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This course of study has been developed for two major purposes:
First, to organize a functional course in chemistry
thst meets the needs, interests, and caoacities of students.
Second, to be used as a uide, either in part or as a whole, for
a course of study for Oregon secondary schools.
Great emphasis is placed on the fact thtt adolescents learn
easier and with tnore thorourness when chemistry is taucit by the
association of iceas from actual experience. This study recognizes the student as an iniividual, deals with his problems and
issues of practical interest, and is so arranAed as to help him
grow jn his powers of reflectIve thinkin.
The course of study is set up on
Unit basis with each unit
built around one or more major chemical principles.
The first
seven units are concerned with the basic fundamentals that pupils
nee5 in or:er to understand and apply their chemical knowledge to
the world in which they live.
The remainder of the course consists of a series of indendent investigations and research conducted by the pupils. The
methods employed in conducting this porLion of the course are:
the use of committees, individual projects, small group projects,
reports, and student leadership. These methods tend to encourage
the development of cooperativeness, self-assurance, intelligent
self-direction, an3 wider personal interests.
Each unit consists of the following:
1.
Suggestions to teachers.
2.
Objectives of the unit.
Suggested aporoach.
3.
Unjt analysis.
4.
Laboratory suggestions.
5.
6.
Evaluatlon of the unit.
Materials
for the uuit.
7.
The unit
content is in
corresponding
for a teacher

analysis is wren in such a manner that the sWjt
the left hand column and imrnediately opposite is the
suggested activity. This method makes it very easy
to follow and use the course of study.

Many interest-ßetting devices have been used throughout
the study, such as: stimulating approaches to each unit, thow'thtprovokin problems, games,many demonstrations, and other instruments that have been proved by modern psychology to be effective
teaching methods.
Throughout this course of study the student is encouraged
to adventure actively on his own by recognizing and solving his
problems and doing research. This means the pupil is living
chemistry not just learning about chemistry.
In orìer to attain the most from this course several textbooks should be used rather than adhering to a single volume.
At the end of each unit there is a list of reference books, inSuggested films and
cluding textbooks with page references.
free and inexpensive materials are provided that will prove useful in supplying supporting data for each unit.
Students themselves have expressed a desire for a course in
chemistry that will be practical and functional to them in their
Chemistry is functional if it increases
daily life situations.
for
the cultural aspects of the course; if
pupils' appreciation
related to his personal, social,
applications
it provides useful
ad community life; if it enables him to acquire techniques
which are useful to him; and finally, if it provides useful
work experience. This course of study endeavors to satisfy the
students' needs by being functional.
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I

INTRODUCT ION
The current trend of teaching chemistry is turning

from the traditional memorization

of

subject natter to the

more logical understanding and use of the major generalizations and principles in the subject.

ILost

workers in the

field of education feel that this newer development is a
step in the right direction toward solving the problems of
the student in learning to understand and use chemistry

in

everyday life.
The aim of education has been expressed as life enrichment through participation in a democratic social orThis, in large part,

der.

standing

of

is

developed from the under-

principles and generalizations that ramify

every branch of human achievement.

The understanding of

these concepts is brought about by the association

from actual experience.

Chemistry can offer

a

of'

ideas

large con-

tribut±on toward pupils life enrichment by making functional use of principles and generalizations important in the

field.
It

is

the function of the high school chemistry course

to prepare the adolescent for life, so that he may be a

more intelligent

consumer an

be able to take his place in

2

his environment, understanding the major chemical principles
and us1n

these principles to make his life fuller

and.

richer.

Statement and Purpose of the Problem
This course of study has been d.eveloped for two major

purposes:
First, to organize a functional course in chemistry
that meets the needs, interests,
G-reat

ani.

capscities of students.

emphasis is placed on the fact that adolescents learn

easier and with more thoroughness when chemistry is taught
by the association of ideas from actual experience.

This

study recognizes the student as an indivjdual, deals with
his problems and issues of practical

interest,

and.

is so ar-

ranged as to help him grow in his powers of reflective thinking.

Second, to be used as

a

guide,

either in part or as a

whole, for a course of study for Oregon secondary schools.

Need of the Study

The need

of

science teachers.

a

study such as this, is apparent to all

Chemistry has been taught in the same

uninteresting manner year after year with little regard for
the student or his interests.

Dr.

erard,

of

the Univer-

sity of Chicago, In a lecture delivered to the New

gland

Lasociation of Chemistry Teachers, has this to say concernin

the need of a new course of study in

cemstry.

To quote from Dr. Gerard:
Perhaps one or two percent of the highschool students taking chemistry courses will become chemists or will ever use chemistry in any
true professional sense. Yet they are taught in
preparation for taking colle:e courses in chemistry which in turn largely prepare for advance courses in chemistry.
Our youngsters are taugat this
subject as if it were to be their vocation:
it
should be taught for its avocational value.
s

s

s

s

s

s

s

s

s

s

I
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e

The student muEt live science not learn
about it, in his formative years, if he is to act
scientifically ister. To live science he must actively adventure on his own, must recognize and
solve his own problems, must do "research»'
And
laboratory is the boat which fares into this
world of exploration, which excites yet restrains
the imagination of its pilot.
(20:47, 50)*
e

s

In an article in the "Journal of Chemical

Reed (36:496-97)

stressed a change of

ucation,"

eniphasis from tradi-

tional factual chemistry to practical applied chemistry.

Courses should include many experiments with common household chemicals, testing

0±'

sòaps, dyes, fabrics,

spot re-

movers, cleaners, investigations of the corroding of metals,
and

many others.

Tiie

chemistry laboratory should be used

more by the student in workinT out practical everyday problems that are found in his everyday living.

*The numbers refer to references in the bibliography. A
number following a colon indicates the exact page or
pages in the reference where the quotation or data may
be found.
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Professor C1asoe

of

St.

in reference to a new course

Olaf College has this to say
in chemistry.

G-lasoe says:

Such a course should be cultured rather tian
It should be an appreciation
purely scientific.
course, a humanized course in which the relation
of chemistry to the daily life of men should be
stressed rather than the relation of atoms and moleIt goes withcules to composition and reactions.
about
course
be
a
will
out sayin that this
can be made
chemistry
about
chemistry. The course
sympathetic
vitally
so
so romantic, so thrilling,
with life and with science that boys and. ixls
will carry with them a real knowledge of what
chemistry is and a friendliness for lt that will
rebound greatly to the popularity of the subject
among our people. (22:367)
The need for a course of study in chemistry is clearly stated in the Report

of

the Committee on the Function of

Science in eneral Education. (8:465)
appendices of the report is

a

Illustrated.

description of

a

in the

functional

course in chemistry that is being taught in the Denver

Public Schools.

This course written by Ahrens, Bush

ad

Easley, resulted in a new chemistry text calied,Living

Chemistry"

(1).

It

is this

course of study that the com-

mittee illustrates as satisfying the principles of the report of

cience in &eneral Education" (8).

The committee goes further, statin
should exemplify

a

that new courses

useful and suggestive adaptation of the

materials of chemistry to the purpose of general education.
Use of committees, group projects, reports, and student

leadership encourage the development of intelligent

5

self-direction, self-assurance, wider personal interests
and reflective thinking:. Functional studies such as the
Denvr course and the course presented in this thesis sat1sf les the requirements of what the Committee on the Func-

tion

stated must be
done to lnterate chemistry teaching more closely with the
entire educational program.
A sound course of study is needed more than ever according to Professor Ashford of the University of Chlcao.
Ashford writes:
Another problem is that of providin: i:istruotional material for courses in general education.
Those who have attempted to give such courses are
painfully aware of the lack not only of basic
texts but of collateral readings. The texts on
thewbole have been slight modifications on the
traditional type. Wherever the texts have deof Science in General Education has

-

parted considerably from tradition, they have
tended to become superficial. The collateral
reading available is even less satisfactory. The
available material is either too technical and
incomprehensIble or too "oopular.t' There is a
need for material written specifically for this
purpose. We are laboring under the misconception
that courses for general education may be devised
by simply omitting the difficult material from
the traditional courses.
e havenot yet grasped
the idea that the functIons of the two types of
courses are different, that the course for gener
al educatIon can be made just as intensive and
difficult as the traditional courses, with its
emphasis, however, on different aspects of chemistry (2:262).
In an

article in "Science Education,"

Kowald.

(29:

University, points out the fact that in
1900, according to the U. S. Office of Educatioìì, 75 per
22-24), of

Drew

cent of the high school graduates went to college.

At the

present time, accordIng to the same source, not more than
15 per cent of the total secondary population goes beyond

the twelfth grade.

functional course
of

In
of

recognition of this fact we need a

study in chemistry for the 85 per cent

the high school students that wIll never attend an in-

stitution of higher learning.
There is

rio

logical reason

v:hy

the high school chem-

istry course should. be patterned after the college course.

Professor

1asoe (22:364) of St. Olaf College says, "Judg-

ing by the textbooks

in use,

the standard high school course

in chemistry and first year college or university course are

still one and the same, with such modifications as
two year difference in age
In the Progressive

al

Educatlo4'

of

a

one-to-

the students seem to impose.t'

ucatlon report,"Science in Gener-

(8) the needs and interests of students de-

termine what is to be taught.

Vhat is needed Is

centered school, not a subject matter school.

a

chIld-

Almost evexy

student that enrolls in high school chemistry is fascinated

with the subject.

This enthusiasm is a tremendous compli-

ment to the course itself,

and.

the question arises as to

why this ambition for information should decline so rapidlv after the first few weeks of

We, as

school.

teachers, very often answer this question by

saying the student loses his ambition and interest just as

7

soon as chemistry requires the pupil to memorize chemical

formulas, work problems, do experiments,

or study the

ma-.

terial as it appears in the course of stu3y or in the
textbook.

We imply that the fault is with the student.

Seldom do we ask ourselves

if

there is perhaps some fault

in the manner of presenting this chemical

information.

We

should not only hold their interest but also increase their

enthusiasm for chemistry.
Chemistry offers every opportunity to proceed from the
pupils interest, but this will require an entirely new
view for the average chemistry teacher, as well

point

of

as,

recognized up-to-date course of study.

a

The need of a functional course of study in chemistry

that meets the requirements of science in general education
has been felt for many years by educators in the State of

Oregon.

The present course

of

study in this state is al-

most ten years old, the need is great, and this study is

offered as a contribution to the improvement of chemistry

instruction in Oregon.

Limitations of the Study
This course of study would be greatly handicapped by
lack

of

sufficient reference materials for student use.

In

Unit VIII of this study, a minimum list of reference material required for the completion of this course is provided.

The fact that there are so few chemistry texts written

for general education constitutes
modern course

of

a

serious hindrance to a

study in chemistry.

Most high schools teach the entire course from one

chemistry book.

This habit would establish a serious limit

on the use of this course of

study.

Ten copies each of four

or five of the better chemistry texts would aid

teaching the subject from the needs and interests

reatly in
of

the

pupils.
The fact that this course of study as presented has
not

een used in its entirety constitutes a limitation to

the study.
This study limite itself to a functional courEe in

chemistry which presents

a

point

from the traditional course.

with the use

of

It

of

view that is different

is coñcerned primarily

modern psychological teaGhing methods as

applied to high school chemistry instruction.

CHAPTER II
HISTORICAL BACKGROUND

A

brief examination

will brina about

for
of

a

course

of

a

of

the history of science teaching

clearer understndin

of

the necessity

study in chemistry that will meet the needs

the adolescent.
Development

of

Science Instruction

There has been a great deal of confusion cÖncernin
the purposes which science instruction should serve, and the

most effective procedures for realizing these purtoses.

Scientific training has been emphasized for
years and there is
and other methods
s

a

a

number

of

question whether the scientific method,

of science,

are carrying over into life

ituat ions.

The history of science instruction is divided into

three periods.

The first starting With the establishment of

the academy in 1751, extending up to 1880, with the aims of
this period being religious, descriptive,

and utilitarian.

The sciences tauht during this period consisted of natural
philosophy,

chemistry, astronomy,

phasis on zoology and geology.

geography,

and.

some em-

The usual method of pre-

senting subject matter was assigning passages to be learned
and hearing recitations on the assignment.

There was lit-

tie in the aims of this period to develop independent

thinklnß.

The second period from 1880 to 1910 ushered in the

faculty psychology, the doctrine of formal discipline,
the laboratory method of teachin

and

science.

There is a distinct carry over from this per±od of

assigninr problems selected primarily ror their difficulty,
the memorization of much factual deta, and attention to abs-

tract reasoning -- which is all out

of

relationship to l±fe

situations and has been experimentally proven inadequate by
modern osychology.
The third period from 1910 to tne present reacted

against formal discipline and against college preparation
as the chief function of

science teaching.

There was an at-

tempt to meet the demands of modern industrial society by

emphasizing newer developments in science and seekinT to
make scIence play

a

Lore

active role in the lives of stu-

dents.
There is less agreement now as to the turposes of science instruction then there was In the two previous periods.

Shifts

in

the psychological theory during recent years has

led to this non-agreement.

re-examination

of

So there is a real need for a

the basic principles of instruction and

more particularly -- instruction in chemistry.
The Commission on the Reorganization of Secondary Edu-

cation,

appointed by the National Education Association, in

its report,

"Cardinal Principles

of

Secondary Educatior

(4)
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was one of the first attempts to create

a

more functional

approach to science instruction
Later, in 1920, the Commission, in its bulletin, "Re-

organization

of

Science in Secondary Schools," (5) urged th

the sciences be taught in such a fashion as to contribute to
all the "cardinal principles,t' except the second, the com-

mand

of

fundamental processes.

The project :ethod resulted

from this era.
In 1926, the North Central Association of Colleges and

Secondary Schools (37:Li28_444) reported that all subjects
should contribute to achievement in terms
tives:

time.

of

four objec-

health, vocation, social re1:tionships, and leisure

This report awakened many science teachers to the

fact that they could and should use a much wider iange of

material, and give more importance to teaching science so
as

to meet the needs of their students.

Another report that did a great deal in developin;
functional science courses, was published by the National

Society for the Study of Education in 1932:
for Teaching Science."

(31)

"A Program

This report developed the

plan for organizing subject matter and learnin
around "generalizations"

experiences

or "big ideas" which are

sinifi-

cant for a liberal education.

The most recent report in this development of

f

unc-

tional science education is the book, "Science in General

12

Eucation.t1
on

Function

Thj

(8)

book was developed by the Committee

Science in G-eneral Education

of

clon on Secondary School Curriculum.

established by the Pro&ressive

of

the Commis-

This commission was

ucation Aesoc1atior.

The

report tackled the problem from the standpoint of the student himself.

In order to have a functionai

ers should discover the needs and. intereste

of

their pupils

around these need.

and build the science course
of

course, teach-

ihe units

work as developed by the students would be built around

major generalizations or principles of science.

This is

the method employed in the development of the course of
study for this thesis.
As mentioned

in chapter one of this study,

a

text book,

"Living Chemistry," (i) by Phrens, Bush, and Easley represente the first attempt to or,anize a chemistry book around

the needs of the students.

This book is a departure from

the traditional chemistry text end is

a

step in the

riht

direction accordIng to the Committee on the Function of
Science in G-encrai Education.
Of all

t1e methods
It

is

the science subjects there is littte doubt that
of

teachin; of chemistry have been neglected.

true that

a

good many chemistry teachers have altered.

their courses, have adopted newer textbooks,

and.

an attempt to modernize their subject matter on

have made

aùnit

basis.

however, too many chemistry teachers are still requiring

13
students to learn volunEe of unrelated factual material.
This fact is well brought out in the report of the Committee on the Function of Science in General Education.

The Committee says:

The present status of science teaching is
difficult to determine. One of the most recent
pertinent studies, "Instruction in Science," was
made in 1932 by Wilbur L. Beauchamp, who analyzed
fifty-eight courses of study in general science,
forty-five in biology, twenty-seven in physi.cs,
and thirty in chemistry, all of which had been revised since 1925.
.

.

s

s

s

s

i

s

s

s

s

s

s

s

.

s

5

5

5

.

S

This study revealed that science teaching at
present is a mixture of the orthodox practices of
the period 1880-1910 and the emerging practices of
It thus combines much of
the last two decades.
(presumably to be
discipline
the aim of mental
study
of
through
the
a systematic organachieved
showing the imwith
the
aim
ization of facts)
portance of pure and applied science in modern
In addition it seeks to meet the needs of
life.
the individual in everyday life by imparting useful scientific information.
The older courses, physics and chemisS
S
try show greater emphasis upon mental discipline,
although many high-school and college courses in
these subjects exhibit the emphases of more recent years (8:13).
.

