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CHAPTER 1
THE PROBLEM

Background of Study
Although chemistry as an academic subject has been 

taught in American high schools for almost one-hundred and 
fifty years, it did not gain status until the last one-hun­
dred years. In the beginning it had a rather uncertain 
place in the various curricula being offered. Laboratory 
work was virtually non-existent (38, pp. 5-6). The picture 
changed drastically when colleges announced that high school 
chemistry would be acceptable for college entrance. During 
the last one-hundred years, colleges and universities have 
practically dictated what subject material should be taught 
in high school chemistry classes. Although there were times 
during which attempts were made to meet the needs of stud­
ents , the needs were defined quite narrowly in terms of 
college preparedness. Even though various attempts were 
made to expose the terminal high school student to chemistry 
in physical science classes, generally speaking, no attempts 
have been made to reach the mathematics-shy terminal student 
who wishes to explore the vastness of laboratory chemistry.

In view of the above situation, the authors of high 
school chemistry courses at present gear their efforts and 
materials to the college preparatory student who must 
exhibit some facility with mathematics in order to succeed.
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Even with the support of the National Science Foundation, 
since 1960 chemistry courses have evolved in which the 
mathematics-shy student has little chance of survival.

Even when a high school initiates a multi-track pro­
gram for its students, the non-mathematically minded stud­
ents simply do not find their way into chemistry classes 
(10, p. 66) because the type of chemistry being offered does 
not fit their academic background and interests. These 
"general" students, therefore, never experience the excite­
ment of laboratory chemistry—a great deal of which may be 
non-mathematical in nature. In the few high schools that 
attempt to reach these students by offering a second track 
of chemistry, students and teachers alike are frustrated 
due to the lack of teaching materials, low status of the 
subject in the social structure of the schools, and the 
general social implications of being a mathematics-shy 
student.

It is to this forgotten majority of high school 
students, whom the author calls mathematics-shy that this 
study is directed. These are students who may or may not 
elect to place physical science in their curriculum, who 
may or may not have taken biology, and who are mathematics­
shy but science-interested. For purposes of this study the 
mathematics-shy students are those who have had difficul­
ties passing their mathematics classes, perhaps have studied 
only general mathematics or possibly have no interest in 
mathematics even in an applied sense due to a general lack 
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of ability or certain negative background experiences.
It is entirely possible that those students who fit 

this conceptual definition of being mathematics-shy are, 
however, interested in the field of chemistry but feel that 
this academic area is closed to them because of their poor 
past performances in mathematics. These students generally 
are not counseled into chemistry since most high schools 
offer only college preparatory chemistry in which success 
is based to a large extent on a facility with mathematics.

Operationally, the mathematics-shy members of this 
study will be further identified by the use of the Stanford 
Achievement Test in Numerical Competence. The concept of 
mathematics-shy is similar in content to the description of 
the science-shy student as defined by the Michigan Science 
Curriculum Committee,where the students are perhaps afraid 
of mathematics, have no mathematics contact in their back­
ground or a home situation which is not conducive to mathe­
matics .

Need for the Study
For many students the inability to succeed in mathe­

matics and a general lack of interest in attending college 
has kept them out of the chemistry classes, much to the 
detriment of society. If the aim of American secondary

^Starring, Ellsworth A. A Study to Determine the Effects 
of a Course for the Science-Shy on the Development of Atti­
tudes toward Science and Scientists, Doctoral Dissertation, 
The University of Michigan, 1972.
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schools is to educate the masses, then it would seem 
appropriate to consider a second track of chemistry 
courses to meet the needs of all the students.

In today's mass media-saturated culture, which is 
dominated by the explosion of knowledge in science and 
technology, the ordinary terminal high school graduate 
should have the opportunity to become literate in chemis­
try . The mathematics-shy students also need to experience 
the joys and frustrations of problem solving in a chemis­
try laboratory, to understand the world of a chemist, and 
also to be challenged by an empirical science through 
experimentally "changing the material world" (76, P. 222) 
in a beneficial manner, thus gaining experience in using 
the empirical approach in practical situations.

At present all of the above needs are not being ful­
filled in the modern high school. This study attempted to 
determine whether exposure of students to the philosophy, 
laboratory experiences, and supplemental materials incorp­
orated in Chemistry : Coping With Change Creatively, a 
different curriculum approach to "general" chemistry, can 
catalyze a change in attitudes as well as cause an assimila­
tion not only of chemical concepts and procedures but of 
principles in ecology and conservation as well. For 
example, the terminal student can explore the entire area 
of organic chemistry. In the age of synthetics, additives, 
pollutants and drugs, the general student will find a 
relevancy in a course geared towards a non-mathematical
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interpretation of these chemical phenomena in his every­
day environment.

Statement of the Problem
The purpose of this dissertation was to design, 

develop and evaluate a course of study in general chemis­
try to meet the needs of students who are not college pre­
paratory and may be mathematics-shy.

Hypotheses
After CCWCC (Chemistry: Coping With Change Creat­

ively) materials had been used with a sample of high 
school students, the following null hypotheses were 
tested :

1. There is no significant difference in achievement 
on the Cooperative Chemistry Test between upper 
and lower numerical ability groups.

2. There is no significant difference in achievement 
between males and females on the Cooperative 
Chemistry Test.

3. There is no significant difference in achieve­
ment between the upper and lower IQ groups on 
the Cooperative Chemistry Test.

4. There is no significant difference in attitudes 
concerning science and scientists between the 
upper and lower numerical ability groups as 
detected by the checklist, Statements About 
Science and Scientists.

5. There is no significant difference in attitudes 
about science and scientists between males and 
females as shown by the checklist, Statements 
About Science and Scientists.

6. There is no significant difference in attitudes 
about science and scientists between the upper 
and lower IQ groups in the sample as indicated
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by the checklist, Statements About Science 
and Scientists.

7. There is no significant difference in achieve­
ment on the Test of Reasoning in Conservation 
between males and females in the sample.

8. There is no significant difference in achievement 
on the Test of Reasoning in Conservation between 
the upper and lower IQ groups.

9. There is no significant difference in achievement 
on the Test of Reasoning in Conservation between 
the upper and lower IQ groups.

Initial Measures
1. Otis-Lennon Mental Ability Test (Advanced Level)
2. Stanford Achievement Test (Numerical Competence)
3. Cooperative Chemistry Test (Form Z)
4. Statements About Science and Scientists Checklist
5. Test of Reasoning in Conservation (Form A)

Final Measures
1. Cooperative Chemistry Test (Form Z)
2. Statements About Science and Scientists Checklist
3. Test of Reasoning in Conservation (Form A)

In addition to the inital and final measurements, 
the teachers were asked to complete the Teacher Self-

2 Assessment (Verbal Interaction and Procedural Activities).
The students were expected to complete the Student Check 

3List (Verbal Behavior and Procedural Activities). These 
measurements were taken at the mid-point of the study in

2See Appendix for full copies of these instruments. 
^See Appendix for full copies of these instruments.
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order to determine the extent of variability between the 
various classroom and laboratory environments and differ­
ent teachers using CCWCC. (See pp. 62-64 for further dis­
cussion . )

Statement of the Delimitations
This study attempted to evaluate the effectiveness 

of chemistry for mathematics-shy students in large urban 
high schools. It attempted to determine the effectiveness 
of Chemistry : Coping With Change Creatively developed by 
this investigator for this type of student, normally a 
terminal high school student. Data was gathered in pre­
test, post-test, and other forms to indicate achievement 
in understanding basic chemical concepts and processes 
and changes in attitudes,

Basic Assumptions
There were five basic assumptions upon which this 

study was built. First, the investigator of this study 
assumed that mathematics-shy students would be distri­
buted randomly within the "general" chemistry classes, 
since assignment to classes is done by IBM scheduling for 
the entire school.

Second, it was assumed that some students in the 
school population who elect to study "General Chemistry" 
would be forced to cancel this elective from their re­
quested schedule because of schedule conflicts, thereby 
indirectly limiting the opportunity to study this approach 



8

to chemistry to less than the total population of mathe­
matics-shy students of the high school.

Third, it was assumed that full use of the labora­
tory facilities would be available to students and teachers 
using CCWCC materials under investigation in this study.

Fourth, this investigator assumed that a comprehen­
sive urban picture could be obtained with regard to the 
acceptance and success of a second track of chemistry in 
the large urban comprehensive high schools. This fourth 
assumption constitutes a basic curriculum innovation for 
the majority of these high schools.

Finally, it was assumed that the teachers involved 
in this study would be competent in chemistry and enthus­
iastic in their philosophy of teaching. No additional 
textbook was used other than the CCWCC materials, although 
guidelines were set down for the teachers and the students 
in the Teacher's Manual.



CHAPTER 2
AN OVERVIEW HISTORY OF THE TEACHING OF CHEMISTRY

Introduction
During the research of literature pertinent to the 

topic of chemistry for the high school student, it appeared 
that there were milestones in the teaching of chemistry 
which were apparent in the historical overview : (a) the
teaching of chemistry in the academies beginning in the 
18201s; (b) the recognition of chemistry as an entrance 
requirement by some colleges and universities (1870-1880); 
(c) the 1924 revision of the Standard Minimum High-School 
Course in Chemistry by the Committee of Chemical Education 
of the American Chemical Society and (d) the post-Sputnik 
reaction on a national level with the creation of new 
curricula under the sponsorship of the National Science 
Foundation. From the late 1960's on, scientists and 
educators have begun to become aware of the negative 
attitude which some high school students have toward 
science in general. As a result, a closer look at exactly 
what is being offered the students in the name of chemistry 
is being conducted. Prior to the current efforts, a 
focused drive towards reaching the potential chemistry 
student in the high school, save the college preparatory 
student, was visibly absent.

9
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Discussion of Existing Literature 
The Background of Chemistry in American High Schools 

It seems that for very utilitarian purposes, the 
teaching of chemistry to young people began in academies 
devoted to the training of boys in the applied science of 
agriculture and the industrial arts. At the Gardiner 
Lyceum in Maine, which opened on January 1, 1823, "principal 
Benjamin Hale gave lectures on chemistry and agricultural 
chemistry." (27, p. 1538) Some of the academies taught
the applications of experimental chemistry. In other 
schools, more attention was placed upon the practical appli­
cations of chemistry. However, the lack of trained teachers 
became the limiting factor of how widespread the study 
of chemistry in the academies became since chemistry was 
taught on the college level mostly at medical schools.

The early high schools which began in New England 
had chemistry listed as a regular part of their curricula. 
This practice continued throughout the growth of the 
high schools into other parts of the country. Apparently 
the subject was very popular, with only natural philo­
sophy and physiology exceeding chemistry in popularity 
(27, p. 1538). Chemistry in the high school was the 
first science to make extensive use of the laboratory 
method. After 1850, "high schools here and there began 
to install laboratory equipment and to make use of it 
as a method of teaching chemistry." (27, p. 1549)
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Prior to 1870, no American college accepted chemistry 
or any other science taught in the high school for entrance 
credit. The period of 1870-1880 saw a change in this 
policy, beginning with Harvard and The University of 
Michigan. By the end of that decade, a number of colleges 
included chemistry and other sciences in their lists of 
entrance requirements. With this recognition came dis­
satisfaction with the quality of the chemistry being 
taught. As a result, Harvard in 1887 "for the first, 
time required for admission a course of experiments in 
the subjects of mechanics, sound, light, heat and elec­
tricity , not less than forty in number, actually per­
formed in school by the pupil." (27, p. 1551)

It was this move which officially began the era of 
college pressure on the high schools in the construction 
of science curricula. This pressure was mainly mani­
fested in two ways : by examination and by certifica­
tion of the high school itself by the university or 
college. In the eighteen-nineties, both The Committee 
of Ten and the Committee on College Entrance Require­
ments of the National Education Association agreed that 
"courses of study in chemistry were essentially college 
preparatory courses." (27, p. 1552)

In 1924, as a result of 30,000 criticisms which had 
been made through various state committeemen and journal 
publications, the Committee of Chemical Education of the
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American Chemistry Society produced a revision of their 
Standard Minimum High-School Course in Chemistry. One 
of the main objectives of the committee's work was "to 
arrive at some correlation between high-school and college 
chemistry." (17, p. 640) In fact, they considered this
of far greater importance than the assembling of a list 
of teaching topics. In 1927, the same committee pro­
duced another revision which reduced the quantity of sub­
ject matter required in the high school so that funda­
mentals might be more emphasized. However, the committee 
reported that "in preparing the high school part both 
State and College Entrance Examination Board syllabi 
have been kept in mind." (17, p. 640)

It is quite interesting to note that this committee 
firmly stated that it did not feel that it "was practical 
or necessary to have two different courses in high 
schools, that is, one course for those who expect to 
attend college and one for those who do not." As new 
chemical concepts were discovered they were placed into 
the context of study for college students. Soon they 
became also the property of the high school chemistry 
classes, so that subject matter in both the college and 
high school courses was repititious, even though there 
was some "improvement in the integration between high
school and college chemistry." (83)
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During the post-Sputnik era of science education, 
upgrading the content of the high school chemistry course 
became very prominent. Considerably more facts and theory 
were added to the syllabus which the high school teacher 
had to cover in the span of ten months. In addition, 
the approach to the laboratory aspect of the courses 
switched from verification of theory to the inquiry method. 
This pseudo-crisis generated by the Sputnik phenomena 
brought chemistry in the high schools full-circle around 
from where it started in 1870 — as extremely content- 
oriented and directed exclusively towards the college 
preparatory student.

In reaction to the post-Sputnik curricula, however, 
the call for revision of this outlook is where we presently 
find ourselves. The trend seems to be to have students 
divided according to their abilities by : (a) setting up
special courses for the better student with small class 
sizes and special instructors and (b) doing the same for 
the students at the other end of the spectrum in some 
schools with special tutoring and programmed instruction. 
However, the "middle group goes along as it has for years 
with nothing attractive being offered to [it]." (55)

Concern for this middle group has been very slow in 
coming but some overtures are being made. Scientists 
and science educators are beginning to talk of "new 
rationales" for science in the United States, by stating 
that the non-scientists must be persuaded to see that
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"science can be regarded as one of the humanities in that 
it enables him [the student] to see himself and his place 
in the universe in a way that nothing else can." (88)
British educators in the high schools also have been 
asking themselves critical questions regarding the curri­
culum of chemistry as evidenced by statements that "the 
school chemistry syllabus should be considered as part 
of a general education in science." (13, p. 217) Only
time will tell whether these questions will result in 
a more serious revision of high school chemistry curricula 
to meet the needs of the students they claim to serve.

The Dilemma Facing Mathematics-shy 
Chemistry Students Today 

There are two basic difficulties that confront the 
mathematics-shy student of chemistry. On the one hand, 
they may have deficiencies in their mathematical back­
ground , making problem solving almost insurmountable. 
Or, they may be registered for college preparatory chemistry 
simply to fulfill a required elective. Both of these 
situations can and do create severe attitudinal diffi­
culties for the student, and must be dealt with in order to 
achieve success in chemistry.

These problems of the mathematics-shy individual 
in the chemistry class have considered by science edu­
cators in the past. Two studies in the thirties — The 
Mathematics in Chemistry at the High School Level by 
Bernadine I. Mott and The Mathematics Used in Solving
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Problems in High School Chemistry by N. Dak Petersburg — 
indicated that "the mathematics that is used to solve 
quantitative problems ... is elementary, just arithmetic." 
(59, p. 30) Other conclusions reached were that chemistry 
really should be elected by high school students, because 
"the use of geometry is negligible and the most important 
uses of algebra are in solving simple and fractional 
equations of the first degree ..." (65, p. 689) Some
authors of that time proposed their own scheme of solving 
chemistry problems which involved mathematics, and there 
seemed to be a consensus that "most of the essential 
problems that appear in beginning courses in chemistry 
can be reduced to a few type forms which do not require 
a great amount of mathematical ability." (87, p. 355)

However, the chemistry presented to the high school 
student of the thirties and the college preparatory chem­
istry of the nineteen-seventies are really quite dras­
tically different with respect to the complexity of 
the mathematical concepts involved, i.e, atomic and 
nuclear theory, equilibrium, chemical bonding, to name 
only a few. No great deal of concern seems to be evi­
dent for creating an atmosphere in the chemistry class 
where lack of mathematical ability is not an inhibitive 
factor.

Most of the recent concern about the science education 
being offered the non-scientist in chemistry has appeared 
almost exclusively on the college scene instead of in the 



16

high school. The varying reasons of motivation range 
from pure humanitarianism to political manipulation 
evidenced in statements like: "concern about teaching 
science to our increasing crop of scientifically illi­
terate students is of course partly based on threats 
to science that may be posed by this body of ill-educated 
citizens with votes, especially under the influence of 
demagogues." (15, p. 212) As a result of such a spectrum 
of concern, many different types of college courses are 
being proposed and probably will be proposed for some time 

to come.
The realization that motivation of the nonscientist 

will be different from motivation of the science major 
has caused educators who are grappling with this problem 
to feel that "a problem-solving curriculum may well in­
duce motivation in otherwise unmotivated students." 
(43, p. 216) There is a strong feeling that relevance 
plays a large part in the motivation of the nonscientist; 
consequently, some college courses are created around the 
environmental problem, others around technology. Still 
other authors feel that the best road to success is to 
study "the relationship of chemistry to other sciences, 
providing evidence of how science works by analogy." 
(51, p. 285) This type of approach could well use case 
studies from chemistry to illustrate general questions in 
philosophy of science.
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However, there are some authors who are questioning 
the relevancy of high school chemistry and are struggling 
with changing the curriculum to meet the needs of the high 
school students. B. S. Cane feels that high school chem­
istry "must give pupils first hand experience of scien­
tific methods and also information about what science is 
doing and attempting today." (13, p. 218) Dr. B. M.
Prestt, on the other hand, feels that "too few students 
arrive at the university full of enthusiasm for chemistry. 
University teachers are heard to say, 'We don't mind so 
much what they know. We will teach them if they arrive 
full of enthusiasm.'" (67)

Other science educators sense the need to educate 
the citizenry to cope with change in much the same manner 
as Sir Ronald Nyholm who said that "education is a process 
in which a person receives training for a full life in a 
rapidly changing modern society, carried out in such a 
manner as will ensure the maximum development of the 
individual personality," (63, p. 37) These reflections
have been prompted by the actions of the students them­
selves : "Many of the most intelligent and thoughtful 
pupils recognize the irrelevancy of school chemistry 
and when subject choices are made at the end of the third 
year, opt for arts subjects which seem more closely re­
lated to what they feel really matters." (67)
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However, all of these discussions regarding relevancy 
in the chemistry classroom are concerned with the select, 
elite, college preparatory student. When achievement 
in chemistry is discussed, it is the achievement of the 
college preparatory student which is being examined. 
This author was unable to find references to developing 
a chemistry course to be taught in the high school which 
would be relevant, significant, and meaningful to the 
mathematics-shy student. The only exception is some work 
done by Samuel Tolpin. As a result of his concern for the 
students who take chemistry for its educational value 
and probably are not science-oriented, Samuel Tolpin 
has developed a modern course in applied chemistry (78, 
pp. 680-682). He has made certain basic premises : that 
he would be aiding "students who have a limited back­
ground in science, mathematics and logic," (78, p. 681)
that the student "should learn through discovery in the 
laboratory and library," (78, p. 681) and that it was in
this class that permanent attitudes toward science would 
be formed. His syllabus, Introduction to Applied Chemistry, 
links everyday experience with scientific technology and 
tactics and starts with the "simple logical foundations 
of scientific investigations." (78, p. 680) However,
this author does not seem to find evidence that Tolpin1s 
work has had an effect in creating any widespread curri­
culum projects.
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Since the conception of the "new" courses in chemistry 
for high school students (CBA and CHEM Study), some re­
search studies have been made in which comparisons of these 
"new" courses are done (80). All of the studies, however, 
inadvertantly assume that the only high school chemistry 
possible is college preparatory high school chemistry 
with no mention of the terminal mathematics-shy student 
and his needs (69).

This is an attitudinal problem on the part of curri­
culum planners and curriculum implementers. It can only 
be counterbalanced by the belief that "one must not 
underestimate the abilities of the non-science students, 
as they are no less capable of thinking, analyzing and 
working than science students themselves." (19, p. 509)
The task is not an easy one because students who are not 
science-prone and who are mathematics-shy, or rather 
students who are inclined to enjoy and elect the social 
sciences or humanities, have "already declared that their 
interests are centered around the behavior of people 
rather than of non-living things." (89 , p. 788) It is
the rare teacher who can show these students "how the 
sciences themselves complement the arts, how chemistry 
can be a vehicle for the exercise of the same quality 
we are quick to label creativity in the arts, and how 
good science differs from poor science or pseudo-science." 
(89, p. 790)
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Solving the Dilemma Through Value 
Teaching in Science

Very recent attempts to resolve the issue of rele­
vancy in the high school chemistry classes seem to be 
coming from a sector of science educators who want the 
science teacher to deal with the issues, values, and 
problems of today instead of organizing the coursework 
in terms of intellectual discipline (77, p. 64). They 
argue strongly and forcefully that values and issues 
must be made a part of the science classroom, "so much 
a part of it that almost no topic in any science class 
will be taught without some opportunity to consider 
the value implication of that content." (36, p. 17)
The argument is strengthened when they state their belief 
that "we simply cannot afford to train a generation of 
students who know the how and why of scientific pheno­
mena but do not have a process for inquiring into the 
value issues raised by the topics they study." (36,

p. 17)
Consequently, a great deal of research has been done 

to compare the Chern Education Materials Study (CHEM 
Study), the Chemical Bond Approach (CBM), and traditional 
courses, but the evidence seems to point out that the 
upgraded chemistry courses have not produced the enthu­
siasm in the high school students towards chemistry 
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that most educators expected. Real solutions to the 
dilemma "will have to cut across our traditional curriculum 
of high school education." (77, p. 66)

It will take more than just mastery of fundamental 
ideas of a field. Perhaps intuitive judgement, creativity 
and ability to conceive and try quick solutions and "to 
move on without exact formulas and mathematical equations" 
(77, p. 66) is a direction in which science educators should 
be moving into the area of teaching chemistry. Enthusiasm 
might return to the chemistry classroom if the student 
could experience coming to grips with problems and apply 
what he has learned into the context of his own experience.

