rubber sbooners. Both kinds of stoppers find wide use in
chemical exmeriments. Corks are cheaper, more easily drilled for inserting
glase tubing and various appartus and insoluble in ordinary liguids., How=-
ever, they are badly attacked by meny corrosive chemicals, and they are not
entirely gas-tizht. Rukber stoppers, on the other hand, may be made gag-tight
and generally they are more resistant to chemical attack although some
materials attack them easily. Organic solvents, such as ether, are more
likely to be absorbed by, or to soften, or even dissolve some of the rubber,
whercas cork is more recistant, Weither cork nor rubber will st nd excessive
heat. Both will decompose or burn. Rubber stoppers are usually better at
staying firmly wedged in plece., Stoppers are clagsified according to gize
ané number of holes.

A~32. [Rubber tubing. This is indispensable for making flexibls passazes
betueen fixed tubes and for comnecting two fixed tubes together. You may
uce 1t for conducting the gas to your burner, the cold water to your con-
denser, and making gas-tight interconnections in our experimental apparatuse
It is of course susceptible to the same kind of chemical and solvent

attack mentioned for rubber stonpers.

A-33. Glass tubing and rod. Miscellanzous pieces of glags tubing = which
of course is hollow -- are extremely useful if not indispensible in experi~
mental work in a chemistry loboratory, serving as ninelines for the flow of
fluids. Tubing is not to be coafused with rod, which ic solid and hes more
Llimited application, e.g., stirring rod,

A~34. Centrifuge, This is a device which speeds up the rate at which a .
precipitate settles to the bottom of a solution. 4As a motor spins the centrie-
fuge, the ‘test tube and solution are going around in a circular path at high
speed., This motion produces a force (centrifugal) that acts on the particles
of the precipitate in a direction away from the center of the circular path,
In an ordinary laboratory centrifuge with a rodius of about ten centimeters
and a speed of 1800 to 2000 revolutions per nminute, the centrifugel force

is from 350 to 450 times stronger than the force of gravity. Thus a precip-
itate which would take three hours to setile if left standing, will settle

out in 25 to 30 seconds in the centrifuge,




test Tube@

brushes

test Lube stond
Wxthchyangpegs

Refer to this section of the laboratory manual often to familiarize
yourself with the name, design and use of each piece of apparatus,
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CERI0H TO 3510 LiBOR.TORY TEC
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In thi= w»ortion of thp manual, information is given relsotive %o some
of the basic technigues which are used in a chemistry laborator-s 4 tech-
nicue iz 2 particular method of purforming a mechanical optration or mani-
p“lﬁtiona Srgic leboratory technicuzs have been e:stubliched by thousands
of chemiste ag ragult of many yeore of experience. Cbserve these tech-
nicuss carefully:

In the leboratory it is almost always more convenient and more effi
cient to experiment with cuantities as small as can be handled with the -
apparatue availables It ig also much safer. Conseguetly experiments in
chemisiry are performed on &s small a scale ag possible. However this calls
for sreater skill and care than would be necessary for larger scale work.
If you me=asure out tw enty-five pounds of a substance, you can usuxlly
afford to overlook a teaspoon or so that may spill, On the customary labe
oretorj scale of experiment, however, you may use much less than a teaspoon
of all the materials put together. Accordingly, chemists have ceveloped
special techniques for studying small amounts of material exactly. During
the course of the year you will study many of theme.

.

This information hss been included o supnlement the instructions

glven in the actual experiments. For most of the technlcuuu, the reasons
for using certain procedures are stated, Possible difficulties are men-
tioned an #tions are made as to how they can be avoided and corrected.

d suzg
You can DrO‘it by thelr imitation, not only by learning to avoid perscnal
< - > 1=
but also bj lo“rn“nb vo obtain the largest amount of information
t period of time and with the least amount of effort expended.,

Refeorence will be made to the parclcular technigues recuired in each
riment, Refer back to these pages frequently in preperation for each
b until such time when Lhe uechniques are mastered,

TLightine the burner

Adjust the air esupply near the base of the bunsen burner so that the
holeg are about one-:cuarter open. Then turn on the gase. FEold the flint
lighter and etrike it by azplying an upward pressure on the moveable arm by
means of the thumb. Adjust the heizht of the flame by turning the gas cocka
The best flame is ons of modsrate hoight which is zetting as much air as can
be supplied without it bezinaing to flutter or roar.

qon lumincus and luminoug Flame

Whsn the combustion of ths sir-gzac mixture is comnlete, the

burns almost noiselessly and is alwmos t non-~-luminous with two »1@t nct C“Q“S
heing Qgﬂ@*enu. hen qu combusticon is incomolste the incandes

of curbon are formed which oroduce the lumin-us flame end UJ ich are de—
vosited on any asperatus held in the cne. Incomplete combustion of the
mixture cauces the flaume to burn vith 2 brizht yellow color. This flame is
cooler than tle idezl flame of tae co*ylete cembustion.

KR
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This condition can be corrected
by incrsaging the concentration
of air in the mixture; i.e€.
screwing collar or the barrel
awry from the bise of the burner
until the Tlame approximates the
ideal one.

Strike back. A high concentra-
tion of air in the mixture causes
the flame to burn noisily in the
barrel of the burnsr and, in
extreme caceg to strike back. If
the flame strikes back, or burns
insicde of the barrel near the
air acjustment, turn the gas off
for a moment. Do not touch the
hot barrel. Allow the burner to
cool, recduce the air intake and
relight the burner.

A flame may burn Yoff" the burner
the gasg intake speed should be
too plgh. This can be corrected

by recucing the gac intake.

Flame-spreacder. To use the flame soreader, place it on the burner when the
gas is turned off. Light the burner and adjust the flame until it is aboutb
two inches high. The flame should have a distinet inner cone, and the
upper edgeg should be even, rather than saw~toothed.

HAATING TECHWI

Liguids con be hected in test tubes, {lasks or beakers, however, the
vessel used should have a capacity of two to three times grsater than the
volume of the liguid to be heated.

Vapors generated during the heating procses may cause bumping; that is,
noicy and somebimes violent motion often zccomnanied by expulsion of the
liguid from the container. This m&y be preveanted or reduced by constantly
°w1flvng the liguid ag it is being heated (as in a teet tube) or by placing
boiling chins (Qmall pieces of clay slate or glass beads) in the 41qu1d)

kg arve nlaced on a vire

Large containers such es beaksrs an’ fle

gauze held on e lab Nthd. A gentle non~luminous flame iz used. The level

of the vesszel in the flame iz zdjusted belforehend in order to conserve time

and fuel. No boiling ve.sel is left uvnattendzd. Direct contact of the

flime with the part of the vessel about the ligquid level should be avoided.
b )

Once the woter is heated to boiling, the flame is adjusted so that the water
continuas to boll zently.
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A test tube holder should be used in pouring a hot llculé from a test
tube; or it may be used in handling a hot flaslk.,

& zood method for pouring boiling water from a neaker is to fold a
cloth or paper towel end vrap it around the boakor in one turn. Grasp the
two loore ends of the cloth (or towel) in the fingers of one hand in such
a way that a »ull is emerted between the cloth, Thlu improviged nolder
enables the experimsnter to pour boiling licuid from & beaker into a test
tube,

.

Heating to constant weight: to get o reproducible weisht free from
grror coused by unknown content of moi ture or othsr variable volatile

and nconts he heated to
ed tem nerature, the vessel and

(D m
jav)

impurities, it is necessary that the
Pl

fa
e BN N
constant weizht. After hsating to tb desi
5]
ves

=

contents are cooled and weizhed. The n reheated, for a chorter
neriod, cooled and veweigneo This process is repeated until the weight
remaing congtant within limite of the requirasd precision.

T~3 GLASSUORE

Glass is not a true crystalline zolid and thsrefore dozsn't have a def-
inite methd point. In thig resvect it more closely resembles an extremely
viscous (Lf"ck> liguid which gr&aaaWWy softens when heated, It is this
property which makes vlasgworking pogsible.

tuo main tyves: goda-lime
or ed for your use il the form
of LUOLH" and or doeg nob provide a high
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enrugh tempers sorklng nyrex
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\/ Dont “saw”

Scrateh , Next, & he tubing in both hands

¢ point of
gharn and saould
he tubing,
ingert the
rubber tubing or through a
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To fire-mn freghly cut
edzes, hold on zlaes tubing
in the aottest ne flame and
rotate the tub n between
vour fingers unt is goft
gnough to smoot by curfaca
tension and the inded. Do
not fire-ncolish the end
of the tube bhe:

After Heated
[ ¥1Peqzchsh03 too much.




14

e
PRl

JIBNO8

3

cal to cool zlass. Place the hotb

‘F‘:‘l 3

0 cool.

workesd

)
the pont where is de-

to sag ox
succesgfn

the hot
v S e

iv in this
2ly smooth

If an exact angle is
s may ba hentb

7gqﬂired,
ile regt-~

taod would also
of the bend sre

seme through-
M Or Gone-
regult i

41 1 e
the glas

not

Lo The floms is
! NATTOW 4 20T

P S

*3arne spreader wol used b

Tod ha Too
> D18,
iz 1s used.

o




%h@ polish

Teto INZERTIE GLAGS

Drawing out tub o

tubing smaller
orm a jet tip, =2

or 2 mecdicine drop-
the tubing at the
burncr
Allow

To crau
diezmeter, to
regular capillary
per, s1m913 rotate
correct point in the regu
flame until it becomeg nlizble.
the *Lbe to become shorter as the
walls thicken to about tuice their nore
mal thickness. Then remove from the
flame and »ull apsrt crrefully to the
desired diameter. Place the hot glass
on the wire zauze or asbestos pad to
cool. Cut the gless in the middle of
the draun out portion and fire-polish
the sharp ends.

0
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o
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ieling a Jroodper
Heat the wide end of one of the

tubeg, 2nd when the glass ig soft,
place the tin of your iron file agzainst

he glass tube and slowly
Rehecat the tube and
edge againgt an as~
bezetos pad until the flanze is ovene
When the tube is cool, a rubber bulb
can be placed over the flange end the
dropper may be tected with water:
(This dropper mey be used as a Jdropper
pipetie if you determins the number of
drong that are eguivalent to one
milliliters If you do so, label it
for future use.)

the ingide of
rotate the tube.
gently press the

TUBLIG TTC STOPRERS

Caution:
improper technicucs in incerting

Injury, alueys painful, and
zla.s

sometimes gevore, comes from
tubing through holes in the rubber.

Read theze inctructions ca refully, Don't become a caswlty.

(a) The end of the gless
or sharp edges remain to catch on th

(b) The hole in the shopper must
it is larzer the joint wil l leak, If
gtreteh the rubbsr even though it may

1 [N

the holes snugly, or
lerze the stopper holeg wid h 3
righte.

tubing must

Zet a ctopper with holes to
round file or

be fire~nolished co that no rough
rubbers

be almoet ag lirze 2¢ the tubing. If
it is not large cnough, Jo not try to
be vogsible. Sithor zet tubinzg to fit
fit the tubing, or en-
cork borers uatil the fit is
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Hands held tiose Net U%Cd 0s @ handle.

£ogerher

A fine way to get hartl
(e¢) Alvays lubric te the glass~rubber curface with water or glycerine.

(d&) Hold the glass s close to the end goinz into the ctopper as
possible; to avold leverage or breakage. Never force a thistle tube or
funnel into the stopper by grasping the la arze ende.

£

(e} Insert the tube with ‘only a minimum of direct forcing togethers
Use most of the force (and very little should be needed) in rotating the
tubing or stopper. Remove the tubinz from a stopper in a similap WATYe
Never nugh gless tubing or thermometers tirough a hole in a stopper or
remove it by brute force,

(£) Alvays hold your hands so that they cannot be 2 backstop for
broken zlass. Ixert a uniform small force only on the tubing which is
directly entering the hole, never on a paxr such as a bend which is not in
linee. If any possibility of breckeze exists, uran both hsnds in a towel o
protect them.

i
C'I-

(g) If you expericnce any difficulty consult your instructore
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Chenirtry is dinstinetly an experimental science. The establishment
of the tyuth of lave and the bzhavior of matter depencs on careful measure-
nments of various cuantitiss: volume, weight, length, temperature, time,
etc. Msasurement ic the cozparison of an un'mown quantity with a standard-
ized or known quantity.

o)

A mzjor featurs of measurement undertalken by a chemist is the need
aaT

for two or more seis of results in which the measurements are in close
agrecment; that is reproducible. The more zets of results which closely
approximetie each other the higher the degree of worecision. This closge
agreement among separate gets of results is a bagic recuirement whenever
definite conclugzions are to be Grawne Keep this fundamental feature of
measurement in mind even though a lack of time in the laboratory period
may occagionally prevent you from doing so.

Aceuracy is 2 term that expresses how closely the measurement comes
to the true or accepted value. 4 measurement may be extremely reproducible,
giving the same results each time, yet it may not messw e that which it is
suppored to measure. In this case the acocuracy of the result is uncertain.
The inaccuracy of a result ie usually expressed ag ' :
. ' the difference between the
) oxror = experimental and accepted value x 100
the accepted value

)

T the experimental result for the volume of a mole of oxygen were
terg, and the accepted value wa e 22.4 liters, the percent error
the result would be 22.4 ~ 22.1 % 1007 = 19

C R2e4

Strive for both precicion and accuracy, since the Tormer leads to
the letter, and accuracy is the aim of the competent experimenter. Check
your measurements corefully., Dontt be satisfied with the first measurement,
even experts using more precise instruments make migtakes. If pogsible
check every measurement before you accept it. Often it may be possible to

RaNa)

check it by a differeat method,

T-5. GADITIC SCATLS

The most common zource of error in measurement is in reading scales.
The scale should he studied carsfully before a stort is mede in an exXDeri~
ment. The value of soch division should be vorked out and the extent to
which estimation can be made should be congidered, I roading en instrue
ment it ig etandard practice to take all readings to the nearest tenth of
the smallcst division on the scale being ured, unless otherwice instructed.




Since

» hundr
uJCCt measures

em 4 g2 3 4 5 & 71 8 9 o 4

i

length probably liss between 0.185 and 0.1S5 em vith 2 lzevay of 0.01 cm out
of 0,19 cm; the uncay taint r t ig L,ac1ng is thelefore one port in nine-
teens What would have the reading if the last
figure had not been es & been taken ag 0.2 cm?

Thus, althouzh the lag ion, it is a gignificant

figure. Do Aot onit s 6 Cigure even vhen 1t is a zero,
that is the reading fells exactly on & millimeter mark. What is the dife
ference in uncertainty of a reading of /.7 cm and one of 4,70 cm?

srefore, when i ing the val f o meazurem cne must
indic-te, in some way, labili is is cone
by using only those fi ixivant for the meacurement. The
nwmbers wiich are siz ¢ vhich are Iown vwith ¢ tu“ﬂny

nlus the first aumber T you do not know_ﬁow to
determine the number stuly the section in the appendix

the »nogition
s as errors
Nvlﬂulve mct ion of two

1 the observer, when the observer
an be studied belows
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T-6. VOLUMITHIC 148U

When meaguring volumes alweys recd the level of the licuid so that

. e the pye level is directly parallel to
= ite You will notice that the licuid
: ‘%f . "wets" the gless, as in water and

o acueous colutions and a curved “meniscus
X C rosults. The lovol . is read at the

4 foy bottom of tlie menigeus. Mercury does
not wet the glass so the meniscus has

a cifferent shape. In this case, the
level ig read at the top of the meniscus.

e A AN

5 §5

/’Eb‘i 50

337 mi
75 | %5
AN Pt N
mercury water

Gradusted cylinderse A graduated
cylinder hag a rather large diameter.