Science education has undergone many changes since
1932.

The

saine

is true of instruction in chemistry.

The

trends are in the right direction, but these trends are

misleading; chemistry instruction is not improving rapidly
enough from the psychological point of view.
341)

says,

Parsons (34:

"Many new chemistry books are printed with the

unit organization, having better pictures, more attractive

14
covers, but most of them are still highly abstract, factual,
and decidedly logical than psychological in organization."

The author analyzed several cheuiistry textbooks that
have been widely used in secondary schools in the past

twenty-five or thirty years and still are being used today.
These books were checked to determine whether or not they
were keeping in step with sound modern Psychological teaching methods.

Table

I,

illustrates the inadequacies

of

chemistry

textbooks in meeting the needs of high school students.
They still emphasize facts and logical presentation,

show-

ing little irnprDvement in psychological presentation and

the use of principles and generalizatlons.

TABLE

I

Text Book Analysis

Period

---1924

1925
1934

1935

Books by Author &
Publishing Date

-

Principles

sentatiori

General- Psychological
izations Presentation

I

I

III

III

III

Emery-Downey--DavisBoynton, 1924

I

I

III

McPherson-Henderson191?

III

III

I

I

III

1±1

III

I

I

III

III

III

I

I

III

III

III

I

I

I
I

III
III

III
III

III
III

I

I

III

III

III

I
I
I
I
I
I
I

III

I
I

I
I

III
II
II

III
II
II

Black-Conant, 1934
Brownlee-Fuiler and
Others, 194
Ernery-Downey-DavisBoynton, 1928
Gordon, 1930
McPhers on-Henders onFowler, l9O

Ahrens-Bush-Easley,1942
Biddle-Bush, 1937
Dull, 1942

Hopkins & Othcrs,1939
Jaffe, 194u
I

Logical Pre-

Black-Conant, 1921

Black-Coriant, 1936
Brownlee & Others,1940

1944

Facts

Well-developed;

II - Mentioned,

I
I
I
I
I
I

not developed;

I

I

II

II

III - Not mentioned, not
developed.

I

III
III
III
III
III
III
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Review of Previous Studies
A thorough search has beén made of recent periodicals,

books, and abstracts of theses from colleges and universi-

ties to discover and review those investigations which have
a direct

bearing on this thesis.

The more important are

discussed in the following pages.
In 1924, the Committee of Chemical Education

of the

American Chemical Society (9:87-93) constructed a standard

minimum high school course in chemistry to be used as a
guide for teachers of such courses.

This outline had as a

major objective proper preparation for college entrance

ex-

aminat ions.
A study by Koos (28:798-802)

in 1925,

determined that

the average high school chemistry course is repeated in col-

lege with little modifications.
in general inorganic chemistry

If a student

takes a course

in college after having had

a high school course he would be repeating nearly all

of

j-t.

In 1926, an investigation by Schwartz (38:817-23)

of

the methods and materials used in the high schools of Ore-

gon was undertaken in cooperation with the Chemistry and

Education departments

of

Oregon State Agriculture College.

The following conditions governing the teaching of chemistry courses in Oregon were found to exist.

17
1.

Cheniistry is a text book subject, according to

the course of study.
2.

The text is an abbreviated college book.

3.

Teachers are required to present a course

of

study

emphasizing the standards set by the college ent rance

4.

requirements.

The students viewpoint cannot be reached by this
type of course and as a result chemistry remains

largely unrelated to the students' experience,
needs, environment, and capacity.
A course of study presented by Collier (6:2214-26)

in

emphasizes all the minimum essentials of high school

1931,

chemistry as outlined by the Committee on Chemical Education
of the

American Chemical Society,, with stress on the practi-

cal rather than the theoretical side of chemistry.

This study is the beginning of a consumer course in
chemistry, which fulfills all the requirements of the col-

lege preparation courses.

After a study

the

of

f undamen-

tais, the following subjects were studied; chemistry of
food, clothing, shelter, health, automobile,

motion pictures.
is

radio, and

The approach is different but the course

quite traditional.
An important investigation was made in 1937, by Dr.

Gilison (13:171-173)

to determine what knowledge of chemie-

try will prove most useful in adult life.

some of the

conclusions
1.

of

this study are summarized here.

The beinninE of a course in chemistry should be
practical not theoretical.

2.

Laboratory work should be closely associated with
the classroom discussion and should be used to
acquire information first-hand.

3.

The use of a single text &-iould cive way to gatherin

4.

data from many sources.

The traditional course in chemistry will have to
be changed if beginning students are to receive

material that will be vital to them.
5.

Chemistry teachers should be broadly trained.

6.

There should be a change in the course in the second semester to allow for studies that are re-

lated to the daily lives of boys and girls.

Let

them analyze or study materials brought from home.
7.

A great deal

of chemistry taught

in high school

doesn't function in the later lives of students.
8.

The amount of factual material the pupils are
asked to learn is too much.

9.

The relationship between the subject matter presented and the activities of pupils' daily lives
is not

lo.

developed sufficiently.

Principles which are
a.

Composition

of

of

most use to laymen are:

matter.
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b. Nature

An

or

chemical action.

C.

Chemical theory of

d.

Properties

e.

Acis

f.

Nature of netals.

o

stuy

chemistry was completed in
1942.

carbon cornpound.s.

- bases -

experimental

solutions.

salts.
teachin
Fort Worth Public Schools in

of two methods of
tEte

This investigation was conducted by Ward

(41:69-80)

for hIs doctors flssertation. A new course in chemistry
was installed and the traditional course was compared v:ith
this new modern course.
The traditional method consisted of;
1. Assignment of the lesson.
2. The recitation of tiae lesson.
3.
4.

Laboratory experiments.

Testing.

consisted of;
1. Usine the pupils interests and needs to facflitate the students development.

The modern nethod

built

around major

2.

Course

3.

Experience of chemistry in

generalizations.

life for

the pu-

pil.
teacher is concerned primarily with "wha'
to teach and "how" to teach it.
5. The "what" is to be determined from the needs,
4.

The
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interests, previous experiences, and abilities
of

the students.

The modern method proved superior to the traditional

method of teachinß chemistry.
of

the study were:

Sorne

important implications

texts.should be used to obtain informa-

tion -- not determine what is to be studied; teachers should
locate already present interests and take

.be

child as far

along toward maximum growthand development as can be accomplished; use many illustrations and relate them to the
emphasis should be on basic principles, gen-

student's life;

eralizations, and concepts; and finally, teachers should

discontinue the use of the traditional method

of

teaching

chemistry in favor of a plan similar to the modern method.
In 1944,

a

study was made by Weaver (42:299-300), with

emphasis placed on natural phenomena, local industries, and
the chemical occurrences of everyday life.

Just how these

were to be accomplished wasn't clearly indicated.

These numerous

authoritive studies

that courses of study in chemistry

must

will begin with the student and work out

indicate clearly
be devised that
a

functional cheu

istry course that will meet the needs of every boy and girl

enrolled in the class.
Courses of Study in OreEon

The state course of study in chemistry for Oregon pub-

lished in 1937, follows the logical organization

of

the
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This course of study

mental discipline era of 1880-1910.
is

a

obsolete, and during the past few years there has been

coiittee working on

a

new course of study in chemistry

for the Oregon schools.
In

the elementary and junior

high

school sciences,

the state department of public instruction has developed

outstanding courses

of

study from

ti-ie

lower grades up to

and including ninth grade general science.

These courses

have the psychological approach and tend to develop

in-

dependent thinking.
It

has already been

approach to the
senior

fe1d

high school

of

shown that students like this new
science and when they reach the

they will expect their chemistry course

to be just as stimulating and interesting as their lower
grade sciences.

Already

a

tentative course

of

study in applied physi-

cal science has been adopted by the state department of

public instruction.

This course also used the psychologi-

cal approach and is organized around certain major physical and chemical principles.

elementary,

In order to keep pace with

junior high, and aoplied sciences, the high

school physics

and chemistry courses of study need revi-

sion and stimulation.

CHAPTER III
THE STUDY
The purpose of this study is the preoaration of a
course of study in chemistry that will meet the needs of
adolescent, and at the same time be consistent with the

purposes of general education as set forth by the Progressive Education Committee on the Function of Science in

General Education.
To quote from the Committee:
The purpose of general education is to meet
the needs of individuals in the basic aspects of
living in such a way as to promote the fullest
possible realization of personal potentialities
and the most effective participation in a demo(8:23)
cratic society.
In the past,

courses in chemistry have been logically

organized with internal consistency and maximum possibility of deduction.
of

For a great number of students, courses

this type have not dealt with problems or issues of

practical interest, and they have not been taught so as to
help students grow in their powers of reflective thinking,
as well as not being consistent

eral education.

with the purposes of gen-

Chemistry teachers caimot isolate them-

selves and their subjects from education in general.

In

order to receive maximum understanding and cooperation from
pupils, it will be necessary to use the psychological

proach in chemistry.

ap-
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In his

articlé,

"Making High School Chemistry

Prcti-

cal," Curbis sugßests ways of supplying su2plementary mateas an ai to a proper approach.
To quote from Curtis:
Chemistry should include subject matter that
is essential to an understanding of chemistry,
together with adequate provision for supplementary material which will be of value to students
in later life. The supplementary material should
be dictated by the local conditions. In agriculture country applications of chemistry to agriculture should be made. In larger communities applications of chemistry to the industries characteristic of the community. In communities that are
neither agriculture nor industrial application

ri.

should be made of ci-iemistry to everyday vocations.
(15 :232.)

the standpoint of psychology, the most capable
and well meaning teacher can be effective only if he apFrom,

proaches the pupil through

his

needs and

interests.

Criteria for the Study
careful study to ascertain as nearly as possible
what phases of chemical knowledge adults consiaered of
service to them, was made by r. &illson of Columbia University Teachers College. A study of the data resulted
in the setting up of certain criteria for the selection
of content for beginning chemistry courses adapted to life
A

needs.
To

quote from Dr. Gillson:
These

criteria are threefold.
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1.

Psychological, those which consider the
pupil's interest and abilities.

2.

Professional, those concerned with.the
selection of subject matter wh±ch will
include only the truly fundamental principles and generalizations.

3

those concerned with the
between
the life of the indivicual
tie-up
and the use of chemical principles and
generalizations. (21:246)
Practical,11

The above criteria are interestinE for they had their
orizin from adulte, not from
fession.

It

a

member of the teaching pro-

true an educEtor worked out the criteria,

is

but the parents of children stated the phases of chemistry
that were of use to them in life, hence these criteria caIry weight because they are practical and will result in the

formation of
It

is

usable chemistry course for the adolescent.,

a

interesting to note the similarity

of

the above

criteria with those stated by George I. Linn in his article,
"Â Sound Approach to ChemIstry Teaching."

Linn says:
Guiding principles to be used as a criteria
in developing a chemistry curriculum.
must be kept within the interests
the pupils.

1.

It
of

2.

must be kept within the ability and
understanding of the pupils.

3.

It must deal with common life exp er(30:493)
lences of a chemical nature.

It

The course of study in chemistry presented

in this

thesis is in full agreement with the above criteria.
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Parsons, in an article,
Plan for a New High School
Chemistry," (4:34l-343) has stated that in order to overcome the evils of the past in chemistry each unit should be
broken down into its most important divisions. ïoven into
these units, in a minor way, such fundamentals as balancing
equations, laws of energy and matter, oxidation- reduction,
tIJ

atomic and moleculsr theories, and other important concepts

stressed in present day high school chemistry courses. The
stress would go from inorganic to organic chemistry with
experiments adapted to specific needs of the student and
cominity needs. There would be a repetition of a few simpie working principles brought out in connection with each
major unit, and finally, use many textbooks as references.
To

auote from Parsons:

istry

As a

result

would:

of

reorganization the

new chem-

1.

Avoid putting a premium on memorized
work and facts never to be used again
and would use formulae, equations, symbols, and properties of elements and
compounds only in connection with the
understanding of numerous problems arising from a study of such units as Life
Processes and ïiedicmne.

2.

3e taught

3.

Enable the terminal as well as the college preparato-ry student to understad.
the combating of alkali on farm lands,
the technique of a police chemist in
helping to solve a crime,.te actions
which antidotes for polaons bave, how

logically.

psychologically instead

of

"plastics" can be ruade from wood and
coal, and how tannic acid prevents
scarring from burns.
4. Stimulate interest at an early age for
5.

both terminal and college preparatory
student s.
Not possess the mysterious and supernaturel aspects of traditional chem-

istry.

6. Help to make educated consumers of students and future citizens.
7. Function in a "streamlinedTM manner in
the life of each student without being
merely a college preparatory subject.
8. ake future citizens "chemistry and
and science conscious,'t and interested
in all phases of everyday science.
(34:343)

In the conclusion of, "Afl

coerimental Study of

Two

Methods of Teaching Chemistry in Senior High School," by
Ward,

it

some ways
To

that the modern method was superior in
to the traditional method of teaching chemistry.

was found

quote from Ward:

Conclusions and implications:

1.
2.

to be superior
to the traditional uiiethod for general
class work with heterogenous groups.
Selection of learning materials on the
basis of interest, needs, and capacities
is superior to the use of subject matter

The modern method seems

on

3.
.

the traditional basis.

intelligence, evidence
obtained in this study seems to show
that the modern method is equal to the
traditional method for pupils of hih
I.Q.'s are. is superior to the traditional

With regard to

27

method for pupils
intelligence.

of

lower levels

of

4.

Pupils of high I.Q.'s leani equally
well by either method, as measured by
both chemistry informational and the
functional tests.

5.

Pupils of lower I..'s learn equally
well by either method, as messured by
both chemistry informational and the
functional tests.

6.

Pupils learn not only the facts and
principles of chemistry better by the
modern method, but also learn to apreciate the social significance of chemistry better when taught by this method.

7.

In general, more transfer is obtained
by the modern method, as indicated by
the ap1icetion of chemistry to practical life situations.

8.

In general, the scientific attitude

is

developed better by the modern method
than by the traditional method.
9.

The modern method is superior to the
traditional method as these methods re(41:
late to disciplinary problems.
69-80)

For two years the writer has asked his beginning
chemistry students what they expected to get out of their
atud

of

1.

chemistry.

Their answers are summarized below:

They want to understand about plastics, how they
are made and where the materials come from.

2.

They want to learn about synthetic fibers, sLch
as rayon, and nylon.

3.

They would like to apply their learned chemical
principles to the understanding

of

different types

of

ßasoline, and why one type is better than the

other.
4.

They want to be

a.

more intelligent consumer be-

cause of their knowledge of chemistry.
5.

They would like to be able to experiment and discover many interestin

6.

things.

They stressed the fact thet they hoped their
chemistry course would be practical.

In a great many

chemistry classes very little time is

spent on the above subjects.

The stress is on the factual

matter that the colleges require in their chenistry courses.
What good will the knowledge a student may possess on the

balancing of an oxidation-reduction reaction by the e1ection
method.

carry over into life?

The student may know these

things on the completion of his course,

he may know how to

write ec'uations, balance them correctly, prepare oxygen, hydrogen, nitrogen,

information?

FLe

etc., but

ow long

will he retain this

will retsin lt just as 1on

as he has use

for it -- and for the average high school student there will
iie

no use for this type of

information because he does not

go on to college or jita advanced chemistry.

This information will help him to understand and appregreat
ciate chemistry, but if the student csnnot use this

wasted his time
mass of detailed information, then he has
certainly be
and effort in school, because chemistry should
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more than just an apreciation course.
sorne

In other words,

chemistry instructors have gone back to the old and

obsolete idea of mental discipline, reqiring the Dupil to

master something thet will have no bearing on his
welfare, and may, by demanding this sort

futre

unrelated in-

of

formation, have killed the interest for chenistry of many

mt elligent

students.