The factual approach may have been sufficient in the 
chemistry classroom of an ealier time when students were 
asked to go into a less complex and confusing world. 
However, as long as we insist on using the high school 
chemistry classes as preparation for the College Entrance 
Examination tests and Scholastic Aptitude tests, we will 
never find the time to present values, to deal with issues, 
to use inquiry, and to encourage the development of 
attitudes.

Summary
The question which plagued science educators all along 

is still present today : "Does the high school course in 
chemistry prepare primarily for college, or can it be said 
to aim specifically at training for life, or does it do 
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both?" (32, p. 362) Very few people have made serious 
attempts at finding the answers to this question.

In reviewing the historical development of the 
rationale for high school chemistry in American schools, 
it appears that today's classes in chemistry are operating 
in a framework where success is dependent upon mathematical 
prowess and where the issue of modern technological society 
are not being dealt with. Success relates only to the 
ability of the college-bound to do well on standardized 
tests rather than to come to an understanding of the 
world of chemistry and its impact upon the society in which 
they live.

The students who are not in the college preparatory 
track do not have the opportunity even to experience 
chemistry, and in this respect at least, they are dis­
advantaged. However, this deplorable situation is not 
due entirely to their inability to cope with the mathe­
matics involved in a normal chemistry course. For all 
practical purposes, there exist precious few syllabi, 
texts, laboratory guides, etc. that teachers and science 
educators could use to create alternative tracks of 
chemistry. It was the purpose of this study to develop 
such materials, to use them in order to evaluate their 
usefulness, and hopefully to provide the opportunity for 
the "average" high school student to relate chemistry 
more to the world he inhabits.
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CHAPTER 3 
DESIGN OF THE STUDY

The General Procedure .

The author's involvement with mathematics-shy 
chemistry students began in the time period 1965-69 when 
she was required to teach two classes of "general" chemistry 
at a large urban high school. The materials suggested 
for student use were antiquated and obsolescent. Finding 
it better to abandon the use of these materials than 
struggle with them, the author began, out of necessity, 
to write materials of her own. When these materials 
(Chemistry: Coping With Change Creatively) met with 
success in the laboratory and classroom, the author . 
was encouraged to do more research and reading on the 
topic of the mathematics-shy but science-interested 
student.

The actual materials, experiments, and teacher’s 
guide, were researched, assembled, and rewritten during 
1971; in the fall of that year a one-year pilot testing 
program of the experiments was begun. About one-hundred 
students participated in the trial run of the entire set 
of five units. Extensive input from the students during 
the 1971-72 school year led to the adaptation and re­
writing of the experiments. At the end of the year a 
soft-bound copy of the experiments was printed and 
collated.

23



24

The 1972-73 school year began the official testing 
program of the CCWCC materials at a large urban high 
school. Pre-testing occurred in the early fall, except 
for the pre-testing of unit four, "ecochemistry," which 
was done in early February. Due to the bi-annual pro­
motion still in effect in the high schools of this school 
system, all the classes were scrambled in their member­
ship in late January at the beginning of a new term. 
All the post-testing was handled in June.

The analysis of the data obtained during the 1972-73 
school year began in the summer of 1973 with the hand 
scoring of all of the tests. Selection of appropriate 
computer programs and the actual execution of these 
programs occurred during the fall and winter of the 
1973-74 school year. The final evaluation of the amassed 
data was made in the spring of 1974.

Description of the Sample Employed
The sample from which the data has been gathered 

numbers seventy students. This public high school, 
grades nine through twelve, is very large in its physical 
plant and has an enrollment of approximately 3000 students. 
There were two different teachers involved in using the 
the CCWCC materials at this school. The school has offered 
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two or three tracks of chemistry to its students in the 
past, so that the concept of general chemistry for the 
terminal high school students was not of itself an inno­
vation in the curriculum.

The sample contained three classes composed of 
sixty eleventh-graders and ten twelfth-graders. Of the 
seventy members of the sample, thirty-eight were male 
and thirty-two were female. Since this school system 
was still on a bi-annual promotion, the students changed 
teachers in the middle of the course. Therefore, only 
seventeen students remained with Teacher A while twenty 
remained with Teacher B during the duration of the school 
year. Thirty-three members of the sample were forced 
by the IBM computer programming used for scheduling to have 
a different teacher for the second half of the use of the 
CCWCC materials, starting with the ecochemistry section.

The sample included representatives from various 
ethnic groups as well as all the minority groups living 
in a large urban setting. The general socio-economic 
level of the families of these students can probably be 
best described as "middle middle-class" with a mixture 
of white collar and blue collar workers providing the 
income for these families.
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Description of the Instrumentation Employed
In this study the upper and lower numerical ability 

groups were identified by use of the Stanford Achievement 
Test (Numerical Competence) (r = 0.91) administered to 
the students at the beginning of the school year. This 
test is designed to measure general mathematical compe­
tence , emphasizing arithmetical and numerical concepts. 
It is assumed that this competence is an integral part 
of general education.

Analysis of achievement of basic concepts and pro­
cesses of chemistry were measured in pre- and post-test 
form by the Cooperative Chemistry Test,1 Form Z 

(r = 0.92). This test is published by the Cooperative 
Test Division of the Educational Testing Service and 
is written by Joseph F. Castka. It is a test of scho­
lastic aptitude and achievement in chemistry.

The Otis-Lennon Mental Ability Test (Advanced 
Level) was administered (r = 0.94) to determine the overall 
IQ of the subjects in the sample. This test was con­
structed to measure verbal, numerical and abstract 
reasoning abilities important for success in those facets 
of American culture where a premium is placed upon the 
possession of such reasoning abilities. The Otis-Lennon 
Test is a measure of learned or developed abilities in 
the broadest sense. Performance on the samples of tasks

See Appendix for a full copy.1
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included in the tests reflects a complex interaction 
of genetic and environmental factors influencing the 
ability to deal with the abstract manipulation of the 
verbal, numerical and figurai symbol systems of our 
culture. This test was administered to the total sample 
at the beginning of the school year.

The Test of Reasoning in Conservation^ is an instru­

ment which was given as a pre-test and as a post-test 
for the unit in CCWCC which deals with ecochemistry. 
Form A of this instrument has a reliability of 0.84 
for eleventh graders and 0.81 for twelfth graders. 
This test was constructed by the The Conservation Foun­
dation in New York and is distributed by the Educational 
Testing Service. The authors find the ultimate aim of 
conservation being to leave our earth as rich and pro­
ductive as we found it. In developing this test instru­
ment they were looking for a test which could be used to 
determine what American students have learned about im­
portant aspects of conservation, and to provide class­
room teachers with a clear picture of what conservation 
specialists and experienced teachers of conservation 
believe to be the desired scope and objective of con­
servation education. Therefore, the test questions are 
designed to test for essential concepts or facts, to 
probe students' understanding of the implications of

2 A copy of this test is also located in the Appendix.
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problems in conservation by applying the relevant con­
cept, and to allow the students to indicate a preference 
for various solutions or courses of action by making 
relevant choices from among alternatives.

A pre-test and post-test reading of attitudes was 
obtained by use of a checklist, Statements About Science 

3 and Scientists, (r = 0.79) by Lamoine L. Motz. It is
able to assess students' opinions and attitudes about the 
nature of science and its role in society as well as the 
role that scientists play in society.

Lastly, checklists entitled Teacher Self-Assessment 
(Verbal Interaction and Procedural Activities) and 
Student Check List (Verbal Behavior and Procedural 
Activities) were administered to both of the teachers 
in the study and all of the seventy student members of 
the sample. These checklists were composed by Alex 
Pogirski and have a reliability of 0.96 for the pro­
cedural checklist and 0.83 for the verbal checklist.

Description of Course Objectives
The author of CCWCC wrote the materials with the 

conviction that an understanding of chemistry is essential 
for a meaningful and effective life for the terminal 
high school students who is mathematics-shy but science- 
interested. By revealing man's continuous effort to

See the Appendix for a copy of this checklist. 3
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understand the universe in which he or she lives, CCWCC 
should open new vistas of understanding for many secon­
dary school students.

The operative principles of the course materials 
were based upon the following general assumptions about 
scientists and their activities and learning theory:

The growth of chemistry as a science is based upon 
two very different kinds of developments:

First, experimental research provides us with the 
fundamental factual information which is the basis of 
all chemical knowledge. There is nothing more basic or 
more important to any science than the data which is ob­
tained through research and experimentation in the labora­
tory. As a result, chemists develop various generaliza­
tions by which they try to explain, interpret, and use 
the facts which have been discovered. Theories, prin­
ciples and laws are examples of this process of gene­
ralization.

Data-gathering can also be considered as an acti­
vity which results from consideration of a pre-defined 
body of knowledge. The scientists circumscribe an area 
of study as a subset of the all-encompassing total collec­
tion of chemical facts; this subset provides the frame­
work upon which to formulate hypotheses and gather data.
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This is not to say that the data is preconceived and 
warped by a priori biases, but rather that the scientist 
must realistically stake his claim on a manageable 
chunk of the chemical universe.

It was the conscious decision of this author to 
provide a course outline (see Appendix) which would be 
a manageable subset within which the students could make 
hypotheses, gather data, and formulate conclusions. The 
course was expecially concerned with using phenomena 
observed in the laboratory as the raw materials in the 
later formulation of principles and models. The chemistry 
teaching done in this study reflected this methodology 
by making available to students the opportunities to 
observe and measure occurrences and reactions. Reflecting 
this spirit, the student was sent into the laboratory 
to investigate the properties of nature before they were 
treated in discussion. The student gathered facts and had 
an experimental basis for understanding concepts which 
were developed in discussion periods with the teacher.

With this two-fold approach, it was expected that 
the student would develop a genuine understanding of the 
nature of chemistry. The author of the CCWCC materials 
regarded the students as investigators having a unique 
and challenging opportunity to observe many chemical
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phenomena. By developing the principles and theories 
which provided explanations from their experimentally- 
obtained observations the students were able to better 
appreciate the scientific method in action.

The CCWCC materials center around the theme of 
change. (See Appendix for a full copy of the CCWCC 
manual — student's copy. A Teacher's Manual with goals 
and objectives for each experiment was available to both 
teachers participating in the study). Most of the experi­
ments were intended to include a short pre-lab discussion 
on points of experimental technique. Each experiment 
was designed for a post-lab session devoted to the 
systematic development of relevant principles and dis­
cussion of pertinent topics. The format for each experi­
ment was as follows : a section of introductory comments, 
a listing of the materials and equipment needed for the 
experiment, and all of the necessary instructions for the 
completion of the experiment. The teacher's manual 
contained more specific information about the necessary 
materials and an estimation of the amount of time needed 
to complete the specific investigation. In addition, 
for each experiment, complementary discussion topics 
were outlined for the teacher, as well as suggested 
films which would reinforce the student's accumulated 
knowledge of chemical concepts. Indeed, most of these 
films were shown to the entire sample by both teachers.
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Procedure for Collecting Student Data
At the beginning of the 1972-73 school year there 

were three classes of general chemistry at this large 
urban high school. Each of the classes averaged about 
thirty-three students. Teacher A was assigned to two 
of these groups with a total of sixty-five students. 
Teacher B taught the other group with an enrollment of 
thirty-five. The two teachers taught these groups in 
different laboratory settings with different discussion 
rooms. Because the two laboratory rooms were in close 
proximity, a decision was made to share supplies, 
chemical and other materials. General chemistry was 
scheduled for seven forty-minute time periods during the 
week. These seven periods were organized in the following 
way : two double laboratory sessions (each one 85 minutes 
long), one single laboratory session, and two discussion 
periods. All students in the sample were given CCWCC 
materials on the second day of classes and both teachers 
had copies of the teacher's guide.

The pre-testing programs began early in September 
with one test per week being administered to the sample. 
The first given was the checklist, Statements About 
Science and Scientists. This test tried to determine the 
attitudes that members of the sample had about such items 
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as the limitations of science, thé interaction between 
science and technology, scientific curiosity, the honesty 
and open-mindedness of the scientist, and persistence 
in solving problems.

The next test given to the sample was a modification 
of the Cooperative Chemistry Test, Form Z. The bulk of 
the test dealt primarily with three main areas : change, 
models, and ecochemistry. However, all units of CCWCC 
were covered, although some more extensively than others. 
Students were not only asked the standard type of mul­
tiple choice questions but also items where they were 
expected to analyze graphs and examine illustrations, 
since these questions involved the use of interpretive 
skills.

In order to obtain information about the general 
mental ability of the members of the sample, the Otis- 
Lennon Ability Test (Advanced Level) was given. So that 
the students would not feel apprehensive about taking 
tests of this nature, they were advised that no one in 
the school — administrators, counselors, or teachers — 
would have access to any of this information. They were 
identified in the study by number only and the teacher who 
taught the class did not administer the test. Also, the 
students were given the freedom to choose not to par-

4 ticipate in the study.
4 Only one member of the original group chose not to take 
any of the tests. However, this student did not drop the 
course, but remained in it for the entire year.
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Since the author of the CCWCC materials was the 
tester as well as one of the teachers in the study, 
none of the tests were scored until the school year was 
finished, in order to protect the students from having 
any informational bias affect their grades. Because of 
all of these precautions, the students were not appre­
hensive about taking a mental ability test,

In the Otis-Lennon test the items are arranged in 
a spiral form, sampling fourteen different mental pro­
cesses. Emphasis is placed upon obtaining a power measure 
of abstract reasoning ability. This test is not considered 
a measure of innage ability. It reflects the ability to 
reason abstractly with a wide sampling of verbal, numerical, 
symbolic, and figurai stimuli which are important for 
success in academic work and in vocational endeavor 
where emphasis is placed upon the manipulation of ideas 
expressed in verbal and symbolic form.

The pre-testing program was concluded with the admini­
stration of the Stanford Achievement Test in Numerical 
Competence. This test is designed to measure general 
mathematical competence, emphasizing arithmetical and 
numerical concepts. This test was chosen to measure 
numerical ability, because the competence of mathematics 
involved in the CCWCC program never exceeds the basic 
arithmetic skills plus an ability to graph data and 
interpret the results.
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By late January, the units of CCWCC which covered 
skills in observation, change, and models were completed 
and the group was ready to proceed into the last two 
units of the course. However, the entire sample faced 
computer-reassignment and regrouping, due to the start 
of a new academic term. Before this occurred, a Teacher 
Assessment Checklist was administered to the sample in 
which the students were asked to assess the procedural 
activities and the verbal behavior of the teachers. 
This assessment determined the degree of correlation be­
tween the teacher's self-evaluation and student per­
ception of the instructor. All of the student responses 
were given anonymously and the data were simply pooled 
together as "observations of Teacher A" and "observations 
of Teacher B." The students were asked to be very honest 
and critical since none of the responses would in any 
way influence their first-term grade.

After the students were reassigned to new classes 
and the faculty was given new teaching schedules, once 
again the sample consisted of three groups. However, 
this time one-third of the sample was exposed to 
Teacher A while the other two-thirds were assigned to 
Teacher B. This was the converse of the first-term 
situation.

The sample had diminished to seventy students from 
the original one hundred. The loss of thirty members 
of the sample was due to many factors: Some of the 
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students simply dropped out of high school, others found 
it necessary to drop the course, some transferred to 
other schools, others graduated in the middle of the 
school year, and still others only elected to take the 
first half of the course in their program.

Statistically, the thirty students who for one reason 
or another did not complete the course in chemistry, 
represented an interesting subset of the original sample. 
Of the thirty, twenty-one were male and nine were female. 
Looking at them in another way, by IQ scores, the dis­
tribution was less skewed. Eight of the missing students 
would have come in the lower mental ability grouping, 
ten in the middle grouping, and four in the upper mental 
ability grouping. The randomness of the IQ distribution 
was not affected by the loss of these students from the 
study. Finally, when examining the data gathered on 
the students who did not finish in the study sample, 
their numerical ability scores on the Stanford Achieve­
ment Test revealed that all of these students fell into 
the middle and upper ability groups. None of the students 
who were in the original one hundred members of the sample 
who qualified for the lower numerical ability classifi­
cation , left the sample. Therefore, after the thirty 
members of the sample were lost, the research sample be­
came even more mathematics-shy than it was at the start 
of the study.
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There were at least fifteen students who entered 
the general chemistry program in the middle of the year, 
joining the sample after all the pre-testing had occurred. 
These were students who were incorrectly placed in 
college preparatory chemistry for the first half of the 
school year ; rather than be allowed to drop chemistry 
completely from their curriculum, they were placed in 
the general chemistry to complete the year. None of 
these students were involved in any part of the testing 
program.

Unit four of CCWCC began early in February and dealt 
with the chemistry of ecological studies. The Test of 
Reasoning in Conservation Form A (see Appendix) was 
administered to the seventy remaining members of the sample. 
This test was designed with the following questions in 
mind: What essential concepts of conservation are being 
learned by the students? To what extent are the students 
aware of the implications of these concepts not only for 
themselves but also for society? Finally, and most impor­
tant , how likely are the students to select the most 
desirable course of action when confronted with alter­
natives?

Unit four is designed not only to be informative 
and exciting but also to be confronting. Problems facing 
our planet are presented in order to induce the students 
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to apply relevant concepts to solving such pertinent 
problems. This unit involves not only an extensive 
laboratory program, but also many challenging films and 
extensive supplementary reading.

The post-testing program began in early June and 
consisted of a repetition of the three tests previously 
described : Test of Reasoning in Conservation, Cooperative 
Chemistry Test and the Statements about Science and 
Scientists Checklist. The time interval between the 
pre- and post-test of the Test of Reasoning in Conser­
vation was four months while the interval for the other 
two tests was nine months.

At the conclusion of the data collection, all units 
of CCWCC were used and tested, and seventy students 
completed the entire ten month study. Almost all the 
recommended films and discussion topics listed in the 
teacher's guide had been used by both Teacher A and 
Teacher B.



CHAPTER 4
ANALYSIS AND INTERPRETATION OF THE DATA

Statistical Technique Employed
In order to evaluate the data gathered on the sample of 

seventy students, the author employed the Michigan Inter­
active Data Analysis System (MIDAS). This is a system of 
computer programs for data analysis and statistical computing 
which is being developed by the Statistical Research Labora­
tory of The University of Michigan. The MIDAS system is a. 
single large program composed of a collection of modules 
which are called commands. Each command performs a specific 
data manipulation or computing function which is defined pre­
cisely by keyword expressions. The commands which were run 
are: READ, DESCRIBE, HISTOGRAM, DISTRIBUTION, CORRELATION, 
ANOVA (Analysis of Variance), and COVARIANCE.

In order to investigate the character of a distribution 
of data, measurements were used which served to describe the 
distribution. The DESCRIBE command employed two valuable 
measures—the mean and the standard deviation—the first be­
ing a measure of central value and the second being a measure 
of variability.

The mean is commonly called the average, where we sum 
the measurements or cases. On the other hand, the standard 
deviation is by far the most commonly used indicator of 
degree of dispersion and is the most dependable source of 

39
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of estimation of the variability in the total population from 
which the sample came. The usual and most accepted inter­
pretation of a standard deviation is in terms of the percen­
tage of cases included within the range from one standard 
deviation below the mean to one standard deviation above the 
mean. Both measures were employed in this way in this 
study and are computed in Table 1, page 43.

The coefficient of correlation is another summarizing 
number which indicates to what extent two variables are 
related, that is, to what extent changes in the one go with 
changes in the other. Both variables are observed as they 
naturally occur, neither variable being fixed at predeter­
mined levels. The relationships between these two variables 
do not necessarily imply that one is the cause of the other. 
In some situations, we find that the two variables are re­
lated because they are both related to, or caused by, a third 
variable. The computed correlation coefficient yields infor­
mation about the degree of prediction as well as the degree 
of relationship. The MIDAS command of CORRELATE analyzed the 
data for accuracy of prediction and degree of relationships. 
The results of these analyses can be found on pages 51-52 in 
Tables 10 through 13.

If means of the subgroups are greatly different, the 
variance of the combined groups is much larger than the 
variances of the separate groups. The analysis of differ­
ences in means is based on this fact. The analysis of vari­
ance rests on a separation of the variance of all the 
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observations into parts, each of which measures variability 
attributable to some specific sources. This is a breakdown 
of the sample variance and is a powerful parametric test. 
The basic principle of this test is to determine whether the 
sample means vary further from the population mean than we 
should expect, in view of the variations of single cases 
from the same mean.