= 75 For this rea:on, the quantity of liquid
needed to fill it exactly cannot be precisely Jetermined. Therefore do not
use graduated cylinders for very preciss experimsnts. You may £ill the
graduate to contain a predeterminzd volume, or you use it to measure the
Gifference, i.e., filled completely and then emptied of the desired quantity.

Pipettes. These measuring tubes are

used for more accurate volumetric measurw
ing out a volume of ligqued with a measur~
ing pipette,

(a) Be sure that the pipette is clean.

(b) Draw the licuid into the pipette
by using a suction bulb, or if the
liguid is not dangerous, by sucking

it up by the moutbh.

- (c) When the meniscus of the liquid is
- above the top (zero) zraduation mark on
- the scale, nlace the index finger over
- the mouth of the pipette. This will

| hold the licuid in the instrument.

. (¢) Allow the liouid to drain until the
bf meniscus iz even with the zero mark of

the geale., Thie is done by graduvally
releasing the pressure exerted by the
finger.
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(e) ieasurs out the desired volume of lic uid by "ﬁaln rolecfvnc the
arescure exerted hy the 1ger until the meniscus is even with the line
the

representing vo1ume. Jemembn' the zero l;ne is usually the uppermosgt
line; all lines below it refer to “he volumis of liguid deliverad.

(f) In the transfer pipette, allow the last drop of solution to re-
main because vhen the 01potte was calibrated "to deliver" a certain volunme,
at 1 ot drop was taken into considerstion.

T“‘?. T/' .LCTI:T ih iy h",E‘LJ:P:w

One of the most common operations in experimentel chemistry is the
determination of weix hu. The velﬂnb of an unknown is usually detzrmined by
comparing its veisht to that of a whn gtandard. For making your compar-
isons you will uce two types of aalanc €s. The platform balancc shown below
is sensitive to 0.1 g and is used only for wvovomlmate weighings., When
you desire a more accurate weight to 0.01 g, you shall use the centigram
balance shown on the next page.

Jeight’
object platform Qomter and scale  Adjustment weghts Weight platform

Do not d"“'u""b‘

AN

:m m

Rider r‘eaqu

to 0.1q.
\n/eu‘:;h‘t for (\-’\/
Setting To 7 77—

nearesti 104 <*l;,/”“\
. |

e

g

“) shown above, the un-
‘e yelght on the right pan
gg-beam 1ntil the pointer
the center point of the

In the ﬁdpe of nlatform oailnco (toin be

he t pan ig balanced by -lacing
hts atbachsd
to the right an

[:r‘ O

jon
=5
o]

=3
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ing cthe centigram trile besm bal-nce zhown below, eguilbrium
ig uChldV ed by =1id Ln" the ”miﬂbt a*ong the three beame until the pointer

on the extrzme o above and below the zero pointe

L5
ci
e
&}
T‘
@
0
O
,f:
0
bt
4]
{3
:3
0q
4

3

This chemicel balance is a delicate instrument that will weigh
objects to the nearest centigram. Since the guantities of substanccc to
be weighed are usually smell, these balances have to be much more accurate
than thoge in ordinary use in the commereial worldes If you recall that one
ounce is scuivalent to 28.35 grems and that in cuantitative experiments one
has to make accurate weizhing ge in terms of hundredths of a gram, it is
obvious thatthis sensitive nst“ume1t must be used with a great deal of

(v
care, SinCs it may be easily damazed by careless manipulation.

i

-

?'u

3

When the balance ig not in ure, the beams should be supvorted, thus
relieving the knife edge of needless oressure and possible dsmage. To
release the beams, giving freedom of imovement, turn the fulcrum 1if
counbﬂrclockwlqe.

Adjustment weighls 10g beam
Do net drstury e g beam )

Extra weghts

Weighing pon

A




Aﬁil? not be chused by wlaeing
not obje 1ing ch orjc;ls, always place
a pilece ﬂlzC@ any objects on the san in
such a v 2 ba souud is heard.

i) ,3-1 RS > l '} - f‘ e 1a
[ovgn Tr h sre the heap (0] e
balance., same h=2lance for all your
welghings N0 T entlcal ian orecigion.

Weirhing
a) Uhen using either balance, the firs 6 thing to Jo is

Make sure the pan is clean and dry, and all the ride:
ZCT0e

m3

(h) Hext f£ind the rest point. This i¢ the »lace on the scale where
the pointer will come to rest vhen ecuilibrium ir established. fhen
lance
'1

1
4l

kaoun welghts equal the unknown weights. First, set the balenc
slizhtly with the pointer moving from two to five divisions
center. Il is not necessary for vou to wait until the pointe¢ com~g to.
reet to cbt,f ning ¢ 2oint, and the rest noint need not be at the
center of the s A typical determination on the centizram balance is
shown belowe

A = furthest extent of swing above 0.

f
(&1

B= rest point~ as load.

N
e B_ C= furthest exteat ofswing below G
C,
-3 5 w5 =+
Rest Pount = 1 = +o.5

Close up ot scale

J 1. {

If the rest point is more than three divisions on the scale avay from the
ceatef, tell your instructor. Do not nake any adjustments on the balance

selfs  Never weith an object which is 1 warm; che coanveciion currents
wlll aff et the rest point.

yJ

(¢) Place the object to be weiz in the left pan on the balance and
move the rider on the next highest bs ntil the beam just ahout balances,
and then the lo T to ootaw_ t 21l adjuetment. The weizht of the
object hag bee: T when the seizhtes on the beams bhalence the
veight of the c having ab 2v same nlace it was
when there e on t were not ured. Read

. [N R
and :ecord the

(d) Return 211 the beam i
an objects DBe sure to leave th
as, or clecner then £

ack to the zero noint af v o
e and vhe surrounding arec.as clean




flere is & triple beam balince. What is the total weight
on the bé
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1o welgn & chemical, place 2 niece of maper on the pan and weigh the
paper, then add the chemical and weigh “othe The OjffC“GﬂC@ in veights is
equal to the weirh ics hc weignt of the paper is fare weight.
A tered bea A0WN e
betray vour treining, or lack of it, overy btime
hottle,
(a) DTeed the label on the bottle twice
- to be certain that you have the right
TN "eiygent.
By TN ’
Y
V < .- ) Ul i
'@%?\i' (b) Check whethar bottles of corrosive
N 11qu1¢o are vet outsile. If s0, clean
S with a wet sponge
Hold the stopper 1o and Bt the batle (c) old the stopper in and tilt the
: bott until the -ﬁ.*o;“s wvel the stop=
until  the contents wet the stopper ottle unti t cengents wet the gtop
- : Der. hltn uae wel gtoppsr moisten the

the side

Moisten the insde
end The bLp vﬂth

ot the neck
the wet stopper

e
RQQLJCp Stopp%r and withdrow it «qum

with back oF hang,
Stopper down.

Never ploce the

ingide of ¢

he neck and 1ip on

onpoasite the labﬂl{

feplace the ctop=-

per. The moistened neck and lip re
prevent the first drope from gushing
out. Over > wot lip, a liguid can be
poured so slowly that drops may be
Comttal.
the toppsr again by plac~
1 the index and middle fin-

gors of one hand with the inserted end
of the szto pp r pointed away from the
[k of » hend.  Never set the stopper
the cams hand, hold the
pour the licuid from it inbo
rel. Where nogzible use a
zloss guide the flovw of licuid
and pour the lignid from the side op-
posite the 1o sbel to avolid ruining a
aper label. Always keep fingers out of

the path of flowing licuid,
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mgy ca rmy ‘mdurities that would

Gaution:
When diluting sulfuric acid, -our concentrated sulfuric. ncid inbo cold
vater (never vater into ccid) slow 7, With stirring.

vhen recuired,

If the licuid being

ube chould ever

rubber bulb, dis-
ately and wrinse

ter, The tin of the

be placed beneath

receiviig liguid,

iqtrohuctlon of

2 {TOppere.

neve
the sur*ace of th
thue 3
’1|r‘;3u_f'

The ﬂropbnr must be held in a
ol

)

Vertical  vertical position if the drops it
?%Ong%% delivers are o be the same size, Also
'?thQUZQQIQ the lover cnd of the dropper must be
- grouad scucro and flat.

solids. The
tnase methods are diagramsd

halowe papertrough
| ‘ vl /

e

hS

'T?mﬁ;emng£160hd{ntoo ~
test tube leowng the sides clean. \

Various methods may be used for trensferri
choore will vary with the situation. Some of




on the ta "ﬁf,w aovn, and
spatula or nlastic Owoon un

£ :1101‘
portions may be narce

For pouring a lorgse eamdle of
colid into a Ulue*MOULth CONm~
tainer, roll and tilt the bottle
until enough of the materizl comes
outes

For trancferring solids by any of these methods €l
cautione siould be obed:

{2) Take time to mesd Rt orafu Use of the wrong moterizle
moy result in scel

(c) fever open tuo botsl

o e poured ic in loons
>ake up any coles with an clean, empty




TTSSOT

LamDU Y

AN
Cin

solid,
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T-11.

(2) zrinding the

- Y
BLECUYZ, 2Nd

in o licuid

zolid may bo 4 :
or in sone

(b) stirring,

et}

ting the liguid or mixture if necessirye.

Fe T
L .]."LT
s GERA e  o

A A mortor and e
i I

O \\\w,/f 4 grinding @
T The solid ghould

then ground into a 1
pound} A paper shicld used

Tor corrosive or poisicous zolids.

The handle of the nestle may be nassed
through a hole in the niner.

A stir rod may be used
tion in a wide-nmouthad cont such
¢ a beakers However this is imodrac-
ST tical in & flaclk or bottle., Effscihive
T obtained by swirling the
W

snmeyer s

tle, clo
v (not vith a
nolre 1t vigore

Swirl dont shake,

close it
sevors
the tube containg o
licuid, brd i
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FETHODS OF SEPARATION

T-13 DECANTATION

Heavy coarse residues may be senareted from the liguicd simoly by vouring
(decanting) tie liguid from the residue which hed vreviously been sllowed %o
setile out,

T-1/. FPILTRA

The preparstion of a filtration apoaratus is accomnlished as follows:

- .

c ”\\\ (a) A circular piece of filter paper is folded
. ////////. 1 lightly in half, and then this semi-circle is
* i folded to zive a piece avproximately one-quarte
\§§§::\4§?//,f5mm er the size of the orizinal circle. The second
P Told is made unevenly with about Smm of the
bottom fold allowed to extend beyond the ton fold.

(b) A small irvegular triangle is torn from
the corner of the ton fold, to aid in sealing
the paper against the funnel. The Tolded paner
is opened into a cone with the torn folded edge

to the outside and is vlaced in the funnel.

(¢) 4 swall amount of water is poured into the
funnel and used to moisten the filter paover.
The pawer is zently pressec against the glass
around the top edge of the fup el to male an air-
tight seal which prevents air from leaking down:
the fold., The moistening of the peper also dige
courages the absorption of large cuantities of
. the solution to be filtered, When the funnel is

W, Filled with waeter and allowsd %o drein, the air-
. yshould be washed out of the stem, leaving a solid
"v7fcolumn of water in the funrel stem, uninter-upted

by eir bubhles. The weiszht of this column of

water hastens filtration. The weter is emptied
from the heaker and the apnaretus is now reody
for the seperction of the mivture,

L

(d) The mixture is most easily transferred o
the funrel by placin, o stirring rod across the
beslker, holding it in nlece with one finger and
tilting both the heaker and the stirring rod,

“iL\‘The nixture is zuided by the stirring rod and

iif R ‘directed azainst the side of “he funrels The
. ,filtrate that nas=es through the vaper showld
}(’ _f\Yi / run down the walls of the collecting beaker to
L prevent spattering.
N Vo
s v
™~ \..\\\ ///
A /
'L //
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{ 5 p 48 well ap measguring the volume of
Pz < a given som370 of gas produced by a
N 1o 2 reaction we also nead to measure the
\\\\ = ::{ conditions of temper:st and pregsure.
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% \ eﬁ — Before reading the volume of the
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Instructors Demonstr'dtiokh Table

. waste basket (paper)

. hot water source

. corks and stoppers
burettes

1

2

3

4.

2. condensers : KNOW YOUR LABORATORY FACILITIES
:

9

utility clamps
ring clamps
fab” stands
waste crocks (nsoluble solids) < —

Window Shelves and Cupboards

1. fire blanket

2 fire extinguisher

3 neutralizing solutions
4 first-aid kit

5. container for broken glass
6. brush and dust pan

7- acid resgent bottles
8 platform’ balances (19)

emergéency corner
e Ay

<z
A
I Jfu

Back Wall Cupboards and Work Areqg

1. tote trays
2. weighing stations (triple beam balance-o.013)

3. lab cart
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B-8. Conclusions

How you ve able to arrive at a coaclU°1on wiich ie pelated to
oL st-,wﬂ"ﬂb of tha 1 roblpu. Actua T you have olanned your inves—
tigetion properly vou : ﬂﬂ cwrtain vogsibles results, and
you have ﬁl¢qgfj i nclLu ong vhich you mizht reach.
éov, hovevir, dg t j 'ch of thees coacivaoﬂ' is actually
indlcated oy the da Qe It is )os_wolv tree the date doeg ot point to any
of the ceaclusions wiich yeu anticipated, In such & case you must be
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c3lf ag 2 good obgerver. Yst
It recuires concentration, @
It even takes Hracticel

L

f niliar object

See how complete & cescription youaczn write about a
such as a burning caadle. Be sc1entific about this and do yur study under

eontrolled® conditionse But how do we
he L BN ) [V RN Y

controlied? Here are sone conditions thot
experinent:

The windove are open.

Your lab table is near th

Tou are close encugh ‘
Why aré these conditions important? Do
there ig a common factor thzt a candle

TLLBORATODY

Ixamine the condle ca beervations in
notebook, usin 0 th ‘ fnd obe
conu¢01161 condi

Fpon the comparison study of your obzsrvations with those of
chenilsts, summerize the T osc ¢ y
descri ouwoa vhich are :

EXTENSIONS : (or questions for clocs

a) Are ve T.aly sure
b egtion, use tha 1i
and the ~ccu*‘cy of obs

at COHulleﬂS nead to be
ba important in your

your lab
it under
course of

nrofessiona
ration and

e
i~ [ . ol . Dt o e . - -
luCuSSsV* for successinl vworl in any lahoratory.

ohsaprvations.
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technicuse and the metric oaten

Te, W W, Le

The metric system of w ures i ussd
becauce of the eimplicity of Slqc- all uni
tem zre obtalned by nu]t::7u* » it
the decimal eyetem of wely

-;d over thae anoropriate sections
echaiques (Tw5, R~6, R~7b),

r rulsr, o e s al objects around ths house in both
Inglish and metric units. Record your data in a suitable tadble. Plot this
data on a greph, where cenbimeters sre wlzced along the vertiesl axig and
inches along the horizontal axis. Drow a straight line throuzh ae many
088

CONCLUCT0IS s

1. Froq o}

found by division?
Re A03710Mtrozs

mainy cem tall are you?