Too often chemistry teachers ask their students to
learn many chemical processes, not because the knowledge
woul. be useful to the pupil in lIfe, but because the ehemistr

text,

or the course of

stuy

in use at the time, had

unit covering this material.

e

The "Principlet'

ethod of Teaching Chemistry

This course of study in high school chemistry is orga
ized on a unit basis wlth each unit built arQund one or
more major chemical principles.
Dovrñng,

the Teaching

(17:39-41) in his book,
of

"An Introduction to

Science," has listed fifteen major chemic.

principles that are essential to the complete understanding
high school chemistry.

of

Eis list of principles is found

below in condensed forn.
.

1.

Atoms of all elements are made up
of

2.

of

ecual numbei

posItive and negative electrons.

The atoms of all radIoactive elements are constaiy
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disintegratinE by giving off various rays, changing into isotopes
3.

or into different elements.

The molecules of nearly all substances are

posed

of

corn-

atoms of relatively few elements which,

in a chemical change,

separate and recombine so as

to produce new substances with different properties.
4.

The name of every organic compound is derived from

the various type cornbinatios of atoms found in
the molecule of the substance.
5.

Every element when incandescent gives

off licht of

definite wave lengths which can be detected from
those
6.

of

other elements by means of a spectroscope.

All inorganic compounds can be placed within three

general groups of substances,

acids, bases, and

salts.
7.

During

a

chemical reaction an element may lose or

sain electrons.
8.

When. an electric

current is passed. through a solu-

tion containing an electrolyte, the ions lose

their electric charges and are set free at the
anode and the cathod.e.
9.

10.

Every substance has definite chemical composition.
The physical and chemical properties of elements

are functions of their atomic numbers.
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11.

The rate of chemca1 change is increased by the

presence of
12.

a

catalyzer.

Every element displays an attraction for other

elements, the strength of which varies v;ith the
element.
13.

Acide, bases, and salts dissociate in aqueous

solution into atoms or groupe of atoms called
"ions," which carry electric charges.
14.

Energy can be neither created or destroyed.

15.

When an acid and

a

base come together, the hydro-.

gen of the acid and the hydroxyl of the base have
a

tendency to unite to form water.

In this study the term "generalizations" is used to

represent understac1dings.

The Committee on the Function of

Science in 0-eneral Education defines the term as follows;

"Understaiing,

is

here used to denote a major conception

so grasped as to illuminate its connections with related

conceptions and to result in

dividuals behavior."

siificant changes

in the in-

(8:55)

The Committee goes on to say, "A principle becomes an

understanding for an individual only when and as it throws
new light for him on

a

group of relationships not previously

sensed and so brings about

a

reorganization

of

his behavior'

(8:55)

The principles

roun

developed are listed below:

which each unit in this study is
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Unit

I

Introduction

This is

an overview of the course in chemistry

and no particular principle is to be developed here.

Unit II

Matter and Its Composition

1.

Every substance has definite chemical composition.

2.

The

physical

and chemical properties of elements

are functions of their atomic numbers.
3.

Unit III

Energy can be neither created

rr

destroyed.

The Structure of Matter

1.

Atoms of all elements are made up of equal numbers
of positive and negative electrons.

2.

The molecules of nearly all substances are composed
of atoms of relatively few elements which in a
chemical change separate and recombine so as to
produce new substances with different properties.

3.

4.

Unit IV

The physical and chemical properties of elements
are functions of their atomic numbers.
Every element displays an attractIon for other
elements, the strength of which varies with the
element.
The Atmosphere

chemical reactionan element may lose or
gain electrons.

1.

During

2.

When an electric current is passed through a solution containing an electrolyte, the ions lose
their electric charges and are et free at the
anode and cathode.

a

3.

The physical and chemical properties of elements
are functlons of their atomic numbers.

4.

The rate of chemical change is increased by the
presence of a catalyzer.

5.

Aci3s, bases, and salts dissociate in aqueous solution into atoms or groups of atoms cdled, "ion&'
which carry electric charges.
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Unit V
1.

The Shorthand

of Chemistry

All inorganic compounds can be placed within thr
generaigroups of substances, acids, bases, and
salts.

element may lose or

2.

Durin a chemical reaction
gain electrons.

3.

Every substance has definite chemical coirposition.

4.

The physical and chemical properties of elements
are functions of their atomic numbers.

5.

Every element displays an attraction for other
elements, the strength of which varies with the
element.

6.

Unit VI

iergy

Acids

cari

-

afì

be neither createdir destroyed.

Bases

-

Salts

1.

The atoms of all idioactive elements are constantly disintegrating by giving off various rays,
changin into isotopes or into different elements.

2.

All inorganic compounds can be placed within three
general groups of substances, acids, bases, and
salts.

3.

The physical arid chemical properties of elements
are functions of their atomic nUmbers.

4.

Acids, bases, and salt: dissociate in aqueous solution into atoms or roups of atoms called 1tj0511
which carry electric charges.

5.

When an acid and a base come together, the hydregen of the acid and the hydroxyl of the base have
a tendency to unite to form water.

Unit VII

Organic Compounds
of every organic compound is derived
from thevarious type combinations of atoms found
in the molecule of the substance.

1.

The name

2.

The physical and chemical properties of elements
are functions of their atomic numbers.
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3.

The rate o chemical change is increased by the
presence of a catalyzer.

4.

Every element displays an attraction for other
elements the strength of which varies with the
el ement.

Applying Chemistry to Life

Unit VIII

All the major chemical principles will be developeci

in this unit

at

one time or another,

depending

upon whet the students are investigating.
General Objectives of the Course
That students can expect to

et

from

istry depends upon the general objectives

of

a

of

Study
course in che

the course.

The general objectives do not represent fixed points to be

reached by all the students, but rather directions in which
all students may

rofitebly progress.

The generel objec-

tives of this course of study are:

1.

To

develop

en understanding of major chemical

principles so that they may be applied to everyday problems.
2.

To develop the desire and ability to investigate

intelligently problems

of

everyday interest and

living..

3.

To help in discovering wholesome leisure activities or hobbies.

4.

To give the

individual

scientific knowledge in

selecting, buying, and usinr goods and services.
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5.

To gain know1ede in choosing and exp1orin

the

scientific vocations so that knowledge may be

used.inte11i;ent1y
6.

To gain know1ede

ifl

of

planning for their future.
health so as to aid in cor-

rect habits and maintain healthful livin3.
7.

To help the student develop a scientific attitude

that will carry over into all fields of thinking.
8.

To develop through chemistry the relationship of

industry to society and ordinary living.
9.

To teach pupils how to gain useful information for

themselves.
10.

To develop an underst9nding and aporeciation of
the relation of chemistry to other subjects and to
the world about him.

All adolescent,s have certain specific needs.

It

is

the job of the school to meet these needs, and oarticul8r]
each course should contribute toward the realization of

these needs.

The National Aseociation of Secondary-$chool

Principals, in their publication, "Planning for American
Youth," have listed ten common educational needs of all
youth.

To quote from the Association:
1.

All youth need to develop salable skills.

2.

All youth need to develop and maintain good
health and physical fitness.

3.

All youth need to understand the rights and
duties of the citizen of a democratic society.
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4.

All youth need to understand the significance
of the family for the individual and society.

5.

All youth need to know how to purchase and use
goods and services intelligently.

6.

All youth need to underEtand the influence
of science- on humsn life.

7.

All youth need an appreciation of literature,
art, music, and nature.

8.

All youth need to be able to use their leisure time well and to budget it wisely.

9.

All youth need to develop respect for other
persons.

10.

All youth need to grow in their ability to
think rationally. (7:10)

This course of study in chemistry contributes to many
of

the needs mentioned above as

of

the general objectives

of

evidenced in the statement

this course.

Evaluation in Chemistry
An adequate program of evaluation is invaluable in

helping the student, his parents and his teachers to measure a pupil's acievements and direct his progress.

To quote from Heiss,

0bou,

and Hoffman:

An evaluation program which would attempt
complete appraisal of a student's growth in
science or any other subject area has several
obligations;
first, to devise tests and. neasures
that will reveal not only the mastery of facts and
principles of a given area, but a functional understanding of the concepts and generalizations
involved; and secondly, to devise techniques for
revealing growth in certain other outcomes such
as the elements of reflective thinking, attitudes,
a
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creativeness, persotal interest,

sitivity.

and

social sen-

A further obligation of an adequate evaluation program, equally as important as the appraisal of achievement, is that of detecting as
early as possible the strengths and weaknesses

students with respect to the objectives or
goals of the course. Evaluation instruments
of

must have
to be any

at

a

the property of diagnosis, if there is
effort made to have students proceed

rate commensurate with their ability. (24:

95-96)

best protection against vague and irresponsible
theorizing in chemistry is an adequate program of evaluation. The coarnittee on the Function of science in-General
Education has this to say:
The

To

quote from the Committee:

First, to be at all acceptable from the
point of view of this report, evaluation must
be a continuing process. Most significant
changes in behavior -- surely those which indicate development in desirable characteristics of
the personality -- take place- slowly and need to
be observed over long periods of time. Too often
it is aseumed that the work of each year, or each
semester, is to be judged solely in terms of the
outcomes at the end of that period. The fact that
the studenf.a development continues throughout life
is disregarded. A complete evaluation of tne elfects that experiences in science have had ona
student would involve a continuous study of his
personality and COn3UCt and a cumulative record
of his development through the years of formal
schooling an-d on into adult life. Though such a
program may not be practicable, a close apìroach
to it during the years of formal education can be
mad e.
Second, in as far as possible, the whole and
functioning person must be taken into account.
Evaluation inevitably consists in taking ssinples
of student behavior and synthesizing them into a

picture of the whole personality of
the ways in which it is developing.

student and

a

(8:390)

A Seneral technique for the construction of instrumerits of

evaluation is suggested by Tyler in the book,

'Science in General Education," by the Committee on the

Function of Science in General Fucation.
To quote from the Committee:
1.

Statement by the teacher of his objectives.
This is necessary in order to indIcate what
d to define the variety
is to be evaluated
of instruments of evaluation necessary for
eomprehensive measurement of student achieverna

2.

nt.

Description of the kinds of student behavior
that. indicate growth toward achievement of
these objectives. This requires the definition of specific types of situations in which
students will reveal achievement or lack of
it.

3.

Invention of methods of observing and recordin5 the behavior that indicates progress to(8:395)
ward achievement of objectives.

It is

quité evident that written examinations of the

essay type or the objective type are

evaluation program.

'not

adequate for an

Too many teachers base all their

ies

on the result their pupils achieve in essay or objective

tests.

If

an evaluation

progrm

is to get

information con-

cerning stu::ent progress toward the objectives

of

the them-

istry course as well as the objectives of general educatior

there will be many types
"intangibles"

of

of

education.

evaluation some of the

-cal1ed
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Other than written essay and objective types of exam-

mations,

a

complete test1n

program in chemistry $hould

include some of the fo11owin:
1.

Questionna1res.

2.

Anecdotal records.

3.

Interviews.

4.

Studentts diaries.

5.

Problem solving situations.

6.

Testina student's creative ability.

In the study of

chemistry there undoubtedly should be

more universal use of the above additional methods
uation.

termine

of

evel-.

The anecdotal record is an excellent tool to desorne

of

the less dominate characteristics of a

student that may shed great li7ht on his behavior patterns.
A successful chemistry teacher must assume responsi-

bility for remedia1 instruction in reading skills when they
do not involve the consultation of specialists.

Many stu-

dents have trouble with chemistry, not so much because t

work is too difficult, but due to the fact they lack ability
to read successfully.

They experience great difficulty with

the vocabulary of chemistry.

Tests on definitions

of

new

words will keep the student well acquainted with glossaries
and the dictionary.

Troublesome words may then be brought

to the attention of both teacher and pupil.
In

the book, "Aperaising and Recording Student Pro-
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cress,"

it

clear to committees
working on evaluation programs that teachers benefited
greatly by the construction of modern evaluatIon programs
for their classes.
To

by Smith and

Tyler,

became

quote from Smith and Tyler:

recurring demand for the formulation and
of objectives, the continuing study
of the reactions of the studente in terms of
these objectives, and the persistent attempt to
relate the results obtained from various sorts of'
measurement are all means for focusing the interests and efforts of teachers upon the most vital
parts of the educational process. The results in
several schools indicate that evaluation provides
a means for the continued improvement of the educat ional program, for an ever deepening understanding of students with a conseuuent increase
in the effectiveness of the school (39:30)
To ai the teacher in developing new type examinatIais
in chemistry, examples of newer types of evaluation will be
found throughout this course of study.
The

clarification

Construction of the Units

first

this course

in chemistry are concerned with the fundamentals that pupils need
in order to understand arid apply their chemical knowledge
to the world in which they live.
That is áalled unit VIII of this study is really a
series of units for each student. It is believed that puThe

pile,
good

seven units of

upon completion of

the

first

seven

of study

un±twill

have a

foundation for further investigation into the problems
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of

their own choosing.

This portion of chemistry is most

interesting to Dupils for here they may make their chemistry really practical by having their course

their

!neet

needs directly.
The class is organized with student committees in
charge of various sections of the study.

It is

the func-

tion of these committees to check the investigations with
the help of the instructor, and to arrange the time for the

various individuals in the class to present their investi-

gations with their eonclusins and recommendations for fur-

ther study.
Each unit is constructed around major chemical principles which were stated earlier in this chapter.

The con-

tent of each unit is listed below:
1.

Suggestions to teachers.

2.

Objectives of the unit.

3.

Suggested aproach.

4.

Unit analysis.

5.

Laboratory suggestions.

6.

Evaluation

7.

Materials

of

the unit.

a.

Chemistry texts with page references.

b.

Other references.

C.

List of suggested films.

a.

List of free and inexpensive materials.
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The unit analysis is written in such a manner that the
subject matter content is in the left hand column

anó.

im-

mediately opposite is the corresDonding suggested activity.
This method makes it very easy for a teacher to follow and
use the course of study.

CRAFTER IV
THE

--

Unit I

It is
have had. at

A New

general science.

OF

STUDY

Life Through Chemistry

that beinnin students in chemistry

assumed

least

COUE

a

one-year course or

its equivalent

in

Since this will be true in most cases,

the pupil will be able to begin immediately the study of
chemistry in an interestinE nd stimulating manner. There
is not need to spend the first few peri ode explaining and
discussing what chemistry is, and with what it is concerned.
Most students enrolled have an adequate picture of the field
of chemistry. At least the pupil knows that in its stu5.y he
will be able to experiment with chemicals, make mafly interesting substances from a few ingredients mixed in a test
tube, and most of all, the student feels he will have to
really do sorne earnest studying in order to meet the atandards of the ordinary chemistry class.
Here then, we find a group of pupils with an almost
ideal mind-set, eager and enthusiastic, and very anxious to
begin a course they feel will be practical and interesting.
In view of these facts, it is essential that the cheinistry teacher make the first class most stimulating. Nothing will arouse .:ore, the full cooperation for learning
chemistry, than a few excitinß experiments on the very first
day.

However,

these demonstrations and experiments should
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serve as a logical introduction to the course, and bear de-

finite relationship and reference to unit two.
These stimulating periods must continue all the way

through the course.

In each unit of this

study will be

found interest-getting devices to keep the study lively

are.

inspirational.
Once the introöuctory unit has been completed, make it

clear that everything the pupil learns has relationship.
If

this is done well, the study of chemistry will be much

easier for most students.
Suggestions to Teachers
1.

During the first week of school classes are always disorganized by the students entering late, changing
and organizing schedules.

Do not,

however,

allow these interruptions to interfere with the

ward progress of the class.

of

f or-

Late students may easily

catch up with the rest of the class in this first in-

troductive and interest-getting unit.

If

the first

regular chemistry class is stimulating, new, and different,

the late students will hear about it at great

lengths, and it won't be necessary to repeat demon-

strations or experiments conducted the first day or
two.
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2.

Remember that this first unit

is

and should be very well worke

important,

extre:nel

out to insure proper

stimulation and interest for chenistry,.
3.

In every class period durin.

the first week there

should be at least one interesting experiment or demon-

stration.

It

better

is

if

these demonstrations show a

connected relationship with the first unit and serve
as a logical
4,

introduction to the course of chemistry.

DurIng the first week there should be at least one laboratory period in which the student is allowed to perk

form some spectacular experiments for his own pleasure
and enjoyment.

A

suggested l?borator:.! period of this

type has been outlined in the first unit.
5.

3e enthusiastic about chemistry

Show your pupils

that you enjoy teaching the subject, and make it clear
by your actions that you understend their viewpoint.
Do not

stress theory and factual matter unduly.