The heart of the ANOVA command (Analysis of Variance) 
lies in the following fact: If the groups are random samples 
from the same population, the two variances, within and be­
tween, are unbiased estimates of the same population variance. 
It then tests for the significance of the differences of the 
two types by use of the F test. If F is sufficiently large, 
the null hypotheses become suspect, and we draw a positive 
conclusion, the nature of which depends on the given situa­
tion. In the author's study, there existed three basic sub­
groups of the total sample : upper and lower numerical abil­
ity groups, upper and lower IQ groups, and males and females. 
The results of the analyses are found in Tables 14 through 
22.

A method for testing the significance of differences 
among means which have been influenced by one or more uncon­
trolled variables is called the analysis of covariance. In 
the MIDAS system the COVARIANCE command adjusts the means 
for the effect of the uncontrolled variable and makes the 
necessary modifications in sampling error. The corrected 
sampling error is then used to test for the significance of 
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differences among adjusted means. The adjustments made in 
the analysis are based on the application of regression 
analysis to the data. The result is that the groups are made 
comparable with respect to the uncontrolled variable.

Covariance tests for a difference in the means of the 
residuals. The residuals are the differences between the 
actual observations and a regression quantity based on the 
associated second variable. As a result, the COVARIANCE 
command provides tests of significance for the comparison 
groups whose members may have been stratified and whose 
members have been measured with regard to one or more vari­
able characteristics other than the criterion. The results 
of the analysis of covariance for the author's sample are 
found also in Tables 14 through 22 and are indicated as 
adjusted means.

Statistical Description of Sample
In order to adequately understand the outcomes of the 

various analyses of variance and covariance which were per­
formed upon the data, a few descriptive statistics should be 
examined. In Table 1 all values are listed as raw scores 
except for the Mental Ability values which have been con­
verted to IQ's. The Otis-Lennon IQ is a normalized standard 
score with a mean of 100 and a standard deviation of 16 
points. The range of IQ's for the sample under study com­
pared very well with the Norms for Performance for this 
test. The sample fell in the range between below average to 
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above average. No one in the sample under study obtained an 
IQ which would be categorized as superior; also, no one 
scored in the low category. In the histogram of the fre­
quencies, the above average category (IQ range of 112-127) 
contains only six members (8.6%). The normal sample distri­
bution would have 19% in the above average category. Other­
wise, the research sample seemed to be drawn from the normal 
population in terms of IQ values.

Table 1
DESCRIPTIVE MEASURES FOR THE TOTAL SAMPLE (N = 70)

Variable Mean Std. Dev. Min. Max. Highest Possi­
ble Score

Mental Ability (IQ) 98.16 12.05 72.0 123.0 — —
Numerical Ability 23.99 6.52 9.0 36.0 45.0
Pre-Attitude Total 40.84 4.36 21.0 48.0 50.0
Pre-Chemistry 3.83 3.69 0.0 16.0 58.0
Pre-Conservat ion 22.44 6.81 8.0 36.0 45.0
Post-Attitude Total 38.64 5.51 25.0 48.0 50.0
Post-Chemistry 7.67 5.55 0.0 24.0 58.0
Post-Conservation 21.09 7.99 9.0 38.0 45.0

Table 2 
HISTOGRAM OF MENTAL ABILITY IQ VALUES

Midpoint
72
77
82
87
92
97

102
107
112
117
122

Count
1 +X
3 +XXX
6 +XXXXXX
8 +XXXXXXXX
9 +XXXXXXXXX

17 +XXXXXXXXXXXXXXXXX
11 +XXXXXXXXXXX
9 +XXXXXXXXX
5 +XXXXX
0 +
1 fX

Total 70 (5.00 = Interval Width)
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The other measure which was used to divide the research 
sample into upper and lower groups was the Stanford Achieve­
ment Test in Numerical Competence. In this measure, the 
total standardization group (which set the basic norms for 
this test) scored 28.7 out of a possible 54.0 items. The 
standard deviation was 8.94 for this group. When looking at 
the descriptive data on this measure for the research sample, 
it is seen that the mean is considerably lower, thus substan­
tiating the fact that the sample is truly mathematics-shy as 
a group.

Midpoint Count

Table 3 
HISTOGRAM OF NUMERICAL ABILITY SCORES

9.000 1 +X
11.077 3 +XXX
13.154 1 +x
15.231 4 +XXXX
17.308 7 +XXXXXXX
19.385 6 +XXXXXX
21.462 5 +XXXXX
23.538 5 +XXXXX
25.615 10 +XXXXXXXXXX
27.692 8 +XXXXXXXX
29.769 5 +XXXXX
31.846 6 +XXXXXX
33.923 4 +XXXX
36.000 3 +XXX

Missing 2
Total 70 (2.08 = Interval Width)

When analyzing the means and standard deviations of the 
pre- and post-tests in the areas of attitude, chemistry and 
conservation, some very interesting phenomena come into view. 
The mean of the attitude post-test is lower than the mean of 
the attitude pre-test. A more thorough discussion about this 
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item is presented on page 61. However, when looking at the 
histograms of these two measures, the entire sample seems 
to be more diffusely spread throughout the frequency range 
even though the sample had a higher minimum score on the 
post-test.

Midpoint Count

Table 4 
HISTOGRAM OF PRE-ATTITUDE TOTAL SCORES

21 1 +x
24 0 +
27 0 +
30 1 +x
33 4 +XXXX
36 6 +XXXXXX
39 17 +XXXXXXXXXXXXXXXXX
42 20 +XXXXXXXXXXXXXXXXXXXX
45 18 +XXXXXXXXXXXXXXXXXX
48 3 +XXX

Total 70 (3.00 = Interval Width)

Table 5 
HISTOGRAM OF POST-ATTITUDE TOTAL SCORES

Midpoint
25.0

Count
1 +X

27.3 3 +XXX
29.6 2 +XX
31.9 7 +XXXXXXX
34.2 4 +XXXX
36.5 8 +XXXXXXXX
38.8 13 +XXXXXXXXXXXXX
41.1 14 +XXXXXXXXXXXXXX
43.4 7 +XXXXXXX
45.7 7 +XXXXXXX
48.0 4 +XXXX

Total 70 (2.30 = Interval Width)

The chemistry pre- and post-tests need much scrutiny 
before the scores can be used to make conclusions about the 
hypotheses of this study. On the pre-test there were fifty 
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members of the sample scoring less than 5.0 out of a possi­
ble 58.0 points. On the post-test the number of the sample 
scoring 5.0 or less had dropped to 23, a decrease of more 
than half. On the other end of the histogram, the number of 
people with a score of 10.0 or greater on the pre-test was 
five, while on the post-test it increased to 22 (Tables 6 and 7).

The histograms of the chemistry pre- and post-test 
scores indicate a general trend toward higher scores. The 
author offers the following reasons as an explanation of why 
the scores are low: Since chemistry is offered primarily 
to college preparatory students, it was extremely difficult 
to find a valid testing instrument to measure chemistry 
achievement by the sample. All tests that were considered 
for use relied heavily upon mathematical relationships. This 
premise was in direct opposition to this study. However, 
the Cooperative Chemistry Test showed the greatest promise. 
It also had some sections which relied heavily upon mathe­
matical skill that were deleted from the test before admin­
istering it to the sample. (See Appendix for the entire test 
given to the sample.)

Despite the reduction in mathematically-related items, 
the results were still low. It should be noted that these 
test scores are raw scores which are computed by subtracting 
one-fourth of the number wrong from the number correct. 
Omitted items were not considered incorrect items when the 
computing was done.
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Table 6 
HISTOGRAM OF PRE-CHEMISTRY SCORES

Midpoint 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0

Count
15 +XXXXXXXXXXXXXXX 
5 +XXXXX

11 +XXXXXXXXXXX
11 +XXXXXXXXXXX
8 +XXXXXXXX 
0 +
3 +XXX
5 +XXXXX
5 +XXXXX
2 +XX
0 +
0 +
3 +XXX
1 +X
0 +
0 +
1 +x

Total 70 (1.00 = Interval Width)
Table 7 

HISTOGRAM OF POST-CHEMISTRY SCORES
Midpoint 

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0

Count
10 +XXXXXXXXXX
1 +X
3 +XXX
7 +XXXXXXX
2 +XX 
0 +
7 +XXXXXXX
3 +XXX
5 +XXXXX

10 +XXXXXXXXXX
0 +
6 +XXXXXX
5 +XXXXX
4 +XXXX
1 +X
0 +
1 +X
0 +
3 +XXX
0 +
0 +o + -
1 +x
0 +
1 +x

Total 70 (1.00 = Interval Width)
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In addition, chemistry is a subject in which active 
participation in laboratory work is requisite ; the CCWCC 
materials require that more than 50 per cent of the student's 
time be spent in the laboratory. Therefore, certain acheive- 
ments in chemistry would not be testable by a pencil and 
paper test. In the author's judgment, the manipulative skills 
involved in the performance of laboratory experiments will 
never be reflected in any achievement testing program. Con­
clusions in this area rest upon the subjective evaluation of 
the teacher. This evaluation was not subject to statistical 
analysis, but subjectively both teachers involved in the study 
were convinced that the students who completed a year with the 
CCWCC materials left the laboratory with a more developed sense of 
investigativeness and more manipulative skills than those in 
the college preparatory classes.

Since a major portion of the second half of the CCWCC 
materials considers ecochemistry, it was disappointing to 
see that the entire sample did not make any gains on the con­
servation pre- and post-tests. Although some individuals made 
significant progress and the sample minimum and maximum 
values increased, the histograms show that the sample did 
not perform as well in the end as they did earlier in the 
alternatives in the conservation test.

The author of the CCWCC materials cannot find any clues 
for this phenomenon. Student interest was extremely high 
in the ecochemistry section. It is possible that, even though 
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all the appropriate data-collecting was present, classroom 
discussions dealing with the actual process of decision­
making were lacking. Perhaps too much development of indiv­
idual reasoning was left to the students without appropriate 
guidance. This is an area in which the author is currently 
working out in situ modifications of the materials. Hope­
fully these will be available in the next edition of the 
teacher's guide.

Table 8 
HISTOGRAM OF PRE-CONSERVATION SCORES

Midpoint
8.000

11.000
14.222
17.333
20.444
23.556
26.667
29.778
32.889
36.000

Count
1 +X
2 +XX

11 + XXXXXXXXXXX
11 +XXXXXXXXXXX
6 +XXXXXX

16 +XXXXXXXXXXXXXXXX
7 +XXXXXXX
7 +XXXXXXX
7 +XXXXXXX
1 +x

Missing
Total

1
70 (3.11 = Interval Width)

Table 9 
HISTOGRAM OF POST-CONSERVATION SCORES

Midpoint Count
9.000 7 +XXXXXXX

11.231 5 +XXXXX
13.462 5 +XXXXX
15.692 4 +XXXX
17.923 11 +XXXXXXXXXXX
20.154 4 +XXXX
22.385 6 +XXXXXX
24.615 8 +XXXXXXXX
26.846 2 +XX
29.077 4 +XXXX
31.308 6 +XXXXXX
33.538 1 +X
35.769 . 4 +XXXX
38.000 1 +x

Missing 
Total

2
70 (2.23 = Interval Width)
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In this study the sample was divided into strata in 
three different ways. The male-female strata consisted of 
thirty-seven males and thirty-three females. The upper and 
lower IQ levels were determined by using the scores on the 
Otis-Lennon Mental Ability Test and converting them to IQ 
values. The upper group had an IQ range of 103 to 123; the 
middle group had a range of 94 to 102, and the lower group 
had a range from 72 to 93.

Similarly the scores on the Stanford Achievement Test 
(Numerical Competence) allowed the author to group the 
sample according to the "percentile ranking in mathematical 
ability." Those students from the first through the twen­
tieth percentile composed the lower group ; those from the 
twenty-first to the fortieth percentile became the middle 
group ; those from the forty-first to the seventy-sixth per­
centile were identified as the upper group. When the sta­
tistical analysis was performed upon the sample according 
to these three divisions, the middle group was eliminated; 
the comparisons and studies were made on the upper and 
lower groups only.

The population of the upper level IQ distribution was 
twenty-four. The middle group was composed of twenty-four 
individuals while the lower level held twenty-two members. 
In the numerical ability categorizations the upper level 
held twenty-six members while the middle group was com­
posed of twenty members. Twenty-two members of the sample 
were in the lower level of the numerical competence strata.
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Correlation coefficients for the total sample and also 
for the three sample strata (male-female, upper and lower IQ 
levels, and upper and lower numerical ability levels) indi­
cate that the conservation and chemistry tests have the high­
est correlation. At the other extreme, the attitude pre­
test seems to have the lowest correlation with both the 
chemistry and conservation tests. The correlation of the 
attitude post-test with the other two tests did show consid­
erable improvement. All of the coefficients were low, in­
dicating diffuse relationships.

Table 10
CORRELATION COEFFICIENTS FOR TOTAL SAMPLE (N = 70)

Variable Correlation with Post Scores
Chemistry Attitude Conservation

Numerical Ability 0.0697 0.0413 0.2170
Mental Ability 0.2779 0.1261 0.4594
Pre-Attitude 0.0524 0.4462 0.0396
Pre-Chemistry 0.3401 0.1374 0.2136
Pre-Conservation 0.4491 0.4101 0.8105

. Table 11
CORRELATIONS WITHIN MALE-FEMALE STRATA OF 

CHEMISTRY, ATTITUDE, AND CONSERVATION SCORES (N = 70)

Post­
Chemistry

Post­
Attitude

Post­
Conservation

Pre-Chemistry 0.3401 0.1621 0.2321
Pre-Attitude 0.0032 0.3974 0.0168
Pre-Conservation 0.4631 0.3962 0.8105
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Table 12
CORRELATIONS WITHIN UPPER AND LOWER IQ LEVELS OF 

CHEMISTRY, ATTITUDE, AND CONSERVATION SCORES (N = 46)

Post­
Chemistry

Post­
Attitude

Post­
Conservation

Pre-Chemistry 0.2187 0.1672 0.1562
Pre-Attitude -0.0622 0.4776 0.0564
Pre-Conservat ion 0.4302 0.3284 0.8689

Table 13 
CORRELATION WITHIN UPPER AND LOWER NUMERICAL 

LEVELS OF CHEMISTRY, ATTITUDE AND 
CONSERVATION SCORES (N = 46)

N ’♦
ABILITY

Post­
Chemistry

Post­
Attitude

Post­
Conservation

Pre-Chemistry 0.2663 0.1354 0.2258
Pre-Attitude 0.0801 0.4061 0.0774
Pre-Conservat ion 0.2916 0.3664 0.8199

Analysis and Interpretation of Data Concerning Hypotheses
At the beginning of this study nine null hypotheses were 

stated as part of the investigation of the effectiveness of 
the CCWCC materials. After the sample had been exposed to 
the CCWCC materials for ten months, the data analysis 
suggests the following decisions regarding the nine hypo­
theses:

(1) There is no significant difference in achievement 
on the Cooperative Chemistry Test between the 
upper and lower numerical ability groups.

This hypothesis is accepted since the F value is not
large enough either at the 0.01 or the 0.05 level (see
Table 14). In order to examine this result more closely, 
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it should be noted that the Cooperative Chemistry Test 
(revised by the author) which eliminated the difficult mathe­
matically oriented questions had a reliability of 0.44. The 
publisher's copy of the test has a reliability of 0.92 for 
Form Z. When the distribution of the numerical ability 
scores is examined, the upper and lower groups represent the 
upper and lower parts of a skewed sample. It soon became 
evident that the sample actually was a mathematics-shy group 
and did make progress in learning chemistry, as is evidenced 
by examination of the means. It is the author's contention 
that there was no real difference between the upper and 
lower sections of the total sample in mathematical ability.

Table 14
ANALYSIS OF VARIANCE AND COVARIANCE OF 

PRE-CHEMISTRY AND POST-CHEMISTRY SCORES FOR THE 
UPPER AND LOWER NUMERICAL ABILITY GROUPS

Chemistry Scores 
N = 47

Numerical
Upper

Level
Lower F Ratio

Mean :
Pre-Chemistry 3.96 3.55 0.17
Post-Chemistry 8.88 7.45 0.95
Adjusted 8.81 7.54 0.78

Standard Deviation: 
Pre-Chemistry 3.52 3.28
Post-Chemistry 5.90 3.75
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(2) There is no significant difference in achievement 
between males and females on the Cooperative 
Chemistry Test.

The above hypothesis is accepted. As is seen in Table 
15, this analysis seems to show that it makes no difference 
whether a chemistry student using the CCWCC approach is 
male or female. Achievement should be similar.

Table 15 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

PRE-CHEMISTRY AND POST-CHEMISTRY SCORES FOR 
MALES AND FEMALES IN THE SAMPLE

Chemistry Scores 
N = 70 Males Females F Ratio

Mean :
Pre-Chemistry 3.79 3.88 0.01
Post-Chemistry 7.16 8.28 0.71
Adjusted 7.18 8.26 0.73

Standard Deviation : 
Pre-Chemistry 3.59 3.88
Post-Chemistry 5.48 5.65

(3) There is no significant difference in achievement 
between the upper and lower IQ groups on the 
Cooperative Chemistry Test.

When analyzing Table 16, it is evident that this hypo­
thesis has been rejected. As a result, according to this 
study, a student with a higher IQ will tend to succeed better 
in chemistry achievement. The author refers to the ration­
ale presented earlier : the Cooperative Chemistry Test 
measures only part of the achievement gained from exposure 
to the CCWCC materials for any length of time. The students 

with higher IQs fared better on a test which measured
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interpretation of data, retention of basic information, and 
recognition of relationships. The manipulative skills gained 
by the students are not reflected in the study measurements.

Table 16 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

PRE-CHEMISTRY AND POST-CHEMISTRY SCORES FOR 
THE UPPER AND LOWER IQ GROUPS

Chemistry Scores 
N = 46

IQ Levels F RatioUpper Lower
Mean :

Pre-Chemistry 4.50 2.36 6.80*
Post-Chemistry 9.71 5.68 7.16*
Adjusted 9.53 5.88 5.04*

Standard Deviation: 
Pre-Chemistry 3.30 2.06
Post-Chemistry 5.38 4.77

(4) There is no significant difference in attitudes 
concerning science and scientists between the 
upper and lower numerical ability groups as de­
tected by the checklist, Statements about Science 
and Scientists.

Hypothesis four is accepted (see Table 17); therefore, 
it appears that grouping the sample into upper and lower 
numerical ability groups has no effect when their attitud­
inal scores are considered. (See "Special Investigation of 
Attitude Checklist" later in this chapter.)

♦Significant at .05 level.
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Table 17
ANALYSIS OF VARIANCE AND COVARIANCE OF 

THE PRE-ATTITUDE AND POST-ATTITUDE SCORES FOR 
THE UPPER AND LOWER NUMERICAL ABILITY GROUPS

Attitude Scores 
N = 47

Numerical Levels F RatioUpper Lower
Mean :

Pre-Attitude 41.00 40.50 0.14
Post-Attitude 39.28 38.86 0.07
Adjusted 39.17 38.99 0.01

Standard Deviation: 
Pre-Attitude
Post-Attitude

3.98
4.54

5.24
6.46

(5) There is no significant difference in attitudes 
about science and scientists between males and 
females as shown by the checklist, Statements 
about Science and Scientists.

The analysis of the data indicates that there is no 
difference between males and females when attitudinal res­
ponses about science and scientists are considered. It is 
valid to say, because Hypothesis 5 is accepted, that males 
and females do not have widely divergent views of science 
and scientists. This is indicated by the responses in

this study. (See Table 18.)
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Table 18
ANALYSIS OF VARIANCE AND COVARIANCE OF 

THE PRE-ATTITUDE AND POST-ATTITUDE SCORES FOR 
THE MALES AND FEMALES IN THE TOTAL SAMPLE

Attitude Scores
N = 70 Males Females F Ratio

Mean :
Pre-Attitude 41.08 40.56 0.24
Post-Attitude 38.66 38.63 0.01
Adjusted 38.54 38.77 0.03

Standard Deviation: 
Pre-Attitude 3.96 4.85
Post-Attitude 5.34 5.79

(6) There is no significant difference in attitudes 
about science and scientists between the upper and 
lower IQ groups in the sample as indicated by the 
checklist, Statements about Science and Scientists.

This hypothesis is also accepted since its F ratio is 
not significant at the 0.01 or the 0.05 level (Table 19). 
As a result of this analysis, the differences between the 
upper and lower IQ groups in their scores on the attitude 
checklist were not enough to suggest that those with lower 
IQ's have different attitudes when compared to students 
whose IQ's are higher. The drop in the means between the 
post- and pre-test scores are discussed later in this chapter.
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Table 19 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

THE PRE-ATTITUDE AND POST-ATTITUDE SCORES FOR 
THE UPPER AND LOWER IQ GROUPS

Attitude Scores 
N = 46

IQ Levels F RatioUpper Lower
Mean :

Pre-Attitude 41.08 39.18 1.82
Post-Attitude 40.75 38.05 3.00
Adjusted 40.30 38.54 1.49

Standard Deviation :
Pre-Attitude 3.90 5.57
Post-Attitude 4.70 5.87

(7) There is no significant difference in achievement 
on the Test of Reasoning in Conservation between 
the males and females in the sample.