.

In ocﬁentific work tha
acale and Aﬁcrumeac
the abilits

~uite nccuvui:
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Lxooriment A

J. I‘"“*Tﬁ g
we e od LS
i&tﬂ:‘t'ﬂeﬂ/ mn' Bream

PuQRlenls  to digeover the n
sbove the burnar Lo obtai

eizht at wiieh

; ? wator ehould ba mlaced
n the magdmunm b

Iron the flome.

TAT0LTg0

The production of @ fline invelves o clopical meaction betveen two
ceg, d fuel gar and oxysen ol tho The e rature obtained in the
tenendes on the noture omieop theneslves, on thy prorence of
r (0.0 Mp) vhich i 1“0 et be hunuoﬂ and on the rate and come
pletences of ixing and bufnjﬂf of tho ges

Vory often gtudents are seen heating objects in the vrong part of the
Bungen Buvnor ilaes Such inelfficiont ure of A1Aatue mo*uluu in a vaste
of both time and fuel. You will dircover in thilg experinent thet thore is
one arrangement of apparatus for so cimple a job as ba@an vater in a beaker

™

that gives naximun effciency.

alzhit above tha top of the

11 g vater wnder thege cone

el vht Jron de top of the burner to the
e 5 heisnts. The height

reqguiring the shortest time

You will »l:ce an iron ring ab o
Buneen burner and fiandthe time roec:
ditions. You will then chonze the )
iron ring and ropeat the procoduve
provicing the highert temperature,
to boil the wator ise then found,.

In order to arrive at a valid conclusion in this exporinent, the
gtarting conditions LOT sach test ghould bhe identical. This io a contx olled
o)

experiment, vith only one variable = the Aiffsrent h izhts of tha DLeake
above the burners In this cxmeriment there are sovepdl cc.rtbuts, or iden-
tiecal gtarting conditﬂ01,, such gg tho volume of vater in the beaker, the
starting temoerature of the water, etc. The 0“c~lgﬁo 1vtory assignment lg
the ley to the success of this “YUGTlMCﬂte

TIOTA YA
L.‘....’J‘..l-...{\.nb.-. ~

1

l. Study the des crxp*xon of the Buneen burner in 4-20 and T-l.
Re Corefully wrevisw the topic of controlled experimontse  Then, in your
lab note book, ligt the conditions to be controlled. Describe how you pnlan
to keen cach of thecs candition: ; oe
LRy

) 3 o n [ PRON A . FU
Je Prepars a ta teble for tims and heizht recordingss

TABCATORY PROCENTRES.

Place the ouxnn on the bewe of the lzb stead. Adjust th nosition of

.
U
wo it i
+

an iron ring on the stand so Ih g 2¢5 cn above ths top ol the burner.
Using a ruler and a zencil, mork off the vrecent nosition of the center of
the clamp and the successive mosit ons to be ured for each test,



ust tho buracr 7 20 that the inter bhlue cone
The Zlame shoul’ ot moks a roaring aolss, nor choul’
maxinuh height.

'

Zach tost should roguire no moro than about
a reagonable smount of wator to add So tho |
boiling point in the time svailablo. Durin noating, otiv tho water
gently with = thernonster, and vocord the tluc takon Yo moach tho boiling
pOiﬂt Y

CONCLUSTONS ¢

le As a rosult of oramining and interoroting your tabulstod cata, errive
at onc or o definite COICjup¢;ﬁ". At what heiszhte above the Surner docs
the water b

il in the chortost tine?

2s If your data docs not nrovide sufficiont information to arvive at
such a concluslon, do not hositate to My 80y If your data is insuffivient

ke

Buggest reagong why this is so.

3q #Vﬂluhtﬂ rour t”c11"<uﬂ~ 4n COWULOlllH“ the conditions of this oy
z*vwwnb sov could your tochnicues

[ Eh

le Fill 2 test vubo
the wator to a boil ov
water boiling out of thz

keep repoating until you &

2a You have deths
cxperimental means, bub
flame 709 Tho“.omOBﬁ“f

nay bm dono by h
aflazrating
are;
ZnCly 2529
LnBro 394 Hapdy 74 o8
CuCl, 498 C-Cl, 7 S88
Wl © 651 -

by calorie~
cc and faths
ire thoe ree

Too A 0
crooting
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foITING POTIT OF A PURE 2 JoSTANGCE

ridne the meltin point of e pure substonce by two Jilferent

eJenenb or compound) melts sharply at a definite teme

of the melting noint of a substance, Llen,provides
tiliC3u¢On, since each substance has its charace

4 convenient mean
teristic meliing po

keshl ATy
P .‘Lu"'LlLJ‘\.«L

SURE PREPARATION:
LA

1. Review Heatinz +“Cunlouess T-2 and Graaaln R-~Tb

2e Prepare tables suitable for recording dat (time, temperature,
obrervations ) for parts A and B,

3« Set up the axes of the graph and identify,

LASORATORY PO CEDURES ;

Le Cooling Behavior
le 11 a 400 ml beak-r to taree-guarters cepscity with tap vater at
about room tempuirature (2”00). Place the bzaker on the brse of your lab
stand,

2 Obtain zbout 15 wrums of the compouno pafa-dichlorobenz~nc in a test
tube from zour ;n.L?UCbO'. Gently heat the test tube with the burner ad-
Justed to a2 low flame. Continously nove the test tube back and forth,
Gradually increcrse the temperature vatil the solid melis. Then nlace a
thermomster in the licuid and continue heating wntil the temperature has
rwmmdtm~ﬁ«5%}%mp,

3e Clamp the test tube containing the
s malted conpounc into position above the beaker
of water. Before taking the nex: stap, be
certais bpt rou aﬂd your partner are organ-—
izeds Ons partner s-ould be prepared to read
uhe time vvﬁry °0 seconds and at the same

, tine record the observations (bvaumabUfQ

i apnearance, etc,) noted by the other osztner.

: e Jetd the temperature of the para~dich~
= qfu lorobciﬁze‘le to the neazest 0, 20C. Record this
temperzture at 0 seconds, Immedistely
the lover h 1” of the tesgt tubs into
the tube into position,
araingt the zide and Just
tube so that it Ulll be
; "otuck' in thot position when the compound sol-
‘ idifies. Record the *tenm perture every 30 seconds
until a temderature in the upper thirties is
rsecaed. In your obse “"“thbS, note when g0l=
D saiesn, Fion ehaste and vhen it is complete,

ne u*“rmo mete
off the botton of th
si

d‘ CJ
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the dlare aige the test tude out

ra the clamp around so that st tube is on the op-

& pogite sid the lab stand, onposite
the waterb Support the waterbath

on an iron ring and wire gauze. Heat
the water to avproximately 70°C. How

2 : ime in thisg last step?

the burner, bub leave it
in vpositions ring the course of the
experiment, occagionally read the tem-—
perature of the vuater with a2 zecond
thermometer to avoid cooling of the
water below 60°C., Therefore be prepared
to usge the burner, to keep the tempera-
ture betwesn 60°C and 45°C, if necessary,

few)
o

Read and record the temperature of

ﬁa 5 . .« e . 0

i the solidified dichlorobenzene to the
nearest 0.200, Immedictely immerse the

- lover half of the test tube into the

waterbath co that the level of the com~
pound in the tube ig below the water
level. Record the temperature of the
compound every 30 seconds, noting when
it is complete.

When the solid is freed of the walls
of the tést tube, move the thermometer
gently uvp and downe RHecord the time
and temperature until the temperature
of the para-dichlorobenzene is about
6000'

Ce Procccesing the Datacs

Plot the cooling and heating temperatures on the same gravh, sterting
your plotting from the i ife £ ; For each cooling temperature
and itg corre i TFor the heating data use
emell cive he nlotted points. Using a
hlack ==ne the heeting behavior of the
para--cichl the same for the cooling

DEhavVIor,

L graphical form of the dete will holo ou to arrive at some conclusionse
rranizc your granh go that it will be the size of a full page. Which axis
should be nned for the tipne and tem nre? Which of the data iz inde-
pendent of the c~thix? indn ablz ig plotted aleng the horizon-

¥,

tal axis.
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GENCLUSIQS
o e LS o

li &
ig the nmel
point?

udy the experimental results as summarized in your grevhe What
Z point of the para-dichlorobenzence What is the freezing

2s In a chort paragrach digcuss the chape of the heating and cooling
curvess  If a greater amount of para~cichlorobenzene was used, what alfect,
1T any, weuld thie hove on the shape of the curveg?

the cooling method, in estigate a series of materials such as
paraffin, Locswax and navthalene. An air bath can be substituted for the
water bath to Ahtsde it aleamn resultcs  Determine which of the materials are

g 3l eie Al - N T
pure substances 00 W.ilen are MLA VUL G e
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FACBLEM: to develen skill in recognizing chenical and ohy:od

nges when
they occur.

7.

Regardless of wnether a change is phywmical or o are
frequently ; in the appearance of the material. @ nature of
these visible alterations often zives ¢ clue as to what ig hapgening to
the meterlels being treated, so it is very imoortent that you male & hahit
of obgerving c*relullg. Obso;ve the gubstance not only at the beginning
V

=}
el 1
{
L

,.3

of the experiment but all the ]uy throuzi 1t, and look for changes ulic
occur anc which may give you a hint ag to whet is nqaoeqﬁhd. It ig not
enough simply to mzke the obgervations: they must be recorded accurately
and CO;Dl“u“ 7. What appoars ingignificant at the time may nrove later
to be vitally importaat in understanding wnet has taken aluce. Therefore
make it ¢ habit to record every observition completely aad accurat tely.

J

PJ.W./"'..L[L.J\’R-‘[LSO( o

1. Review your knowledge of from rour
text and notos.
2. ; g regu experiment, T-15, T-7,
Se B repare in your laboratory got table ginilar to the one
below for llCCtlﬂb the date to he Turn your notehook side-~
vays and expand the teble to avoid crowd your notes.
! CESERVA T1OWS CONCLLS ON
i preperties before | properfies durmg prepertics aftfer (type of change)
‘§Mt+
water

LaBCRATCHEY PROCEDURES.

1. ZLtO
as vou ca

10N @
zolution

cnatier,
Compare

Sxani - s : Junszen
fleone, then ellow it to Cou.! ; a3 it oo SU g o gource of




following this expe at indiczie good lahoratory cechnigques. Jote any
temner«turﬂ hy ‘ wroducis to the
original solutions

6. Pour O of co; POy
Into thig SOluu7Oﬂ nlace
note any temperaturs chan
avallaole, 2dad a spatula
Would 2 second bealrer be

scler

(254 )“O’”Ct’“ "'lC
ine vowder is
nota the changeg.

E

A. IDecord £
amount of soluti ! Shn 2
e bemperature of hoth wo lutlons7

Ch"ll’l&@ in te nmperature and in ADDBBTINCE,

olutlon.
Will i be ns
two solutiong.

CONCLUSICNS ;

L. Imwediately Fol Llowing each change inve vigated, decide what rpe
of chenge occurea and record, this in the _”O?Jl-to column of the data
table.,

2 k;k

You obgery

3 U by 1 3 3ve
Ziven you 2 cl;w

L T 2 e s sy g e
® LGUE AT your latoroy

in ohysical proverities a

d o

4y
Lianoi T

“*\ﬁon
the burasre

End

been any change in cnemlcal pro-

ties of
reacgtion?
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Lxperiment 7

AT G AFEROTS

LA to make & ¢
ing a cuondeal ehwnze Qﬁd & rh;gi@al @haﬁgg.

SATLA0DUG TN
In the legt eu
an¢ chemical changes
ean be recognized by &
chemical ehangss may ;
An examplo of such a phyeleal ol
guech ap ro]im*fication or Vas S @rv@rznagc you will m&k@
a quantitotive lavestizad : voluvlve anounts of hert anorzy accons
panying a chemlcal chanse and & phape change.

ﬁawev f, bot; nhye
& @r é :-1©eEG in h@ L en@rgy.
2t oy aze o-ange

.

Tne %eet produced by these changes vill o abeorbed by witer, regulte
ing in ncreaeu in the temmeraturs Oé tho water. One cale%ﬁa of heat
will rai the tempera urs of 1 g of wuter one desroo Coatlirate, Tea
calorics oi heat will ralse the temperature of 1 » of water 10 ¢ Jesrac:
Contizrade. One hundwed calorvies of neat will raia@ Tl uemgaraburr of
10 g of water 10 degrescs Gaaciurmdc, The quantutyr of heat (cylorieﬁ) im

obtained by MUlulDl}iﬁ” the Gempurature chanse b the welzit of the water
in grams.

PLE~LABCRATORY SPABATTON

e

Lo DReview the uechniques ol weighing, T=8.
Re Prevere a data table for narig A aad Be

LABORATORY PROGID TEE

A. Heat of Combustion

In this part of the experiment you will detormine the amonas of heat
libsrated when o candle burns. Tha amount of candle uced is obtalned by
weighing the caadle before and after a part of 1t hag been burned. The
heat obtained from the candle is uged to w ri a welzned anounlt of water.

aem on a cenbigram balance
o

l. Festen a candle to a +in can l" an’ weisn th
t 3 cata table.

RS,
to the nearest .0L g, RHecord this weig

Re Weigh an empty can (with two holes punched in opposite sides near the
top) on a Dluuform OolalCO to the nearest 1 g. Iecord the weight in the
data table,

3. Asgemble the apoarctus as chown in the diagrame The height of the
small can should be great enough to prevent the candle fleme from touching
the bottom when it is 1lit. 1705' the chinnuy use a large can opened at both
ends and with two or three holes punched near the hottom for ventilation.
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d) e tept tube of licuid wei wep
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A to eliminate the chis? sources of
the heat
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SN0 e

oi combustion of another compom4f
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20BLA To gain praetice dn bho Nreees Laterprating rav data by nelring
a quanticotive ctudy of the resetion butuuau darnesim and oxyoon.

The vilue of @ach oxparinont camelsd out in tho laboratory depends not
only on the cersful vondpul tien of ehowdenl  and but “lgo on tho
pannor dn uhiel obuvetlong and doba ove consol

v oede o B e, ] O M |
LIS ’ﬁh uvulunbuue

The resdings recordsd dix actly fron the seales of Lnshrumente cuo kaown
g raw data.  Below you ave cowfacnc)m by the miw date recorded by a student
who was making a quantitative iavost: setion of the reaction batween mance
sium and oxyzen.