Make

every efforts to teach fundamentals from tne psycholo-

gical point of view.
6.

Finally, it

important to keep in mind that every-

thing in the first

Uflit

should constitute

a

loical and

organized series of events that lead the student up and
into unit two, "Matter and its Composition."
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Objectives of Unit
1.

I

To arouse enthusiasm and stimulate interest in chemistry.

2.

To introduce the student to the vast field of chemistry.

3.

To survey the background of the individuals in the
class.

Suested

Approach

On a table or side shelf have a complete display

of

all the chemical apparatus that will be used in the year's

course.

In front of each piece of

equipment have a neatly

printed label giving its name and use.

Do not 5isp1ay

glassware that has been unduly scratched, and be sure that
every piece of equipment is clean and shinin.
of

this nature is

a

A display

good interest-setting device, which can

be observed by the pupils during the first week of school.

A stimulating display can be arranged on the demon-

stration desk or table near the front

of

the room.

Place

on the desk as many complicated sets of apparatus in full

operation as desired.

The following have beenused success-

fully; a complete distilling apparatus with colored or muddy water in the distilling flask or retort, with the clear

colorless water coming out into the receiving flask at the

lower end of the condenser; colored water in capillary
tubes; the sound of a hydrogen generator bubbling gas into

a bell jar of water;

containing

a

a

titration set-up with burettes, one

basic solution, the other an acid solution with

beakers below containing the usual indicators to demonstrate

color changes; an electrolysis of water apoaratus to show
proportionate breaking up of common water to hydrogen and
oxygen; retorts, erlenmeyer flasks, condensinß tubes, beakers, mortar and pestles.

All apparatus on

isp1ay should

be neatly and thoroughly labelled.
It is

important that all the demonetrtions are work-

Ing when the students

enter the classroom.

Unit Analysis
It is the purpose of

throuRh the study

of

this unit to illustrate that

chemistry the student will be able to

see more clearly how a new life is being created through

developments In chemistry.
Suggested time:

one to three weeks.

Content

1.

Suggested Activities

Coal (black gold)

is

1.

Divide the class into

the leading substance

groups and assign the top-

in the betterment of

les in the left column for

civilization through

investigation.

chemistry.

Four main

sub-divisions for

For example, one group may
take the mineral and work
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su5gesteò. study are:

out a complete report on

a.

Coke

new things developed from

b.

Coal tar

coal and its products.

C.

Aniline dyes

a.

Sulfa drußs

A good demonstration

can be performed with the

sulfa drugs showing how

they are made from coal.
All of these reports shaild
be illustrated and demon-

strated, if possible.
2. Plant fiber. Cellulose

2.

Very attractive displays

chemically treated in

can be

different ways may be

investigations and the best

studied as:

can be placed in

a.

Paper

ieveloped from these

a

show

case in the school's

b. Linen

hail.

front

Pupils take great

e.

Artificial silk

aride in recognition of

1.

Cellophane

their work.

3. Synthetic

chemistry

3.

In oases where it is im-

a.

Ribber

practical to have demön-

b.

Plastics

etrations, the following
method can be used.
example,

For

in makinß a die-

play of the sulfa drugs
showing their preparation

J

o

't)

from coal

and.

acids, the

student can acquire all the

inredients from the laborotory, place them in labellad bottles and retorts and

connect with ribbons or

string to illustrate the

direction and steps

the

of

reactions to produce the
various sulfa drugs from

these fEnlliar substances.
4.

Foods.
a.

Dehydrated

tioned above is easy to

b. Vit mins
c.

Refr1ceraton

d..

Imru-ovement of foods.

display lihe the one men-

4. A

prepare, and once completed,
i_s

easily understood so

that anyone could appreciate the method of prepara-

tion.
5.

6.

Steel.

5.

The purposeof these re-

a.

heat treatment

ports and investigations is

b.

Alloys

to stimulate interest for a

c.

Rust

study of chemistry.

Clothing.

6.

Point out the fact that the

atter

these

a.

Cleaning

the subject

b.

Dying

reports will be taken up in

of

New developments

c.

(1)

greater detail as the

lass

course proreeses.

(2) Steel

Laboratory Sug,gestions
Many variations are possible for this first laboratory

period, however, the real purpose of the period is one of

enjoyment for the students.

Although the experiAnents are

primarily for pleasure, the instructor must not fail to begin his instruction of correct laboratory tecbriique.

This

can be done in an easy and informal way so the students will
start correct learning processes in theIr first laboratory

period.

These experiments will offer excellent discussion

material for the next unit and should be used in such

a man-

ner that pupils will nave an interesting time as well as
learn some fundamental chemistry.
If

the Instructor wishes certain students to perform

these experiments,

or have them done in groups in order to

save materials, he nay do so.

It is better,

however, to

have the students work individually or in groups of two.

The following are a few

of

the many types of short experi-

ments that will arouse enthusiasm.
1.

A

brilliant flash!

A piece of magnesium ribbon one

inch long held in a flame produces a blinding flash of

light.

2.

A magicians trick

Into three beakers before you put

three drops of phenolphthalein in the first one, in
the second put
50 cc.

i

cc.

of

dilute hydrocholoric acid.

water to each beaker and stir.

of

dd

Add the con-

tents of the first beaker to the second beaker and stir.

Then add the contents

InvIsible inki
trate to
or

pn

a

the second to the third and

Water chanRed ±nto wine

stir.
3.

of

a

Dissolve

a

small crystal of cobalt ni-

half test tube of water.

Tith

write you name on a piece of

clean pen

a

1azed gaper.

Al-

to dry and then hold the writin: over a flame and

1cv:

note what hapens.
4.

If

the materials for the above experiment are not

available, the followin' may be substituted.

concentrated solution

a

table salt in hot water and

Write your name with thl

let it cool.

with

of

hake a

salt solution

new clean pen which has never touch ink.

Let

the writinE dry and It will be almost invisible.

across 1t with
5.

a

lead

Spontaneous combustion
the form of

a

cone,

a

pendi

Rub

and your name will appear.

On an asbestos mat arrange in

ouantity of powdered potassium

permanganate equal to the size of

a

bean.

With

a

pen-

cil point make a small hole in the tip of the cone and

put a drop of

for

a

reaction

1ycerin in the hole.

Step back and wait

51
6.

Fire writing

Dissolve as much powdered potassium

trate as possible in
water.

a

ni-.

test tube one-fourth full of

Use a frayed end of a

mtch

to act as a brush,

and dip it into the solution and write your name on a

piece of absorbent paper and allow to dry thorouh1y.

After drying set fire to the place where you first
started to write.
7.

Self-inflating balloon

Fill a small vial (about 4

.

capacity) full of water and close tightly with a cork
stopper.

vial.

Wipe off any water which may adhere to the

Obtain two pieces of calcium carbide about the

size of a pea and place both the vial and the calcium

carbide in

a

balloon.

Tie the balloon opening with a

thread or string so that no air can enter or leave it.
Take- the

balloon in your hands and remove the cork

from the vial, shake the contents and immediately place
the balloon on the desk.

The balloon is inflated with

acetylene gas which is very explosive so keep away from
fire

Evaluation

of

Unit

I

The methods of evaluation that are to be

used.

in a

chemistry course should be carefully explained to the class
at the beginning of the course.

i'iany

misunderstandings are

often prevented by a careful explanation of the evaluation

52

program during the first week

of

school.

Perhaps the best method to follow in evaluating this

first week

of'

work is the anecdotal

recon5...

A short and

convenient method of recording behavior characteristics can
be devised in which the names of the students are placed

down one side of

a

sheet and the abilities under observa-.

tion across the top.
by lines.

The paper is then divided into squares

This provides a square for each ability opposite

each name.

The presence or absence of the desired response

may be recorded by

neans of a plus and :iinus sign.

For example:
Observational Record
Name

Tolerance

Mary Smith

+

-

Bill Brown

-

.

Curiosity

Reserve
Judgment

Seeing a
Problem through
to Completion
-

+

+

Others
This form can be added to and should be used through
the entire course.

Improvement or lack of improvement can

be indicated by the accumulation of plus and minus marks.

A simple case history of each studert should be pre-.

pared during this introductory unit.
the one below will be sufficient.

A form similar to
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Case History
Name

-

Bill Brown

Age

-

Date

17

1.

Achievement (grades or I.Q.)

-

2.

Social economic background

-

Delivers papers
in town, etc.

3.

Reading ability

-

Poor

4.

Testing record

-

No record

average

The information gained from such a form can prove in-

valuable in understaûding student behavior.

Vocabulary and

reading weakness can be rioted and checked at an early stagß

The fact that a student is working five or six hours after
school might account for lowered grades or a lack of interest in chemistry.

The more information a teacher can gain

concerning individuals the easier it is to understand and
interest his students.

References:
In addition to the following references use all the

chemistry texts, encyclopedias,

and science periodicals

that are available.
Borth, Christy.
Pioneers of Plenty.
New York, 1939.

Bobbs-ierri1 Co.,

Bunzell, H. H. Everyday with Chemistry.
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Grosset and
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Frank, J. O. and &uy J. Barlow. Lystery Exoriments
anc. Problems.
J. O. Frank, Oshkosh, Wisconsin, 1940.

Hagard, Howard W. Devils, Drugs, and 'octors. fiarper an Brothers, New York, 1929.
Holmes, Harry N. Out of' the Test Tube.
RIchard R. SmitH, New York, 1937.

Haynes, William, This Chemicel Aae.
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Films:

(16 mm.)

Chemistry, Historical Introduction to the Study of.
10 min.
Sound.
1.00. #817.
Dept. of Visual
Instruction, University Extension Division Building,
Berkeley 4, California.
New World Through Chemistry.
20 min.
Sound.
ÇO.50.
Dept. of Visual Instruction, Extension Service,
Oregon State System of Higher Education, Corvallis,
Oregon.
2 reels.
Synthetic Rubber.
Sound.
O.50.
Division
of General College Extension, Bureau of Visual
Teaching, 7ashington State College, Pullman, 'Nashington.

Wonder World of Chemistry.
Corvallis,

25 min.

Sound.

O.5O.

Oregon.

Free and InexDensive Materials:
A Wonder Book of Rubber. The B. F. Goodrich C., Akron,
Free to teachers.
Ohio. 40 p.

Bakelite Review.
Bakelite Corporation. 247 Park
Avenue, New York City. Quarterly.
15 p. Free.
Buried Sunlight. 36 p. 1941. Row, Peterson and ComO.28.
Coal.
pany, Evanston, Illinois.

Educational Exhibit. Hood Rubber Products Company,
Ç0.6O.
Samples of crude rubber
Watertown, Mass.
and the ingredients to refine and manufacture rubber boots and shoes.

From the Far Corners of the Earth. Weston Electric
Company, 105 Broadway, New York City. 70 p. Free.
ieta1s used in the construction of the telephone.
1941.
AmenSailer.
G-. D.
History of Glass.
5 p.
44th.
Street,
West
Glassware
Association,
19
can
New York City. Free.

Information Regarding Rayon. 20 p. 1940. American
Viscose Corporation, 350 Fifth venue, New York
City. Free.

Metallurgy and Wheels. Revised edition. 47 p. 1938.
General Motors Corporation, Dept. of Public Rela-
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tions, Detroit,

¿ichigen.

Free.

E. I. du Pont de Nemous
Plastica. 7 p.
Also:
and Company, Iilminton, Delaware. Free.

Parade

of

Cellulose and Civilization.
1938. Free.

Dr. Frederick C. Hahn.

8 p.

B1azin
try.

the Trail to New Frontiers Through ChemisFree.
31 p. 1940.

Chemistry and You.

-

Free.

Du Pont Rayon Reaches New Peak in Fashion Fabrics,
Du Pont Style News Service. 37 p. Free with samples.

Science in Everyday Life.
Free.

C.M.A. Stine.

Free.

The Kinship of Du Pont Products.

Things are not What They Seem.

Wonder World

of Chemistry.

19 p.

Free.

Free.

Products Derived Fron Coal. The Barrett Company,
Â chart 14 by 17
40 Rector Street, New York City.
Free.
inches.
Allegheny Ludlum Steel
Stainless Steels. 32 p. 1941.
Corporation, Sales Promotion Dept., Brackenridge,
Free.
Penn.
Steel and Its Use. Bethlehem Steel Co., Bethlehem,
Free to teachers only.
Pa.
31 p.
1941.
20 p.
Story of Nylon.
pany, St. Joseph, Michigan.

Cooper Wells and ComFree.

Unit II

-- Matter and Its Composition
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In this unit the student begins his study of the many

properties

of

matter which determines its usefulness in the

home and in the world about him.
Suggestions to Teachers
1.

The periodic chart should be referred to the class in
an informal way, briefly explaining how it is used. when
the first element is discussed.

As the class progres-

ses, the chart will take on meaning and before the end
of the first

to simplify

semester students will be using the chart
and.

clarify their chenícal problems.

Under

no circumstances should the periodic classification of

elements be presented to the class with the idea of the

pupil
is

mastering it during these first three units.

It

surpi3ing how quickly and easily students can ac-

quire this information when the chart is mentioned

fre-

quently as occasions present themselves for its use.
If

the school does not own a chart, one can be

easily made as a student project.

Two pieces of butcher

paper about five feet long can be pasted together and
the chart copied from any standard chemistry text book.
The chart should be placed at a convenient height so
that students can examine it closely and read the fine

printing with little difficulty.

Many charts are placed

above a blackboard which makes it hard to read

and.

very

inconvenient for reference.
2.

Use many simple demonstrations in explaining chemistry

to students.

Startle them,

and.

keep them on their

toes so they will wonder what is coming next.
3.

Remember the nature of your studenti
adolescent.

4.

He is still an

He lihes gaines and competition.

Have a chemistry question box in the room.

Explain to

the students that any question they wish to ask about
the subject matter or other related material maì be

placed in the box.

No names need to be on the ques-

tions.
Objectives

1.

of

Unit II

To develop an understanding of the nature of matter and
how to identify matter.

2.

To awaken an appreciation of the definiteness and order-

liness of matter.
3.

To understnd how the scientific method of thinking has

been used in gaining
of
4.

a

better knowledge of the nature

matter.

To cultivate a general understanding of the importance
of

chemical change in the transition of one substance

into another.
5.

To develop an understanding of the composition of matter, including solutions.
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Suggested Aoproach
Have ready for the first day this unit is to be ore-

1are

sented, two flash bulbs,

ones 1f available.

On the

demonstration desk have the two bulbs balanced on scales
showing that they

we1h

the same.

there is

If

that has a flash carner% have him take a ;1cture
class busy stuyinc, in the room.

.

student

a

of'

the

After the picture olace

the bulb back on the oan balance and it will be clearly

seen that the bulb

weihs

was burned.

You wôuldn't expect it to weich the

sa

e

Why?

after all the

would you?

just as much as

it di

before it

netal had been burned in the bulb,

prom the discussion that will follow the stu-

dents will be aware of the Law

of

Conservation

of

Energy.

Another excellent demonstraLion that can be used to

introice the unit

of

matter js as follows:

physical and chemical Troperties of
Make a

paoer.,

box out of smooth

wraoping paper about one foot square.

Pin the corners,

fill it half full of water, and place it over the burner.
The students i,ill be very much interested to see that the

paper does not burn,
ing.

instead the water will soon be boil-

After the water has boiled for

a

time,

water and olace the box over the flame again.
the box quickly catches on fire.
Here, again,

is an excellent

remove the
Tìls time

dhy?

opoortunity to develop

active interest in physical and chemical properties of

oD

matter.

There are many other simple demonstrations Thtmi.ght

be used in this same manner, the type and extent of these

pending upon the experience and initiative

of

d.

the instructor.

Experiments of this sort will be successful because they not
only stimulate interest in the new unit, but also, lead the

group quickly into the real issues of the unit.

From this

point the class is ready to continue the study of Unit II.
Unit Analysis

Surgested time:

four to five weeks.

Content
1.

The nature

of

Suggested Activities
matter.

1. The nature of iriatter can be

explained by

a

simple discus-

sion expressing the idea that

anything that occupies space
and has weight is known as

matter.

This discussion will

bring out the fact that all

matter has certain propertie
physical and chemical,

and

may exist in three states;
gas, liquid,

and solid.

Use

water as an example.
2.

Physical properties
of

matter

2. Refer to the experiments done

on the first day of

a.