Once again a hypothesis is accepted which suggests that 
there is a difference in responses between the males and 
females in the sample under consideration. Table 20 indi­
cates that the F ratio is certainly not large enough even 
to hint that there is a significant difference between males 
and females as manifested on a test of reasoning.

Table 20 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

PRE-CONSERVATION AND POST-CONSERVATION SCORES FOR
THE MALES AND FEMALES IN THE SAMPLE

Conservation Scores 
N = 67 Males Females F Ratio

Mean :
Pre-Conservation 22.84 21.94 0.30
Post-Conservation 21.03 21.16 0.01
Adjusted 20.67 21.75 0.86

Standard Deviation :
Pre-Conservation 6.77 6.94
Pre-Conservation 8.74 7.13
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(8) There is no significant difference in achievement 
on the Test of Reasoning in Conservation between 
the upper and lower IQ groups.

After adjusting the means of the conservation post-test 
for the differences indicated on the conservation pre-test 
scores, an F ration of 0.02 is obtained (see Table 21) which 
leads the author to the conclusions that Hypothesis 8 has 
been accepted. Even though the analysis of variance indi­
cates that at the 0.01 level there is significant difference 
between the upper and lower IQ groups, this difference dis­
solves when the means are adjusted in the covariance analysis.

Table 21 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

THE PRE-CONSERVATION AND POST-CONSERVATION SCORES FOR 
THE UPPER AND LOWER IQ GROUPS

Conservation Scores 
N = 43

IQ Levels F RatioUpper Lower
Mean :

Pre-Conservation 27.21 17.33 46.11**
Post-Conservation 26.64 17,09 25.31**
Adjusted 21.86 22.10 0.02

Standard Deviation : 
Pre-Conservation
Post-Conservâtion

5.17
6.52

4.50
6.05

(9) There is no significant difference in achievement 
on the Test of Reasoning in Conservation between 
the upper and lower numerical ability groups.

When the F ratio for the analysis of covariance in Table 
22 is examined, it must be stated that Hypothesis 9 is to be 
accepted. The lack of mathematically-related topics in the 

^^Significant at .01 level.
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Test of Reasoning in Conservation can be seen upon examina­
tion (Appendix, p. 90). Since the entire sample seems to 
be mathematics-shy, the upper and lower ability groups within 
that parameter scored very close to one another on both the 
pre- and post-tests. In the author's opinion, both the lack 
of a heterogeneous sample in the area of mathematical ability 
and the basic emphasis away from mathematics in the test 
itself, produced an effect of eliminating any differences in 
the ability groupings as shown on the conservation test.

Table 22 
ANALYSIS OF VARIANCE AND COVARIANCE OF 

THE PRE-CONSERVATION AND POST-CONSERVATION SCORES FOR 
THE UPPER AND LOWER NUMERICAL ABILITY GROUPS

Conservation Scores 
N = 45

Numerical
Upper

Levels 
Lower F Ratio

Mean :
Pre-Conservation 24.92 21.09 4.34*
Post-Conservâtion 23.57 19.91 2.40
Adjusted 21.97 21.58 0.07

Standard Deviation:
Pre-Conservation 6.99 5.36
Post-Conservation 8.50 7.26

Special Investigation of Attitude Checklist
When the means of the attitude pre-test and the atti­

tude post-test scores are examined, it is ascertained that 
the means dropped considerably from 40,84 points to 38.64 
points. After searching through the frequency distribution 
of each item on the pre- and post-checklists, it became evi­
dent to the author that a definite trend existed. 
♦Significant at .05 level.
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It seems that in the pre-test the members of the sample 
were overwhelmingly either in agreement or in disagreement 
with the statements about either science or scientists. 
However, on the post-test the author discovered that there 
was a significant shift from the extremes of "agree" or 
"disagree" to the intermediate choice of "undecided." This 
would seem to indicate that after exposure to ten months 
of chemistry in the CCWCC program, the members of the sample 
were not as willing to make a declarative stand for or against 
a statement, but wanted to remain uncommitted. Upon investi­
gation by rank ordering of the highest change items and 
examining these items as to content, the author discovered 
that the items with the highest frequency of change were : 
a) recognition of valid resources and authorities for deci­
sion making, and b) open-mindedness. The rank order of the 
highest change items, in order of decreasing frequency of 

shifts ; are as follows :
1. Science does not tell us right from wrong in our 

relations with people. (23 shifts)
2. A scientist's job is the most important job in the 

world. (21 shifts)
3. Science has the answers to the unsolved problems 

in our society. (21 shifts)
4. The scientist knows where to find the best infor­

mation to help him in his careful hunting for facts 
or truth. (20 shifts)

5. Science is an accurate and orderly body of knowledge 
about the world in which we live. ( 18 shifts)

6. The scientist wants to know something about an idea 
before he tests it. (17 shifts)
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7. The facts of science do not explain "how" and "why" 
some things happen. (16 shifts)

8. The scientist gets much of his information by read­
ing. (16 shifts)

9. Science and industry work to provide a better way 
of living for us. (16 shifts)

10. The scientific way of solving problems can be used 
to solve the problems of human beings. (15 shifts)

11. The scientist checks carefully the place from which 
he gets his information. (14 shifts)

12. The scientist learns about nature by doing experi­
ments. (13 shifts)

13. The scientist uses the best information he can get 
to solve his problems. (13 shifts)

14. The scientist works hard and long hours but enjoys 
his work. (13 shifts)

As a result of studying the shift phenomena, an overall 
conclusion can be reached about the checklist Statements 
about Science and Scientists. It seems that some members 
of the sample for this study were less rigid in their post­
test choices and were more willing on the post-test to indi­
cate that they were undecided and had not formed an opinion 
on the particular items listed above. To conclude that 
attitudes were changed as a result of exposure to CCWCC 
materials would be an over-generalization made from too small 
of a sample.

Teacher Assessment Checklist Evaluation
In order to obtain some idea of how the two teachers in 

the study were functioning in the laboratory and classroom 
during the use of the CCWCC materials, an assessment of the 
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teachers' verbal behavior and procedural activities was made 
by both students and the teachers. This was done in order 
to determine whether the effect of the teacher was introduc­
ing uncontrolled variability. Teacher Self-Assessment 
(Verbal Interaction and Procedural Activities) and the 
Student Check-List (Verbal Behavior and Procedural Activities) 
were administered to the entire sample. After the Spearman­
Brown correlation was calculated, the following coefficients 
resulted :

Table 23 
CORRELATION COEFFICIENTS OF TEACHER 
SELF-ASSESSMENT AND STUDENT CHECKLIST

Verbal Behavior Procedural Activities
Teacher A Teacher B Teacher A Teacher B
0.608 0.855 0.495 0.485 '

It seems that the students view the teachers and the teachers 
view themselves the same on procedural activities. Since 
this is an evaluation of a program which is heavily biased 
in favor of laboratory activities, the fact that Teacher A 
and Teacher B are viewed similarly is a favorable result.

On the other checklist dealing with verbal behavior, 
the two teachers are viewed differently by the sample as 
compared to how they view themselves. There seems to be a 
stronger relationship between how the students of Teacher B 
see him and how he views himself on verbal behavior in con­
trast to how Teacher A is viewed. Yet the discrepancy is 
not large enough to cause any concern as to whether the
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"teacher effect" is operating as an uncontrolled variable 
in the data analysis of the CCWCC program.

While these checklists were used in the study to 
clarify the question of differences in teaching styles of 
the two teachers and it was found that the styles were 
similar, the question itself appeared neither in the hypo­
theses nor in the basic assumptions. The data gathered 
with the procedural and verbal checklists can be found 
in the Appendix.



CHAPTER 5
SUMMARY, CONCLUSIONS, DISCUSSION, AND RECOMMENDATIONS

Summary
The purpose of this study was to investigate a high 

school curriculum for mathematics-shy chemistry students. 
This effort involved two major phases. First, the program 
and materials for this curriculum had to be written, pilot- 
tested, edited, and finally placed into a high school 
setting. Second, the effect of this program had to be 
measured, evaluated, and studied.

Two years of writing and editing on the part of the 
author resulted in the book: Chemistry : Coping With 
Change Creatively (CCWCC). It was pilot-tested at a large 
urban high school and was printed in a softcover edition 
for use in the data collecting phase of the study in the 
spring-summer of 1972. This laboratory manual (169 pages 
in length), and a teacher's guide to the CCWCC philosophy 
and experiments (see list in Appendix) resulted from the 
first phase of the study. Since investigation of the 
CCWCC materials necessitated use over a ten-month period, 
the school year of 1972-73 was chosen by the author during 
which to gather data from the sample. Two teachers and a 
total of seventy students participated in the second phase. 
The data analysis phase was completed during the 1973-74 

school year.

65
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As a result of the data analysis, a series of hypo­
theses were evaluated (see p. 5, Chapter 1). Statistically, 
of the nine hypotheses, eight were accepted and one was 
rejected. The rejection of Hypothesis 3 indicated that 
there was a statistically significant difference in achieve­
ment between the upper and lower IQ groups on the chemistry 
test. Of the other eight hypotheses which were accepted, 
three were of interest. Hypotheses 2, 5 and 7 all dealt 
with the sample as seen in two groups—males and females.

When examining the other hypotheses which were accepted, 
the author notes that Hypotheses 1, 4 and 9 all dealt with 
the sample as divided into upper and lower numerical ability 
groups. As stated earlier in Chapter 4, the author is of 
the opinion that the sample actually constituted a mathe­
matics-shy group; to further divide them into upper and 
lower groups amounted to slicing a nearly homogeneous pie 

into even more homogeneous pieces. This study did reveal the 
fact that mathematics-shy students will elect to take 
chemistry, that they can be identified as mathematics-shy, 
and that they can attain success in a laboratory science. 
This study assured the teaching staff that they actually 
were reaching the mathematics-shy members of the high school 
population by offering CCWCC general chemistry as an elective 
in the curriculum.
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Conclusions
There was general achievement in chemistry among the 

members of the sample. Since the sample was definitely 
defined as mathematics-shy, it was with satisfaction that 
a gain in achievement on the chemistry test was noted, no 
matter how small.

Also, the total group showed a shift in attitudes 
about science and scientists, from a positive or negative 
response to an "undecided" response. Interpretation of 
this shift was difficult, since the sample was small. Per­
haps the members of the sample were less convinced that 
issued in science are clearly always "yes" or "no."

By acceptance of Hypotheses 2, 5 and 7 which all stated 
that there is no significant difference between males and 
females as measured on the chemistry achievement test, the 
attitude checklist, and the conservation reasoning test, 
the author is led to the conclusion that according to this 
sample response, both males and females should be encour­
aged to use the CCWCC program and should expect to perform 
equally. Perhaps this evidence can help to put to rest the 
unwritten supposition that only males should be encouraged 
to participate in science, especially chemistry.

Limitations
Generalizations from this study were limited by the 

small sample size. The sample was difficult to obtain, 
since very few schools offer a second track of chemistry
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in the curriculum. Since the study began, the author 
has become aware of a few more school systems that are 
beginning to investigate the advantages of such a course. 
Even among those schools that did offer a second track 
of chemistry, the curricula were uncertain.

The third basic assumption of this study was that full 
use of the laboratory facilities would be available to the 
students and teachers using CCWCC materials. It was diffi­
cult to find any schools which taught a second level of 
chemistry for the mathematics-shy with the added require­
ment of unlimited use of the laboratory. Most science 
departments tend to favor college preparatory classes, 
leaving the other students with less experienced teachers 
and poorer facilities.

In addition, the sample size shrank during the study 
from 100 to 70 members due to reasons discussed earlier. 
For all these reasons the study sample was considerably 
smaller than desirable.

Another limitation would have to be the fact that the 
author of the CCWCC materials was one of the participating 
teachers in the study. The author's enthusiasm certainly 
transferred itself to the other teacher since he taught in 
the same physical location. That the CCWCC materials can 
stand on their own will hopefully be validated by other 
teachers in coming years. The author is encouraged that 



69

more and more teachers and administrators are interested 
in investigating chemistry for mathematics-shy students.

Finally, the author feels that the lack of sensitivity 
of the revised Cooperative Chemistry Test was a limitation 
on the conclusions which could be drawn from the study. 
In the future any evaluation of achievement in chemistry 
after exposure to the CCWCC materials might be made using 
a teacher-constructed test. More sensitive evaluation 
instruments for the mathematics-shy need to be developed, 
especially in the area of chemistry.

Discussion
As a result of this study a number of events have 

occurred which the author interprets favorably :
The completion of the second edition of the CCWCC 

materials after the pilot-testing indicated that the labora­
tory experiments included in the student's manual were 
reasonable in their approach, understandable to a high 
school student, and fulfilled a need in the high school 

curriculum.
During the time when the CCWCC materials were being 

edited, the enrollment in general chemistry increased 
enough to warrant a second teacher being added to the general 
chemistry staff. Formerly, only one teacher had been in­
volved with mathematics-shy students in chemistry. During 
this time the enrollment of the school remained very stable 
at about 3000 students.
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It appeared to the author that the work being done 
by the students was meaningful to them and warranted con­
tinuing on into the second phase of the study. Throughout 
the study the author was encouraged by fellow staff members 
and visitors to the school to continue working with mathe­
matics-shy students, because of the need for action in 
this area.

Recommendat ions
In view of this study of a chemistry curriculum for 

the mathematics-shy, the author has several recommendations :
Since a segment of the normal high school population 

that can be defined as mathematics-shy and science-inter­
ested actually does exist, school administrators should be 
encouraged to be innovative in their curriculum planning . 
and begin to include chemistry for this segment of the 
school populations.

Second, when a program for the mathematics-shy students 
is instituted in the curriculum, maximum use of the labora­
tory facilities should be mandatory. Also extensive use 
of films and outside field work is important for this type 
of program.

Finally, a study of the CCWCC materials could be 
extended to a much larger sample. More and more school 
systems are willing to try such an approach in their 
curricula in the two years since this study was initiated.



APPENDIX
COURSE OUTLINE FOR 

CHEMISTRY: COPING WITH CHANGE CREATIVELY

As informed members of the world community, 
we need skills in observing reality

in order to interpret how reality changes.

Models help us to categorize and quantify change.

Our environment is constantly undergoing 
change. Ecochemistry helps us to form a 

model of a changing universe.

Change also affects our collective 
everyday life — nutrition.

Can we technologically control the results
of the chemical changes we make, to avoid 

technological backlash?
(Or : Does our technology control us?)

Looking to the 
Are we achieving

future : shock or sensibility?
better living through chemistry?

(There is a Teacher's Manual available for use with 
Chemistry : Coping With Change Creatively.)

71
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EXPERIMENT TITLES FOR CHEMISTRY:
COPING WITH CHANGE CREATIVELY MATERIALS

As informed members of the world community, we need 
skills in observing reality, (4 weeks)

A-1 How Inquisitive Are You? ? ?
A—2 Observation Evidence of Interaction
A-3 Observation and Theory
A-4 Observation : A Scientific Tool
A-5 Scientific Observation and Description
A—6 The Ups and Downs of Burning
A-7 Burning Rates of Candles
A-8 The Conservation of Matter
A-9 Applying Chemistry to Your Daily Life

In order to interpret how reality changes. (12 weeks)
B-1 Properties of Matter: Chemical and 

Physical Changes (I)
B-2 Properties of Matter: Chemical and 

Physical Changes (II)
B-3 Mixtures and Compounds .
B-4 Properties of Matter: Chemical and

Physical Changes (III)
B-5 A Study of the Phase Change Between a Solid 

and a Liquid
B-6 Melting Point
B-7 Melting Behavior of Crystals vs. Amorphous

Solids
B-8 Distillation
B-9 Dry Distillation of Wood
B-10 Chemical Changes and Equations
B-11 Chemical Change : Reduction of Lead
B-12 Chemical Change : Corrosion of Iron
B-13 Allotropic Forms of Sulphur
B-14 The Rate of a Reaction
B-15 A Study of Reaction Rates
B-16 Catalysts
B-17 An Expanded Study of Reaction Rates
B-18 The Effect of the Amount of a Catalyst
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Models help us to categorize and quantify change. (4 weeks)
C-1 Diffusion of Gases
C-2 Models of Some Molecules
C-3 The Preparation and Investigation of Two 

Isomers
C-4 Molecular Layers
C-5 The Preparation and Study of Crystals
C-6 An Investigation of the Packing of Atoms

or Ions in Crystals
C-7 Determining the Size of Objects by Collisions 
C-8 Creating an Electron Charge Cloud Analogy 
C-9 Electron Probability Map vs. Electron Path 
C-10 A Half Life Model of Nuclear Chemistry 
C-11A Collecting Radioisotopes from the Air

Our environment is constantly undergoing change. 
Ecochemistry helps us to form a model of a changing 
universe. (15 weeks)

D-1 Solids in the Air
D-2 The Effect of Air Pollution on Visibility
D-3 The Composition of Air
D-4 Simplified Airborne Solid Sampling
D-5 Destructive Distillation of Leaves
D-6 The Properties of Sulfur Compounds
D-7 Preparation and Properties of Carbon

Dioxide
D-8 Three Oxides of Nitrogen
D-9 Lead and its Compounds
D-10 Some Problems of Incineration
D-10A Total Acids in Air
D-11 Analysis of Soil for Some Common

Constituents
D-12 Mineral Content of a Fertilizer
D-13 The Analysis of Substances Contained in

Plant Tissue
D-14 Chemical Properties of Water
D-15 Solutions and Suspensions
D-16 A Quantitative Study of the Effect of 

Temperature on Solubility
D-17 Solubility
D-18 A Study of Hard Water
D-19 Comparison of Various Consumer Washing 

Products
D-20 Testing Water Samples for Dissolved Oxygen
D-21 A Study of Some Impurities in Water Samples
D-22 A Study of pH, Indicators, and Alkalinity

of Water Samples
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D-23 Water Treatment and Surface Chemistry
D-24.1A The Study and Identification of Certain 

Metallic Ions (I)
D-24.2A The Study and Identification of Certain 

Metallic Ions (II)

Change also affects our collective everyday life - 
nutrition. (5 weeks)

E-1 The Preparation of Some Organic Compounds
E-2 Qualitative Tests for Some Organic Molecules 

in Common Foods
E-3 Organic Macromolecules - Proteins
E-4 A Study of Carbohydrates and Their Reactions
E-5 The Digestion of Starch
E-6 Consumer Food Test I : Butter and Margarine
E-7 Consumer Food Test 11 : Caffeine
E-8 Consumer Food Test III : Synthetic Dyes
E-9 Determination of Citric Acid and Vitamin C 

in Fruit Juices
E-10 A Study of the pH of Common Foods
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REVISED COOPERATIVE CHEMISTRY TEST

Directions : Each of the following incomplete state­
ments or questions is followed by five choices. For 
each item, select the choice which best completes the 
statement or answers the question, and put its letter 
in the appropriate spot on the answer sheet.

1. The purest form of water is prepared by
(a) filtration.
(b) coagulation.
(c) chlorination.
(d) aeration.
(e) distillation.

2. Which fertilizing element is replaced in the soil 
by the agricultural practice of crop rotation?

(a) Potassium
(b) Calcium
(c) Phosphorus
(d) Nitrogen
(e) Magnesium .

3. Lime should be added to soils that are
(a) deficient in nitrogen.
(b) deficient in humus.
(c) made up of clay.
(d) alkaline.
(e) acid.

4. The hardness of water is generally due to soluble 
compounds of

(a) chlorine.
(b) calcium.
(c) sodium.
(d) sulfur.
(e) potassium.

5. Which one of the following has a mass almost equal 
to that of a hydrogen atom and a charge equal but 
opposite to that of a chloride ion?

(a) Positron
(b) Electron
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(c) Proton
(d) Neutron
(e) Alpha particle

6. A substance which dissolves in another substance 
is called

(a) a solvent.
(b) a solution.
(c) a suspension.
(d) a solute.
(e) an emulsion.

7. During chemical changes, the only part of the atom 
which undergoes a change is the

(a) orbital (planetary) electrons
(b) orbital (planetary) protons.
(c) nuclear electrons.
(d) nuclear protons.
(e) neutrons;.

8. Oleomargarine is largely composed of
(a) butterfat.
(b) lard.
(c) reduced coconut oil.
(d) hydrogenated cottonseed oil.
(e) oxidized tallow.

9. The acid found in the stomachs of all mammals is
(a)
(b)

HC1
KNQg

(c) H28O4
(d) CH3COOH
(e) H3P04

10. When an atom becomes a positive ion, there is a 
change in the number of

(a) neutrons.
(b) protons.
(c) electrons.
(d) mesons.
(e) positrons.
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11. Special precautions should be taken in diluting 
concentrated

(a) H3BO3
(b) h2so4
(c) HNO3
(d) H3PO4
(e) H2C2O4

12. Which one of the following types of lighting does 
not involve a chemical change?

(a) Neon tube
(b) Combustion of magnesium ribbon
(c) Atomic hydrogen flame
(d) Photoflash bulb
(e) Glowing phosphorus

13. The reaction of calcium carbide and water produces
(a) CH3OH
(b) %
(c) CaCO3
(d) C02
(e) CO

14. In the laboratory, platinum is used in preference 
to iron for many purposes because platinum is

(a) denser than iron.
(b) inexpensive.
(c) a good insulator.
(d) insoluble in most acids.
(e) tetravalent.