You ave cglod Lo Meten dall at tlle voint in the omarinens, Lo process
and interrret the deta and areive at a concluesdon, fome rel tionship bew
tween two chanzing guantwoiew or ~ardabley .¢th bo discovared by Ll’GCUly
from data table. Hovever thic dg ofton ;uite dilficult. Relaticns shing or
trends are nore readily dirccovered by sunmorigd 1

the infore

e
&

mation in a granh, (Study R-7h wQO“O”»xly befoio taekling nroblen. )
DATA 2 Jeaction of Maonosium with Oxyoen
Raga 0" 0
Inlbjml ‘eizht  Initizl Volume of Oy at Waight of Weizht of
o of Mz 09C and 1 atnosphore preasure  Product On reacted

1.20 0410 liters Le3Z, grams 0,14 grans
1020 Oifo 1 49 6/-9
1.20 0i-0 1.54 ehd.
920 O@’,O 1078 058
1,20 . 0550 193 613
1.20 0450 2.00 65
l-.’ﬁiO 0,70 2900 ¢8O

PACCSDURE :
In your lzhoratory noteboo:r male a zrach of the above data. Plot the
o

welzht of Op used on the ordincte (var tical or y~axis) ond the volume of Co
on the abscinsa (horizontal or x-azis)e Draw a sriooth curve thiough the 901nts

rJ

G0

What can you conclude from bhe graovh you constructad? Vhat low is ille

ugtrated bj this expzf11ent. Gould any usefnl inforpation be obtained by

370ub?ﬂ 1w wel ht of natnueiun oxide nroduced azainst “he waiht of oxyzen
'ch‘?

Py

I
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Lxporinent 9

sk CAL O

A

e

LROBLAME  to prepare o nrecinitate from tu solutions; senoreto tho vorctbion
nixture by filtration, and 4o dipeovor which solution wer in DXCCET e

One of the evidoncos AeCo Ny a elapienl eliaze o the formae
tlon of & precipiteie, When o polih: ‘ X o solution of
silver nitrate are wixed, o srecipltiio of wilver chloride is formed. The
solid silver chloride can be peparated from the solution by filtretion,

In this process the silver chloride is hold baclk by the filter paper; the
solid is called a regidues, The golution passing throuyh tie filter naper
is known s the filtrate.

Your problem is then to diccover wiieh of the two solutions wog in
excesss  Your concluzion will be a (nalitative one siace you will discover
which solution i in oicess., If you collected further data which could lead
you wo anguer that a solubion was excecs by x sromg per liter, the coaclusion
is then guantitative. e

A ATV IVAT
T PREPARATTON:

L1y Thorouzhly review the technicues of filtration (7-14)

26 Orzanize a flow chect to reprecent the nrocedurse you will use for
this experiment, Tirgt study the information (B~7) on this subject
éylth care, Your 1nstructoy will want to examine your flow sheet

efore you begin the experiment,
LABOPATORY P20CEDURES :

1 Recovd the code aumber of the solutions agsizned to wous Use the
same solutions thr-ughout the firet tricl of the szperiment,

2¢ To o nl of sodiun chloride solution in a test tuoe, c.refully add
an squal volume of silver nitrate golution. Stir the nixture. Place the
tube and its contents in a bealer of boiling water for a fow ninubes to
coagulave the precipitate. Allov the silver chloride to settle to the hot-
tom of the tube,

J3i Filter the cooled veaction miwture through e moistened filter paper
in a funnel and collect the filtrate in a 10 ml graduated cylindsrs Record
this on your flow gheet.

Ls  Transfsr 211 of +he prgele
sicue and the Iilter - :
to direct sunlizht or

- . B R I SR Ty oy
ance of precinitate bhof

ottate to the filter woner. Place the re-
hoglige o drve Zynoss the nrecinitaote

L - ™ . -
LOC L necore A0 IUDDED e




5¢ Divide the dlhtynte !
iFiltrate Lot and tT~ othanr W 1
volune oF sodiumn chlorids poiw rats 1b i
Q?‘milv:r sitrote Lolutien,  Leecord thc obuarV£ *“uluge

- v

el one portion
" Lo Lo, 208 an scval
2 egusd volune

;* Toaehel it
Leal to the flret

bs If a precivitate Formed
idug 24 Dotermine vl

Which of the reactiig golutlons woe 1o exme: Defond your selection

in a ghort poragraph.

YT ST T T
Lt TS TO R

.‘r\

ion to the solutions
o lovmue: 7o
ution to an equal
c. Conpars the

3

silver chloride.

Ae Will the addition of eilver aitrate solu
of otunecr ¢ ]ownda” r sulv in thoe Jormation of gil
answer Ul arobnlan carefully 2id gilver nitrc
he cixlorids golutions vhich are ova

volune of the
nrecipitatse nrodiuced and determine whaether t&a*
e

te

.
“
1oyt e

L)
er
ol
L

G

H‘ c“ ]

v
e
an.
a

e

Woy dg 4t Onti?l to oreonr: the ellver ailtrate ]dLiOW in your reagsent
bottles hy us'nﬂ distilled water?

preciyitetes
COQSdlu a chealcal

of ti:ege cihloride
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axperinent 10

Qi = & VERTFICATION EXPERIMENT

B pvaﬁLCW'OQ o8 oxygen aad ite colluctlon.
rony of tuo prepertion of oxyii.

e aner

Q0B 1;

h1d PR BN W
, You ma he of Ll

whoode not an smmerdliont ot ald,
since you elreL“J 0w wemical propertlies of omyzen
hefore you begir hil i Leos 1Ly corrascts A luporsant
characteristic of the ~cie"uLJ Lc f"cLu 10 Jc are dlecovered Srom
experiments iz thet Liey are rsproducible. Any other sclentlet can voad
a ronort of the or;gMAmm axperinent and rco‘oﬂuCu the rosults. The
work on this type of exverisent iz one of verirication rather than
dleOVOTF The childty to ﬂOﬂ”ocvco the results of another sclentist

> "

is & tesh of your own loboratory technicues and your nowers of obsepvati ilons

1. Review the tecknzqao recuired for tl LE armeriment, Tw2 and T-17,.

R« Organize a flov ehoet to revrosent the 1.boratory Drocedurze that
you will follow. Turn your lwafai0¢, noteboolr sideways and use the whole
paze to provide suliicieat space fon racording J070 ohservations.

TABURATOLY. Z0GESTRES .

4., Function of Innwancse Diowide

To gtudy the fuaetion of mmgoness dioml e S AT rcnctio
mixtire, nlace enouzn potacsiun cnlorate in tha hotton of n large test
3
tube to ccver the curved voriion. Clamn the €tube vertic wlty on & lab
stand 4 heat 1t vith a Bungon Harner. en the ealt hezlne to melt, %esh
S} 3
for bir o glowing splinter, Caution: De cu~ﬂfu7 20%¢ to d'oa the

.

(N . Falr R NS . oyt e NG
whe weet fube. I7 this happeas renove the hest and nare a

new gsai 10.-.\4 .

test for oxiaen ic obtained, rsnove the flame ond allow

th X4 % chlorate to cool uatil te hﬂoo7»Wﬂ jaet "Uaﬂ*ﬂes, Aovw add
a Loof msnganese Gioxide to tle contente of buo tuba imaediately
teet for oxyzen. Cowmmare the resulbs arocuced bhafl 31 adding
the mangaﬂesc dioxide,
Be Presaretion and Sollection

izhoout 3 grams of potreosim chlorets ond 1. srams of manganese

izt two compounds Wovouq 1Ly oa paner ng@ion: Anyr

mizture in ¢ worito
e - A P T T N .
GO & TEe8T TUns 800, &
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Fill tle c
over the nouth a
“i;he

ther bottles with water and invert

Gently app -urfcce of the mixture and 2g melting
eCCUrs nove the b RE) 2! Any contact of the hot potzssium
chlorate with the e e} produce an explosion. Let a little
of the gag escape into aiy - . permit the generator to f£ill with
Pure oxygen, then fill the 4 bo:tles with oxyzen by d¢solqoemeﬂt of vater.
Aa goon &s each hottle ig 73 nlace the cover glass over the mouth
and place vt Tight s toblea

Remove the delivery tube from the water as soon ca the nexs is
removed from the gﬁﬂerhu01 Way? Zecord observations on the appearance

and odor of the samples.

C. Verificztion of Properties:

& papere. Place in it a2 piece
¢ over the burner.
0xygen, keeping the bottle

1. Line a deflagrating spoon wit]
of sulfur not bigzer than half o e
Immedlately thrust the spoon into e
coverec. After comparing the Hurni“5 wlfur in air and oxyzen, cuic ly
¥tinguish the burning sulfur under tan water. Zecord your observations
immediately, including & description of the products,

2¢ After cleaning the wspoon, reline it and rensat the above process
for red phosvphorus.

3s With your tongs h
flame to ignite it.
Do not injure your ej
Ixemine the product(s).

Le Put
layer at @
burqmr i

1.
@t name iz ziven to cuch 2 gu ”?“\cc?
reaction, indicating that

SFSte
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Ze By vhat nethod wag oxygon eollected? What sropert  of the zas
J = £ )
makes this method of colloction poseible?

3. Sumperize e phyrical and ehemical nroverties of oxyzen that
you. va?ifjc& in t:o 1ﬂb0”&u0fyo Inelude balanced equations viere approp-
riate, UVere there any proporties of this gasg wideh Jou eould not verify?
UW~cu~q anything wausvsl in your o b’OfVUh”Ony and attempt to explain it,

obg e vatinag recorded wlat 66ﬂ0f4112ut10n can you arrive at apout i
of thig product?

be What preduct reslis when any substaace buring in oxyzen?  From the
%)

EXTENSIONS

e Tou may have noted that nrocedure 4 wag not a carefully controlled
exneriment. De"lqe a procedure vhich will more carefully control the
conditions. Test your procedure, after getting your ingtructor’s apsroval,

2 Is a catalyst used wr in 2 reaction? To help you answer this wroblen,
here are gome guzgestiona:  You esn use e carefully wolgbed amount of
MhOp mixed with KC10,. After decomposition that whiel: re zing in he
werator ig a mixtuPe. You con o erate 1t by making use of the pronerty
o; solubility of the com monents.  Way should the rezidue ho dry hefore
uelfa1107 Check tue UG7”“ﬁ of the manganese diovide against the original

reight at the sters of the experiment,

3¢ Imvegti
&8

for menganese dioxide in tiis cxperlmenuo,

Lé Premarc yvﬂw by a) the addition of watsr to —odiunm peroxide.
b) the Gecompocition of hydrosen neroxide or c) tLe eligtrolysis of
vaters First study the act;or employad in a rcference text and note
any pre cuutioap recuired,
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T e e, ey oo ey ot
sxperinont 11

PROPERTIES OF HYDROGEN - & VERIFICATION EXPERIMENT

cne 0 verifi-

1% such an

ite use in high
voharatas that are

a
K ity e -
2ke particular

cation

eunarinani

school

~

care

3 o o
1%eE eq

Prenaraiion ai
L. Set un the disgrame. Slide o few oisc

of zinc into 2 water into the flagk to seal off .
the bottom of zee that the generator ic a
i

T

N
by blowing into the feli 7 tube to that the water riges in the thi
tube. Then gui ' Jelivery tube with vour

=t > o
are no lsaks if in the th

5

vigtle tube doss no

i3]

Once the instructor has aporovad vour 327 up, and you are ceritain that

’ ; any cg : iy liuric

¢ nore acid

a o the volume

ect four hottles of pure
dounwards. Record your obg-

the 528y e.¢. color.

To remove somple
of qus, put plate
under bottie




T4

3. Disneatle and clean out the 58 ﬂaruuor, ringing the contents into a
container provided oy the dnstructor. The pleces of darlt polid in thﬁb
mixture are zinc. Thig zine ney be pecovered by £iltration and vsed aga

Verification Of‘pLQRGleO“°

1. heobiq, the month of the sample bottle dowaward insert a urning
salinter. ”1uhdraw ¢ the zalinter Jowl"gy witeling carefully for evidence of
the gas and rallntor burni N Rewaat thles ag often ag gog remains in the
bottle,

) )

ZePlace a bottle of !ydrozen montl to nouth oq;ggqmggg of a hottle of
eir. After a fovw minutes “est sceh bHottle for hydrogen. Be careful to
keep the second hottle covered while tosting the eontents of the first
bottle. Don't let the results of “his tect dlotract you fron malking care-

ful observations.

t 1ght side up and uncover. After about
or tae prersnce of hydrozen.

u poon conteining some strongly
heﬁteo cupric 0 oI hydrogen, Ooserve and record

any resulting

COHCLISIONS
1. Discuss the gignificance of the thistle tube in the gas generator.

R+ What ig the source of hyCrogen in this exverinent? Write an
equation for the recction.

3. Ligt the chenical and Physical propsviies o hydrogen that you
verified in this experiment. Tnelude balaneced eraui 16 whe:e appropriate.
What propertiss were Jou waable to ohssrve or verify? Why? Discuss.

1 the diffasrences that you observed in the hurning
Tirst two testa.

CJMGLUI" e
en durin: b

L. Collect o e of Lydrogen ond pour it into a sscond tube
containing air. aie bz done? “ect ¢ second tube for hydrogen

PR

[ e B L
-t 1 SO —'—"—\mt e Forriaafas e AT OC AR o l
O de zEure tha Lle Lirtingiler 1S guccees J‘L

2+ Collect tubes in whieh hydro- Sy Vhy, 1/3, 1/2 =nd 2/3
of the tube. Enbty the water out = sxplosive properties of each
hydrogen-air mixture, Caleulate the ture of air and hydrozen
from the standnoint of the oxyzen conc in the air. IXow doeg this

compare with your experimental obgerv.
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3e Devise a metiol for the racovery of the goconl product lorimed by
toe reaction hetween zine =nad sulfuric acld, OT:”n*é“ yoa" wrocedure in
a flow sheet, Then fteszt it. Whean the »nroduct has been isolated in a dry
state, deccribe some of its phyesicel oropertiss. Would It be correct to
state that zinc dissolves in the acid? (i.e. 'mdorgoes a phyeical change)

be Wy would a comperigon of the speed of gettiny hydrogen 1) from
cold conczatrated hydrochloric acid and magnesium ribbon aand ”) from warm
dilute sulfuric acid and moesy zine not be sclentific? Ligt five wvariable
factors that would alfect the soeed of getting h, drogens Set up controls
80 you could kaow how sach condition (fretor) afiects thae speed of getting
hydrogens

5 Invegtigate the affeet of adding copper suliate solution to a
bydro”e‘ generator. i 587 zinc ig most o”Leﬁ pLE instead of zinc strips
", ‘

o
o
to attain fasgler generat the greaer Surface of the mnossy
zine isg said to accouab r the rc‘DCﬂ speed, But there may be another
faector involved also. P@lﬂEOU wou can 1denti?v this other wgouor by
controlling the surface area of the zinc. To each of two test tubes add
equal rumounts of acid (dil) ani equal sized string of zires 4dd a small
amount 6f comper gulfate golution to only one of the tubeg. Clan jou

1,

jdentify the factor thet you study here?
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In your lga retory notobool, wecord the number of the box ansigned
to you. 3efore iu ]E,Lang the box %m a gleen procedure or manisulation, re-
cord in your table bthe marticulsr cusntion you veat Lo ack ond a dazeription
of the manisulation Lﬁnu o plan to vie to obtzin the sasvers When cach

procecure hau heen comple t iy record the corregponding obmorvationc. Tor
each sten of the investise whoa arecent s arswpbion or toutalbive com

ClLu_OD [
COUCLTE:

le Uveluate ench a’“WhluiﬁQ a5 tcmt.tﬁv“ cozc“w‘Ion el you ave
made by cuecking whot ep it 1o & ;ﬂr data aad c@ncTuilonﬂa
Discard any Lneonuloteat couc»uunoar, Enat ic, S oue 1 ieh doatt awroe with
the other conclutions. faport the reiaction of any tenu vhive eazo,,u.om
by a written divcusslion.