Color

this unit.

The reason

the

paper didn't burn was due

b. Odor
C.

Taste

to its property to trans-

d.

Hardness

mit heat rapidly from the

e.

Density

burner to the water.

f. Specific

E

The common physical

gravity

properties of matter can

Solubility

h. Conduction of heat
i.

Physical changes

successfully be explained
by the use of

sulfur and

iron powder, illustrating

their color, odor, taste,
density, and solubility.

These two substances are
good because they are

col-

orful and can clearly il-

lustrate

a

physical change

by the use of magnets and

Later

carbon bi-suiride.

on these substances can be

used to illustrate

a

chern-

ical change.
3.

Chemical properties

oÍ'

3. The

sulfur and iron can be

uBed again to illustrate a

matter
a.

Acid

b.

Active

-

base
-

inactive

chemical change.
Refer to the first
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e. Combining with oxygen
d. Reactions with water

demonstration of the unit

e. Reactions with other

changes occurred in the

reagents

and show how chemical

burntnof

the flash bulb

and the paper box.

During a period when

observatIon h

:been

stressed as an important
requirement of chemistî
perform this demonstration.

Place your finger in a
bottle and give the impres-

sion that the material

tastes extremely ßood. Pass
the bottle to all members
class reauesting
they hide their reactions
of the taste so that each
pupil can observe on the
basis of their own reaot ions.
Dia you enjoy the
of the

taste?

No

Thy

not?

Now

again. Place one
finger in the soluble
charme and put another

watch

me

s-
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finger into your mouth.
Students like demonstrations li1.e this and they
help

their

powers of ob-

servation.
4. Composition of iatter
a. E1eiients
(1) Metal
(2) Non-metal

4. Discuss the development of
new

elements through atomic

research.
Refer to the periodic

chart at this ooint, and
illustrate how the various
elements are related to one

another. Point out the
difference between a metal
ention
and a non-metal.
how the metals and the nonmetals are named. Symbols
should be introduced at

this time.
Many

interestin re-

ports can be ma±e on elements of soecial sinificance to our post-war
world.

i.e.

Iron, aluminum

berillium, antimony,
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chromium, tin, magnesium,
copper, silver,

uranium, and

others.

Illustrate the size of

b. Atoms
(1)

atoms by stories; i.e. there

Size

are so many atoms of hydrogen

(2) Weight
(3)

in one drop of water that if

Molecules

the atoms were as big as the

drop they would cover the
whole earth with one foot of
water.

Illustrations of this

sort stimulate imagination
and create enthusiasm for

more knowledge.

Reports on the atom bomb
and recent developments with

uranium.
c.

Compounds and
tures

mix-

Using sulfur and iron
powder, repeat the experimente
above to illustrate again the

difference between

a

compound

and a mixture.
At this time it would be

well if formulas of the reactions were written on the
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board, but not required for

memorization.

For review

of

Lhe terms

learned so far, play the
twenty question game.

A stu-

dent decides to be a molecule
and the rest of the class

asks questions to determine

what the pupil is thinking.
The only answer the person

who is

fitti

can give is yes

or no.
5.

Solutions
a.

5. A challenging demonstration

Water

can be executed by having a

b. Distillation

cup of hot,

steaming coffee

e.

Solubility

on the table with sugar and

d.

Water

cream in containers near by.

e.

of

crystalli-

zation

Ask the students which they

Hydrates

would place in the coffee
first and why.

Which would

be most patriotic in post-

war times since sugar is
scarce?

Ask the pupils to

figure out their reasons and

present them to the class the
next day.

A great deal of
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chemistry can be learned by
this simple experiment and

certainly solubility will be
a

term that will be rernem-

bered.
To illustrate

struction

of

t-ìe

cOfl-

the universal

solvent, perform

ti:e

electr-

ysis of water demostrat ion.

lest tie local water for

hardness.

That makes it

kara?

Reports on heavy water,
and tLe local water purifica-

tion methods.

Demonstrate to the class
that the boiling point of wa-

ter changes with changes in
pressure.
To illustrate immiscible
liquids.

Disaolve

a

small

speck of oil soluble dye in
10

ml. of

carbon disulfide.

Dissolve a speck of sone Wa-

ter soluble dye

of

another

color in 10 ml. of water.

Pour the two liquids into a

large test tube, cork tightly,
and shake well.

The liquids

will separate on standing,
each with its own color.

Illustrate diffusion of

potassium permanganate crystale in a large cylinder of

water.
Discuss how salt may be
reclaimed from sea water by
cryst3llizati on.
6.

Purity of substances

6. A

discussion of the various

types of chemicals that may
be purchased at a drug store.
i.e.
t,

Tech,U "U.S.P.," and

C .P

Laboratory Suggestions
The first laboratory period of Unit II should be
spent learning laboratory methods, and bending glass tubing for future use.

The following experiments are recommended for study in
Unit II.

These experiments were taken from, "Chemistry and

You in the Laboratory," by Hopkins and others, but any of
the later laboratory manuals will do just as well.

1.

Laboratory Methods.

2.

Physical and Chemical Change.

3.

Elements, Compounds, and Mixtures.

4.

Separating a Mixture into its Components.

5.

Distillation.

6.

Water Purification.

7.

Solutions.

8.

Solubility of Sodium Chloride.

9.

Hydrates.

10.

Q,uantitative Determination of Water of Hy-

dration.
It

is

important that the laboratory and the classwork

go hand in hand.

In fact, the laboratory work must be de-

termined by the orogress in classwork.

There should never

be a laboratory period until the class work warrants exp&imental evidence to support ±t.

Evaluation

Unit II

of

Give frequent examinations throughout the course in
chemistry.

At least one each week.

The anecdotal

should be checked several times each week.
first units it is well to give

frequently.

a

recoH

During these

short vocabulary quiz

The vocabulary of chemistry ±s one of the

greatest stumbling blocks for students in the early weeks
of

the course.

Try this modified True-False test.
Directions:

usinC

In column I, mark the items true or false

for true an

..

O

has been marked False,

for false.

in column

If

olace in Column

phrase, formula, or number replacin
linel word, phrase, formula,

item

tìe

the correct word,

II

the

I,

inìcorrect

under-

or number.

lTharnple:

Column

I

O

Column II
compounds

1.

iíost

elements are found

in

na-

ture as liguias.
2.

+

A substance that can be seoer-

ated by physical means is a

mixture.
If

you wish to make the test harder,

do not underline

the key words.

Text references:
M. R., N. F. Bush, an
Chemistry. Ginn and Company,
17-22, 70-74.

Ahrens,

Bid5.le,

H.

C.,

and G. L. Bush.

R.

K. Easley.
Livina
oston, 1942.
pp.

Dynamic Chemistry.

Rand McNallv and Co., Chica,o, 1937.

85.

pn. 1-22, 70-

Eopkins,

B. S. anis others.
Chemistry and You. Lyons
and Carnahan, Chicago, 1939. po. l-21, 89-137.

Other references:
Fisk, Dorothy li. Modem Alchemy. D. Acpleton-Century Company, Inc., New York, 1936.
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Foster, William, The Romance of Chemistry. D. Appleton-Century Company, Inc., New York, 1936.

Jaffe, Bernard.
Crucibles.
New York, 1930.

Simon and Schuster,

Kendall, James. At Home among the Atoms.
ton-Century Co., Inc., New York, 1929.
Films:

Inc.,

D. Apple-

(16mm.)

Crystallization. 18 min. Silent.
Berkeley, California.

2.0O.

67.

Energy and Its Transformation. 11 Min. Sound.
Corvallis, Oregon.

l.50.

Oxidation-Reduction.

Corval-

lis,

11 min.

Sound.

1.50.

Oreon.

Surface Chemistry. 12 min.
Berkeley, California.

Sound.

l.5O.

#3021.

Free and Inexpensive Materials:
A Drop of Mercury. A Tube of Glass. Taylor Instrument Company, Rochester,, New York. Pamphlet telling the story of the manufacture of the thermometer.
A Short Story of TechnicalG-lassware.
Corning Glass
Works, Corning, New York.
32
Free.

p

Aluminum Exhibit.

Aluminum Cooking Utensil Company,
New Kensirnton, Pa., or Oakland, California.
21 p. booklet and samples.
Free.

Unit III -- The Structure of Matter
In order
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for pupils to understand chemical reactions

and to appreciate why some elements have combining power

and some do not, they will need to learn the structure of

the atoms.
ugpestions to Teachers

i

This unit requires careful teaching.

The student must

bave a clear understanding of the structure of matter

before he can begin to understand chemistry.
hurry through this unit.

Do not

Be sure the material

Ing understood by your pupils.

If this unit

is be-

is well

presented and the students really understand it, they
will find the remaining weeks of chemistry easy.
2.

Since this unit is mostly theory the teacher will need
to use as many interest-setting devices as possible.

Keep your pupils stimulated and show them that the
study of atoms, ions,

electrons, protons, can be fun

and is lively and interesting.
3.

Be Bure you convey to the class that you enjoy teaching

chemistry, and especially you enjoy teaching these

par-

ticular students before you.
Objectives of Unit III
1.

To develop within the student a functional understanding of the structure of molecules and atoms.
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2.

To be able to understand and use molecular and atomic

weights as they apply to every day chemistry.
3.

To develop an understanding of valence and how atoms
combine to form compounds.

4.

To be able to work simple problems that are necessary
in apD1yin

chemistry to everyday situations.

Suggested Approach
On the demonstration desk have a clean large battery
jar full of water.

With the class watching, place one

drop of red dye in the jar of clean water and notò what

happens.

As the coloring matter distributes

itself around

the jar ask the students to explain how this could be when

there are no currents within the jar to move the color
around.
There will be several theories presented,

but do not

give the class a true explanation at the moment.

Have all

the students that think Jack's explanation is correct

together and prepare their reasons for ttieir theory.
students that believe John's answer is better,

groups or there may be six.

Those

go with Jobn

to another corner of the room and work out their list
reasons to support their view.

et

of

There may be only two

Encourage them to work out

their explanations and present their reasons to the class
at the end of the period

if

there is time, or the next day.
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A

reat deal of

interest and enthusiasm will immediate-

ly be created by this simple demonstration.

It

provides an

excellent approach to the discussion of the theory of movinß

molecules.
A bottle of ammonia may be uncorked and soon the
is at

an

the rear of the room.

it is

Why?

odor

The table looks solid,

very stationary, is it?

Unit Analysis

Suggested time:

two to three weeks.

Suested

Content
1.

The theory of moving

molecules.

1.

Activities

Inflate two ballons until they
are the same size.

hold one

over a source of hear and note

that it increases in size.

r?

Recall the discussion de-

veloped in the approach to this
unit.
2.

Structure of the
atom.

2. Hàve

students make models of

the atoms.

Toothpicks

and

squares of colored paper may
be used

to

make

atomic

models.

Many diagrams of the

atoms should be made on the

blackboard showing how the
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electrons appear in their
outer orbit.
A great many interesting reports can be made

this material.

at

Refer to,

Kendall, "At Home Among The

Atoms
3.

3. Drill will be required to

Atomic numbers

learn the arrangement of the
electrons around the nucleus
of

the atom, and learn the

atomic numbers of some eleinents.

4. Use the periodic chart in

4. Atoms may form corn-

these explanations.

p ound s

Point out that a know-

a. Valence
b.

Electron theory
plains valence.

c.

ex-.

ledge
aid.

of

a

few valences

wifl.

in learning others.

Drill in formula writ-

Formula writing.
in

is very necessary.

a garne of this drill.

Make
Di-

vide the class in groups ad
pit one against the other.
If the class is

evenly di-

vided, have the boys compete

against the girls.
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Play the game called,
"Valence," lt is lots

fun

of

and a great deal of chemistry
can be learned in a

p1east

way.
5. Determining molecular

weights

5.

Have students visit the local

drug stores and chemical

a.

Gay-Lussac's Law

houses and see 1f the chemist

b.

Avogad.ro's Law

has any use for this type of

c.

G.M.W.

calculat ion.

d.

G.M.V.

e.

Percentage composi-

for the students to work so

t i on

the mathematics and the terms

Furnish many problems

G.M.W. and G.M.V. will be

clearly understood.
Make it clear to the
student that he will have
need of this type of work

later on in the course as

well as right nov.

How

cì

you determine a good buy in

household ammonia?

YOu will

need to know how to do simple
calculations as illustrated
in this unit in order to
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answer questions like the
one above.

Make a gaine for the
as

often as possible.

is

another good chemistry

d3l

There

game called, "Kern-Check,"

which will give drill in
learning atomic weights, valences, groupingof elements

according to families, combinations of elements in f ormulas, the displacement
ies,

ser-

and chemical reactions.

This

gaine

may be had for

fifty-cents by writing to,
Sister Cecilia Louise, Notre
Dame High School, 7el1ington
and.

Mango Avenue, Chicago,

Illinois.

Laborato

Suggestione

The following experiments are recommended for study in
Unit IV.

These experiments were taken from, "Chemistry and

You in the Laboratory."

1.

Molecular 11eight of Oxygen.

2.

Experimental Determination of a Formula.
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valuation

3.

Percentage Composition.

4.

Finding the Valence

of

of

a 11etal.

Unit III

Give frequent vocabulary quizzes durin

the study of

this unit.
A game that can serve as a testing device as well as

excellent review, can be played in the following manner.

A

student is chosen who thinks of an element or a chemical

term and the rest

of

the class ask questions that can be

aewered by the person who is "it" by "yea' or "no."

This

game requires a great deal of knowledge by the pupils taking
part.

Grades can be recorded on the basis of the questions

asked and answered.
Give at least one test in each unit on applying principles.

An example of this type of examination is found in

Unit IV.

Make a check list to determine students creativeness
in action.

Place a cieck mark in the column opposite the

student's name when the behavior is noted,

Creativeness Check Sheet
Student

A.

B.

Design of
Apparatus

Outline of
cperiment

Organization
of material

Originality

The list

of

traits may be expanded to suit the instruo-

Laboratory work is an important part

tor.

thLform offers

a

of

the course and

convenient wat to check students

creative-

ness.
Mat e riais

Text references:

Living Chemistry.

pp. 39-45.

Dynamic Chemistry.

pp. 23-29, 116-151.

Chemistry and You.

pp. 139-175.

Other references:
Foster, William. The Romance of Chemistry. D. Appleton-Century Company, Inc., New York, 1936.
Harrow, Benjamin, The Romance of the Atom.
Liveriht, New York, 1927.

Langdon-Davies, John.
Inslde the Atom.
Brothers, New York, 1933.

and.

Harper and

Thomson, J. Arthur, The Outline of Science.
Putman's Sons, New York, 1922.
Films:

Boni

&.

P.

(16 mm.)

li

Electrochemistry.

min.

Sound.

*1.50. Corvallis,

Oregon.
Electrons.

11 min.

Molecular Theory

of

Sound.

Matter.

1.5O.
11 min.

Corvallis,
Sound.

Oregon.
1.5O.

Corvallis, Oregon.

Free and inexpensive materials:

Chemical Products in the United States. 1936. Silver,
Burdett Co., 45 East 17th Street, New York City.
Free. Outline map of the United States showing chemical products and mineral resources in each state.

Unit IV -- The Atmosphere
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The atmosphere contains many gases that are Indispensable to man.

In this unit these important gases are stu-

aiea showing their relationship to man and his world.
Suggestions to Teachers
1.

There is
dried"

tendency to settle down to

a

"cut and

routine after the students have come this far.
against this

G-uard
2.

a

Use many interest-getting devices.

This unit offers

offers excellent opportunity to use stimulating experi-

ments and demonstrations.
3.

Games used in your presentation,

j

reviews, and in ex-

aminations are very successful.
4.

Have

a

large chart

introduce it earl

Objectives
1.

of

of

the activities series made, and

in this unit.

Unit IV

Lo understand the part thet oxygen plays in maintaining

life.
2.

To gain

a

knowledge

of the

preparation

of

oxygen and

drogen.
3.

To understand how hydrogen serves in our daily life
needs.

4.

To discover the practical uses

of

hydrogen and oxygen.

y-

5.

To understnd how ionization aids in explaining chemical reactions.

Sugested Approach
Place on the demonstration desk an empty milk bottle,
a spoon,

two matches, and

removed.

boiled egg with the shell

a hare.