15. Attempts have recently been made to produce rain 
and snow from clouds by seeding clouds with solid

(a) H20
(b) C02
(c) NaCl
(d) N2
(e) He

1
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16. In AgCl the valence of Cl is
(a) -1
(b) -2
(c) -3
(d) -4
(e) -5

17. According to the Law of Conservation of Matter, both 
sides of a balanced molecular equation must have 
equal numbers of

(a) molecules.
(b) atoms.
(c) isomers.
(d) ions.
(e) positrons.

18. In Feo0Q the valence of Fe is 6 O

(a) 1
(b) 2
(c) 3
(d) 4
(e) 5

19. Why is the atomic weight of chlorine 35.457 instead 
of a whole number?

(a) The element chlorine exists as a 
mixture of isotopes.

(b) The electrons contribute the fractional 
weight to the chlorine atom.

(c) The protons in the chlorine atom have 
a negligible weight.

(d) This is the most common allotropic 
variety of chlorine.

(e) The weight of the mesons in the chlorine 
atom must be considered.

20. The vulcanization of rubber involves the use of
(a) lactic acid.
(b) rubidium salts.
(c) sulfur.
(d) carbon dioxide
(e) very low temperatures.
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21. Isotopes of hydrogen have the atomic number
(a) 1 only.
(b) 2 only.
(c) 3 only.
(d) 4 only.
(e) 1, 2, or 3.

22. Chlorides, bromides, and iodides of which metal 
readily tend to decompose when they absorb light?

(a) Sodium
(b) Silver
(c) Lead
(d) Barium
(e) Mercury

23. Yellow phosphorus is stored under water because it
(a) adsorbs water.
(b) combines readily with oxygen.
(c) is poisonous.
(d) reacts with nitrogen, forming a nitride.
(e) exists in allotropic forms.

24. C4HgOH is the formula of

(a) a hydrocarbon.
(b) a carbohydrate.
(c) an alcohol.
(d) an organic acid.
(e) an ester.

25. A solution of potassium permanganate is decolorized 
by sulfur dioxide. A subsequent test shows the 
presence of sulfate ion. This is evidence that the 
bleaching action of sulfur dioxide is a process of

(a) reduction.
(b) oxidation.
(c) adsorption.
(d) coagulation.
(e) hydrolysis.
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26. Most oxygen is prepared commercially from
(a) potassium chlorate.
(b) manganese dioxide.
(c) hydrogen peroxide.
(d) liquid air.
(e) mercuric oxide.

27. In alkaline solution, the indicator phenolphthalein 
turns

(a) red.
(b) blue.
(c) purple.
(d) colorless.
(e) yellow.

28. A small crystal of potassium dichromate, KgCrgO?, 
dropped into melted potassium chlorate causes the 
rapid production of oxygen. The potassium di­
chromate probably acts as

(a) an oxidizing agent.
(b) a catalytic agent.
(c) a flux.
(d) a dehydrating agent.
(e) a dissociating agent.

29. The formula for magnesium phosphate is
(a) MgP04
(b) Mg3(PO4)2
(c) Mg2(PO4)3
(d) Mg(PO4)2 "
(e) MggPO4

30. The most reactive member of a group of nonmetals 
has the atomic number

(a)
(b) 
(c) 
(d) 
(e)

9
17
35
53
85



81

31. Both chlorine and ozone destroy germs in water by
(a) reduction.
(b) catalysis.
(c) dehydration.
(d) oxidation.
(e) precipitation.

32. The process of changing large molecules of hydro­
carbons to smaller ones is called

(a) polymerization.
(b) hydrogenation.
(c) cracking.
(d) isomerization.
(e) destructive distillation.

33. Of the following, the highest concentration of 
hydrogen ions is indicated by a pH of

(a)
(b) 
(c) 
(d) 
(e)

7
9
3
11
5

34. Iodine is least soluble in
(a) alcohol.
(b) carbon sulfide.
(c) water.
(d) carbon tetrachloride.
(e) chloroform.

35. How many ions does one molecule of ferric chloride 
produce when placed in water?

(a)
(b) 
(c) 
(d) 
(e)

1
2
3
4
5

36. Soda water tastes less sour than lemon juice because 
the lemon juice has a higher concentration of

(a) chloride ions.
(b) citrate ions.
(c) carbonate ions.
(d) hydroxyl ions.
(e) hydrogen ions.
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37. A particle composed of 10 electrons, 11 protons, 
and 12 neutrons has an approximate weight equal 
to that of

(a) 33 electrons.
(b) 21 protons.
(c) 23 protons.
(d) 22 neutrons.
(e) 33 neutrons.

38. The hottest part of the Bunsen flame shown below 
is at

(a) 1
(b) 2
(c) 3
(d) 4
(e) 5

-2 
3

39. When C02 is bubbled into limewater, a white pre­
cipitate forms, which dissolves upon the further 
addition of CO2. The substance finally remaining 
in solution is

(a) CaO
(b) Ca(HC03)2
(c) Ca(OH)2
(d) CaCO3
(e) Ca2(OH)2(CO3)

M
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40. Which one of the following will not yield oxygen 
when heated in a Bunsen flame?

(a) Dextrose
(b) Mercuric oxide
(c) Potassium chlorate
(d) Hydrogen peroxide
(e) Liquid air

41. When the following equation is balanced, how many 
molecules of water appear on the right-hand side 
of the equation?

CaSiO. + HF + CaFo + SiF. + Ho0

(a) 1
(b) 2
(c) 3
(d) 4
(e) 6

42. The above represents the apparatus used in the labo­
ratory production of bromine. By what process is 
bromine collected?

(a) Displacement of water
(b) Condensation
(c) Solution in water
(d) Displacement of air
(e) Sublimation
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Items 43 through 46 refer to the graph 
above.

43. Cooling a saturated solution NH^Cl from 80°C to 
55°C will cause the deposition of how many grams 
of solid NH4C1?

(a) 25
(b) 16
(c) 12
(d) 10
(e) 8

44. How many grams of Pb(NOg)g are soluble in 100 grams 
of water at 45°C?

(a) 66
(b) 70
(c) 75
(d) 80
(e) 125
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45. If the solubility of NaNO^ increases at a constant 
rate with increase of temperature, what will be 
the approximate solubility, in grams of NaNO^ 
per grams of water, of NaNOg at 100°C?

(a) 120
(b) 135
(c) 150
(d) 165
(e) 180

46. Which salt will show a solubility of 37 grams per 100 grams of water at 35° C?

(a) NaN03
(b) Pb(N03)2
(c) NH4C1
(d) k2so4
(e) KC1

47. A bottle filled with tap-water has a piece of iron 
. and is then stoppered. A similar piece of iron is 
placed in a bottle of the same tap-water which has 
been boiled for fifteen minutes. After several 
months, a large amount of rust appears in the tap­
water and practically no rust in the boiled water. 
Which one of the following conclusions about the 
properties of oxygen is supported by this experi­
ment?

(a) Oxygen is colorless.
(b) Oxygen does not support combustion.
(c) Oxygen is lighter than air.
(d) Oxygen is somewhat soluble.
(e) No property of oxygen is indicated.

48. Boneblack is often used to decolorize sugar solu­
tions because it

(a) adsorbs the coloring matter.
(b) precipitates the coloring matter.
(c) dissolves the coloring matter.
(d) oxidizes the coloring matter •
(e) volatilizes the coloring matter.
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THE COMMON 
GASES

MELTING 
POINT °C 
(at 760 mm 

of Hr)

BOILING 
POINT °C 
(at 760 mm 

of Hg)

DENSITY 
gitter 
S.T.P.

Ammonia -77.7 -33.4 0.77
Argon -189.2 -185.7 1.78
Carbon dioxide -56.5 -78.2 1.97
Carbon monoxide -207 - 102 1.25
Chlorine - 101.6 - 34.6 3.22
Freon -29.2 1.19
Helium -272.2 - 268.9 0 18
Hydrogen -258.0 -252.7 0.09
Hydrogen chloride -112 -83.7 1.64
1 Ivdrogen sulhde — 83 - 60? 1.54
Nitrogen - 209.9 - 195.8 1.25
Nitrous oxide - 102.4 — 89.1 1.98
Oxygen -218.4 - 1 83 143
Sulfur dioxide -72.7 - 10.1 2.93

• — —— . * —- - .

Items 49 through 54 refer to the table 
above.

49. The two gases that are nearest alike in density
are

(a) carbon dioxide and nitrous oxide.
(b) freon and oxygen.
(c) chlorine and sulfur dioxide.
(d) hydrogen chloride and hydrogen sulfide.
(e) carbon monoxide and nitrogen.

50. Helium is how many times as heavy as hydrogen?
(a) One
(b) Two
(c) Three
(d) Four
(e) One-half

51. In a mixture containing the following liquefied 
gases, which one would probably boil off last?

(a) Argon
(b) Carbon monoxide
(c) Hydrogen
(d) Nitrous oxide
(e) Oxygen
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52. Which substance has a melting point considerably 
higher than its boiling point?

(a) 
(b) 
(c) 
(d) 
(e)

Carbon dioxide
Oxygen
Hydrogen chloride 
Sulfur dioxide 
Ammonia

53. The molecular weight of argon, to the nearest 
whole number, is

(a) 10
(b) 20
(c) 30
(d) 40
(e) 50

54. What is the approximate density of air?
(a) 1.00 gram per :liter
(b) 1.25 grams per liter
(c) 1.29 grams per liter
(d) 1.43 grams per liter
(e) 1.78 grams per liter

Items 55 and 56 refer to the diagram 
above,
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55.

56.

The flask contains water, sodium chloride, potassium 
chromate, sand, powdered chalk, and hydrogen sul­
fide. Which ingredient besides water will be found 
in the distillate?

(a) Sodium chloride
(b) Chalk
(c) Sand
(d) Hydrogen sulfide
(e) Chromic sulfate

Which test should be used to show the increased 
purity of the distillate by fractionation?

(a) Lead acetate test for hydrogen sulfide
(b) Borax bead test for chromium
(c) Flame test for sodium
(d) Barium chloride test for sulfate
(e) Acid test for carbonate

Reaction chamber

•Jacket

»r Platinum wires 
for sparking

Items 57 and 58 refer to the diagram 
above.

N
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57. The reaction chamber is filled with 32 ml of 
hydrogen and 4 ml of oxygen. How many ml of gas 
or gases are left after the sparking of the 
reaction?

(a) 0
(b) 16
(c) 24
(d) 32
(e) 36

58. The reaction chamber is filled with 20 ml of 
chlorine and 20 ml of hydrogen. What volume of 
gas in ml remains after sparking?

(a) 10
(b) 20
(c) 30
(d) 40
(e) 0
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TEST OF REASONING IN CONSERVATION
FORM A

Directions : The group of questions below consists of 
four lettered headings followed by a list of numbered 
sentences. For each numbered sentence select the one 
heading which is most closely related to it and blacken 
the corresponding space on the answer sheet. One heading 
may be used once, more than once, or not at all.

Questions 1-5:
(A) Renewable resources (those of which 

continuous use can be made when pro­
perly managed)

(B) Nonrenewable resources (those whose 
use results in permanent loss)

(C) Inexhaustible resources (those which 
are at present so abundant that they 
seem limitless

(D) Resources yet to be discovered (those 
depending on the intelligence and skill

- of specially trained people.
1. The sun will continue to supply us with light and 

heat for at least another billion years.
2. Millions of years are necessary to develop a piece 

of rough coal through natural processes.
3. In well-managed forests some trees are cut and some 

are planted at regular intervals.
4. Nitrogen is added to the soil when crops such as 

peas, beans, or clover are planted.
5. At present the earth contains a number of substances 

which are not widely used by man.
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Directions : Each of the questions or incomplete state­
ments below is followed by four suggested answers or 
completions. Select the one which is best in each case 
and then blacken the corresponding space on the answer 
sheet.

6. Occasionally on certain game refuges a limited amount 
of hunting is permitted. Such hunting is justified 
for all of the following reasons EXCEPT :

(A) It provides recreation for hunters.
(B) Unfit young animals may be eliminated.
(C) It prevents some animals from starving.
(D) It supplies our country with much-needed 

food.
7. A recreation area was supplied with tables, fire­

places , trash cans, and other needed facilities. 
Soon after the area went into use it was found that 
there was a litter of paper, garbage, and tin cans 
scattered around. Which of the following probably 
contributed most to this condition?

(A) Not enough trash cans to take care of 
the litter .

(B) Not enough attendants to keep the place 
clean

(C) Not enough thoughtfulness on the part 
of the visitors .

(D) Not enough space for all the visitors
8. Squirrels, beavers, raccoons, and other small 

mammals can live near cities if
(A) hunting laws are strictly enforced
(B) dogs are kept leashed
(C) their natural enemies are controlled
(D) cover and food supply are available

9. Which of the following would be the most successful 
procedure for preventing forest fires?

(A) Requiring licenses of all who enter forests
(B) Constructing extensive firebreaks in forests
(C) Educating the public about the loss re­

sulting from forest fires
(D) Increasing the amount of research being 

done on the seeding of rain clouds



92

10. Which of the following causes the greatest damage 
to the country’s fertile soil?

(A) 
(B) 
(C) 
(D)

Leaching
Erosion 
Failure to fertilize 
Failure to rotate crops

11. For the past few years, the new reserves of petro­
leum discovered each year have exceeded the total 
amount used for that year. It seems, therefore, that

(A) man will never use up the earth's oil 
reserves

(B) the oil reserves will probably last 
longer than was predicted 20 years ago

(C) new underground supplies of crude oil 
are being created rapidly each year

(D) the annual consumption of petroleum 
has not been increasing

12. Man now obtains from the sea nearly 100 per cent 
of the magnesium he uses, 80 per cent of the bro­
mine , and 7 per cent of the table salt. But he is 
greatly limited in obtaining other minerals from 
the sea by the

(A) absence in the sea of the really impor­
tant minerals

(B) limited need for the other minerals 
present in sea water

(C) lack of economical methods of extracting 
them

(D) overabundance of common salt, which 
greatly increases the difficulty of 
separating the other minerals

13. Wildlife is most wisely conserved if
(A) all hunting is outlawed and the law 

is strictly enforced
(B) the hunting restrictions are based on 

a yearly survey of conditions
(C) only the males of the species are allowed 

to be hunted
(D) hunting is permitted only in the late fall
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14. "The known coal supply is equal in volume to a 
15-mile cube and what we have used to date is 
only a nick in the corner of the cube." This 
statement implies that

(A) man has found few uses for coal
(B) it would be best for many industries 

now using natural gas to convert to 
coal

(C) energy sources of the future will rely 
almost completely on coal

(D) there is a huge amount of the mineral 
which is called coal in the earth's 
crust

15. Which of the following developments could pro­
duce an almost unlimited supply of usable fresh 
water?

(A) An economical method of desalting sea 
water

(B) A sure method of seeding clouds
(C) A more efficient method of purifying 

sewage
(D) A more efficient method of locating 

underground water
16. Which of the following is the most essential resource?

(A) Iron deposits
(B) The intelligence of man
(C) Oil deposits
(D) Unspoiled wilderness regions

17. To which of the following sources of energy has 
least attention been given by American scientists?

(A) Oil extracted from shale
(B) Heat from the center of the earth
(C) The sun
(D) Atomic fusion using heavy hydrogen
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Questions 18-19:

18. Which of the following essential mineral resources 
does the United States NOT need to import?

(A)
(B)

Tungsten and tin 
Platinum and chromium

(C) Molybdenum and magnesium
(D) Nickel and diamonds

19. The United States is self-sufficient in only one 
of the above-mentioned pairs of minerals. Which 
of the following points of view concerning world­
wide conservation of minerals would be most 
acceptable?

(A) We should build up our reserve of minerals 
by making special treaties with countries 
which produce them.

(B) We should cooperate in international 
efforts to develop mineral resources.

(C) We should pay little attention to the 
problem since efforts to discover sub­
stitutes are sure to be successful.

(D) We should immediately buy minerals where- 
ever they may be found.

Questions 20-22:
The United States has large surpluses of food. 

Many believe that with such surpluses it is foolish to 
worry about the conservation of soil and water.
20. Of the following, the chief reason for the acti­

vities of the many agencies working to increase 
conservation of soil and water is to

(A) have soil available to produce farm and 
forest products for a much larger popu­
lation

(B) reduce the cost of living by providing 
a large supply of inexpensive food

(C) be sure of an adequate supply of farm 
and forest products in case of greatly 
increased prices

(D) be able to trade food surpluses with 
foreign countries for manufactured goods

*
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21. Of the following, the best reason for conserving 
soil is that it

(A) reduces federal income taxes
(B) increases annual rainfall
(C) prevents drought
(D) protects the nation's water supply

22. It is possible for the United States to produce 
large surpluses of food, for all the following 
reasons EXCEPT:

(A) Agricultural technology is very advanced 
in the United States.

(B) There is a large amount of good farm 
land in the United States in proportion 
to the population.

(C) Farmers receive much help and information 
on farming from the federal government.

(D) A higher percentage of the population 
of the United States in engaged in 
agriculture than in most other countries.

Questions 23-25:

People live where there is a supply of usable 
water. Some areas have great amounts of water while 
others must protect a limited supply. There is a 
drought somewhere on earth almost every year; other 
areas are temporarily troubled with too much water. 
Man depends upon rainfall for this life-sustaining 
substance, whether he obtains it from wells, lakes, 
or rivers.
23. Of the following characteristics of rainfall, 

those which most determine its usefulness to man 
are

(A) time, place, and amount
(B) form, quality, and rate of fall
(C) taste, temperature, and clearness
(D) pressure, rate, and taste
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24. In applying conservation practices to his water 
supply, man is mainly concerned with

(A) increasing the amount of precipitation
(B) increasing evaporation from oceans and 

large lakes
(C) increasing and improving swampland 

drainage
(D) delaying the return of precipitation 

to the oceans
25. To determine whether water is "usable" we must first

(A) check it for clearness and purity
(B) make a bacteriological count
(C) know how it is going to be used
(D) test the water for germs

Questions 26-28:

A decision was made to build a dam on a certain 
river in the High Plains area of the United States. 
The reservoir behind it would supply water for irriga­
tion and for the neighboring city, and would be used 
for fishing and swimming. The dam would serve to pro­
tect property downstream from floods, and a hydro­
electric power plant would be built below the dam. For 
all these reasons the money was appropriated and the 
dam, reservoir, and power plant were built. The reser­
voir was stocked with fish. Cabins were built along the 
shoreline.

26. A major problem in this type of water development 
is that the

(A) cost of purchasing the necessary land 
is very high

(B) purposes served are so different that 
it is difficult to serve them all equally 
well

(C) water held by the dam endangers down­
stream areas in case of failure of the 
dam

(D) operation costs are too high for the 
benefits obtained
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27. Which of the following purposes would NOT be well 
served by a full reservoir?

(A) Public water supply
(B) Boating and fishing
(C) Power generation
(D) Flood control

28. Which of the following would generally make the 
most water available for a variety of uses?

(A) Building higher dams
(B) Better regulation of stream flow
(C) More efficient water softeners
(D) Building larger reservoirs

Questions 29-32:

In 1872 Congress established the first national 
park, Yellowstone National Park, to be "dedicated and 
set apart ... as public pleasuring grounds" and to be 
retained in a "natural condition." Today there are 
29 national parks, embracing a total of 13,136,239 
acres, similarly dedicated and set apart. In the early 
days only a small proportion of the population of the 
United States was able to visit Yellowstone, because 
transportation was slow. In 1957 over 50,000,000 
Americans visited the national parks.

29. In establishing Yellowstone National Park, Congress 
was making use of its powers to

(A) convert private lands to government 
ownership

(B) provide for the general welfare 
(C) promote the progress of science 
(D) regulate the Indian territories

30. The main purpose of the national parks is to
(A) save valuable timber resources for 

future logging operations
(B) reserve unspoiled areas of natural

beauty for recreation
(C) protect wildlife
(D) ensure that the government will always

own a minimum amount of land
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31. The number of Americans visiting the national 
parks will probably increase in the future, for 
all of the following reasons EXCEPT:

(A) Americans will have more leisure time.
(B) Transportation will continue to improve.
(C) There will be a large increase in popu­

lation.
(D) Fees for facilities in the park will 

be cut.
32. Certain national parks contain magnificent stands 

of trees. Some people think that these trees should 
be used for lumber. Which of the following is 
the best reason for opposing this?

(A) The "natural condition" of a national 
park would be destroyed if the trees 
were to be cut.

(B) Timber use in the United States has been 
decreasing with the development of new 
building materials.

(C) The United States can import all the 
lumber it needs.

(D) The trees provide windbreaks.

Questions 33-36:

The Joint Committee of Chemistry and Agriculture 
attempts to find industrial uses for farm products. 
It strongly recommends the use of alcohol, produced 
from the fermentation of certain farm products, 
for motor fuel.

33. In considering whether to use alcohol for motor 
fuel, the least important of the following questions 
is :

(A) Will it help to conserve natural resources?
(B) What will it cost?
(C) Is it practical from a technical viewpoint?
(D) How will the new fuel be distributed to 

motorists?
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34. If this recommendation were widely carried out, 
which of the following would be most likely to 
take place?