<s  Dzgoribe in writiar o medel wiich iu con- Lutent vlth all obuenvae
tlone and which dees not contradict any of Jour cou:ietant @oﬂ&Ju j@ﬂbo lfi=
clude a sheteh of thls mocdel in your notelioolk,

3+ Discups the lamitetion. of puch indiveat obromablens, Whet. pro=
tles of the object could not ho oybar nerd by this nrossdure?

be Sugzest other ma wnula LiOW“ or mroceduroes waleh minhi ‘nv@nl
acd ltional data on the object in tho hox, Itwt,a<diu lonal dita would you
380L to obtain? Wiel geientific ingSrnonts dgiht be ugod to ehbain
tﬂl information(uwitihout oponing the combainom).

LLTENSTONS «
Al your ingtructor for aaotier Mlack hox which now containg
nore than oze unkmoun objoet, follow the sanse nroced:wen o arrive gt a
lozical modsl of the unltown,
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DI LT Lm0

1 e

to lavestigave the purificetion of waton by diptillations

Lmpure wator may contein dissolved matter that ig in solution and
wdicsolved matter that is held in gucpengion becuiuse the particles are too
gmall to settle outs River vater, for example, ill contain both dizgolved
solids such mineral salts from wgoil ~ud rock heside disgolved licuids from
sewase, and suspended metter such an clay. Sugpended solids are alway: re-
moved fron vator to make it notables Disrolvod #alts, and liquid may need
to be removed if they interfere with certein industrial wrocesses or with
chenical reactionss

PaB-TAROIATOLY PIARIRATION:

Diagram & on this page shows o simole inverted WIS gluss tube, called
an eir-cooled condenser. Diazram B shows a Liebig (vater-cooled) condenser
vhich ig the more efficient of the 1two. Study the details of both set-ups
80 you can use whichever omeis availahle. If the airecooled condenser is
used, note its advantazess Also think through the mercon. Tor the variticular
nose connection arraniemcnts,

Chemists usually need to refer to seientific liderature such ag a
caenisgtiry handbook to £ill in their vackgrounds before attemnting to carry
out an experiment in the laboratorys In your experinent, you will be given
either a gnlfate or chloride solt to use ar the moluble gsolid impurity and
ammoniwa hydroxide 2s a volatile liguid impurity. 3efors jou can check the
effectiveness of the removsl of the imourities, you will be wegrired to £ill
in your own backzround. By relerring o your text or other reference, learn
how to carry out a test for (a) rulfate walts, (b) chloride calte, 2ad (c)
amoniuwn hydroxiie (» -olubion of ammonia gas in water)s. Record this in-
formation in your laoratory notebooks \

AY

14

G
tooted




J£30RLTORY PRUCEDLURES :
1o Bet up the ietilling apnaratus,

Ze ce about 30 ml of "imoure' woter by adding about 2 g g of sodium
sulfa e 01 godium chloride (roluble solic impurity)s. Stir the ftuﬂe until
5

the salt has dissolved,

tont tube of the 4
de ¥

Dron inbto the ilawmk one or two boiling s

pic of marble or cloy nlate) 4o ensure azain:et uneven 30111ng or "bumping®
Begin heating. Teet the sample of "lmpure" water for sulfote or chloride
alb whichever was agsigneds Record vour obzervations and zet this tube

be

e uszd 48 a control.

4o Collect a
test for the Dre
is negative,

n s.ual volume of the distill:te in a clean test tube., Again
sence of the goluble salte “epeat the process until the test

rovre! yater and Dlace the remainder
4o
[

5. Repeat the procedure afop adding a dron of amonium hydroxide (volatile
impurity) ”1m3ufe sannlelts  Obtain e nm*lc to be used ac a control. Again

collect as many tubes (he¢l clezned) of distillate z2g required to complonolj
ronovq the volatile njusltye If nore than one tube is necessary, be sure

to keep the tubes in order. Tegt each sample of distillote for tae presence
of the volatile 1mbvr3tje Hote c*"e'ullj any indication of ¢ifferent amounts
of volatile 1npurﬁtv n the anoles, ag shown by depth of colors In how
many samples of digtillete did the volatile material show up? Which sample
gave evicence of containing the srsetest amount of volatile duurity?

L e

JLISI0NS
1. VWhat type(s) of Lpurity ere completely removed by simple cistillation

2e ¥hy would you not collsct a beakerful of distillate and divide it into
equal samnles for te SL*ﬂ“ rather than the wrocedure that you followed? Vhen
would it be acceptable to collect all the distillate 4n a beaker? What name
is given to cach samsle collected? What hame ig ~iven to this type of dige
tillation.

Je Vhy must cold water flow ‘nto the lover end of the condenser?
SXTENSTCHE ¢
L. Record the obe rvations of what hanpens an the “istillation anparatus
condsnger cools and explain why this lappened, Uhet meciures can you take
to nrevent this?

2. In the experiment vou were zsked to arrive at a gener:
after making only a single triel, ¥or a conclusion to
b«sad on the resulie of a lar: k of tri ls° 1ou coul

a 3 L
. cedure and try reproducing your own resul
our water sannle, AﬂOLﬂer examole of

cid (hydrogen chlerideas “n water solution).

te the distillation of a compound which decompores vhen the
—7 .

(]




Experiment 14

SEPARATION OF A iJIXTURE INTO ITS COMPCNENTS

PROZLEM:  to semarate a mivburs into its cowpenents (uzing 2 metiod of rour
oun design,)

A mixture is a smnple of matter in which nure substance, elements and/or
compounds, are simply intarmingled in any nroportion. The inzredients which
make up a mixture are referred “o ag its comprnentg.

The mechanical or physical, method ured for seprraving the compenents
of a mixutre or for purifying e substance denends meinly upon the physical
states of the componsntse Two or rowe ¢olids intermingled may be cenrated
because of differonce in physical wropertics such ae suseentibility to mag-
netic atiraction, solubility, and in some cases particle size. A soligd
mized with a licuid but not dissolved in it ney be geparated from the licuid
by decantation or by filtration, A eolid dissolved in a licuid nay be re-

B L]

covered by evavorating off the licuid and, if it be necessary to recover the
liquid; by distillation,

PRE=TABCRATORY PPEPARATION:

Tour instructor will ascign you one of the following mixbures:

Hixture ;i 1 - godium chlorids, sulfur and sand

2 = godium chloride, napthalene and sand

3 - manganese dioxide, sodiun chloride and sulfur

4 = Dobresium nitrate, sulfur and charcoal {az in black gunpowder)
by referring to your text or other source, investigate the solubility of
each corponent in the mirture assigned to you. Is it soluble or insoluble?
If it is soluble, which is the bost solvent to use? If the solvent is
vater, wvould it bhe of any advantasze o use hot water? Record thigs informa-
tion in your laboretory notehoolk.

Devise a method to separate the dry components from the mixture, Illuge
trate the sepzration scheme by meang of a flow cheet. Since some of the
solvents may be danzerous, investigate the precautions to be taken and in-
dicate these on the flow sheot.

LABORATORY. PROCEDURES @ (Testing your method)

vhe solvents. The separa-
tion will involve filtration, (centrifuzing if available) and evaporation.
Remembor that eeparation is not complete unless the components are ary.

At the complotion of the sevnwretion do ot discard the componenis until the

instructor hes checked them,

Remove ons component at a “ime uging one of
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CONCLUSIONS «

Svaluate your method of 8ePa1ation.
metood if you were %o do the experinent a

EXTENSTONS ¢

fugzest ways of inproving the
Z8ine

Study the physical properties of five "walmown™ substances assigned
to you by testiny small sémples vith a magnet aud different solvents
Record thege broperties for each sibstance.

da

L]
You will then be ziven a 0ix-
ture containing three of the orizinal substances. Separate the component

ponents.,
Record your nrocedure. '
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Luperiment 15

GG A SOT/BLTILY CUAVE ~ 70kil RESEARCH

FROBLEN: to dotermine the effect of venpu
salts in vater,

THTRODUCT 0N 3

In this experiment you will Lind the golubility or & u;

differzat temper tures, Thic is done by obtaining a weihed solution satue
rated at a ziven tempuraturo and evaporzting it to ofynanr The solubility
in grams per 100 g of water cin be ecaleulated adter welsghing the residuee

From the results you will then congtruet a gravh callad o Moluoillty curve,

This is a group exp: flment. Bovaral etudents in the elags may be find-
ing the velue at one ziven nma*%*cu:,, Others are Joing the reme experi~
ment but at different tompsraturces The sumnary of the experiment will be
develoned from the rec chw of the eatire cl:sﬁ. Therefore this will be a
further examnle of scientific teamwork in actione

PRE-LAPCRATORY PREPARATICN:

le Revieu the >chniques r.q ired in this cxperinent: .

R Or.einize a ”low vheot o represent the nrocedure that you will follow.

3e Prepare a dota teble for the recording of y-ur own data and the calw
culation of ths eoWuble*y of the malt 2t one given temperature. Also
prepzre a table for simmarizing the group data.

Lo et up the awes for the granhi

LABORATORY PROCEDURES ;

Your instructor will prepare about 500 ml of coturated solubion of a
salt gsuch az potassiun « 1chrom3 2 Thiz ie done by bringing 500 ml of water
to 2 boil and adding euough calt vith congtant ctirring to leave excess
crystals on the bOthH of the container. FHe will then cool the : saturated
solution by immersinz the conteiner in the cold vater until the uemperavure
is about 8009C, The container will then be removed from ths water and gtirred
vigorously to equalize the temperature in the colution. The tenperature

will be recorded.

£ small jroup of suvfenJ (1/6 of “he claig) will then have eaoat 10 ml
of tie zolution at the recorded temzersture poured into their wewrhnevapor—
ating dishe. Be gsure Lhe eveporating dich is clean and dried before weighing

so that it will not chonge vwelizht vhen it i hea ated,

The solution is cooled by the ingt “Lc°or by 10°C stenze Students in
cmall zroups vil%r%? nl portions of the 71u“oa 2T each temmorature level,
Pe]

[ =]
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Prepare a wmioam bath lumediately, by £illing y-ur heakep thiree=quirters
full with water ond beglin heating, Oan you think of & mos od wiich will
save tlme in this uton?

Welgh the eunty ovanorating (doh, Welzh the dich containing 2PPLOHLm
mately 10 nl of solution, Then ovoporate the golution to drynece over the
steam bath, The Tinal traces of watup nay be womoved by slacing the dish
on a wire gouse over a pmall burner £larics Procoed vith caution in this
step to avoid ovirheating vihieh bRy caure gpatioring or even docomposition
of the salts Cool and velgh the dich conteing the rosidue,

Your data “ablo ahould be or-anized in such 4 manner that from the dote
obtained exporimentaly, vou ccn deteornine “he welizht of the dry salt and
the welght of the water in the solution by two gubtractions directly fron
the table. Once nowin: the velght of water and the weight of the dry selt
you c?n caleulate the golubility (the nusber of “rams of salt /100 g of
water).

The class recults will be vogbed on the boerd. Record in tahuler form,
all the molubilities at sach given Gemparature, Plot the clesg results
using the values for temperaturs on the aorizontal axils and solubility in
grams per grons of water on the verticsl amis. The curve ney be obtained
by f£irst avaraging the group recults at each “iven tempercture. 4 gecond
method would be to plot all the values and then aporoximating the aver:ge
by drawing the curve betwecn all theee points. Ie it permizeible to Cice
card or ignore any of these valuss by either method? Your instructor may
assign either met od,

CHCLUSTONS ¢

l. By examination of the data and the zresh, arrive at a conclugion. Can
you assume that the zame <ort of a grash iz typical of ths solubility of all
salts in water?

2. Discuzsion of mossible error:
Indicate Lov each of the following affeuts your caleulated colubim-
lity (+, -, 0). Your instructor will assign certain parts for discussion.
a) The volume of the solution used was 12 nl instead of 10 ml,
b) The saturated colution crystallised once it wa- woured into the digh.
cg Some of the rouidue spattered during the complotion of evanoration.
d) A drop of the solition woe pill=d vhen being corriad to the desk.
c) The eveporating dich wos not completely dry hefore ihs initial velighing,
f; The residue contained wes not completely dry hefore the final welghing.
g) The instructor read the temperature of paturated colution but you were
the last person in the group to reccive a

gmanle.

EXTENS TONS -
i
le Checking the accurccy of your solubility curve. By inspecting your
graph predici the solubility of the sall for temperatur e that you 8id not
use. Record thig prediction. Obtain a gaturated solution of the salt at




&4

that temperature and find the colubi Litye. Recowrd the golubility end compare
it to the value obtained from your gra h. Comment on the scevracys (Come
pare your results to your nrediction).

e If the salt you uved in the crperiment chould be hydrate, what dife-
ference in the method, if any, wonld you use? Would you expsct any differ-
ence in the recults?

3. Did your salt aboorb or give off energy vhen it dissolved? How can
you tell. Can the tyre of eonersg gy change be uced to predict the shape of
the solubility curve? Inve wtlJabGB

Sxperinent 16

ING A SCLUBILITY CURVE - AN TNDIVIDUAL INVEST TICLETOL

PROBTIH:  to investigate the grlubility of an valiown salte
INTRODUC IO 2
The solubility of a colid in a certain solvens can be gpecified by ziving
the weight of the go 11&"chh, when cigsolved in 100 g of Oleﬂt, nokes a

v

the solid studied in thi zoeriment beconmss more solthle in water as the
temperature increases, Insuead of measuring the wOlUDllLty at a pgiven temp-
erature, you will neasure che tempe <tures at which solutions of ltiown compd-
ogitions become saturated., You can uben olot a curve of solubility aos a
funetion of tempe erature, and read on it the colubllity of any temperature

in vhich you are interested.

saturated solution. iﬂo woluovl tr, of courge, depends on the tempera tures

Py ;-L:\.EO s i DY PREPARATTON:

1. Organize a data table and the aves for your granh after reviewing R=7,

e Calculaue the solubility for the rir
use exactly 7.0 g of solid,

CA‘

tricl, ascuming that you will

PROCEDURB. |-

Le On tared paper, weigh accurately ahout 7 g of unknovm solids Transfer
the zolid to a large test tubes Climp the tube vertically to a lab stand.

2e Pipette 5 ml of vater into tbe tube. Warm to disgolve. If the salt
doesntt dissolve add more water, 1 nl at a ulmo, keeping careful record of
how much wag edded. The warming may be done by annlying heat to the tube
which iz adjusted at an angle, or by the use of a wvater bath when the tube
ic held vertically.

2. Once thz solid h*w
the solution to cool, us
the temperature ot Uthh 1

test tuve vertically. Allow
i & stirring rod. No'e carefully
sign of crystallization was obegarved.




o

A LSRN §
Aepeat the

PRCCESSTHG THE DATA:

1. The w01'nt of
ev.ry temper:!
».JC

]

o

ordiale
cach tempirotures.