Ignore the bottle and egg until you think the

class is sufficiently curious, then ask for volunteers to

put the egg into the bottle without breaking it.

to ask if anyone knows how to do the trick.

know how will please keep silent.

If a

Be sure

The ones that

student does the

experiment correctly, have him explain how and why the egg

went into the bottle.
As soon a

the egg is in the bottle someone is sure to

ask how can one get it out without breaking the egg.

seems to be a greater problem.

If

This

no one can figure the

solution, give the class until the next day to work out methods for removing the egg without breaking.
is

removed be sure the student explains how

When the egg
arid

why he was

able to cause it to come out of the bottle.

Place the egg in the neck of the bottle after insertIng a lighted match.

slowly pop in.

When the match goes out the egg will

Atmospheric pressure forced the egg in af-

ter the oxygen had been used up by the burning of the
match.

If

one match wontt work light a piece of paper and

drop it in.

Mention the expansion of gases as a possible

answer as to why the egg entered the bottle.
To remove the egg:

first work the match out and then

turn the bottle upside down until the egg is resting firmly
in the neck.

Press the opening of the bottle firmly over

your mouth and puff hard.

The increased air pressure

inside the bottle will force the egg out.

Be sure to catch

it.

This demonstration offers an excellent introduction to
the subject of air pressure,
phere,

oxygen content

of

the atmos-

etc.

Another successful demonstration that will stimulate
interest can be done by filling
ering it with a

pece

of

After removing the

sink.

ter in the glass.

a

glass full of water, coy-

paper, and inverin
hand.

over the

the paper will hold the Wa-

Ask for volunteers.

If

they can do the

trick, have them explain why the water remains in the
glass.

Even if the students know how to do these tricks be-

fore they come to class, they enjoy doing them, and the

demonstrations still retain their teaching value.
Unit Analysis

Suggested time:

four to five weeks.

roy
LSY

Content

1.

Air and its composi-

Suggested Activities
1.

tion

Student reports on the uses
of

carbon dioxide, argon,

neon, helium, krypton, and

xenon.
Have a student prove to
the class that air is a true

mixture that has very delinite properties.

Student reports on

stratosphere flights, why
some were successful and
some failures.

Illustrate atmospheric
pressure by boiling

a

small

amount of water in a gallon
can, and then quickly put

the cover on the can after

removing from the heat.

The

can is flattened as soon as
the air cools inside.
If possible,

have a li-

quid air demonstration.
2.

Oxygen
a. Discovery

2.

Reports on the discovery of
Oxygen, Priestley and

.

c.

Hideouts

Lavoisier offer a good in-

Preparation

troduction to this study.

d. Properties

Who can pour

A problem:

e.

Uses

air up bill?

f.

Reactions in life

constitutes quite a problem

This question

(i)

Burnin5

and demonstrates the fact

(2)

Oxidation

that air occupies space. Give
the class overnight to figure
out a method.

Solution:

Invert a

glass full of water in a

large pan, and
of

a

class full

air inverted along side of

the one filled with water.

Tilt the air tumbler down

un-

der the water tumbler and the
air will pour up hill into
the glass filled with water.

Ask a student to demonstrate whether or not diox1

other than manganese dioxide,
are catalysts with potassium

chlorate in the preparation
of

oxygen.

se barium

diod

lead dioxide, silicon dioxid
and tin dioxide.

A demonstration

The

class has prepared oxygen in

the laboratory by heating

mercuric oxide.

Ask a stu-

dent if other simple oxides

do the same, such as, copper
oxide, lead oxide, iron oxide,

and magnesium oxide.

Have a

pupil come to the desk and
try one of the oxides and

other pupils try the other
oxides.

Why didn't all the

oxides give off oxygen?

Ask

another student to point out
the location of mercury in

the displacement series.

The

students will now be able to
answer the original question.
A good teaching methoöi

Use the displacement
series to make cr.emistry
easier, that is what the

series is for.

Ask a student to demonstrate oxidation and prove
the approximate amount

of

oxygen in the air.

Reports on dust expiosions, spontaneous combus-.
tion, and fire fihtina: ïn

the city, and in the woods.
A display of the reiLts
of

oxidation,

such as, a

rusted piece of pipe, an un-

painted board, etc..
3.

llydrogen

3. Report

on the difference be-

a.

Discovery

tween helium and hydrogen in

b.

Hideouts

diriEtbies.

c.

Preparation

d.

Properties

a student to

e.

Uses

following.

f. Activities series

An investigation:

Ad

demonstrate the
In the reaction

between zinc and sulfuric
acid, do other metals act as

well as zinc?

In which case,

using iron, copper, tin,
magnesium, or lead, is hydrogen produced?

fail to react?

position

of

Which metals
What is the

the reacting

&fi

the non-reacting metals in
the displacement series?
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A good teaching device.

Requires student to think,
and it illustrates the prao-

tical value of knowing how to
use the displacement series.
4.

Ionization
a. Theory of

b. Electrolytes

4.

Demonstrate the electrolysis
of water.

Use a conductivity ap-

C.

Non-electrolytes

paratus to test difference

d.

Strength of solutions

between an electrolyte and a

determined by degree

non- electrolyte.

of

ionization

have

a

review of voca-

bulary and chemical terms by
use of this game.

Write on

the blackboard an arrangement of letters like this:
1.

non

2.

reppoc

3.

iversi.

4.

trolecelyte

5.

etc.

The student is to name

element or chemical term, de-

fine,the term, or give a
physical or chemical property
of the element named.

The

answers of the above are:
iron,

copper, silver and

electrolyte.

The words are

arranged in almost any way
you wish, and the students

enjoy deciphering

the words,

making pleasure out of

a

drill period.

Laboratory Suggestions
The following
Unit III.

eeriments

are recommended for study in

These experiments were taken from "Chemistry and

You in the Laboratory."
1.

The Gases of the Air

2.

The Percentage

3.

Oxygen from Compounds

4.

The Properties

5.

Hydrogen

6.

The Properties

from

of

of

at all times.

Oxygen

Compounds
of

Insist that your students

laboratory work.

Oxygen in Air

Hydrogen

be

neat and orderly in their

Expect them to know what they are doing

Close supervision must be given each studait

in these first weeks

of

their study

of

chemistry so that

bad habits are corrected and good laboratory technique devel oped.

Evaluation

of

Unit IV

Do not rely too much on the conventioúal type examina-

We overwork true-false,

tions.

examinations.

completion, and essay type

There are other good ways

of

testing that we

should use along with the coventional type examinations.

Testing apDlication

of

principles:

ake an examination consisting

of

situations on one

side of the page and princiDls that could apply on the

other side.

For exanple:
1.

2.

Manganese dioxide is mixed

1.

The rate of chemical

with potassium chlorate in

change is increased by

the preparation of oxygen.

presence

A photo-flash bulb weighs

2.

the same before and after

of a catalyzer.

Energy can be neither
created or destroyed.

burnin.
3.

etc.

3.

During a chemical

reac-

tion an element may
lose or gain electrcns.
Use the game "arrangement of letters" that was suggested in this unit as a means of learning vocabulary.

Materials
Text references:

Living Chemistry.

pp. 52-69.

Dynamic Chemistry.

pp. 37-70.

Chemistry and You.

pp. 22-87.

Other references:
Berry, Pauline G.
New York, 1930.

Stuff.

D.

Appleton-Century Co.,

Foster, illiam. The Romance of Chemistry.
ton-Century Co., New York, 1936.

D. Aople-

Holmes, Harry ì.
Out of the Test Tube.
Ray Long and
Richard R. Smith, Inc., New
ork, 1934.
Kendall, James. At Home Among the Atoms.
Century Co., Inc., Hev York, 1929.

Films:

D. App1et

(16 mm.

Carbon - Oxygen Cycle. 10 min. Silent.
Berkeley, California.
Catalysis.

li min. Sound.

1.5O.

1.00. #816.

Oregm.

Corvallis,

Dangerous Dusts. li min. Sound.
30.50. Terrific
explosions caused by dust.
CorvallIs, Oregon.
Oxidation - Reiluction.
Corvallis, Oregon.

il min.

Velocity of Chemical Reactions.
Corvallis,

sound.

l.50.

11 min.

bound.

1.5O.

Oregon.

Free and Inexpensive materials:

Carbon Dioxide. Liquid Carbonic Corooration, 3100
Kedzie Avenue, Chicago, Illinois,
Free.
a.
Folder describing the production of carbon
dioxide and its uses.
b.
The uses of Carbon dioxide. 8 p.
c.
A glimpse of the liould carbon dioxide industry. 7 p.
Our Ocean of Air.
B.
Parker.
Peterson and Company, Evanston,
.

35 p. 1941.

Illinois.

Row,

0.28.

The Zinc

Industry. Earnest

American Zinc

V.

Gent.

Institute, Inc.,

New

30

York

p. 1940. The
City. Free.

Unit V -- The Shorthand of Chemistry

Many atudents have the impression that formulas

91

and.

equations complicate the study of chemistry making it dull
and harder to understand.

On the contrary,

if

presented

correctly, their study will be far easier because of their

knowledge

of

formula and equation writixg.

Sugßestions to Teachers
1.

By this time the students already know a great many

symbols, formulas,

and perhaps a few equations.

Make

every effort to recall this knowledge as this unit is

studied.
2.

Keep the students' viewpoint

Refrain from using

technical words beyond their comprehension.
.

Give your pupils as much individual help and encouragement as possible.

Don't allow this unit to become

a

week or two of dull drill.
4.

Stimulate their thinking with several thou;ht provoking
questions.

Keep them on their toes

Objectives of Unit V
1.

To develop the ability to write balanced equations correctly.

2.

To develop an understanding and use of the different
types of chemical reactIons.
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3.

To be able to determine how much you will get from

re-

actions.

5ugested 4proach
Have written on the blackboax5. when the class enters,
a

description of

a

On the opposite side,

cherncal reaction.

have the equation written.

This offers an excellent con-

trast and clearly illustrates the need for formulas and the

writing of equations.

For example:

Carbon burns, by uniting with
oxygen.

Carbon dioxide,

gas, is formed.

a

In order to

burn 12 pounds of carbon 32

C

+

°2

pounds of oxygen are needed,
44 pounds of carbon dioxide
are formed by the combinat ion.

To illustrate how a formula may simplify matters, use

water as an example.

The composition of water consists of

two parts of the element hydrogen, by volume, united with
one part of

by weirht,

oxygen, by volume, or 88.11 per cent oxygen,

combined with 11.19 per cent hydrogen, by weight

The two illustrations above will certainly make it

clear to the student that formulas and equations do make
his work much easier.

Unit Analijsis

Sui:este

tIme:

two to three weeks.

Content
1.

Suggested. Activities

The law of conserva-

1.

tion of matter

Recall to the class their

knowledge of the law

coneeration
and.

of

of istter,

illustrate aow It is

applied to

trie

writing

of

equations.
2.

What must be known in

o

2.

After discussing this

order to write edua-

problem, present the class

tlons?

with

a

thought-provoking

problem such as this:
Place one-quarter pound
of

salt on the demonstra-

tion desk, along with
several sheets

of

large

notebook paper, and

a

balance vitii no weights.
The ten-gram scale cannot be used.

Determine

accurately how much
salt will weigh one
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ounce.

Students like prob-

lems of this type.

These

demonstrations stimulate
thinking andarouse interest
for nore chemistry.
Try it.

You will find

it works.
3.

Writing balanced

3. Make use of equations that

equations

have been presented earlier
in the course.

Review them

and have the pupils practice

writing equations.
4.

Types of chemica).
react
a.

i

4. The basic principies

ons

Synthesis

ple, but the students will

need plenty of drill.

Displacement

Some students will need

d. Double decomDosi-

more help than others so be

t i on

e.

sure to give as much persori&

Oxidation

-

aid to the slower pupils as

reduc-

tion reactions
5.

Equilibrium

wr

ing these equations are sim-

b. Decomposition
c.

of

-

Whet is

is

5.

practical.

Equilibrium will require

going to happen?

careful instruction and pu-

a. Reversible reaction

pils will need

b.

1t

of prac-

Completion

tice with this type of reac-

reactions

ti on.
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6.

much

How

will

a. Weights

you

get?

6.

of chenil-

cals

Do many

drill exercises

simple problems involving
gram molecular

b. Volume of gases

on

gram

welht

and

molecular volume.

Laboratory Sugest1ons

following experiments are recommended for study In
Unit V. These experiments were taken from hemistry and.
You in the Laboratory.'t
The

1. Using Equations
2. TitratIon
3.

Double-Decomposition Reactions

4.

Com:inations and Decompositions

5. Simple Displacements
cperiments like these will help the student see the
practical value of knowIng how to use equations and be ae

to write balanced equations.
Evaluation of Unit

V

evaluation in this unit will have to be predorninantly working problems and wrIting formulas and equations.
However, the use of check sheets for attitudes and creativeness should be used during this unit.
As another means of evaluation, encourage your students
to keep diaries of reading and research they are doing outThe

-

This record is valuable for'student self-

side of class.

evaluation and illustrates cooperation between teacher
and student.

Materials
Text references:
Livinr Chemistry.

pp. 46-51, 78-92.

Dynamic ChemIstry.

pp. 107-122.

Chemistry and You.

pp. 228_259.

Other references:
Synfols and Formulas ïn CheinisCaven and Cranston.
try. Blackie and eon, Ltd., London, 1928.

Chemical Calculations. World Book
Company, Yonkers-on-Hudson, New York, 1931.

Jaffe, Bernard.

Kendal, James. At Home Among the Atoms. D. Aopleton-Century Company, Inc., New York, 1929.

Films:

(16 mm.)

Chemistry in a Chana1n
Corvallis, Oregon

1or1d.

Ener3y and Its Transformation.
Corvallis, 0reon.
Story of a Stora3e Battery.
Corvallis, Oregon
Velocity
1.5O.

Sound.

11 min.

22 min.

Chemical Reactions.
Corvallis, Oregon.

of

11 min. Sound.

i1erìt.

11 mIn.

l.50.

4.50
0.50.

ound.

Free and inexpensive materials:

Aluminum:

Its Story.

45 p. 19240.

Aluminum Company
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Pittsburg, Pennsylvania.
for, "Outline of A1uminum. 50 p.

of America, Gulf Building,

Free.

1940.

Also ask

Unit VI -- Acids - Bases - Salts
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this unit the student will realize
the chemist classifies the thousands of different chemIn the study of

how

bal

compounds found in lnorgan±c

chemistry.

Suggestions to Teachers
1.

Take every ooportunity

available to apply the material

beine studied to the world in which the student is familier.
hen studyinc acids use illustrations that

will

meaniful to stdents, referto acid

be

movers

that

can be found and used

There is very

little

at

spot r

home.

need of beinE too

technical

in this unit, so

aEainst this tendeitc:y.
2. Speak in a lanEuage the pupils can understand.
3. Use competitive devices throudiout this unit.

Objectives of Unit
1.

To

VI

develop an understanding. of

fies chemical substances in

en

classiorderly, definite mari-

how a

chemist

ncr.
2.

To

develop

a

familiarity with,

and.

to be able to ra-

cognize, acids, bases, and salts.
3.

To become aware of

in daily
4.

To

of

the use of

many of

these compounds

livin.

learn Eeneral methods
each of these groups.

of

preoarinß the compounds

Sueste

ApDroach

Let's take

a

fiel

trip

aci's, bases,

and

neithborhood

roc cry stores.

class,

there

v:ill

To introduce this unit on

throuh

salts, take the class

one of the

Then this is sugested to the

be reìierks to t:e effect t:at there are

no chemicals in a grocery store.

However, instruct each

runil to take paper and pencil, and as the class passes

through the store, write down every acid, base, and salt
they see in the grocery.
salt,

Some

hut others will discover

find

ay not
a

any but table

great many more.

This trip to the store will b ring chemistry

out

of

the classroom ri:ht

into

student.

good place to keep this study of acids,

This is

a

a world thet

is

familiar to every

bases, and salts, -- right before the pupil in his hone
in his

and.

community.

problem to introduce this unit would be as follows:
Place a beaker of dry salt and one

of dry sugar

on

the

de-

monstration desk along with an evaporating dish, tripod,
matcbes,

Bunsen burner, and wire gauze.

come forward and determine which is

Ask

salt

gar without tasting either substance.

a

student to

and which is su-

A discuEsion of the

physical properties of salt would certainly result from
this problem.
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Unit Analysis
Suggested time:

five to six weeks.