(A) The production of farm products would 
increase.

(B) The drilling of oil wells would be 
stopped.

(C) Diesel-powered automobiles would be 
developed.

(D) Smaller automobile engines would be 
built.

35. If this plan were put into effect, the most trouble­
some economic problem that might arise would be due 
to the

(A) increased demand for surplus grain now
stored at public expense

(B) decreased demand for gasoline
(C) increased income for farmers and con­

sequent reduction in government support 
of other farm goods

(D) decreased demand for alcoholic beverages
36. Should this recommendation of the Joint Committee 

be ignored?
(A) Yes, because it comes from a group that 

would profit by its adoption.
(B) Yes, because alcohol cannot be used as 

a fuel in automibile engines.
(C) No, because it would divert alcohol 

from alcoholic beverages to more useful 
purposes.

(D) No, because automobile engines could 
be converted to use alcohol.

Questions 37-41:
The number of species of insects exceeds that of 

all other animals taken together. In the United States 
there are about ten thousand injurious insect species 
causing losses of about four billion dollars annually 
to crops, trees, stored foodstuffs, etc. In undisturbed 
natural environments, the populations of insects are 
generally kept in check by their natural enemies. Arti­
ficial control of insect populations in order to prevent 
disease, economic loss, or nuisance (as in mosquito 
control) is accomplished by the use of chemical pesti­
cides (such as DDT) and biological methods, and by
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specific farming and forestry practices. There are more 
than two hundred basic chemical pesticides which are 
sold under six thousand different brand names.

37. Of the following, which factor is least important 
in ensuring that a chemical pesticide is used 
safely?

(A) Prior testing of the chemical under 
actual field conditions

(B) Use of the pesticide in the minimum 
effective amount for the particular pest

(C) Choice of a pesticide that is highly 
selective in its effect

(D) Application of the pesticide when the 
land is dry

38. Which of the following best defines an "insect 
pest?"

(A) Any kind of spider, mite, or beetle
(B) An insect judged harmful to man's 

interests
(C) An insect for which natural enemies 

do not exist
(D) An insect whose population growth is 

temporarily unchecked by natural enemies
39. Biological control of the population levels of insect 

pests means
(A) control through the action of other 

living organisms
(B) use of chemicals that attack the bio­

logical "weak points" of insects
(C) pesticide programs based on surveys 

of pests in their natural surroundings
(D) a return to the undisturbed "balance 

of nature."
40. The development of a strain of insect resistant to 

a particular pesticide at a given dosage is due to
(A) carrying on pest control operations over 

too long a period
(B) the survival and the reproduction of 

resistant individuals
(C) the gradual accumulation of pesticide 

residues in the insect habitat
■ (D) the choice of the wrong pesticide in the

first place
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41. A chemical pesticide should satisfy all of the 
following essential requirements EXCEPT:

(A) It should in general be harmless to 
wildlife, vegetation, soil, and water 
resources.

(B) It should provide an effective check of 
the insect pest at low unit-cost.

(C) It should not create any hazard to 
public health.

(D) It should eradicate the particular pest 
once and for all.

Questions 42-45:

The following letter appeared in a local Colorado 
newspaper.
Dear Editor:

In last Tuesday's editorial you showed how much 
control the government had by telling the businessman 
how to run his business. Well they sure stick their 
nose in my husband's business. My husband is a cattle 
rancher and he grazes several hundred head of sheep and 
cattle on a nearby national forest range. For this 
"privilege" he pays the government a monthly fee for . 
each head. Not only that, but he has to keep his herds 
on the move. The government tells my husband every 
year how many head of cattle he will be allowed to graze 
on the national forest range that year. What I want to 
know is, what right has the government to tell my husband 
how many cattle we can have, especially when we pay for 
each head? And besides, what right has the government 
to charge us for using nearby land that is not being 
used for anything else?

Yours truly,
A rancher's wife
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42. Why should the number of sheep and cattle permitted 
on the national forest range be limited?

(A) To prevent unfair competition with ranchers 
who own their own range land

(B) To ensure that each rancher will get 
a fair price for his cattle

(C) To prevent overgrazing
(D) Because there is not enough private 

range land for all ranchers
43. Should the government have the right to charge 

ranchers for using the national forest range?

(A) Yes, because the national forest range 
belongs to all the people.

(B) Yes, because the government had to buy 
the land originally from private owners.

(C) No, because the national forest range 
should be free to all.

(D) No, because the national forest ranges 
have been established for the people 
living in the vicinity.

44. Why is the rancher required to keep his cattle on 
the move?

(A) To insure that all the ranchers will have 
an equal share of the range

(B) To prevent the spread of cattle disease
(C) To prevent the grass from being eaten 

too close to the ground
(D) To improve the quality of the meat

45. Which of the following factors is most important in 
deciding how many animals should be allowed to 
graze each year on a certain national forest range?

(A) The amount of livestock disease in the 
area

(B) The present price of livestock and grain
(C) The present availability of skilled help 

and the cost of transportation
(D) The condition of the range forage plants
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Number __________

STATEMENTS ABOUT SCIENCE AND SCIENTISTS

Date ____________________  Grade 9 10 11 12
(Month) (Day) Year) (Circle)

Boy_____Girl Age   
(Circle) (Years) (Months)

DIRECTIONS 
(Please Follow Carefully)

This is NOT a test. The following pages contain 
a series of statements about science and scientists. 
This is a study to find out how students feel about 
science and scientists. The questionnaire is divided 
into parts: Part I is about Science, and Part II is 
about Scientists. The statements are not designed to 
find out how much you know about science or scientists. 
Instead, the statements are meant to explore your feelings 
and points of view toward science and scientists. Your 
responses will not be made known to other students or 
teachers, nor will they be used for grading purposes in 
this class. Please give a thoughtful and honest res­
ponse to each item.

Read each statement carefully. Then circle the word 
which best expresses your feeling about the statement. 
After reading each statement, you will know, in most 
cases, whether you AGREE or DISAGREE with a statement. 
If you agree, circle the word AGREE after the statement. 
If you disagree, circle the word DISAGREE after the state­
ment . In case you are undecided or have no opinion, 
circle the word UNDECIDED. Try to avoid circling UNDE­
CIDED if you do somewhat agree or disagree with the state­
ment . Only circle the word UNDECIDED if you are certain 
you do not either agree or disagree with the statement.

Wherever possible, let your own feelings determine 
your answer. Read each statement carefully, but do not 
spend too much time on each statement. Please answer 
each statement as you actually feel about it. Be sure 
to answer each statement.

N
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EXAMPLE :

Science helps us to 
live better lives. AGREE UNDECIDED DISAGREE
Scientists always work 
in laboratories. AGREE UNDECIDED DISAGREE

DO NOT BEGIN until the signal is given. Do not 
hurry. You will have plenty of time. Do not talk about 
the statements until everyone has finished. Are there 
any questions?

SCIENCE
Parti

1. Science is exploring 
the unknown. AGREE UNDECIDED DISAGREE

2. The reason we study 
science is to find 
answers to questions 
and problems. AGREE UNDECIDED DISAGREE

3. Science and industry 
work to provide a 
better way of living 
for us. AGREE UNDECIDED DISAGREE

4. People doing work in 
science are interested 
in helping mankind. AGREE UNDECIDED DISAGREE

5. Science helps man to 
to control the forces 
of nature. AGREE UNDECIDED DISAGREE

6. Man is not able to con­
trol the world around 
him completely. AGREE UNDECIDED DISAGREE

7. Science is a never-ending 
road to discovery. AGREE UNDECIDED DISAGREE

8. An understanding' of 
science is the asking 
of questions and looking 
for answers. AGREE UNDECIDED DISAGREE
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9. Science tries to find 
out "why" and "how" 
something happens. AGREE UNDECIDED DISAGREE

10. Science has the answers 
to the unsolved problems 
in our society. AGREE UNDECIDED DISAGREE

11. The United States should 
stop sending men to the 
moon and work to solve 
problems in our society. AGREE UNDECIDED DISAGREE

12. Science is important 
to everyone, regardless 
of race, color, or 
belief. AGREE UNDECIDED DISAGREE

13. Science is an accurate 
and orderly body of know­
ledge about the world in 
which we live. AGREE UNDECIDED DISAGREE

14. People live longer now 
than they did 50 years 
ago because of science. AGREE UNDECIDED DISAGREE

15. The future of our nation 
depends upon the careful 
use of our natural re­
sources such as air, 
water, and soil. AGREE UNDECIDED DISAGREE

16. Science has found ways 
to study plants and 
animals. AGREE UNDECIDED DISAGREE

17. The facts of science do 
not explain "how" or 
"why" some things 
happen. AGREE UNDECIDED DISAGREE

18. Science cannot explain 
all that happens in our 
world and in space. AGREE UNDECIDED DISAGREE

19. Feelings about science 
are due to what we have 
learned in school and 
at home. AGREE UNDECIDED DISAGREE
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20. Experiments done in s 
science many years ago 
are not important now.

21. Science does not tell 
us right from wrong 
in our relations with 
people.

AGREE UNDECIDED DISAGREE

AGREE UNDECIDED DISAGREE

SCIENTISTS
Part II
1. Scientists look for 

problems and try to 
solve them. AGREE UNDECIDED DISAGREE

2. The scientist works 
hard and long hours 
but enjoys his work. AGREE UNDECIDED DISAGREE

3. Scientists are eager to 
learn about the world in 
which they live. AGREE UNDECIDED DISAGREE

4. Scientists are interested 
in making new and impor­
tant discoveries. AGREE UNDECIDED DISAGREE

5. The scientist learns 
about nature by doing 
experiments. AGREE UNDECIDED DISAGREE

6. Scientists use different 
methods to solve prob­
lems. AGREE UNDECIDED DISAGREE

7. To solve a problem may 
take many years. AGREE UNDECIDED DISAGREE

8. A scientist is willing 
to change his mind when 
new facts show he is 
wrong. AGREE UNDECIDED DISAGREE

9. Scientists report the 
results of their experi­
ments so they can be 
checked by other people 
or other scientists. AGREE UNDECIDED DISAGREE
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10. The scientist is honest 
in doing his work even 
if his work will not be 
checked by others. AGREE UNDECIDED DISAGREE

11. The scientist is willing 
to let people test or 
question what he believes 
is true. AGREE UNDECIDED DISAGREE

12. A scientist's job is 
the most important 
in the world. AGREE UNDECIDED DISAGREE

13. Scientists care about 
the ways their work 
might harm other people. AGREE UNDECIDED DISAGREE

14. The scientific way of 
solving problems can be 
used to solve the prob­
lems of human beings. AGREE UNDECIDED DISAGREE

15. The scientist knows that 
his ideas will change if 
new facts are found. AGREE UNDECIDED DISAGREE

16. The scientist agrees with 
results when an experi­
ment shows they are 
true. AGREE UNDECIDED DISAGREE

17. The scientist bases his 
answers on tested facts 
and not his imagina­
tion. AGREE UNDECIDED DISAGREE

18. The scientist wants to 
find out why strange 
things happen in our 
world. AGREE UNDECIDED DISAGREE

19. Scientists believe that 
the number 13 is an 
unlucky number. AGREE UNDECIDED DISAGREE

20. The scientist wants to 
know something about an 
idea before he tests it. AGREE UNDECIDED DISAGREE

21. The scientist plans his 
experiments and does 
them with care. AGREE UNDECIDED DISAGREE

N
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22. The scientist looks for 
more than one reason why 
some things happen in 
nature. AGREE UNDECIDED DISAGREE

23. Scientists may work for 
many, many years before 
they solve a problem. AGREE UNDECIDED DISAGREE

24. Scientists should tell 
each other the results 
of their problems. AGREE UNDECIDED DISAGREE

25. The scientist needs to 
find out from other 
scientists or by reading 
if his problem has al­
ready been solved. AGREE UNDECIDED DISAGREE

26. The scientist uses the 
best information he can 
get to solve his prob­
lems . AGREE UNDECIDED DISAGREE

27. The scientist checks 
carefully the place 
from which he gets his 
information. AGREE UNDECIDED DISAGREE

28. The scientist gets much 
of his information by 
reading. AGREE UNDECIDED DISAGREE

29. The scientist knows 
where to find the best 
information to help him 
in his careful hunting 
for facts or truth. AGREE UNDECIDED DISAGREE
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STUDENT CHECK LIST—VERBAL BEHAVIOR

The purpose of this check list is to help determine 
how perceptive you are in your classroom and laboratory. 
The items appearing in this check list should not be 
judged as being either good or bad, nor should this 
check list be looked upon as an evaluation of your teacher. 
This check list is for research purposes only.

Please read each statement and then check the response 
that best describes the situation as you observe and 
and understand it.

Each question will have the same possible responses:
(A) ALWAYS OR ALMOST ALWAYS .
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

Example :
1. Our teacher asks questions that require only short 

factual answers ...
(A) (B) (C) (D) (E)

1. During our class periods, our teacher lectures to us 
about the lesson, giving us facts and defining for us 
the new words and expressions found in the lesson ...
CA) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

2. During the class or lab periods, our teacher praises 
our ideas and tries to include them in his teaching

(A) (B) (C) (D) (E)
3. Our teacher, during the class and lab periods, finds 

it necessary to remind us that we are in school and 
that he is responsible for our behavior ...
CA) (B) (C) (D) (E)

4. Our teacher asks questions that require only short 
factual answers ...

(A) (B) (C) (D) (E)
5. Our teacher makes statements about the nature of 

science, such as, telling us that science is more than 
a collection of facts, that it is a way in which our 
observations and their interpretations are used to 
develop new ideas that can extend our understanding 
of the world, suggests new areas for study and pro­
vides some predictions about how some of our problems 
or questions can be solved ...
CA) (B) (C) (D) (E)

6. Our teacher goes along with the way we conduct our­
selves in his class ...
(A) (B) (C) (D) (E)

7. During our lab periods, our teacher answers our 
questions directly and factually ...
(A) (B) (C) (D) (E)

8. Our teacher rejects or discourages the feeling of 
students in the classroom and lab ...
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

9. During our labs or class periods we begin the dis­
cussion with our teacher, by asking questions or 
commenting about the lesson ...
(A) (B) (C) (D) (E)

10. Our teacher 
matter ...

gives us his opinions about the subject

(A) (B) (C) (D) (E)
11. I find that our 

cizes our ideas
teacher rejects, ignores, or criti-

(A) (B) (C) (D) (E)
12. Our teacher tells us that science does not have all 

the answers ... and that in the various fields of 
science, the knowledge that scientists have is 
limited ...
CA) (B) (C) (D) (E)

13. Our teacher demonstrates lab techniques and gives 
exact directions before our lab begins ...
(A) (B) (C) (D) (E)

14. During our lab periods, our teacher uses questions 
as a means of helping us find answers to our own 
questions ...
CA) (B) (C) (D) (E)

15. Our teacher accepts or encourages the feelings of 
students in the classroom and lab ...
(A) (B) (C) (D) (E)

16. During our class periods, our teacher performs demon­
strations . . .
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

17. Our teacher criticizes or discourages our behavior 
in the classroom or in the lab ...
CA) (B) (C) (D) (E)

18. During a class discussion concerning the lesson, we 
initiate or direct our comments and questions to 
other students ...
CA) (B) (C) (D) (E)

19. Our teacher accepts our ideas, clarifies and sum­
marizes them ...
(A) (B) (C) (D) (E)

20. I feel that the periods of silence (when they occur) 
in our classroom or labs are constructive ...
(A) (B) (C) (D) (E)

21. During class discussions, we respond to questions 
of other students ...
(A) (B) (C) (D) (E)

22. In the labs our teacher uses questions that really 
cause us to think questions for which there are no 
ready made answers ...
(A) (B) (C) (D) (E)

23. Comparisons, generalizations 
classroom instructions ...

, are part of our teacher's

(A) (B) (C) (D) (E)
24. Our teacher 

room or lab
approves of our behavior in the class-

(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

25. During class discussions, our teacher uses questions 
that really cause us to think, questions for which 
there are no quick ready made answers ...
CA) (B) (C) (D) (E)
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STUDENT CHECK LIST—PROCEDURAL ACTIVITIES

The purpose of this check list is to help determine 
how perceptive you are in your classroom and laboratory. 
The items appearing in this check list should not be judged 
as being either good or bad, nor should this check list be 
looked upon as an evaluation of your teacher. This check 
list is for research purposes only.

Please read each statement and then check the res­
ponse that best describes the situation as you observe and 
understand it.
Each question will have the same possible responses :

(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM, BUT OCCURRING
(E) NEVER OR ALMOST NEVER

Example :
1. After a lab session, we compare our data with one 

another
(A) (B) (C) (D) (E)

1. If there is a discussion among us students on the inter­
pretation of subject matter or some phase of our work, 
our teacher tells us who is correct
(A) (B) (C) (D) (E)

2. When discussing the materials in the text, our teacher 
emphasizes the details of the material
(A) (B) (C) (D) (E)

3. At the conclusion of a lab session, our teacher tries 
to analyze the lab with us and helps us reach some sort 
or agreement on the lab
(A) (B) (C) (D) (E)

4. After a lab session, we compare our data with one 
another
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(G) HALF OF THE TIME
(D) SELDOM, BUT OCCURRING
(E) NEVER OR ALMOST NEVER

5. Our teacher requires us to copy the purpose, materials, 
and procedures used on our lab reports
(A) (B) (C) (D) (E)

6. Our teacher grades data or lab books for neatness
(A) (B) (C) (D) (E)

7. While the labs are in progress, our teacher grades 
papers or does some type of personal work while the 
lab is in session
(A) (B) (C) (D) (E)

8. The timing of our labs is such that they go together 
with the topic discussed in the non-lab periods
(A) (B) (C) (D) (E)

9. Our labs are set up so that we can find the solutions 
to the lab exercise before the lab begins
(A) (B) (C) (D) (E)

10. Our labs usually focus on a topic before we study it 
in the classroom
(A) (B) (C) (D) (E)

11. The lab is used to investigate a problem that has come 
from a classroom discussion or question
(A) (B) (C) (D) (E)

12. Our class-collected lab data is interpreted in a precise 
and definite way by our teacher
(A) (B) (C) (D) (E)

13. Our teacher gives us the assignment of writing out the 
definition of words
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM, BUT OCCURRING
(E) NEVER OR ALMOST NEVER

14. When reading the text, our teacher encourages us to 
learn as many details as we can
(A) (B) (C) (D) (E)

15. Before the lab begins, we get very complete instruc­
tions from our teacher on precisely what is to be done 
in the lab
(A) (B) (C) (D) (E)

16. Writing out the definitions of terms is very important 
on our tests
(A) (B) (C) (D) (E)

17. The purpose of each lab is usually determined before 
the lab is begun
(A) (B) (C) (D) (E)

18. Setting up the labs, gathering equipment, etc., usually 
takes so long that we find it difficult to complete the 
lab
(A) (B) (C) (D) (E)

19. During the semester, the labs are held on a certain 
day, and usually on that day only
(A) (B) (C) (D) (E)

20. The information that we learn about in class is pri­
marily from our teacher's notes and the textbook
(A) (B) (C) (D) (E)

21. In working in the labs and classroom, we are encour­
aged to analyze and evaluate our own work
(A) (B) (C) (D) (E)

22. Our teacher encourages us to look for the main argu­
ments and their supporting evidence when we read
(A) (B) (C) (D) (E)

I
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM, BUT OCCURRING
(E) NEVER OR ALMOST NEVER

23. Our teacher tries to help us learn how to ask questions 
as we read
(A) (B) (C) (D) (E)

24. Students conduct classroom demonstrations and also 
demonstrate laboratory techniques
(A) (B) (C) (D) . (E)

25. Our teacher encourages us to record our data at the 
time our observations in the lab are made
(A) (B) (C) (D) (E)

26. In our tests, the ideas for questions had their origin 
in the laboratory exercises
(A) (B) (C) (D) (E)

27. Relating ideas past and present is an important part 
of our tests
(A) (B) (C) (D) (E)

28. Solving problems, problems that we have not as yet 
studied or encountered, is an important part of our 
tests
(A) (B) (C) (D) (E)

29. Drawing conclusions from new data is an important part 
of our tests
(A) (B) (C) (D) (E)

30. Labelling drawings is an important part of our tests
(A) (B) (C) (D) (E)

I
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TEACHER SELF-ASSESSMENT—VERBAL INTERACTION

The purpose of this instrument is to help determine 
the degree of correlation between a teacher's assessment 
of his verbal behavior and the perception of this behavior 
by students. The items composing this instrument have 
been influenced by the studies of Ned Flanders and 
Jal Parakh dealing with the analysis of classroom verbal 
behaviors. This check list is for research purposes 
only.

Please read each statement and respond by placing a 
check mark (/) through the letter that best approximates 
your situation.