2» Convert the datz to & uge

£ & function of tempor:iure,.
CONCLUZIOH s

1. By examination of the grazh,
that the samo sort of & grash i t
water?

2
indicated by your solubility curve?

3e Digcuseion of Zrrors:
I your thernometer
in calculating the solubility of

RN

above nrocedure with

the vater (assume “he dengit

sanle form by »lotting

Whot is the solubility of y-ur unkoown gol

reading is

85
L Dour wore 5 ml dilutions.

Jty of wat

er iz 1400 g/ul for
involved) and tempsrature of initiol ers
eco;ded Zor each - Ca lculu,w the colubility (2

atallization should
100 g water) for

the curve of

(4

solubility

grylve

at a concliigione
~aical

Can y-u assume
of the solubility

LA
of all salte in

id at 50°C and at 30°C ag

too high

(potitive error), your error
the unknown wou
you had failed to notice the initial a
waived uatil a lerze fraction of the zolute

1d have been (+, «,

or O) .

appearance of C“Vfbal and had
had precipitated, your error in
the solubility would heve bzen (+, =, or 0),
EXTENSIONS ¢
Prepare a

rolubility
Zvaluate the methods and Cecide woich i

curve for the ~a

ame salt by two

alifersnt net
18 more accurae

hody
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Al CILIBTTOATION

2031 1, to devise and test a method for detecting vhather ¢ cryrialline
compound har wator chonleally or yoleally hound to ite

INTRODUCT IO 5

. . 7 . ‘s
Water 1o joined to crywhalline fubctoncen in tuo gqenoral veyne VWater
may be chenically bonded to n compouncs  Compounde of thin type are colled

bidrates, and thoy 2re geid %o contain water of hydration., Gently heating
& compound containing.uator of hylration o enotigh to froe the compound of
it vater., Water mey alto he piyuieally or mechinically held by & crycta-
1line comvound, When hesting +iiy troe of eryotalline subriince, it ic said
to decrenitate. Compouncs thit conta’n no vaber are sald to be anhydrous.

PRi=LL3COATORY PR

Pl L TTO s

Before the laboratory period, pnder ovor the mroblem and in your lab

notebook suzgert a method of detecting whethor a conpound hoo water chemically

or physically bound to its Dereribe the method to he used and obgervations
you expect to meke. Also include a theoreiical digcusnion of why vou would
expect those oburcrvationze Your imstructor will initial your hypoth:ucis at
the beginainy of the leboratory periode Llzo prepare a table for the re-
cording of your obcervations on & palts during the experiment.

L4 ORATORY POCEDURES ¢

A Tecting your himothenis
You will firet tect & few ansll erystals of cupric culfate, a compound
xnown to hold itg water chemically, and heat “henm cently in a clean, dry
test tube, held in a horizontal nogition. lilke careful obe:rvations of the

compound anc the tent tube during this procedure. Hepeat thils nrocedure with
J.
(2

godiun chloride, a compounc. kiown to have its woter physically bound,

v

avasd or cegting to gee if H.0 is
chemically or physically bound, by the clasc ac a sroups Use a clean ary-
test tubs For each calts Record o puurery of “he sroup obzervaitions in your

table.

Several other compoun:s will be Cor tegtd

COICLUSTONS ¢

On the bagis of the results obtained, evaluate your hyvwothesin. In
your discussion include sunnerz of whit you found to be zccurae. Also
include the informetion vhichlesraed from th t and which ghould

be included in your hypothecis to mal




drperinent 18

PROBL=M:  to investigate 1. the “chovier of call: npon crporure 1o the atnoge

phere,
2o The concept of water of hydration in crystal
fornation.
LIT CPUCTI0H:

& L.

3

Compounds viich abnorh moistu e from the iy aze woid to be Jygrosconics
he compouns absoris enough water Lo becone vigibly wet ( 2nd -ometimes
iscolve itzelf) or to hecome a ayérose, it ic soid to be deliqueccent,
ompounce wilch lo.e their water of hydration upon exposure to the atmnosp~

5

2

Q

here are called efflovercent. Thero compounds zulesce their water of hy-
Cration without the zddition of heat,

PRE~TAZCRATORY PREPARATIOCN:

1. Set-up 2 table for the recording of observetions during procodure A,
e Orzanize a flow chest for Procedure B.

LADORATORY PROCUDURES s

Ae Demonstration Your instruchior will =t up two demonstrations es diaw
gramed below. sach Yexporimentel" tube was prenared a few day: before the
ne

2
laboratory periode It will be carcfully compared %o the "control! tube
4ho

&
which wvasz prepersd immediztely preceding the lah watory period. Record the
differences obssrved in “he arpearance of thne palis in your tahle,

5‘ v el 5
I 1 . \
aunhy dyousg \ i ) ‘\50&uw1aquﬁa
copper zuttate socheim zulfafe (hydrated )
Chydvated)

B. Using a paper trough, place "hypo' (zodium thisulfate) crystals in
a clean dry test tube to a devth of 2bout 5 om. Add 5> drops of water to the
tube, noting any temperatu e change with a therrometer., Warm the tube
gently over the flons until only = clear solution remains. Cool “he tubs
without azitation in a strzean of cold vater fron the tan until it ig anD=-
roximately at room temperature. Rince off a thernometer with water and touch
it to a crystal of "hypoi. (This is koown as seccing a solution; the erystal
of Whyno" is a szed crystal.) ILeave the thermomster in the test tube. Re-
cord all obgservetions on the temperature change and andearance in the appro-
priate nlece in the flow -hest.

CUTOLUSIONS ¢

&s Claggify the salis inveriigated as efflorescent, delicuescent, or
neither. Defepdrour clegoifications,
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Be 1) Tden ntify the type of solvitlon remaining in the tezt tube alter
a) the 5olutlon vae cooled, h) the cryetallizetion tool place.

) Account for the solubility of the Thypo' eryatols in such a small

volume of water,

Account for the temperature chanze during solution and crynstalli-

.'ClONle_

138

LEN;
R—

EXTENS TCiiS ¢

ior of calecium chloride

Make a quantitative investizetion of the bohavi
upon exposure to the otmos. phere. Flace 3 grems of anhydrous caleciun chlo-
5 <t
o)

cium chleoride to the at-
riodiczlly, 4 larwe num~
zht values Zfor »nlot -

ride on & watch glass an:z weigh. ‘:vo'e T cal
mosphere and check and record uhe walzht uh€nge D6
ber of valu:s ere desireablc. Uhuag tine and uedr
points and drew the zraph., Draw a coaclusion ILOL gour zraph and alucuﬁu

o v
whether this information ir of any proctical value,

Lq @

s




sxperdmnent 19

hK lM‘R LF HYDE QAJ’L.\”N

e o - w

of water of hydration in cryotelline

The percentage of water of hfrret¢01 (o“”rtli_Jzﬂtwoa) may be
deternined ia the lcworotory by heating hydreted cryrtals of a selt and
cr1v1n5 o*{t vater of hy dr?ulon. Ln accurate DCCOLHClﬂg of ths weig
before buatlnd ancd after he‘tlnﬁ will give the necessary data to nalee
this calculation. Complete ﬂeﬂVﬁrmtlon ‘plus accuracy in weis

faectors wpon which the suceszs of +hi & exneriment devends.

& major feature of any quantitative work uwndert: ken by & ¢
is the need for two or more =ets of recults in which the quantit
¢ata are in clore agreement. If +ime vermits, two trials should be
mades The results of each trial should be within 17 of each others This
cloze agreement among sensrate sots of ver nlte ars a hasic requirement
vienever definite conclucions are +o be drawn.

H

¢¢mp[A3dQMF”“” PLsZARATION

Weigh a clean, dry eva worating dish and record ite wei ghte Add
about 5 g of "unknownt nyorbtod crystals. (if the crystals are not fins,
the mortar and pestle should be used., ) to the evaporating dich Wsigh

the dish and its contents. Record the weisz ght,

disl on a wire zsuze wiich ie supnorted by a
ring cla ctond, Earm the contents “lovly with a low Flame. The
temne come to zlizhitly over 100°C. “tir t?e contents carefully,
Avold zpilling any of the contents or cousing 2 logs in teight in any other
way. The hydrates may stick He CLlff*-; roJ HD517 1t becomes warm,
Avoid heating it to such & ibion takeg place,

After no nora c£ f&tln‘ cigh
izh it, T “bout 5
o8 before G . uare is no
al losc in wei L, : 1d to be gonstant. You can
ot all the weth v of eryst has Meen driven ofl. TP there

iz an acditionzl loss in UCl;th repest o oo untll two suceeseive

1

welgrings are the came. 2ecord toe finel
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COrICLUSTIO

H®

) [V TP Yoy o JUR o
De  Ubtain the ide
1 LY. oy e
the treoreti

Four
s he of

v your dastructors Caleculate
nnd then deternine vour

C.
of tie followins sy or conditions aflect

your caleulated anwwer, ( +, -, or 0 ),

a) The hydra
) Some of t

heating.

ted salt was efflorsccent.
he contents of tis evaporating dish poilled during

(SR

.

Tpe Gva ﬁorat'ﬂg disi vog not clean at tho stort.
e hot evaporating wer cllows” to cool an the nainted
éeu“ surface

)
)
e) The galt we
)
2)

0.0

@

The g2lt wan
co _QO"‘”“

Devige a nesthod for ,ﬂicrr;alnﬂ tha fcrmula oL & hvdrote ( the
aunber of water ,olﬁCQTn” that are ch icill ho !

from a gimilar exverinental jors occc”rea
would also need to be lmown. Terd and

& of a wnhﬂr“o"' cormound
rour “euﬂodo
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osrinent 21
REACTTONS BEIWEEN OXIDES AND WATER - TEA)

S e e L2 R e by

RESEARCH

[LRE A2

e

PROBLEM: 1) to Mducover which onides pesct witl water.
R) where ¢ veachion -log. accur, te dotormine wiat tyse of compound
Lo lormed,

Althoudh manr meblofy awe wnud by relontd, be, thoe Yolloving may be
coniidered to be the Tour b\”¢o Acb1v1t1o of wselenca:

1. to accumulate information throuzls careful observation.

Re to organize thic information s ant Lo reolk '\ttarnh or rezulsritiec dn it.

3+ 1o wonder why these regularitios oxlet and Joevico theorieg to explain
them.

chto ti, 'LAW"nﬂ' to other:.
you with amporisnce in the firct two of these

The oxides will be nixed with vater one at a time. The water will
be tezted with red and blue Litmus to see if an ~cid op bags Ly formed.
Obzervations will he mace on any other reactions 2n’ on the =xbunb of the
sodubility of the oxics. deguleriticr in your oaaucvutlona +111 be uought
by referring to the periodic tanle, the cetivity verier of meta g, obe.
The re ,Jlaf“u'ew in your concluzion will be de- elonad from tho rohultu
of the entire clasm. Fence ce, tnily wmsrisent will serve ar on arample
of selentific teamwor: in action.

e

L PiBPLRATION

spermvations durdng
r o the formula of +
fect on itmus, and a

13 eXperim-
oxide s
or

Prepare a table for “ha recorsing
ment. Thin toble should include colun
the pu\”lcal stete, the colubility, tho e
hose=forning.

t
I
¢

l—" @

LABORATCDY PROCKE DURES

1. Select an 0“" it a spatula talke o camnle of it the zize of
& ”ruln oi rice X F it i of @& wateh zlass. Dron water
from a ou have made a small puddle around the
ss*ple. re rod.

o
0
o

e PR SR SO ) A oy
GG WL 00T ch.,_.":efo

7 colow . e te
Jotice any chanss ;'* ta?es

Dac RIC N

undissolved solid rer 1 on th
plece in the oxic 2 “ocord it rTJo.

n P 3 4
ABRBAT Tile uewv Wiva




92

4o Obtoin hdnglu' of tre elemeats, woch about Lols tieg Lize of & groin
of rice. Place the elsmant into cloan dellag mL&AE Lpoon.  fgnite the
element by heating. eld the hur g Lamole dnoa ﬁ?r cnnth a*nu a I L
"Jc% lbvur of ates OJo“h the ton with @ COvar gla: ihon the burnmng
e in the Jor with the w*t Remove the rmoon.

ole of the colution on Motk TLypor of Llibour

U*lng a 3 34 :
puper.  lspoat thix dor the remaining slorenty,

rocoraed oa the ""‘;o&* 'i"c" by the

Do Loo o bho ﬂwuoﬁwm by omenarins g
Llee the omider under tires | hoadingo 33 AujO~LOPMAng
Jo Raaction with Water,

5. The groun dat.
instructor or ;
table which clapid
b) Bage-forming c

\./

QOHGLISTOIS
1. On the Periodic Table locite the elenent: whoio oxider formed

a paie with water. ALlno Tind the poudtion of the elements wioune oxlds: pe-

acted to »roduce an acid. 7The lon form of the Perindic Table chow.: groups

of metal;, aon~petals, inert -a; cr, transition hesvy metel: , rare earthe,
etc., Are the 2cic~rorning nlamoat claried in eay one groun? dre the

bace~forming clement: cla; "oi n any one group? Are those elementy viich

Produce no reaction clarrel in any one group? If o, identify the ZI0UP

Re In the Activity Series of e “lemeats, find the pogition of
thoce element: vloue oxider you terted., foe if you can ertadblirh a
pattern betwecn your results and the norition o; the elenent: in this lict.

3+ Reorganize your cata by writing in two columag (2) the
formlzr For the oxidesn wiich aid zive a ”fzctnon, and (b) thoue whieh did
not. After szehr forrml: w > dowa the correrpending heat of formation.

401 -

Can you ¢i_cover a o“uccrn asctween thers 'aluc: and your remuilta?

Jvr_tyllﬂ your conclu: fon iz matis "Ctory when
it enzbles you o vredict With po-- © the behavior of matter
whick wer not previoucly tested. On the bapgis 6F the conclurisng that
you cdrev, precict how an oxide s which you dicé anot previously ctudy, rhould
rzaet with water. Once you have recordesd rour i .ction in your
laborztory notebook, ovtzin a czimple of thot oxide zad test Jour nrediction.
feport your result. Does thic rerult ztrengthen or weaken your conclusiong?

A conclug
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[EIRTOATION OF B0 FELIONT SOLUTIOS

e -

unthown solutions Ly lavegtigating their
oy

In this ux0“41 eat you will be eivaen sanples of esch of Five
witnown solutions in numberad hest tubes (or in aroapar bottles). The

five tubes will contain solutions of five compounis whose characteristic
reactiong muve Meen previous Ly studied, Albnou“‘ Jou will bs given
gpecific nemse of thege subs anceg, the nanes will not be associated with
tie numbers ox the test tubes. Thc arovlem ig one of qualitative
*namyjiﬂ, voere you ares to ideatify each so luuﬂoa by name. Thig can be
done by miming 2 nortion of two of the sclutions and comparing the

(>}

.

in‘ observations to the characteris tic reactions of the solutions
of the five compounce.