Content

1.

Acids

Suggested Activities

1.

Make a

various

mineral acids in containers

b. Organic
c. General properties

along side of organic acids.

(1)

Illustrate

acids

board

laste

i.e.

cators
(

many

(4) Effect on me-

Common

2.

importance

a. Hydrochloric

HCL

trie

common

ionizes-P{

+

CL

students find. as

chemical terms as pos-

The two
.

acids and their

the black-

sible that are used in
dem advertising.

tale
acids

how sorne of

Have

3) I-iydrogen ion

General preparation of

on

acids ionize in solution.

(2) Effect on indi-

3.

of

a. Mineral

of

2.

displa

mo-

general methods of

preparing acids should be

well developed.
3. Ask the class to give you
some general properties of

muriatic actd. Some will not
know that hydrochloric acid
is used in soldering. The
yellow color of muriatic acid

is due to organic substances

101
or a trace

iron.

of

Some

tins:Jths call muriatic acid
by the very old name of sarlt

b.

salt.

of

ltric acid

Reports on the various
uses of ïttroen,

explosives,

fertilizers, nitrogen fixation, etc..

Inveetiate ammonia

as

as a refrigerant.

Have

a

student make a

chart illustrating the nitrogen cycle.
Ask a student to inves-

tigate why nitric acid will
turn the skin yellow.

It

due to the xanthoprotelc

is
re-

action, formln: xanthoprotelc
acid.
c.

Sulfuric acid

Have

a

student prepare

the various forms of sulfur
for

class demonstratlon.

a

A

reort

on the Frasch

process of :ninln
Try to interest

sulfur.
a

pupil in

making a model illustrating
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the process.

Sulfuric acid is the
most powerful of the mor-.

an±c acids.
Report

on the imp or-

tance of sulfur in industry.
d.

Carbonic acid.

An acid all students are

familiar with, in soda pop.
e.

Acetic acid.

Reports on the use of

acetic acid in the textile
industry.
Be sure to refer to the

field trip to the store from
time to ti:ne as common acids

are mentioned, such as vine-

ar and citric acid.

Plan

a

laboratory per-

iod that will be free to the

student to investigate any

problem he may wish to solve
or attempt to solve.
4.

Bases

-

Hydroxides

a. Taste
b.

4.

nave a display of the common
bases in their natural con-

Effect on indica-

tainers, such as lime, am-

tors

monia, magnesia, lye, etc.

]O3
C.

OH

the class how many of
the above bases were on
their lists as they went
through the store on the

ion

Ask

d. Effect on fats
e. Neutralization

first
.

this unit.
Reports on the differday of

cnt types of soaps

:rìade by

the use of NaOH and KOh.
NaOH producing the hard
soaps ani

5.

Common

bases and

their

iiiportance

a. Lye
b. Caustic potash
c.

Ammonium

hydroxide

6. Salts
a. Importance
b. Formation
e. Naming salts
d..

KOH

5.

KOM

the soft soapa

report on the use of
cocoanut oil in making marne
or hard water soaps.
Prepare a map or maps
of chemical industries or
products.
Project: have a studert
Have a

analyze household ammonia.
6. Project: Make a chemical
garden using water glass as

the solutIon and add
two

one or

pieces of any of the

Properties

following salts:

(i) Physical

fate, ferne sulfate, cobalt
sulfate, calcium nitrate, or
nickel sulfate, manganese

(2) Chemical

copper sul-

loI.

sulfate,

sulfate.

or aluminum

For best results the solution
should have a

ty

1.1.

of

specific

gravi-

Ask the pupils to

explain how the garden grows.

If

iron sulfate was used,

the iron sulfate solution reacts with the sodium silicate

and forms insoluble iron
cate in the
or sac.

shape

of

a

sili-

film

The sac is filled

with iron sulfate and then
osmosis occurs, and the sac

builds

up

to the top of

the

solution or until the liquid
is exhausted.
i-lave

a

student make an

ammonia fountain and ask him
to explain

it

to the class.

In order to avoid con-

fusion by the great number
of acids,

bases, and salts

just learned, play many

games as a review and for
fun.

Play the game, "Who

am I," where a student
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stands before the class, cal-

ling on various members

of

the group to define or tell
something about the acid,
base,

or salt that has been

written on the blackboard behind the student who is
If

'lit."

the person who is "it" can

tell from the information

given to him from the group,

what is written on the board,
he may write

a

chemical term

to try and "stump" the next

person who is to be "it."

Laboratory

gestions

The following experiments are recommended for study in
Unit VI.

These experiments were taken from "Chemistry and

You in the Laboratory."
1.

Hydrogen Chloride.

2.

Acids and Bases.

3.

Neutralization.

4.

Conductivity of Solutions.

5.

Electrolysis.

6.

Hydrolysis of Salts.
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7.

Sulfuric Acids an

8.

Some Reactions

9.

Nitric Acid.

10.

0xies

of

of

Metals.

Sulfuric Acid.

Nitrogen.

Make every effort to supervise the experiments as
closely as possible.

Insist the students know what they

are doing before starting an experiment.

Encourage students to set up and develop experiments
not found in the laboratory manual.

Evaluation of Unit VI
Take

a

field trip to the same grocery store to see how

many acids, bases, and salts can be recognized now that the

students have completed their study of this unit.
serve as a studen

It will

check as to the number of new things he

will have on his list this time as compared with the first
trip.
Make it a point to interview each of your students.

Check on their progress in a friendly interested manner.
This can be an excellent evaluation procedure if done properly.

Under no circumstance must the interview be

a

di-

rect quiz of the student's knowledge.

Use essay type examinations occasionally to test principles.

Use questions such as this:

.ihat

acid foods are cooked in aluminum pans?

will happen if
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To test for facts, use completion, multiple,choice,
and

tching type questions.

Evaluate student projects

tbat were corxrpleted in the unit.

Materials
Text references:
Living Chemistry.

pp. 93-120.

Dynamic Chemistry.

pp. 161-205, 234-.256.

Chemistry and You.

pp. 177-227, 285-300,

363-.

399.

Other references:
Fabre, Jean-Henri. The Wonder Book of Chemistry.
D. Appleton-Century Company, Inc., New York,
1923.
Howe, H. E.
Chemistry in Industry. Vol. I.
The Chemical Foundation, Inc., New York, 1925.

1osson, Edwin E.

Creative Chemistry. D. Appleton-Century Company, Inc., New York, 1919.

Films:

(16 mm.)

Invaluable Ingredient. 20 min.
Salt. Corvallis, Oregon.

Refrigeration. lo min.
Berkeley, California.

Sound.

Sound.

?l.O0. #222.

Sulphur. 18 min. Sound or Silent.
Corvallis, Oregon.
The Story of Soap.
1 reel.
Pullman, Washington.

0.5O.

Silent.

0.50.

O.50.
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Free and inexpensive materials:
Electron Theory of Acids and Bases. W. F. Tuder.
1940.
39 p.
Northwestern University, 360
Huntington Avenue, Boston, Mass. Free.
History of Salt.
32 p.
iorton Salt 0oipany,
Chicago, Illinois, Free.

The Miracle of Ice from Heat. Servel Inc.,
Servel Electrolux Sales Division, 51 East 42nd
Street, New York City. 25 p. Free.
The Modern Ice Refrigerator.
.eanor Howe,
Household Refrigeration Bureau of the National
Association of Ice Industries, 228 N. La Salle
St., Chicago, Illinois.
22 p. Free to teachers.

Water Softening Material. The Permulite Coxnparr,
330 W. 42nd St., New York City. Free.
A glass
demonstrator tube along with several bulletins
on filters and water softeners is provided.
ïrite for list.

Unit VII -- Organic Compounds
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The importance of carbon in industry and in all walks
of life will be

realized by the student through a study of

this unit.

Sugestions to Teachers
1.

Encourage your students to devise experiments of their
own.

2.

Organic compounds are very interesting to most students.
Help them to apDreciste the many ramifications

of

this

subject.
3.

Encourage your students to read and report on the
interesting phases

of

organic compounds.

i.e.

inarr

The

diamond industry, coal tar dyes, etc..
4.

Students should be urged to design displays that involve the scientific method of thinking than merely

presenting illustrative material.
Objectives of Unit VII
1.

To cultivate a general understanding of some of the

fundamentals
2.

organic chemistry.

To understand the refining of petroleum anì the pre-

paration
3.

of

of

gasoline and allied products.

To develop an appreciation of the number of compounds
that illustrate the great variety and valuable uses of

carbon and its compounds.
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Sueeted Approach
Perform the self-inflating balloon demonstration that
was suggested as an interest arouser for the first day

laboratory period.

Ask the group for an explanation.

The

discussion will introduce acetylene gas, its preparation,
and its uses.

A demonstration:

1i85

this to stimulate thinkin.

has no real connection to th±s unit.

the bottom of large cylinder and add

dilute hydrochloric acid.

It

Place some zinc in
a

salt solution of

Place several moth balls in the

solution and they will rise to the surface and sink back

down again.

This will go on almost indefinitely if the

salt solution is slightly less than that

of

the moth balls.

The zinc releases hydrogen which collects on the balls

causing them to rise to the surface where the hydrogen is
lost to the air and down come the moth balls.

stration is an interest-getter.

This demon-

Students are really cur-

ious as to why the balls keep moving.

It is

better to have

the experiment workinR before class, and let the students
call your attention to the strange occurrence.

Pupils can do this trick at home with a quart of water,

with four teaspoonsful of crystals of citric acid and four

teaspoonsful of ordinary baking sc1a, added to the water.
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Unit Analysis
Sugr.ested time:

Three to five weeks.

Content
1.

Suggested Activities

Petroleum
a. General

1.

properties

b. Fractional distilla-

A week before this unit is

presented have several

stu-

dents prepare reports on the

tion

more spectacular phases of

c.

Cracking process

this subject.

d.

Hydrogenation

the analyne dyes, Cracking

Reports on

process, carbon black plants,

synthetic perfumes, forms
of

carbon, etc..

Someone in every chemistry class is wa1tin

for

this opportunity to test

various gasolines and fuel
oils.

Encourage the pupil

to demonstrate his experirnents

class.

to the rest of the

An excellent book

for this type of
is,

experimt

"Test It Yourseif,"(40)

by Tuleen

-

Muehi - Porter.

This book is explained in
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great detail in the next
unit.
2.

ases

2. Have a student report

on

a. Natural

the type of gas used in the

b. Artificial

laboratory.

(1)

Water gas

(2)

Producer

(3)

Acetylene gas

How it was pre-

pared and its uses.
Send

a

pupil to the lo-

cal welding chop or agrict.L-

ture shop to report on how

acetylene welding works.
Interest your class in

performing experiments on
hOW to 5et the mobt heat out
of fuels

and various heat

values of different types

af

fuel.

Build a model of a coal
gas plant and explain it

op-

e ra t i on.

3.

Hydrocarbons

3. Project:

aiild model mole-

a.

Structure

cules from wire and colored

b.

Metaane series

balls to represent the vari-

c.

Ethylene series

ous atoms.

d.

Acetylene series

make and help understanding

These are fun to
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e.

Benzene series

f.

Reactions of hydro-

of

organic structure.
A demonstration:

carbons

Boil

water in a half-f il15.. litre

(i)

Unsaturated

flask,

(2)

Saturated

invert.

stopper the flask and

After the boiling

stops, place a large piece of
ice on top of the inverted

flask.

The liquid boils

again.

Apply beat to the top

and the boiling stops.
4.

Alcohols

4. Have a report on the alcotni

a. Wood

plant at Springfield, Oregon.

b.

Grain

e.

Denatured

d.

Stnicture of

e.

Why?

Reports on alcohol as a

solvent.
Reports on the many

(i)

Glycerol

uses of alcohol in industry

(2)

Phenol

and elsewhere.

Uses

A 48 page booklet may

(1)

Antifreeze

be had free from the U.S.

(2)

Solvents

Industrial Alcohol Company,
110 East 42nd. Street, New

York City.
5.

Products

of

Alcohols

a. Formaldehyde

5.

Have a student perform an

experiment to determine the

b.

Formic acid

amount of acetic acid in

c.

Acetaldehyde

vinegar.

Use,

"Test It
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d. Acetic acid
e.

Yourself," by Tuleen

Vinegar

-.

Porter.

-

Muebi

(40)

Reports on fermentation.
6.

0ranic Acids

6.

Investigations concerning

a. Formation

the organic acids in the form

b. Butyric

of

e.

reports.

Citric

d. Lactic

7.

e.

Oxalic

f.

Salicylic
7. Correlate this material with

Esters
a.

the laboratory work on estera.

Fonnation

b. Uses

Don't expect your stu-

(1)

Flavoring

dents to know

all the struc-

(2)

Solvents

turai formulas

of

(3)

Explosives

ters.

8. Fats

8.

these es-

Perform experimc nts to deter-

a.

Liquid

mine how water can be soften-

b.

Solid

ed.

e.

(1)

Crisco

(2)

Snowdrift

(3)

Spry

(4)

Oleomargarine

Linseed oil
(1)

d.

Uses

Hydrolysis

What are the character-

istics of water softners?

Write to Berry Brothers,
211 Leib Street, Detroit,
Lilchigan, for a free book-

let on Varnish, Guais, and
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Varnishing.

e. Soaps
(1) Preparation

Along with the

labora-

tory experiments of making

(2) Uses

soap, perform experiments on

9. Carbohydrates
a. Simple sugars

(i) Glucose
(2) Levulose
(3) Reducing

b. Double sugars
(1) Sucrose

the testing of soaps.
9. Encourage students to investigate how the various sugars
are obtained, manufactured,
and used.
Material can be obtained
free from large sugar ref ining companies such as, Cali-

fornia and Hawaiian Sugar Refining Corporation, San
Francisco, California.

(2) Lactose

c. Complex carbohydrates

(i) Starch
(2) Cellulose
10. Cellulose

a. Paper making
(1) Parchment

(2) Cellophane
(3) Film

10.

Many

interesting displays

reports may be made concerning cellulose, for example, an exhibit showing the
various steps in snufacturing paper.
and

Laboratory Suggestions

following experiments are recommended for study
in Unit VII. These experiments were taken from "Chemistry
The
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and You in the Laboratory.1
1.

Hydrocarbons:

2.

Alcohols and Their Oxidation Products.

3.

Esters.

4.

Making Soap.

5.

Tests for Carbohydrates

6.

Transformation

Ysthand, Acetylene, Benzene.

arbohydrat es

of

Evaluation of Unit VII
A check list on cooperativeness can be presared like

te

other check lists presented.

close attention to ìiscussion,
desk, hel'oins students, care of

Check such itens as,

cleaning up the laboratory
room,

courtesy to person

speaking, and any other that may be desired.

Observational and problem solving test

siay

be made.

Set up a generator on the desk with all the equipment for

making carbon dioxide.

Ask the class to write their rea-

sons why no carbon dioxide is collected in the bottle in-

verted over the water.

No carbon dioxide forna in tie con-

tamer because the thistle

tube is placed so it is above

the level of the liquid

the generator allowing the gas

to escape.

Lany tests

ifl

of

this type should be used.

Text references:

Living Chemistry.

po. 131-136, 359-371.
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Dynamic Chemistry.

pp. 597-666.

Chemistry and You.

pp.

460-531.

Other references:
Clarke, Beverly L. Larve1s of ::odern Chemistry.
Haroer and Brothers, iew lork, 1932.

The Story of Chemistry.
Ribbon Books, Inc., New York.

Darrov7, F. L.

Blue

7T11iu. The Romance of Chemistry.
Appleton-Century Co., New York, 1936.

Foster,

Holmes, h. N.
Out of the Test Tube.
ay Long
and Richard R. Siith, ïew York, 1937.

(Editor).
H. E.
Chemistry in Industry.
The Chemical Foundation, Inc., New York, 19221
25, 2 vols.

Howe,

Ro.ers,

Allen.

Manual

D. Van Nostrand Co.,

of industrial Chenistry.
New York, 1931, 2 vols.

Slosson, Edwin E. Creative Chemistry.
ton-Century Co., New York, 1930.

D. apple-

Chemical Invent ion and Discovery
E. P. Dutton and
in the Twentieth Century.
Co., New York, 1936.

Tilden,

Films:

T.

A.

(16 mm.)