Each question has five possible responses:

(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER 

Example :
1. During lab periods, I answer questions directly 

and factually ...
(A) (B) (C) (D) (E)

I



119

(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

1. During our class periods I find that I give facts 
about content, define terms, give examples of the 
lesson ...
(A) (B) (C) (D) (E)

2. During the classroom or lab periods I accept praise 
or use the ideas of students and incorporate them 
into my presentation ...
(A) (B) (C) (D) (E)

3. In class or in the lab it becomes necessary for me 
to remind students that they are in school and that 
I am responsible for their behavior ...
(A) (B) (C) (D) (E)

4. I ask questions that require short factual answers ...
(A) (B) (C) (D) (E)

5. I make statements concerning the nature of science, 
such as science is more than a collection of facts, 
that it is a way in which our observations and their 
interpretations are used to develop new ideas that 
can extend our understanding of the world, suggest 
new areas for study and provide some predictions 
about how some of our problems or questions can be 
solved ...
CA) (B) (C) (D) (E)

6. I go along with the way students conduct themselves 
in class ...
(A) (B) (C) (D) (E)

7. During lab periods I answer questions directly and 
factually ...
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

8. I find that in the classroom or lab it is necessary 
for me to discourage or reject the feeling of students

(A) (B) (C) (D) (E)
9. During class or lab discussions students begin our 

discussions by asking questions or commenting about 
the lesson ...
CA) (B) (C) (D) (E)

10. My opinions about the subject matter are part of my 
classroom instruction ...
(A) (B) (C) (D) (E)

11. I find that I reject, ignore or criticize the ideas 
of my students ...
(A) (B) (C) (D) (E)

12. I find that I make statements about the lack of in­
formation and the limitations of knowledge such as 
telling students that science does not have all the 
answers and that in the various fields of science 
our knowledge is limited ...
(A) (B) (C) (D) (E)

13. In preparation for lab work I find that it is 
necessary for me to demonstrate the lab technique 
and give exact directions ...
CA) (B) (C) (D) (E)

14. In the lab I use questions as a means of helping a 
student to answer his own questions ...
CA) (B) (C) (D) (E)

15. The expression of the feelings of students are 
accepted or encouraged by me ...
(A) (B) (C) (D) (E)

I
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

16. During the class periods, I perform demonstrations 
of processes or phenomena ...
(A) (B) (C) (D) (E)

17. In the classroom or laboratory I find that I must 
discourage or resort to criticism of student behavior

(A) (B) (C) (D) (E)
18. During class discussions I find that students ini­

tiate or direct comments or questions to other 
students ...
CA) (B) (C) (D) (E)

19. I accept, clarify and summarize the ideas from 
students ...
(A) (B) (C) (D) (E)

20. I feel that the periods of silence (when they occur) 
in the classroom or labs are constructive ...
(A) (B) (C) (D) (E)

21. During class discussions, students respond to the 
queries of other students ...
(A) (B) (C) (D) (E)

22. In the labs, I try to make use of open ended thought 
provoking questions for which there are no ready­
made answers ...
CA) (B) (C) (D) (E)

23. Comparisons, generalizations are part of my class­
room instruction ...
(A) (B) (C) (D) (E)

I
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

24. I praise my students' behavior in class ...
(A) (B) (C) (D) (E)

25. During class discussions, I make use of open ended 
thought provoking questions for which there are no 
ready made answers ...
(A) (B) (C) (D) (E)

I
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TEACHER SELF-ASSESSMENT—PROCEDURAL ACTIVITIES

The purpose of this instrument is to help determine 
the degree or correlation between a teacher's assess­
ment of his procedural behavior and the perception of this 
behavior by students. The items composing this instru­
ment have been influenced by the work of Addison E. Lee 
and Leonard K. Kochendorfer's Biology Classroom Acti­
vity Checklist. This check list is for research purposes 
only.

Please read each statement and then check the response that 
best approximates the situation as your perceive it.

Each item has five possible responses :
(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

Example :
1. After a lab session, the students compare their data 

with one another ...
(A) (B) (C) (D) (E)

1. If there is a discussion on the interpretation of 
subject matter or some phase of our work, I tell the 
students who is correct ...
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

2. When discussing the materials in the text, I empha­
size that the details stated are to be learned ...
(A) (B) (C) (D) (E)

3. At the conclusion of a lab session, I try with the 
students to analyze or reach some sort of consensus 
on the lab ...
CA) (B) (C) (D) (E)

4. After a lab session the students compare their data 
with one another ...
(A) (B) (C) (D) (E)

5. I require the students to copy the purpose, materials 
and procedures used on their lab reports ...
CA) (B) (C) (D) (E)

6. I grade the data or lab books for neatness ...
(A) (B) (C) (D) (E)

7. While the labs are in progress, I grade papers or do 
some type of personal work while the lab is in 
session ...
CA) (B) (C) (D) (E)

8. The timing of our labs is such that they correlate 
with the topic discussed in the non-lab periods ...
CA) (B) (C) (D) (E)

9. Our labs are of such a nature that students can find 
the solutions to the lab problems before the labs 
begin ...
(A) (B) (C) (D) (E)

I
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

10. Our labs usually focus on a topic before we study 
it in the classroom ...
CA) (B) (C) (D) (E)

11. The lab is used to investigate a problem that has 
been generated from a classroom discussion or 
inquiry ...
CA) (B) (C) (D) (E)

12. Our class collected lab data is interpreted by me 
in a precise and definite manner ...
(A) (B) (C) (D) (E)

13. Writing out the definitions for words is an assign­
ment I make ...
(A) (B) (C) (D) (E)

14. When reading the text, I encourage the students to 
learn as many details as they can ...
(A) (B) (C) (D) (E)

15. Before the lab begins the students get very complete 
instructions on precisely what they are to do in 
the lab ...
CA) (B) (C) (D) (E)

16. Writing out the definitions to terms is a very signi- 
fleant part of my testing ...
(A) (B) (C) (D) (E)

17. The purpose of each lab is usually determined before 
the lab is initiated ...
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

18. Setting up the labs, gathering equipment, etc., 
usually takes so long that students find it diffi­
cult to complete the lab ...
(A) (B) (C) (D) (E)

19. During the semester, the labs are held on a designated 
day, and usually on that day only ...
(A) (B) (C) (D) (E)

20. The information that students are exposed to in my 
class is primarily from my collected notes and the 
textbook ...
CA) (B) (C) (D) (E)

21. In working in the labs and the classroom, I encourage 
students to analyze and evaluate their own work ...
CA) (B) (C) (D) (E)

22. I encourage students to look for the main arguments 
and their supportive evidence when they read the 
text ...
CA) (B) (C) (D) (E)

23. I try to teach students how to ask questions of the 
text ...
(A) (B) (C) (D) (E)

24. Students conduct classroom demonstrations and demon­
strate laboratory techniques ...
(A) (B) (C) (D) (E)

25. I encourage students to record the data at the time 
observations are made in the lab ...
(A) (B) (C) (D) (E)
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(A) ALWAYS OR ALMOST ALWAYS
(B) MORE THAN HALF OF THE TIME
(C) HALF OF THE TIME
(D) SELDOM BUT OCCURRING
(E) NEVER OR ALMOST NEVER

26. In preparing tests for students — the ideas for 
questions had their origin in the laboratory exer­
cises . . .
CA) (B) (C) (D) (E)

27. Relating ideas, past and present, is an important 
part of my testing ...
(A) . (B) (C) (D) (E)

28. Solving new problems, problems the students have not 
as yet encountered, is an important part of my 
testing .. .
CA) (B) (C) (D) (E)

29. Drawing conclusions, from new data is a significant 
part of my testing ... .
(A) (B) (C) (D) (E)

30. Labelling drawings is an important part of my testing

(A) (B) (C) (D) (E)
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VERBAL BEHAVIOR

Teachers Position (T); Average Position of Students (S); 
Per Cent of Students in Agreement with Teachers Posi­
tion (A); Per Cent Difference in Positions of Teachers 
and Students on Verbal Behavior Check List (D).

2TEACHERS

1. During our class periods, our teacher lectures to 
us about the lesson, giving us facts and defining 
for us the new words and expressions found in the 
lesson ...
(T) 75.0 75.0
(S) 75.0 70.9
(A) 29.1 23.3

(D) 0.0 +4.1
2. During the 

our ideas
class or lab periods, our 

and tries to include them
teacher praises 

in his teaching

(T) 100.0 50.0
(8) 73.6 37.9
(A) 40.8 10.3
(D) 26.4 +12.1

3. Our teacher, during the class and lab periods, finds 
it necessary to remind us that we are in school and 
that he is responsible for our behavior ...
(T) 50.0 50.0
(S) 59.3 36.7
(A) 11.1 6.7
(D) -9.3 + 13.3

4. Our teacher asks questions that require only short
factual answers • • •
(T) 50.0 50.0
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TEACHERS . 1 2

(S) 50.0 47.5
(A) 29.1 23.3
(D) 0.0 +2.5

5. Our teacher makes statements about the nature of 
science, such as, telling us that science is more 
than a collection of facts, that it is a way in which 
our observations and their interpretations are used 
to develop new ideas that can extend our understanding 
of the world, suggests new areas for study and pro­
vides some predictions about how some of our problems 
or questions can be solved ...
(T) 100.0 75.0
(S) 73.3 61.7
(A) 36.4 36.7
(D) +63.6 +13.3

6. Our teacher goes along with the way we conduct our­
selves in his class ...
(T) 100.0 75.0
(8) 53.6 56.7
(A) 12.5 26.7
(D) +46.4 + 18.3

7. During our lab periods, our teacher answers our 
questions directly and factually ...
(T) 75.0 50.0
(8) 84.0 69.2
(A) 21.4 23.3
(D) -9.0 -19.2

8. Our teacher rejects or discourages the feelings of 
students in the classroom and lab ...
(T) 0.0 0.0
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TEACHERS 1 2
(S) 16.8 31.7
(A) 69.0 50.0
(D) -16.8 -31.7

9. During our labs or class periods we begin the dis­
cussion with our teacher by asking questions or 
commenting about the lesson ...
(T) 25.0

47.8
29.1

-22.8

50.0
47.5
16.6
+2.5

(S)
(A)
(D)

10. Our teacher 
matter ...
(T)

(8)
(A)
(D)

gives us his opinions

100.0
76.4
48.1

+23.6

about the subject

50.0
64.2
23.3

-14.2
11. I find that our teacher rejects, 

cizes our ideas ...
(T) 0.0
(S) 5.4
(A) 89.1
(D) -5.4

ignores, or criti-

25.0
10.8
6.7

+14.2
12. Our teacher tells that science does not have all the 

answers ... and that in the various fields of science, 
the knowledge that scientists have is limited ...
(T) 100.0 50.0
(8) 58.4 45.8
(A) 21.8 23.3
(D) +41.6 +4.2
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TE AC!SERS 1 2

13. Our teacher demonstrates lab techniques and gives 
exact directions before our lab begins ...
(T) 50.0 50.0
(S) 81.0 65.9
(A) 20.4 13.3
(D) -31.0 -15.9

14. During our lab periods, our teacher uses questions 
as a means of helping us find answers to our own 
questions ...
(T) 100.0 75.0
(S) 17.3 70.9
(A) 35.2 20.0
(D) +82.7 +4.1

15. Our teacher accepts or encourages the feelings of 
students in the classroom and lab ...
(T) 100.0 75.0
(S) 74.1 60.5
(A) 37.8 38.7
(D) +25.9 +14.5

16. During our class periods, our teacher performs demon 
strations ...
(T) 25.0 25.0
(S) 55.4 41.7
(A) 32.7 36.7
(D) -30.4 -16.7

17. Our teacher criticizes or discourages our behavior 
in the classroom or in the lab ...
(T) 50.0 25.0
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TEACHERS ......... 1 2

(8) 43.2 32.5
(A) 27.3 13.3
(D) +6.8 -7.5

18. During a class discussion concerning the lesson, 
we initiate or direct our comments and questions
to other students . . .
(T) 25.0 50.0
(S) 39.6 50.0
(A) 30.9 16.6
(D) -14.6 0.0

19. Our teacher 
marizes them

accept our ideas, clarifies and sum-

(T) 100.0 75.0
(8) 72.8 68.1 .
(A) 30.4 23.3
(D) +27.2 +6.9

20. I feel 
in our

that the periods of silence (when they occur) 
classroom or labs are constructive ...

(T) 25.0 50.0
(8) 31.4 53.3
(A) 12.7 23.3
(D) -6.4 -3.3

21. During class discussions, we 
of other students ...

respond to questions

(T) 100.0 50.0
(8) 52.9 49.1
(A) 13.4 34.5
(D) +47.1 +0.9
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2TEACHERS

22. In the labs 
cause us to 
ready made

our teacher uses 
think; questions 
answers ...

questions that really 
for which there are no

(T) 100.0 75.0
(S) 51.0 55.0
(A) 13.0 20.0
(D) +49.0 +20.0

23. Comparisons, generalizations, are part of our 
teacher's classroom instructions ...
(T) 75.0 75.0
(S) 69.5 68.3
(A) 29.6 23.3
(D) +5.5 +6.7

24. Our teacher i 
room or lab

approves of <Dur behavior in the class-

(T) 100.0 50.0
(S) 34.7 62.5

(A) 5.6 23.3

(D) +65.3 -12.5
25. During class 

that really 
there are no

discussions 
cause us to 
quick ready

, our 
think; 
made

teacher uses questions 
questions for which
answers ...

(T) 50.0 75.0
(S) 57.9 55.8
(A) 37.0 16.6
(D) -7.9 +19.2

I
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PROCEDURAL ACTIVITIES

Teachers Position (T); Average Position of Students (S); 
Per Cent of Students in Agreement with Teachers Posi­
tion (A); Per Cent Difference in Positions of Teachers 
and Students on Procedural Activities Check List (D).

TEACHERS 1 2

1. If there is a discussion among us students on the 
interpretation of subject matter or some phase of 
our work, our teacher tells us who is correct ...
(T) 50.0 50.0
(8) 66.7 54.6

(A) 29.6 18.2

(D) -16.3 -4.6
2. When discussing the materials in the text, our 

teacher emphasizes the details of the material

(T) 0.0 25.0

(8) 74.1 79.0

(A) 3.7 3.2
(D) -3.7 +21.8

3. At the conclusion of a lab session, our teacher 
tries to analyze the lab with us and helps us reach 
some sort of agreement on the lab ...
(T) 100.0 75.0
(8) 58.7 60.2

(A) 23.6 21.9

(D) +41.3 + 14.8
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TEACHERS 1 2

4. After a lab session, we compare our data with oneanother ...
(T) 75.0 75.0
(S) 72.7 64.8
(A) 14.5 12.5
(D) +2.3 +10.2

5. Our teacher requires us to copy the purpose, materials
and procedures used on our lab reports ...
(T) 0.0 0.0
(S) 28.6 50.0
(A) 61.8 42.0
(D) -28.6 -50.0

6. Our teacher grades data or lab books for neatness ...
(T) 25.0 25.0
(S) 18.6 17.2
(A) 5.4 3.1
(D) +6.4 +7.8

7. While the labs are in progress our teacher grades 
papers or does some type of personal work while 
the lab is in session ...
(T) 25.0 25.0
(S) 34.2 29.8
(A) 18.5 22.6
(D) -9.2 -4.8
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TEACHERS 1 2

8. The timing of < 
with the topic

our labs is such that 
discussed in the non

they go together
-lab periods ...

(T) 100.0 75.0
(S) 76.5 71.0
(A) 45.1 22.6
(D) +23.5 +4.0

9. Our labs are set up so that we can find the solu­
tions to the lab exercise before the lab begins ...
(T) 25.0 25.0
(S) 43.6 46.8
(A) 15.7 12.9
(D) -18.6 -21.8

10. Our labs usually focus on a topic before we study 
it in the classroom .. .
(T) 100.0 100.0
(S) 56.3 68.7
(A) 21.2 48.4
(D) +43.7 + 31.3

11. The lab is used to investigate a problem that has
come from a classroom discussion or question ...
(T) 0.0 50.0
(8) 39.4 30.6
(A) 21.2 22.6

(D) -39.4 +19.4

12. Our class collected lab data is interpreted in a 
precise and definite way by our teacher ...
(T) 75.0 50.0
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TEACHERS 1 2

(8) 66.0 47.7
(A) 19.2 21.8
(D) +9.0 +2.3

13. Our teacher gives us the assignment of writing out
the definitions of words ...
(T) 0.0 0.0
(8) 5.3 12.5
(A) 88.5 81.3
(D) -5.3 -12.5

14. When reading the text, our teacher encourages us to
learn as many details as we can ...
(T) 0.0 0.0
(8) 56.7 69.5
(A) 9.6 9.4
(D) -56.7 -69.5

15. Before the lab begins, we get very complete instruc­
tions from our teacher on precisely what is to be
done in the lab • • •

(T) 50.0 100.0
(8) 69.3 70.4
(A) 19.2 46.8
(D) -19.3 +29,6

16. Writing out the definitions of terms is very impor-
tant on our tests ...
(T) 0.0 25.0
(8) 12.2 38.9
(A) 76.5 21.9
(D) -12.2 -13.9

I
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TEACHERS 1 2

17. The purpose of each lab is usually determined be-
fore the lab is begun ...
(T) 100.0 100.0
(S) 59.9 65.7
(A) 26.8 43.8
(D) +40.1 +34.3

18. Setting up the labs, gathering equipment, etc., 
usually takes so long that we find it difficult 
to complete the lab ...
(T) 50.0 50.0
(S) 32.0 29.0
(A) 24.5 19.3
(D) +18.0 +21.0

19. During the semester, the labs are held on a certain 
day, and usually on that day only ...
(T) 100.0 75.0
(8) 74.2 77.4
(A) 58.5 15.6
(D) +25.8 -2.4

20. The information that we learn about in class is pri­
marily from our teacher's notes and the textbook

(T) 0.0 50.0
(8) 55.0 54.6
(A) 12.7 15.6
(D) -55.0 -4.6



139

TEACHERS 1 2

21. In working 
couraged to

in the labs and classroom 
analyze and evaluate our

, we are en- 
own work ..

(T) 100.0 75.0
(S) 74.5 68.7
(A) 45.3 18.7
(D) +25.5 +6.3

22. Our teacher encourages us to look for the main argu­
ments and their supportive evidence when we read

(T) 0.0 50.0
(8) 55.6 61.6
(A) 11.1 15.6
(D) -55.6 -11.6

23. Our teacher tries to help us learn how to ask ques­
tions as we read ...
(T) 100.0 50.0
(8) 57.1 47.6
(A) 24.5 25.0
(D) +42.9 +2.4

24. Students conduct classroom demonstration and also 
demonstrate laboratory techniques ...
(T) 0.0 0.0
(8) 32.2 34.4
(A) 36.6 46.9
(D) -32.2 -34.4

25. Our teacher encourages us to record our data at the 
time our observations in the lab are made ...
(T) 100.0 100.0
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TEACHERS 1 2

26.

(S) 87.8 82.8
(A) 75.5 68.8
(D) +12.2 +17.2
In our tests, the ideas for questions had their
origin in the laboratory exercises ...

27.

(T) 0.0 75.0
(8) 34.0 82.2
(A) 49.0 41.9
(D) -34.0 -7.2
Relating ideas past and present is an important

28.

part of our tests .. .
(T) 100.0 50.0
(8) 24.0 61.3
(A) 13.7 19.3
(D) +76.0 -11.3
Solving problems, problems that we have not as yet
studied or encountered, is an important part of our

29.

tests ...
(T) 50.0 25.0
(8) 19.1 47.6
(A) 17.6 6.4
(D) +30.9 -22.6
Drawing conclusions from new data is an important
part of our tests . . .
(T) 100.0 50.0
(8) 34.3 71.8
(A) 15.7 6.4
(D) +65.7 -21.8
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TEACHERS 1 2

30. Labelling 
tests . . .

drawings is an important part of our

- (T) 0.0 0.0
(8) 25.5 58.0
(A) 66.6 19.3
(D) -25.5 -58.0
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PREFACE
To the Student

The growth of chemistry as a science is based upon two very different kinds of 
developments. First, experimental research provides us with the fundamental 
factual information which is the basis of all chemical knowledge. There is 
nothing more basic or more important to any science than the data which is 
obtained through research and experimentation in the laboratory. Secondly, 
chemists develop various generalizations by which they try to explain, inter­
pret, and use the facts which have been discovered. Theories, principles and 
laws are examples of this process of generalization. Chemists, then, have two 
major and distinct activities: (1) discover facts about nature through experi­
mentation , and (2) to formulate generalizations from this information. In your 
chemistry class, you will probably notice that the investigations emphasize 
these processes.

This book is especially concerned with the first activity—laboratory work. With 
fundamental chemical facts gained in the laboratory, your participation in dis­
cussion sessions can focus on formulating generalizations from pieces of data. 
With this twofold approach, you should be able to develop a genuine understand­
ing of the true nature of chemistry.

You will gain in self-reliance by making each experiment a job well done. Famili­
arize yourself with each assigned experiment before coming to the laboratory. 
Prepare your data tables ahead of time so that you will only have to refer to 
your manual for instructions while working. Do your part when working with your 
partner; work together as a team, each person contributing something to the in­
vestigation. Use both ingenuity and common sense, for you will find that there 
are many opportunities for both logical and imaginative thinking.

Remember that your laboratory work is the core of your chemistry course. You, 
as an investigator, have a unique and challenging opportunity to observe many 
of the phenomena of chemistry. It is just from such experimentally-obtained 
observations that scientists have developed the principles that unify chemistry, 
and the theories which provide the current explanations. This is the scientific 
method in action.