The reageats must be limited to the contents of the five tubes. o
other chemicalg, no other re eagents, no heat and no additional amount of
any of the solutions are to be used. TYou must vork (as does the practicing
chenist at Liw.ec) with a limited set of materials and coafine your
thinking to the results obtained with them. This involves making a
caraeful record of all that is known about the materials,

PRA-TABORATONY FREPARATION:

e

L. Before renorting to the labora tory, comvlete the following table in
Laboratory hotooo““) using @ay source of information at your disposal.
te with a» ¥ vhere a precipitate will 20t form and write the color
initate that will for You ghould be able to indicate 2

2%e in eizht of the scuares.
] - Pb(NDO3)2 Neo 2 SOy KzCrOu Fe Clx AgnOa
AGNGy |

L FeCly | T
_l/\ 7.{.'.'(‘:"#
fw.,So,

’ Pt 03)2!

/

cecond table for the | il
] T table should bhe similsr in organi.
the nunbers 1 to 5 <4ould be gubstituted 7
rent solutions,

3
@
o
o
]
2
R
02
S

your leboratory
ation, sxcent that
las of the compound.
g4

3
1
: 1
N

11 JOQ need to
2 s solutions, using
arnans, you can ne Tirst tables and avoid




Ve

fe Walo five nunhored
of the five unlmown solut &
Carefully notec any renchions an- Irecord your

('l ;,;ﬂ) ‘tVC‘ at o tine
3 Als

Pleece o fuop on sne

cron ol the cocond solubion
T ..J. 53¢ \f’u..».am O J\‘zl’a\‘ t u,'V'" V\l
WL

ie on ths sane ;Lat COJb inue uatd l Fou hqvc tried
of solutions fron the five to be arldec, wocord all your

Lt

Comnare the obrervations of the rexctiong in the labhoratory
with the charccteristic recetion of the solutions which are rOCOf&,d
in your first table., Thig ; OVI»OV Jou wita enoush infora:tion to
identify by name ecch of the five °O7ub10n8o :

After hoving e the identify of tie solutione, re agent,
in writing, aa zccount of rou you accomplished this id@’bif;CabiOAé

o
Ll 91
(&)
g
o
]
.
o
o)
3

2ETEISTONS
Devige a e o your owa by using éiffsrent
507uti0h35 then leted reactions in the 1= } ,
cnarzeteristic : solutionz need not only involve precipi-
tationi Zeport your inventigation in 2 manner cinilar to the one in
this experinent,
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MOLECUIAR WEIGHT DETERMINATION (DUMAS METHOD)

PROBLAN:  to determine the roleoy var weloht of a condenmahle - TRPOT,

LITRODUCTION:

You know that 22.4 1itera of & gar at STP eontaing ons BT e
molecular weight of an gog, In bnAW sxzerdnent you ghall detoraine the
volute of a given weizht of a 2 gagy then you wlll c&lcul&ta e welght
of LRe4 liters of the gns at &TP, The resulting velue ip tie EPalim
molecular weight,

Thisg - rocedec cain also he foJlowed for a licuid that can be Con-

verted to a ga 4 snall volume of Liquld is ull.mcf1 in a flask, ”He
flaslk is then heated until all the air is expelled aad the Plamk £1illed

a
uitb vapor of the subctance being used, The flag sk de then cooler, chuaing
the vanor to conde eage, for.uag a licuid. The wei:ht of the liguid ie the
same 2s the welieht of the vanor that completely £illed the xlaak, at the
elevated tempsrature and barometrlc pressure in the lahorotory. You can

then calenlate from the zas lewe the volume of this ame welglt of vanor
at 8.7.P,

PRE-TABORATCY PREPARATION:

Design a table which will inelude 371 the esuenti
Orcanize the drta to obtain the veizht of the woight of

zich is ecual to the welzht of the quU¢d condenszed),

(‘»1 &
LABCRATQRY PROCEDURES :

Aluminem foil
witin pin hote

1. OCObtain a square : '
of aluninum foil (QOUPOX716L61V
1} inches SCLare) aad shape a cap for
your flaogh by lAyllT the foil on the
nouth and 40¢é ng dowa the sides.,
Ueing a 01n, pole a tiny hole in uﬂe
center of the c¢= S

2. Determine the welght of the
flask and cap to the nearest Ol Zs
Wrat else are you weizhing?

4

~

3. Acd about 3 ml of the un'moun
liquicd to the flask and replace the
can securely,

Clamp the flask in a
bath. Fill a 600 nl Oquc? wﬂt
50 that tie mawinmum flask g
covere ed with V°fef, H
Record the 310

water and o

pAcHe)
6]



9%

1

Cheerve the ansaratug cargfully to de bl
b ag witer with those of

completed. Do not confuse ! bubbles ia the
the natmown liguid in the xlmha.

ide wien svaporatio:
1100

Lo Alter the |

letely evaporated, renove
the flegk by meoy

o cool. After the

pel

tiguid ia the flaslk hogs
1w of the clamp awl nat 4t
e
\J

Tlocls hes ool i< Approxinetely roon teuperstiure, wine the flagk
drye  Zrenine the qu to mie sure there oy : drope on it.

5. Vieigh the flagh, can and condenped un'mows: liguid. What elee
are you weigh 117?

<

6. Deternine the internsl volune of the flagi., TPirst, £ill the
flask comnletely full of water and then meassure its volume by pourlnﬂ
the water out iato 2 lavge *raohateﬁ cylinder. Does tho nar king
"125 21" on the sk indicate tie exack volume, thus makiag it ua-
necezsary to neasure the vo”u.o of the flaslk?

7. Caleculote tie nolecular ved

of tie unlanown Vapor.

Lo State your emperimental value for e molecular weight of the

talmown.  How is the nolecular velzat of the unlknown qulld related

to that of its vapor?

<+ Discuasion of Dorginle errore. Indicate how sach of the following

factors would influ 2ice (+, -y Or O) ur deternined molecular weight,
(a) Instead of a foil cap, you use 5 stopper which absorbs come of

the van

(b) The COQCdlsed liguid containg substances ex’racted frop the
stooper.

(c) The temnerature of the flask doas doc reach that of the bhath.

(a) During tire cooling Jrocess; couwe of the vapor diffuses out of the
flash.

(e) The vanor does not &i igplace 21l of the air in the flask ot the

eleveted + wJJ“T“uUfeo
. (

0t obtained wonld
leo the weight of the air.

na flgez of &nowq xelg;t aqo voWuje wi

S av a ,-.'VJ.OWﬂ UGA‘;praT;U_l"e
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DETZRMINATION OF THE JOLIME OF 4 GAS PRODUCED BY 4 REICTION

JROBLEM: to make a quantitetive investigation of the reaction of a metal with
hydrochloric acid and to determine the volume of gas produced in the
reaction.

NTRODICTION:

First you will calculate tro volume of iy thet should be evolved
by a known weight of lg reacting with an scid under laboretory con-
ditions. Then you will determine experimentally the volume of Ho
actually evolved by this weight of Hge Fipally you will conpare the
theoretical and experimentel volumes.

RE~-L2BORATONY PREPARL TTON,
‘ L, Garefully review the ccllection and measurement of gases, T-17.

2. &Lfter studying the procedure, use a series of labelled diagrams to
illustrate the major steps that you will follow in conducting the
experiment, Indicate any special preceutions required,

3+ Organize an aporopriate data table.

\BOR£ 0¥ PROCEDTRES »

ﬁ L. Obtain a piece of Mg ribbon apvproximately 8 cnm long. Measure the
length of your ribbon carefully and record this to the nearest 0.05 om,
Your teacher will give you the weight of a meter of the ribbon, and  since
it is very uniform in thickness you can calculate the weight of magnesium
used.,

2. Fold the ribbon loosely so that it can be encased in a small spiral
cage made of copner wire. Leave about 5 cm of the wire to serve as a
handle. .

3. Set up a lab stend and utility clamp in position to hold a 100 ml
gas measuring tube which has been Titted with a on or two hole stopner,

4e Incline the gas measuring tube slightly from an upright position
and pour in about 10 ml of moderately concentroted HCL acid.

5« With the tube in the Seme position, slowly fill it with tap weter
poured from a beaker., While pouring, rinse any acid that may be on the
sides of the tube so that the top of the tube will contein very little
acid. Try to avoid stirring up the acid layer in the bottom of the tube.
Bubbles clinging to the sides of the tube can be dislodged by tapping
the tube gently.

., Holding the copoer handle, immediately insert the Mg metal about
3 cm cdown into the tube, Hook the copper wire over the edge of the tube
and clamp it there by inserting the rubber stooper. The tube should be
full with water up to the end of the stooper.



ATA_AND

7. Cover the hols(s) in the stopacr with vour finger and invert
tube into & %211 cylinder conteinirg water ab romm tempereture.  Clamp
the gas measuring tube in nlice. The acid, b2dlng mor:e denmse than weter,

will diffuse down throigh 1% and evenvially roact with the Vi

8. After the resction stops, wait for aho: minutes to allow the
tube to come to room tempera ture, Dislodge any bubbles clinging to the
sides of the tube. Raise or lover the tube until the lével of the
liguid inside the tube is the same as the level outside in the =all
cylinder. This -ermits yo1 to measure the volume of the geses. in the
tube at room pressure. Record the volume of the g&s to the nearest
0.05 mi,

oSl o
[l S

7. Record the tempersiure of +he water in the tell cylinder. After
consulting the barometpr, record the oressure in the laboratory.

10, Remove the gas meesuring tube from the cylinder and pour the
acid solution it contains down the sink. Rinse it with tap water,

CLLCTLATIONS 5

The data table should include the following:
~ the weight of the Mg ribbon per meter; the length of the Mg ribbon.
~ the experimental volume of Bp; the temperature of the water; the
barometric pressurec.

1. Find the weight of Mg that you used from the grams per meter relatiop-
ship and the length of the ribbon.

Ra Calculate the theoretical volume of hydrogen at room conditions.

3. Compare the theoretical and experimental volumes and calculate the
percent error.

SCUSSTON 0F TRRORS:

1. Discuss the effect (+53~,0) on the experimental volume of hydrogen
of each of the following errors:

a) Some air is allowed to enter the Gas measuring tube upon inversion,
b) Some hydrogen ges escanes.

c) Some Mg ribbon sticks to the side of the tube and doesn't react.

d) The volume of Hp is read when the water level in the tube is

' cbove that of the tall cylinder.

e) The measured volume of gas wos assumed to be hydrogen only,

2. Expanding on part (e) above, account for your large percent error in
this experiment, Would e correction factor apolied to your experimental
volume reduce this percent error? Calculate the experimental volume
of dry hydrogen, measurcd under laboratory conditions.

Pressure of Water Vanor (mm of Hg)

2C i 26 mm

20 17.5 2/, 22,4
21 1847 25 23.8
22 19.8 26 25,2

23 2101 27 269'7
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ANALYSTS OF AN UNKNOWN MIXTURE

POOBLEH: to caleul: bo the per cent by woizht of notacsiun cklorate in a
mizture of Hotarsiun calorftp 2ad notaseiun ehloride.,

Tdis exporinent provides aa erample of quantitative snalysic,
”igatimg the welzht relations obtained fwon aa equation for the

i ceulorate you eon aaaly the results to analyze
siun ehloride miyture,

i1

previously noted, potassium chlorats Ceconposes when
: All the o"'ﬂen ceg be driven off lecving votaesiun
cnlo rid Trerefore, vhen & turc of motaseiun clilorate and notasgiun

chlox 560 is heated, e wei ”nc 10 z ig due to the ox vzen released by
the potasesiua chlorate. Thig qnor"“"ion vermnits you to caleulate how
mueh potassium chlorate wag pregent in the orizinal nixturs,

EB T

R-TABCRATORY PREPARATION;

1. Prerare a flovw sheet which represeits tle nrocedures you will
follow.

2. Orgenize deta table o obtiing (a) the weight of +le unknown
pixture and (b) the weight of the xygen evolvad, ersctly Trom
the table,

3« Tllustr te the veizht relations of ootassium chlorate by setting
up a weizht-veizht problen.

L4BORATCRY PROCEDURES :

L. To a clean, dry myrex tube add a »sinch of manganese dioxide.
Weigh the test tube and its contents to the nearest 0.,0lg. Obtain
an unlnown nixture fron your iastructor; record its number in your
laooratoLJ nOLebooke Add ahout 3 g of the nmixture Lo the weizhed

tube containing Mangpnese 4iox tide, and weizl the %otal. ix tﬂe
contents oi the uube by tapping gentiy.

2¢ Clamp tlhe tube to a lad gtand at an a angle of 45°, leat gently
witix a2 flame to avoil the apearance of fumes emerzing from the tube.
When the g0lid melts increese the heating and heat as strongly ag
possible for a few ninutes. Allow Ll.e tube to cool and weigh the
tube plus the zroduct{s). Repeat the nrocess of heating, cooling
and weighing, until a congtant weishi ig attained.

m

3. Show the calewlstions of {a) the velght of »notassium chlorate
presont in the nlxture, and {b) the par ceul by weight of nota 1 asivn
chlorate in the un'mown ALTTUTE .

' 3

Lo Obtain a second deternination o7 repeating the vhole orocedure.
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GONCLUS ToNS ¢

e tie per ceat by weight of potasgiun chlorate in the unlmown

> error: Indicate hov eoch of “he folloving condi-
tions vould influenced your emmerimentol ner cent., ( +, =, or 0).
he oocﬂﬂﬂﬁvﬁ chloride vajnorized at a ndgh tenperatiure,
e wag not heated to constant veisht.
711nﬁ conponents of the nlxiure eld water necuanically.
ege dloxide was added to the miwture.

5

©

&)

Laleut,

8t tubs wag not dry at the start of the experiment.

TN TN e |
[OEERI
\/\_/\./\_zv

EXTENSTONS :

Devige a nethod
conmposition bv welght of
2 .,,.ul'Lc‘ vive ena lyr" S oDe

jou

"J"”O con "\O,‘”‘ -

's;;.its you to anply Jour ~~~1°
o (2]
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PREPARATION OF A SGLUBLE SALT

PROBLEM: to prepers a sanple of sodium chloride from oither a bicarbonzte or
'°boaate.

LITRODTUCTICN
in n2ny of the previous expoerinents, you were directed toward the

solution of the problen by clear-cut metiods, By now you have learned
encugh about cnew1sth 2:aC laboratery technigues to provare a goecilfied
apount of a jiven counpound vwith Tl ava’lable seulpnent. Tor reasons
of safety, ’owov*r, your UwoceFUMﬂ nest Tirst be approved by your ine
structor. You will prepars a writhe plan for a geries of laboralory
»rocedures to be used to Prepare a samnle of sodium chloridc.

o

Chlorides are the salts of hydrochloric acid., In thiz e experinent
you will trezt sodivn carboante (or oncwrbonaic) witn 2"&?00130:10 acid

in order to nrocuce so@:.r chloride, ¥ou will neagure the Odmﬂtlty of

sodium clloride obteined from the Imown velght of sodium carbonnte (or

oLca “honate) and compare this emerimontal value with the theoretical
value,

PRE-LABURATORY PREPARLTION:

1. Make a list of the apparatus and neteriale required for
iment.,

this exper-

Re Prepare a written slan for s ssrics of lahoratory proceiures to be
used to drejg“e the sample o: sodiun chloride, clamlleag tae guestions
raiesd in the outline and indic ating any rpecial precautions Lo He taken.