Fourth Kingdom. 30 min.
Corvallis, Oreon.

Sound.

O.5O. Plastics.

12 min.
Fuels and Heat.
Berkeley, California.

bound.

1.50.

Lubrication.

30 min.

Sound.

p2725.

0.50. Corvallis,

Grec: on

Nodern :,etal Working with Oxy-acetylene Flame.
2 reels.
Silent.
0.50. Pu1lrn, Washington.
2 reels.
New Worlds Through Chemistry.
Nylon. Pullman, Washington.
O.5O.

Sound.

Oil From the Earth.
22 min.
Corvallis, Oregon.
Oil For Aladdins Lamp.
Corvallis, Oregon.

Sound.

O.5O.

Sound.

33 min.

O.5O.

Oxwelding in Industrial Production. 2 reels.
Silent.
O.5O. Pullman, Washington.
Petroleum and Its Uses.
Corvallis, Oregon.

40 min.

Sound.

O.5O.

Romance of Rubber. 2 reels.
Pullman, Washingt on.

Silent.

TO.5O

Story of the Tire. 2 reels.
Pullman, Washington.

Silent.

O.5O.

Sugar. 2 reels.
ington.

Sound.

Synthetic Ruober. 2 reels.
Pullman, Washington.

Pullman, Wash-

O.5O.

ound.

pO.5O.

Willard and You. 30 min. Sound.
How
O.5O.
Storage batteries are made. Corvallis, Oregm.
Free and inexpensive materials:
Cottonseed and Its Products. 34 p. 1941. National Cottonseed Products Association, Inc.,
731 Sterick Building,
emphis, Tennessee. Free.
Industrial Alcohol. United States Industrial
Alcohol Company 60 E.. 42nd St
New York City.
Free.
O

,

.

,

Oxy-acetylene Welding and Cutting - The Universal
Tool of all Industry. Linde Air Products Co.,
205 E. 42nd. St., New York City.
12 p.
Free.
Petroleum.
Clara Tutt. Unit Study Book No. 553.
32 p 1939. American Education Press, 400
South Front Street, Columbus, Ohio.
O.l5.

The Preparation of Synthetic Organic Chemicals.
Eastman Kodak Company, 343 State Stroet, Rochester, New York.

Free.
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The Story of Manufactured and Natural as.
American Gas Associetion, 420 Lexington Avenue, New York City.
Free.

Unit
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VIII -- Applying Chemistry to Life

The student has now reached the point where he is abLe
to apply his knoviledge of chemistry to the world in which

he lives

Suestions

to Teachers

Through a careful study of the preceding units the
class has acquired a foundation of chemical knowledge upon

which they can build in fields in which they are most interested.
Each student is to prepare a list of their needs which
they think

cari

be met through a study of chemistry.

These

lists are collected and organized by a student committee.
They are grouped in such a manner that investigations which
are

simlar

in nature are in the same group.

The purpose of grouping the questions is'to keep the

whole class working on subjects that aresomewhat alike.
The committee has copies of the investigations placed in the
hands of each student.

The entire class will start their

work in the same general division.

For example:

chemistry classes there will be an assemblage

household chemicals and cleansers.

o±

In most

studies on

The entire class will

then begin their investigation of their particular problem

involving household chemicals and cleaners.
If

two students have, the same problem they may work to-

gether or they may work independently, whichever the teacher
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thinks is best.

Each pupil should be required to keep a record of his
research, including a brief review of the preliminary readinge, the exQeriments,

the results, and the conclusions.

Since these problems were real to each student, they
will have value for the rest of the class.

At the comple-

tion of their work, each pupil will make an oral report to
the class concerning his experiment.

Objectives

1.

of

Unit VIII

To develop and awaken a variety of enduring interests
in the field

2.

of

chemistry.

To.give to the student

a

greater

appreciation of the

contributions of chemistry to life.
3.

To cultivate an awareness of the many unsolved problems
in chemistry that need a solution.

k.

To develop the ability

of

the student to buy and use

consumer goods more intelligently.
Suggested Approa ch
The approach to this unit has been outlined in the

suggestions to teachers.
i_n

The student interest will be real

this unit, for isn't this the very thing he hoped for in

chemistry?

To beable to investigate for himself in fields

that are of interest to hIm -- this is what every boy and
girl expects from the study of chemistry.

.22

Unit An8lysis

Suested

Six to fifteen weeks.

time:

A detailed

outline of this large unit is impossible

since the subject matter will be determined by the interest and needs of the particular chemistry class.

The book, "Living Chemistry," (1)

is

written for

course of study similar to the one presented here.

first 120 pages deal with the fundamentals

of

a

The

chemistry

and the remaining 390 pages are devoted to three sections,

Chemistry of the Individual, of the Home, and of the Comxnunity.
i

This book along with the laboratory manual would be

excellent source book for Unit VIII

of

this study.

For

example, here are some of the unit titles from, "Living

Chemistry."
of Internal Secretion.

Unit 13

Glands

Unit 15

Chemistry of Drugs and Medicine.

Unit 16

Chemistry

Unit 18

Chemistry Hobbies.

Unit 19

Vocations Related to Chemistry.

Unit 21

Chemistry of Cooking Utensils

Unit 23

Chemistry of Fuels and heating

Unit 26

Chemistry of

of

Cosmetics.

[materia1s Used in Modern

Home Cons bructi on.
Unit 28

Chemistry

of

Gardening.
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Unit 29

Chemistry of Water Purificstion.

Unit 31

The Chemistry of Food Production and
Distribution.

Unit 32

"Test
is a

It

Yourself," (40) by Tuleen, Muehi, and Porter,

superior book of chemistry experimenta with consumer
Each experiment ±s prefaced by

applications.
of

Chemistry in Industry.

a

discussion

iving information that is not found in the

the problem,

usual chemistry textbook.
In the teachers edition there are sug;estions

to in-

structors concerning the operation of each experiment.
complete list
ed to

A

chemicals and equipment that will be need-

of

perform the exercises is included, but most high

schools will find their stock rooms will take care of the
needs

of

the manual.

The material

in "Test It

into fourteen units,
in each divisioni

ourse1f," (4o) is divided

havIng from five to seven experiments

The content

of

the units is as follows:

Unit i

Measuring.

Unit 2

Household Chemicals.

Unit 3

Cleansers and Softners.

Unit

L

Foods.

Unit 5

Drinks.

Unit

Health.

6

Unit 7

Cosmetics.
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UnIt

8

Textiles.

Fuels.
Unit 10 Lubricants.
Unit 11 Antifreezes.
Unit 12 Protective Coatings.
Unit 13 Inks, Dyes, and Steins.
Unit 14 Soil.
In farming communities t:e unit on soil will be most
interesting. A soil chert is furnished which will allow
students to determine the ph of the soil, on their farms.
"Living Chemistry," and "Test It Yourself" are mentior
ed here onlT as source books, and not as a text to be fol1ed in the conventional manner. These remaining weeks of
the chemistry course are for free experimentation and investigation conducted by the student. The work is suggested and completed by the pupil.
There should'be a set of each of the laboratory manuals mentioned above, in the classroom at all times. These
books can be used as source books, but most students wbuld
prefer to own a copy of a book like, "Test It Yourself."
(37) This manual has, a great deal of information about
each topic as well as leboratory instructions for the completion of the experiments.
For additional reference material use all the avail-,
Unit

9

able chemistry texts, science reference books, encyclope-

dias, scientific periodicals,

and

dictionaries.

The
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reference materiBl shoui. be kept in the chemistry room
where the students can use

Evaluation

of

it

readily.

Unit VIII

This unit will offer

a

more direct evaluation of eath

pupil since they are all working independently.

problem js handled, the nature
irnnta,

success

anil

of

how their

theIr exper-

and how their problem is summed up before the class

will give abundant opportunity for evaluation.

Use tne check lists for attitudes, creativeness, and
coope ration.

Ma t e r i a is

References:
In addition to the following references

the chemistry texts,

use all

encyclopedias, and science peri-

odiccJs available.
Ahrens, :. R., N. F.
Chemistry.
Livin
1942.

ush,
G-infl

and R. K. Easley.
and Company, New York,

R., N. F. Bush, and R. K. Easley.
ici.
Laboratory Problems for Living Chemistry. Cinn
and Company, New York, 1942.

Ahrens,

Raw haterials
Armstrong, E. F. and L. .i. luiali.
Co., Inc.,
Publishinß
Chemical
From The Sea.
Brookiin, New york, 1946.

More for Your Money. Chemical PubH.
lishing Co., Inc., New lork, 1937.

Bennett,
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Consumers Test Manual.
Consumers Research Inc.,
Washington, N. J. 1937. 38 p.
O.5O. Tests
for common household articles and supplies for
use by high school students.

Fumas,

C. C.
The Storehouse of Civilization.
Bureau of Publications, Teachers Collee, Columbia University, New York.

Howe, H. E.
(itor). Chemistry in Industry.
The Chemical Foundation, Inc., New York, 192425.
2 vols.

Kallet, Auther an F. J. Schlink.
100,000,000
Guia PIBS. VanEuard Press, Inc., New York,
193k..

Lynde, C. J. Science Experiences with Home Equipment.
International Textbook Company, Scranton,
Pa., 1937.
Lynde, C. J.
Science Experiences with Inexpensive
Equipment. International Textbook Company,
Scranton, Pa., 1939.

Lynde, C. J. Science Experiences with Ten-Cent
Store Equipment.
International Textbook Company,
Scranton, Pa., 1941.

Palmer, B. Paying Through the Teeth.
Press Inc., New York, 1935.

Phillips, M. C. Skin Deep.
New York, 1934.

Vanguard

Vanguard Press Inc.,

Photographic Publications. American Photographic
Publishing Co., 353 Newbury St., Boston, Mass.
Write for catalog.
Rogers, Allen.
D.

Manual of Industrial Chemistry.
Van Nostrand Co., New York, 1931. 2 vols.

Tavern, A. B. and

F. Bullock.
The Consumer Investigates. H.
Rowe Comoany, E. 21st St.,
Baltimore, Md., 19 38. Teachers manual free.
A.
M.

Tuleen, L. F., W. L. Muebi, and G. S. Porter.
Test It Yoursel r. Scott, Foresman and Company,
New York, 1941.

Woodring, M.

N.,

M.

E. Oakes,

and H. E. Brown.

En-
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Teaching of Science in the High School.
Bureau of Publications, Teachers Co11ee, Columbia University, New York, 1941.
riclaed

Films:

(16 mm.)

Alchemist In Hollywood.
28 mIn.
Soun. 4.50.
#2990. Chemistry oÍ photography. Berkeley,
Cal if ornia.

Alloy Steels.
Oregon.

20 min.

SounJ.

Aluminum - Fabricatinc.
Corvallis, Oreßon.

Aluminum
0.50.

-

Corvallis,

Soun.

19 min.

hine to i:etal .

18 min.

0.50.

Sound.

Corvallis, 0reon.

Asbestos. 2 reels.
Was hin t on

Silent.

0.5O.

Pullman,

.

Copper Leaching.
12 min.
valus, Oregon.

Copter

inin.

lis,

0re.on.

Silent.

33 min.

Cor-

0.50.

i1ent.

0.50. Corval-

Copper Refining. 11 min.
valus, Orejon.

Silent.

0.5O.

Cor-

mm.

ilent.

0.50.

Cor-

Cooper Sme1tiric.

11

valus, Oreon.
Fabrication of Copper.
Corvallis, Oregon.

min.

2+5

anufactured Abrasives.
Cora11is, Oregon.
and. Nickel Alloys.
Corvallis, Oregon.

33 min.

10 min.

Sound.

Sound.

O.50.

30 miiì.

.dcke1 - hilling and Smelting.
Corvallis, Oregon.
0.50.

Rayon.

0.50.

24 min.

Nickel

Nickel - Refinirg.
vallis, Oregon.

Silent.

sound.

17 :ln.

ound.

0.50.

0.50.

ound.

0.50.

Cor-

Corv11is, 0reon.
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Roraance of

22 min.
llass.
Corvallis, Oregon.

sound.

Romance of Radium. MGM 12 ruin.
#3021.
Berkeley, California.

Romance of Rubber. 22 min.
Corvallis, Oregon.
Steel, Raw Materials.
Corvallis, Oregon.

4i.00.

ilent.

15 min.

Steel, Making of. lo min.
Corvallis, Oregon.

0.50.

O.5O.

Silent.

i1ent.

Sound

0.50.

0.50.

Story of Rock Wool Home Insulation.
30 min.
Sound.
O.50.
Corvallis, Oregon.

Free and inexpensive materials:
Anti-Hydro. Anti-Hydro Waterproofing Company,
Newark, N. J., Free. Waterproofing concrete
with free samples.
Copper, How It Is Mined and Refined.
Anaconda
Copper Mining Company, 25 Broadway, New York,
Free to Teachers.

Hammer Apparatus. Bulletin #178. Denver Fire
Clay Company, 1742 Charapa St., Denver, Colorado.
Discussion of radioactIvity. Free.

Jobnson Automatic Temperature and Humidity Control. Johnson Service Co., Milwaukee, Wie.,
28 p. Free to teachers.

Minneapolis-Honeywell Regulator Co., 5036 G-rand
Central Terminal, New York City. Free. A set
of catalogs showing details of construction and
methods on installation.
Also:
t1T'nis Thing
They Call Air Conditioning," and UThis Thing
Called Automatic Heating and Air Conditioning.°
National Modern Welded Pipe, National Tube Co.,
Pittsburg, Pa. 90 p. Free.
Illustrated and
details of welding pipe are shown from the ore
to the finished product.
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Portland

Cement -

ment, an

Its Characteristics, DevelopPortland

Manufacture.

Cement Asso-

ciation, 347 Ma3ison Avenue, New Lork City.
12 p. .:2.20 per hundred. Mistory - inanufacture - tests.
School Exhibit on Asbestos.
Co., Ambler, Pa. Free.

Thermite

Kearsby and Mattison

elding. Metal and Thermite Corporatior
City. 34 p. Free.

120 Broadway, New York

Thermostatic Bimetal.
troit, Iiichigan. Free.

vices.

.

M.

Chase Company, De-

Temperature control de-

The Romance of Copper and Its Alloys. 16 p.
1939. Copper and Brass Research Association,
420 Lexington Avenue, N ew York City. Free.

Like Chemurgy as a Career. 15 P. 1941.
Western Personel Service, 30 N.
ymond Avenue,
Pasadena, California.
0.25.

You LIight

CHAPTER V

5UMARY
A course of study

the needs,

AND

RCOiENDAiIONS

in high scnool chemistry that meets

interests, and capacities of individuals has

been developed in this study.

The course is set up on a

unit basis with each unit built around one or more major

chemical principles.

The first seven units are concerned

with the basic fundamentals that pupils need in order to

understand and apply their chemical know1ede to the world
in which they live.

The remainder of the course consists of

a

series of

independent investigations and research conducted by the
pupils.
of

The methods employed in conduction this portion

the course are:

the use of committees, individual pro-

jects, small group projects,
ship.

reports, and student leader-

These methods tend to encourage the development

cooperativeness,

self-assurance,

intelligent self-direction,

and wider personal interests.

Each unit consists

of

of

the following:

1.

Suggestions to teachers.

2.

Objectives of the unit.

3.

Suggested approach.

14,

Unit analysis.

5.

Laboratory suggestions.

6.

Evaluatioî of the unit.

7.

Materials for the unit.
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Iany interest-getting devices have been used throughout the course of

study, such as,

stimulating approaches

to each unit, thought-provoking problems, games, many dem-

onstrations, and other instruments that have been proven
by modern psychology to be effective teaching methods.

This study is offered to the State of Oregon to be
used as a gui.de in part or as a whole for a course of study
for Oregon secondary schools.
On the basis of the material presented, these sugestlons are offered with the hope that they may stimulate

further thought and investigation for the improvement

*

of

instruction in chemistry.
1.

This study has indicated a need for new textbooks
In chemistry that put less stress

terial an

logical presentation and more stress

on the psychological approach to
students' needs and
2.

on factual ma-

cheIstry through

interests.

There is an urgent need for more supplenentary

material written for the secondary level in piastics, metals, dyes, synthetic products, rubber,

glass, lubricants, and allied material.
3.

A source book should be prepared for chemistry

that would supply information as to where various

teaching aids and materials can be found.
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