3 th

0y
s Saoow well-orzanized caleuletion of a) e volume of the acid
requireds b) the theoretical yield of sodiwum ch
4e A data table for recording vour vieighings

5 - : i

LABORATORY PROCEDJRES ~ Qutline.

L. Weigh an evavorsting dish accurctely on the balances Add 1 gram of
sodium carbonate (or bicarbonate) to the dish and reveirh.

2+ Using yous ~»1oul<—:'<:.3@ of concentrated Lydrochloric a acld, coleculate
the volume of the acid which is needsd %o react with your sample. Would
you advise adding an excess of the ac1J? Will this cause an errvor? IFow

about toc little Lydrochloric acid

3. Add tiwe ecid to the sa nple, Will tiere be e vicible reaciion? What
auses it? The la of loss of Az

2 aze  low can you
ﬂinimize T neans saould e used to add the acid? What
rate sioul acdition of z¢id? Fov can you be sure that all
the samnle hydrochloric 2¢id? If vou decide to gtir, a
SbTT“ﬂ“ rod lg I wvisable? Why not? Iou can you he gure when the

ed from the excess liguid without

Youw can you be sure that all

’ONS

;i ate the experimentel ang
sociuz chioride. Caleulate >
tihe « »QO£1m,nt state the “OJDL
improved to iacrease the yield o
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A DETERMINATION OF THE DENSITY OF OXYGEN

EEOBLEM: 1. to deternine the Genglty of oxygon experinent2lly under roon
conditlons,
R to inves stigote tle slgniilcance of differeat agvects of the
exnerinental procedures.

INTRODUGTTON

The weight of the oxygen Lo dete.nined from the lose in weight of
a solid UllCh, upon heuuaab, dv e8lds oxygen ag the only gzase The oxygzen
80 produced is uged to 4 Loplace waltor from a bottle inbo a beuker. The
volume of the oxyzen ig determined by measuring the volume of the Gige
nlaced wetar,

LABORATORY PROCEDURES -

’\

L. Wei 3;.‘ a

211 test tube contalning 15-20 2rams of lea ¢ dioxide. Be
certain that t‘w 1

"

ezl 3
tube is clean and dry at the steart of the exzerinent.

2. Use a 7 liter bottle (a liter QObtlu, 1f poseible), a 400 pml
beaker, a GlQC’ clbmo, necssgary gzlose tubing and stoppers to set up the
apperatus so tihant during the experinent t;e oxygen evolved on heating the
leuo clozice with forece voter from the Hotile into the he aker. To 3Lurt

the cxverlnn*t, should the bHottle hs ner rly empty, half-full or nearly:
full of water?

3. When heatinf tie lead dioxide move the Zunsen flame abouts Do not
concentrate the hect in one 5pot,.

4o Durinz the course of the experiment you will
(8 displace at least 300 nl of water.
racord the bemperaturs of tiae water and the barometric presgsure.

)
(c) reweigh the test tube and residue.
(@) nmeasure the volume oi the displaced water by weighing it, or
by usiag a zradvated o cylinder,
(e) caleulate t-e density of oxygen (g/al) at 1) room conditions,
and ii) at § 7 P,

PRE-TABORATORY PREPARATICN:

Design a teble ‘o include the followi iang cata: the weizht of the
test tube and leec dioxice, uwe weight of test tube and residue, the
volume of the oxyzen owo7vec, he tempersture of the OXyzen, barometric

[ the oxygzen. Organize the date table so that the

zht of the oxygen evolved may te facilitated,

X

c‘i‘

reaan A
IPeESUTe, Dregsu

3

(D(
ole]
(D )

-~

caleulation of +
To be a good experimenter it is dmportant to study the value of +he
different procedures coc “o anticipate any problenc befors they occur,
Before performing the e¥perinent, consider and answer the LOllOWlQ’ question
in your laboratory noteooox. '




Lo What ie your eptin

volune of the 4lovlaced vateyr if:

a) tic delivary tube iz not Filled vith water bafore henting?

b) the pressire of the gancs dlin the bobtlle ir not the same at the
peginaing end ot the end o the emveriment?

c) the bexker containing the collected water is removed at the
enc. of the heating neriod, but Beferc the test “ube hag cooled
to roon temperature? (Teac dioxide decomnoses at 290°C. )

ate of errcy (+, =, or 0) in nillitsrs ia the

LAl
sapsen it
1

“J .

) the pinch clanp iz not renoved hefore gtarting to hect the test
tube containing the lead dloxide?

h) the opening ol the delivery tube ip very larze?

. o>

A

Ie

tie onening of the delivery tube is vory smnll?
tie delivery tube is full of water and the teet tube is imperfectly
sealed into the stopper?

3o Is there any advantoze in collecting 300 ml instead of 100 ml of water?

4o With reierence to the diagren of +he aoparatus, with the delivery
tube 2lso £illed with water, the woler doss not inhon into the

beaker; if it does what corrective stens, i any, should you take?

GONCLUSIONS :

‘mentarl value For +F

20 S R alCS aie Yo N
FOur exnHer!

¥ of oxyzen at standard
From the resulte of tiis exnerinent, what volune would
oxygen ocecupy uvnder staadard coaditions?

a




{(+, 0,

=y

(O

D, 0
e N P N

g)

Riscusglon of 1t effect would eacl of the Ffactors
ox 0) have on Vool omyeen wador STl .?

You neglected to “":o into account tie vanor nronsure of the
WALED

Tae lead dioxide did not decompore completely.

Some oxyren lealed out of the tast tube.

The lead dioxide contained an inert iopurity such as san
The lead kioxide contained en iupurity such ag potassiun ehle
wiich alseé gave off oxvgen when heated.

Ihe test tube contained some drovlets of water bofore t.e
sxperinent began.

The receiver besler contained some watsr before the experinent
started.

N,

90

"104

(')
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AN EXTENDED INVESTIGATION = - A PROJECT

Jccu arovides an ov'o"tunAty for you to choose an area in
. ”ulCﬁ Le of egnueial intorect Lo Jouw aad then to perfori an
aauion of your oun deal_ w06 ArCae Ihie dnvestlzation should
be beyond tio gcons of thoe ey ents vndeh you have proviously done
from thie wannuwl. o wonld tvo performwnce of on oxbension o regarded
ag a )fOJ”OE v1Jw»« it Sed maRy UiV ored questlons which are invest-
igated in turn. This vor! ghonld allow you to oxhibit aoms originglity

LI

in apnlying the princeples of Lo ory vhieh vou have besen gtudying.

o

The choice of nrojects are limited only by the avall“ble
facilities and good Judgement, and the rectrictions are Lew,

Alt;ougn no set nrocedure mav he outTineﬂ a zoenoral method
of apnroach for the setting u» of an lnvestization is cuzzested,
&s You mar bes ablc to congarve time if you first chooge sone narrow
field of chemist ry which avoealrn Lo Joue. Once ths choice ig nade,

g0 to the library an® glin through all the information thet - Jou can
find in this field. If thie reading dmeﬂ'L fugsest @ good
investigation, you may be well advised o choose ano ther field

¥ O]

and etart abhiﬁ. The ideal tonic ie one in whzcl tire ctndent can
gein both in knowledse and anprecialion of c¢h girvletry. DBe careful
not to attempt inveatizations involving udeori g which are

beyond your canaeity o understand.

Be After your choice is nade, the project should he apohroved by vour
ingtructor.

hrecautions that rmust

Co Zn interest of zafety, theve are

1. Under no cireunstances should the areparation or handl Ling
of axplosive materials be atte eupted.

e .

2+ Avoid srojects requiring lerge amouats of Polsoncus substances
such ag chlorine.

S« Under no circumstances should a.y chenical worlk be done in
aayonels home,

rhce~@3. The result~

D.  An important mart
siould be gumrori
Your renort ahoqld
»receding the e 1
descrintion of ths wor- don

houlc be carefnlily recordsd a-
results should he carefully =v

It is hoped that rou find much inspiration and ¢ zaln further interegh
in seience as vou do a nroject.



AN EXTENDED INVESTIGATION OF A CANDIE

In your Ziret » inant you lsarned nsarvoolon of a

familiar OBJOCb usu lny -,v > ch ">ﬂﬁ~?f"t; B Y ;: 30 balore.

Pert cortain things
Toguzstions

o

Weie JRReE -1.111[3 ° A
usually ariss, y oh 24 dnvestigation coﬂlv @
gonetning ag Gi“?« the a candls, (This i- gfobou v the

only type of ﬁst 7 JLogﬁ@; thet i+ saie saov h to investisete at home

we 1AEh the 1 rmihaﬂ@n of your pavents)

The following ure nome quentlons w.ich nay gulde your duvestigations:

L1, Vhat ig the colorluss Liquid in the bowl at the vop of the bwming
condle? Porhape tois l4quid 1o Juet melied wax, or it may be another
liquid? What type of euprriment vould ) help you 4o decids whioh ig
corroct?

Zo What ave the products wroduged on burning? What tacts ocan you ume %o
identily them? Can you mocsure how nuch of sach product Lo Lormed on
burning of the czadlo,

3e Vhat ip the purpono of the wiek? 0f vhat ig it compoped? Can other
materials be epubptitutd to sorve ag the wick? If zo what do bheun
materiale hove 4in eommon?

4o Investigate the flame by ynthering ovidencs to angver the following

cuestions?

a) Vhy does the flame have o pertieular shape? Does Lt vary with
air currents?

b) Vhy de the Clemo blue at the bage, dovle dn the contor, and yellow
eleevhore?

¢) Wy ie the £lamo cugrnpui'uqd vhen ;ou blow on 1%?

d) What dose the dze of tho flame donend on? Will e candle with a o
lergor diameter produce o lov-er ilime? v

e) Can tho candlo burn with aon=luninons Llame? T

5¢ The bufning of a cundle invelves both chenleal and physical changes,
which a “CQOAO”1¢ d by onergy (heat) tranpfor. Can you measure
how ﬁuch MAT Y Wa g trnjgi@rod durdng those changes?

6s Are all candles nade only of wax? Can you nake a candlo vith another
gubstance? Lro ths sroduete or uufnﬁﬁﬂ the sane?
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APPEIDIX T

Table I

VAPOR PRESSURE OF WATER

Pressure Pressure Pressure

Temp (°C)  (mm Hg) Temp (°C) (mm Hg) Temp (°C) (mmHg )

0 458 18 15.5 27 26,7

10 2.21 19 16.5 23 28,3

11 9. 84 20 17.5 29 30.0

12 10.5 21 18,7 30 31,8

13 11.2 22 19.8 40 55.3
14 12,0 23 21.1 60 149
15 12.8 24 R2.4 80 355
16 13.6 25 23.8 100 760

17 14.5 26 R5.2
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SIGNIFTCANT FIGURES

Laboratory measurements usually reguire that you estimete the fraction
beyond the smallest division on the instrument. The accuracy of this estimsted
figure is doubtful. Tt is customary to retain one doubtful figure in the result
of any measurement. Mumbers which express the result of & megsurement such that
only the last disit is in doubt are called significant ficures,

The number o§ significant fizures used +- exnress a measured result
depends on how precisely the measuring instrument is calibrated,
What can be determinsd
by measurement, about the
length of line AR?  The
upper rule gives 4.5 cmg
the line is certainly
: s between 4 and 5 em and
o | anoears to be about six-
I tenths of the way from
. 4 to 5. The lower ruler
, gives 4.63 cms the line
. ; is certainly between 4.6
i : and 4.7. The first measurc-
" ment (4.6 cm) has two
| gignificant figures; the
' second measurement (4.63 on)

(93]
o

[y}

.

Do
[
Q

|
f i has three sigrificant
t figures. Because of the

nce in the two measuring instruments, there arc two ways of expressing
ength of the same line. Thesc represent different degrecs of precision,
The first measurement 4,6 cm, is precise to 1 part in 46 (approx. 2%). The sccond
4263 em, is orecise to 1 part in 463 (aporox 0,2%)

It is obvious that a meesurement can be no better than the measuring

instruments used to make it, It should be remembered slso that the last

significant figure is always uncertain in the number obtained from & measurc-

. ment.

v The following zuides are useful in determining when a number is significant,
1) A1l nonzero digits are significarts 127.34g contains five significant fiz

20 A11 zeros between two nonzero digits rre sionificant: 120.007 m containg
S1x significant figzures,

.

39 Unless specifically indicated by the context to he significant, all %Zeros
Lo the left of an understood decimal noint hut to the rirht of a nongero
digit are not silgnificant: 109,000 km conta ing three significant figures.

4) A11_zeros to the left
~

of an expresced decimal 20int and to the rizht of a
nonzero dizit are si £ an

nificants 109,000, km containg six significent figures.

5) £11 zeros to tho right of a decimel point hub o the Teft of a nonzero
dizit are not siznificent: 0.00476 ke contains three significant fiszures.
S 1) >

O, All zeros to the right of 2 decimal noint and to the risht of a NONZero
-~ digit are siznificant: 0. 04060 cm and 30. 00 mg contain four significant

figures,
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Exercise: How many significont figurcs does sach ~f the foellowing measurements
LEGICLse ‘
conbain?

e) 127.50 knm e) 670 mg

b) 1200 m £) 0,0730 g
¢) 90027.00 cc g) 43.050 1
d) 0,0053 g h) 300900 kg

Rounding off Results of a Calculation:

Correct use of significant fizurcs mekes it possible to give as much
information as is available or desirable ebout a measurement ard no misinfaom-
ation. Chemistry students generally carry out their calculabions to an
excessive number of decimal places. Such calculations arc mislcading because
they create an erroncous impression of wrecision.

Suppose you wish to determine the volume of a block of netal. Your
mesguring instrument is & meter stick having 1 mm divisions. You £ind the
sides to be 3.54 emy, 4o85 cm, and 5:42 cm, estimating the last figure in
ecch case. The areca of one suriace is

3654 cm x 4.85 em = 17,1690 om?
Recognizing that the product of anything multiplied by a doubtful Tigure is
1so doubtful, and that only one such figure may be carried, the result
8 rounded off to 17.2 cml. Tt should be obvious that the former degree
of accuracy, ten-thousandths of a squore centimeter could not be obtained with
a meter stick graduated in tenths of & centimetor.

a
1

Multiplication and Divisione Three noints previously discussed should be
remembered in these operations:
1) The rightmost significant figure in a messurenen
2) The product of any number multipli

also uncertain,
3) Only one doubtful dizit is reteined in the result,
Therefore, the product or quotient is accurste to the number of sigrificant
figures contained in the least accurate factor,

is of doubtful accurecy.
o q o

b
ed by a digit of douhtful accuracy is

Addition and Subtraction: The rumber resulting from an addition or subtraction
an have no significant figures to the right of the last significant Pigure
of any number involved in the oneration: 29.86

* 30579 ¢

32.9179 2 correct sum = 32.92¢

Ixercise
1. Perform the indicated operotions and express the result in the vroner
number of significant figurcss

a) 8.,2365 + 98,62 - 05062

c) 24 x 12.5
b) 5.146875 + 0.0236 - 30547 d) 52 x 0.16 & 1537

2. Show how significant figures are important in calculating the density
o liguid from the following data:
Weight of container 7T 102.6 ¢
Weight of contoiner + liquid 126,598 g
Volune of liquid 30.00 m1