Safety ComZdemtcotu
In view of the many periods that you will be spending in the laboratory, it is 
strongly suggested that you familiarize yourself with the following basic safety 
rules: .

(1) Safety goggles and laboratory aprons or coats must be worn at all times 
by all persons in the laboratory.

(2) Every laboratory should be equipped with a fire extinguisher, fire blanket, 
overhead shower, and first-aid supplies. Determine where these items 
are located in your laboratory and be sure that you know how to use them.

(3) Perform only those experiments that you have been specifically authorized 
to do.

(4) Notify your teacher about any accident, no matter how minor.

v



148

AcknowC.edgeme.nti ‘

This book could not have become a reality without the encouragement and partici­
pation of others. Personal thanks are due the following people at Edwin Denby 
High School : Mr. Haze Moore, science department head, for his enthusiastic 
support during the formative stages of the manual ; Mr. Thomas Vandenameele, 
science teacher, for his cheerful and conscientious suggestions during the test­
ing of the material ; and various laboratory assistants who helped prepare solutions 
and assemble equipment for use in the course of study.

I am indebted to all those who helped with the mechanics of preparing this manu­
script for publication: my sister, Monica Barron, for the cover design and all 
the illustrations; and Mr. Thomas J. Hadfield for his meticulous typing of the 
manuscript. Their assistance with proofreading is also appreciated. Valuable 
editorial comments were provided by Monica Barron, Thomas Hadfield, and John 
O'Malley.

Not to be forgotten is the patient encouragement of family and friends during 
the genesis and development of this book. In large measure, their support has 
made possible the creation of a chemistry course that is hopefully relevant to 
the needs of today's high school students. .

Lastly, but most importantly, I would like to thank the many students at Edwin 
Denby High School who have class-tested these materials. Their candid responses, 
criticisms, and obvious enthusiasm have been a source of optimism and inspira­
tion. May they always continue to be surprised by the joy of discovery.

Marcel line A. Barron 
Detroit, Michigan

. July, 1973



149

CHEMISTRY: COPING WITH CHANGE CREATIVELY

As member O|$ the world communLtij,
me. need 4h-éCE4 obieA.v<nq ^eaZctt/,

in order to interpret how reality changes.

Models help us to categorize and guanXi^ change.

Our environment is constantly undergoing 
change. Ecochemi4tr^ helps us to {orm a 

modei oj a changing universe.

Change also a^ects our collective 
everyday LL^e -- nutrition.

Can we technologically control the results 
o( the chemical changes we make, to avoid 

technological backlash?
|Or: Does our technology control us?)

Looking to the future : shock or sensibility? 
Are we achieving better living through chemistry?

vii
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EXPERIMENT A-l: HOW INQUISITIVE ARE YOU? ? ?
INTRODUCTION
The art of thorough and penetrating analysis is, for many scientists, 
a learned skill. The diverse observations which are revealed by a 
given reaction may require a variety of manipulations, a greater 
than average amount of originality, and the courage to proceed with 
some steps which may seem unorthodox. However, the most important 
attitude in science is the spirit of experimentation.

MATERIALS
Beaker ; a wooden splint or stirring rod ; powder A; powder B; magni­
fying glasses or hand lenses.

INSTRUCTIONS
Obtain a sample of powder A and powder B in your beaker. Observe 
as much about the two powders as you can. Caution: Do not taste or 
heat them. Write down your observations. After you are done, take 
your beaker to a collection area in the laboratory. Take a look at 
the contents in the beakers of the other students. Compare them 
with yours. Record all of your observations.

OBSERVATIONS
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
etc.

1
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EXPERIMENT A-2: OBSERVING EVIDENCE OF INTERACTION
INTRODUCTION ■
This experiment provides another opportunity for careful observation. 
Try to think of conditions that might make a difference in what you 
will observe. Be alert to questions that come to mind and make 
your observations as complete as possible.

MATERIALS
Blue crystals; beaker ; distilled water; aluminum foil square ; stir­
ring rod.

INSTRUCTIONS
Add about two level teaspoonfuls of blue crystals to a beaker which 
is 3/4 full of distilled water.

Allow the system of water and crystals to stand a few minutes. Re­
cord your observations.

Stir the water until the crystals dissolve. After the crystals dis­
solve, place a piece of loosely rolled aluminum foil into the liquid. 
Allow the foil to remain in the solution for 10-15 minutes. Then 
remove and examine it closely with hand lenses.

After listing your observations, write down all the questions that 
occurred to you during this experiment.

OBSERVATIONS
1.
2.
3.
4.
5.
etc.

QUESTIONS
1.
2.
3.
4.
5. ,
etc.

2
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EXPERIMENT A-3: OBSERVATION AND THEORY
INTRODUCTION .
Chemistry deals with the changes which matter undergoes. Since the 
changes are on a molecular level, we cannot directly observe how 
they occur. What we usually observe are the differences between 
the properties of the initial matter (reactants) and the properties 
of the final matter (products). In the laboratory, experiments are 
conducted in which the initial and final properties of matter are 
studied and compared. Afterwards the chemist attempts to develop a 
theory to explain his observations of the changes that took place.

A sealed box containing one or more unknown solid objects will serve 
as the matter which you will be observing in this experiment.

MATERIALS
Unsealed cardboard box or shoe box; sealed box with unknown object 
enclosed; ruler; platform balance; magnet.

INSTRUCTIONS
Examine the unsealed box and record its code number. Weigh the 
empty box to the nearest 0.1 gram. Record its weight on the data 
sheet.

Examine the sealed box and record its code number. Determine its 
dimensions to the nearest centimeter. Weigh the sealed box. Re­
cord its weight.

Manipulate (shake,tilt, etc.) the sealed box. Use a magnet to study 
the contents of the box. For each manipulation listen carefully to 
the sound inside and record your observations. After each manipu­
lation, try to form conclusions about the object inside the box. 
Record these conclusions on the data table.

DATA
1. Code number of unsealed box ____________
2. Weight of unsealed box = ____________  grams

3. Code number of sealed box
4. Width of sealed box =  centimeters
5. Length of sealed box = centimeters

6. Height of sealed box = centimeters

7. Weight of sealed box =______ _____ grams
8. Difference in weight between sealed and unsealed boxes=grams

3
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OPERATIONS TABLE

Manipulation B Observation

1. Gentle Shaking ;
Conclusion

2. Tilting |

3. Magnet Testing J

4. Dropping (1 ft. ) |i

5. Sliding |

6. Rocking |

7. Vigorous Shaking h
8. ||

* 1
What do you think your unknown looks like? Give reasons for your 
theory. Draw a sketch of your unknown.

EXPERIMENT A-4: OBSERVATION: A SCIENTIFIC TOOL
INTRODUCTION
What is chemistry? Like physics and biology, it is a basic science 
which deals with matter. It is different from physics and biology 
because it is a study of the properties, composition, and structure 
of matter, of the changes that occur in matter, and of the energy 
absorbed or released during these changes.

We use our senses to hear, see, smell, taste, and feel chemical re­
actions . In the modern chemistry laboratory, each of these senses 
may be supplemented by other devices to help us make more precise 
and accurate observations, such as balances and magnifying glasses.

4
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MATERIALS
Solutions A, B, and C; test tubes; china marker; distilled water; 
small piece of metal; test tube rack.

INSTRUCTIONS
Obtain three test tubes and a supply of the solutions marked A, B, 
and C. Label three test tubes (A,B,C). Fill the test tubes one - 
third full so that you have a test tube one-third full with Solution 
A, another tube one-third full with Solution B, and a third tube 
one-third full with Solution C. Slowly pour the contents of test 
tube A into test tube B. Observe and record the results.

Refill test tube A with Solution A. Pour the contents of test tube 
A into test tube C. Observe and record the results. Empty the test 
tubes and wash them first with tap water and then rinse them with 
distilled water. Refill test tubes B and C. Pour the contents of 
test tube B into test tube C. Observe and record the results. Empty 
the test tubes and wash them again just as you did above.

Finally, once again fill the test tubes one-third full of Solutions 
A, B, and C. Slowly drop a small piece of the metal provided for 
you by your teacher into each tube. Spend a few minutes observing 
what is occurring to the metal in the liquids. Record all of your 
observations.

OBSERVATIONS

1] Solution B Solution C
1

Solution A E
h
6Solution B |

....... «

i Solution A Solution B Solut ion C

Meta 1

5
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EXPERIMENT A-5: SCIENTIFIC OBSERVATION AND DESCRIPTION
INTRODUCTION
Everyone thinks of himself or herself as a good observer. Yet there 
is much more to observation than what is immediately obvious. Con­
centration, alertness to detail, ingenuity, and often just plain 
patience are necessary for meaningful observation. It even takes 
practice. A good scientist pays close attention to the discovery 
and control of experimentally important conditions.

MATERIALS
Candle; matches; liner for underneath candle ; ruler.

INSTRUCTIONS
First examine the candle carefully. Record all of the observations 
which you make. Place a liner underneath the candle, then light 
the candle and record as many observations as you can about the 
burning candle.

After making all observations, check to be sure that no candle wax 
was spilt on the laboratory table. If so, remove the wax immediately. 
Do not wash excess wax down the drain. Wax should be put into the chemical crock.

OBSERVATIONS
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14 .
etc.
Write a description of a burning candle, based upon your list of 
observations.

6



158

EXPERIMENT A-6: THE UPS AND DOWNS OF BURNING
INTRODUCTION
This experiment will attempt to study the process of burning or 
combustion. What happens during combustion? Will a burning candle 
gain or lose weight during the process of combustion? Maybe it will 
stay the same. Does this happen when other substances burn?

MATERIALS
Candles; matches; meter stick; ringstand with ring clamped on it ; 
flat object; liner for candle; crucible; asbestos square; magnesium 
strip.

INSTRUCTIONS
Balance a meter stick horizontally on the clamp of a ring stand as 
indicated in Figure A-6.

Figure A-6.

Place a candle and a liner on one end of the meter stick. At the 
other end place a flat object such as a box of paper clips, an eraser, 
some rubber stoppers, etc. (use your imagination!). Position the 
flat object so that the whole system is balanced.

Light the candle. As it burns, speculate as to what will happen. 
Record exactly what did happen. Be sure that no wax is allowed to 
drip off the candle liner onto the table.

Remove the candle and flat object from the meter stick. Measure out 
a 50 cm. length of magnesium ribbon. Wind it into a loose coil 
which will fit into a crucible with a short end extending out to act 
as a fuse. Place the crucible with asbestos liner and magnesium 
ribbon in it on the meter stick where the candle was before. Place 
the flat object on the other end and balance the system again.

7
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Speculate what will happen to the balance of the system when the 
magnesium is lighted. Warning : Do not look directly at the magnesium 
when it is burning. The bright light could be harmful to your eyes if watched 
formore than a few seconds. Carefully ignite the magnesium with a Bun­
sen burner. Stand back from the system and observe what is happen­
ing to the system. After the crucible cools, examine the contents 
and record your observations.

When cleaning up after this experiment, be sure to place the residue 
from the crucible and the candle in the proper containers.

DATA

1. What happened to the system when the candle burned? (INCLUDE SKETCH).
2. What happened to the system when the magnesium burned? (INCLUDE 

SKETCH).
3. What did the contents of the crucible resemble after burning?
4. Was there any difference in the behavior of these two systems 

when burning occurred?
5. Check your results with those of other students. How does your 

data compare with theirs?

EXPERIMENT A-7: BURNING RATES OF CANDLES
A candle flame has three zones of combustion: an inner zone adja­
cent to the wick where the wax is vaporized ; a middle zone of par­
tial burning where small carbon particles are released from the 
hydrocarbons in the wax ; and an outer zone where wax combines with 
oxygen to yield water vapor and carbon dioxide.

The candle wick is a porous structure which sucks up the melted wax 
by capillary action and carries it to the inner layer of the flame 
where it is vaporized. For proper burning the supply of melted wax 
must equal but not exceed the demand ; that is, the wax must melt 
only fast enough for an adequate supply to move up the wick. There - 
fore, the candle diameter determines the amount of melted wax avail­
able, and the wick diameter determines the amount which can be 
carried to the center of the flame.

8
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MATERIALS
Candle ; liner for candle ; matches ; compass; cardboard; scissors; 
ruler.

INSTRUCTIONS
Use the compass and prepare some cardboard collars for your candle 
of various widths ranging from 2 in. to 6 in. in diameter. Choose 
a 1/2 inch interval on your compass, for example, 1 in., 1 1/2 in., 
2 in., etc.

Cut the proper hole in the center of the collars so that the candle 
will fit into it. Place the collars near the top of the candle, 
that is near the lip of the candle.

Determine whether the width of the collar has any effect upon the 
burning rate of the candle. Make your observations and record them. 
Is there any relationship between the increased width of collar on 
the candle and the burning behavior of the candle?

DATA

Width of Collar , Observations

2 inches

3 inches

4 inches 1

5 inches
1 -

6 inches

These candles and their collars are meant to simulate candles with 
increasing diameters and how the air currents play a role in the 
rate of burning. What conclusions can you come to regarding the 
relationship between increased candle diameter and rate of combus­
tion?

9
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EXPERIMENT A-8: THE CONSERVATION OF MATTER
INTRODUCTION

Is there any relationship between the reactants and the products of 
a chemical reaction that is not readily observable and might escape 
notice? This experiment will examine several chemical reactions 
from this viewpoint.

MATERIALS

250 ml Erlenmeyer flask and solid rubber stopper to fit; small test 
tubes; balance; dilute hydrochloric acid; solutions of sodium sul- 
fate, potassium chromate, silver nitrate, barium chloride and lead 
nitrate; distilled water; graduated cylinder.

INSTRUCTIONS
Obtain a 250 ml Erlenmeyer flask with a tightly fitting rubber stopper. 
Fill the test tube three-quarters full of the silver nitrate solution. 
(Caution: Avoid spitting silver nitrate on your hands, since it will stain the 
skin dark brown. Rinse immediately with water and a sodium chloride solution if 
spilling occurs. Small amounts are not injurious, and the discoloration wears 
off after several days.)

Place 20 ml of dilute hydrochloric acid (HC1) into the flask ; lower 
the test tube carefully into the flask and stopper the flask. See 
Figure A-8.

Carefully weigh the flask and its contents. 
Make certain that the outside of the flask 
is dry before you proceed with the weighing.

Next, invert the flask several times so that
the contents of the tube will mix thoroughly 
with that of the flask. " Observe the reaction
that takes place and the product that is formed. 
Record your observations. Once more set the 
flask on the balance and weigh it. Record the 
weight.

<------- AgN03

^HCl
Figure A-8.

Clean the equipment thoroughly and repeat the 
procedure described above, this time filling 
the test tube three-quarters full of barium 
chloride solution and the flask with 20 ml of sodium sulfate solu­
tion. Record the results of the mixing and weighing.

Again, repeat the procedure described above, this time placing lead 
nitrate solution in the test tube, and potassium chromate in the 
flask. Record your observations after mixing and weighing.

10



162

DATA

Reactants i Weight 
Before

Weight 
After

Weight
Change

Observations

Silver Nitrate and
Hydrochloric Acid 1

Barium Chloride and
Sodium Sulfate

Lead Nitrate and 
Potassium Chromate 1

What were the obvious changes in properties that 
cal reaction must have taken place in the three

indicated a chemi - 
systems above?

What relationship between products and reactants might have escaped 
your notice if closed flasks and balance were not used.were not used?

that, under normalThe Law of Conservation of Matter states 
can neither be created nor destroyed.

* State your evidence totions 
that 
your

, matter 
you have verified this law?
answer.

Do you
condi- 
believe

support

EXPERIMENT A-9: APPLYING CHEMISTRY TO YOUR DAILY LIFE
INTRODUCTION
The i 
some 
time 
that 
ials

activities in this experiment are intended to acquaint you with 
ich chemistry enters your daily life. From 

skills and laboratory techniquesof the ways in wh
to time^you^will chemical aspects of mater-
can be
around you.

11
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SECTION I: Estimating the Volume of a Container

MATERIALS
Various bottles, jars and tin cans of different shapes and sizes ; 
water ; graduated cylinders of various sizes.

INSTRUCTIONS
At times it is desirable to be able to estimate with some accuracy 
the volume of a container. This is a skill which can be acquired 
only by practice.

Obtain a number of different types of containers. Make your own 
estimate of the capacity in milliliters of a container. Fill the 
container with water; then pour this water into a graduated cylin­
der marked in milliliters. Opposite your estimated capacity, re - 
cord the capacity of the container as you measured it. Repeat this 
procedure for each of the containers you have chosen.

SECTION 11 : Percentage of Water in Canned Foods

MATERIALS
Two or three different brands of one type of canned food ; graduated 
cylinder (100 ml ) ; balance ; 250 ml beaker ; can openers.

INSTRUCTIONS
The amount of water as related to solid matter in canned foods may 
vary from one brand to another. Select two brands of a canned food. 
The cans should be of the same size for a fair comparison. Care­
fully open each can without spilling any of the liquid.

Carefully empty one of the cans into a glass funnel provided. Catch 
the liquid in a large graduated cylinder. After allowing plenty of 
drainage time, record the volume of liquid in the brand of food.
Since one milliliter of water weighs one gram, what was the weight 
of liquid in the can? Record this weight on the data table.

Now determine the weight of the food by weighing it in a beaker that 
has been carefully weighed in advance. Record the weight of the 
food on the data table.

Repeat the above procedures with each brand of canned food to be 
tested and record the data on the table.

12
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SECTION III: Percentage of Soluble Matter in Tea

MATERIALS
Tea leaves of three different brands ; large beaker; balance ; glass 
funnel ; filter paper.

INSTRUCTIONS
A satisfactory brand of tea should consist of at least 40% (by 
weight) of soluble matter. Using simple laboratory techniques you 
may test several brands of tea.

Heat 250 ml of water in a beaker. While the water is heating, weigh 
out accurately 1.0 gram of tea leaves.

Place the weighed tea in a folded weighed filter paper in a glass funnel . 
When the water is heated to boiling, pour enough of it over the tea 
sample to cover it. As the water filters through the paper, keep 
adding more — a small volume at a time. When the liquid coming 
through the funnel (filtrate) begins to come through uncolored, all 
of the soluble matter has been removed from the tea leaves.

Dry the remaining tea leaves by leaving them exposed to the air un­
til a later laboratory period in your lab drawer, in an evaporating 
dish on a hot plate, or in a drying oven (see hint below). In the 
data table record the data for each sample tested and compute the 
percentage of soluble matter as shown.

Hint: If a hot plate is used to dry the tea leaves, be careful not 
to burn them or the filter paper and be sure that the leaves are 
cooled to room temperature before weighing them. This precaution 
should also be kept in mind when using a drying oven as well.

DATA
SECTION I

Tyne of Container li Estimated Capacity Measured_ Capacity
1._________________________ L______________________________
2. Il
3. !
4. f
5. _
6._________________________ l! . ........................
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SECTION II
Weight of empty beaker =

Which is the most economical brand to purchase?

Name of Brand | a=Grams of
! water

h=Grams of 
sol id % water = —* 100 a + b

1 .
2.
3.

* Remember to subtract the weight of the filter paper.
Which brand of tea seems to be the most economical to use ?

SECTION III

Name of Brand
a=Original 
weight of 
tea [1.0 gm)

6=Weight after 
extracting and 
drying*

c-a-b 
weight of 
soluble matter

% soluble 
matter 
da x 100

1 .
r

2.
3 .

14
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EXPERIMENT B-1: PROPERTIES OF MATTER 
CHEMICAL AND PHYSICAL CHANGES (1)

INTRODUCTION
Chemical and physical properties must not be confused with chemical 
and physical changes. Some physical properties are: color, odor, 
density, hardness, structure, solubility, melting point, and boil­
ing point. Chemical properties are determined by the reaction of 
a substance with other substances. An example of a chemical property 
would be the potential an atom has to lose one of its electrons 
and form an ion. This is called by chemists the ionization energy 
of the atom.

Physical change refers to a transformation of a substance in which 
the substance itself does not change. Chemical change refers to the 
production of new substances which have physical and chemical prop 
erties different from the original substance.

MATERIALS
Copper wire or foil; zinc (Zn) strips ; magnesium (Mg) ribbon; for­
ceps ; dilute hydrochloric acid (HCI); concentrated nitric acid 
(HN03); solid sodium carbonate ; distilled water; porcelain dishes; 
solution of calcium chloride (CaCl2); filter paper; funnel; 150 ml 
beaker.

INSTRUCTIONS ,
Examine a clean piece of copper wire or copper foil and note its 
physical properties. Hold the piece of copper with the forceps in 
the outer flame of the Bunsen burner until the copper is red-hot. 
Remove the copper from the flame and observe it while it cools. 
Compare the physical properties of the product on the surface of the 
copper with the properties of the original copper.

Repeat the procedure with a piece of zinc and then with a piece of 
magnesium ribbon. Cd not look directly at the magnesium in the flame. The 
brightness of the flame could harm the eyes. Record in the data table the 
properties of each met a 1 before heating and the properties of any 
new substance produced by the heating. In each case state whether 
a chemical or a physical change was brought about with the applica­
tion of heat to the metal.

Place the piece of zinc, a clean piece of copper, and a piece of 
magnesium ribbon in separate test tubes and add 4 ml of dilute hydro­
chloric acid (HC1) to each. Note any evidence that these metals 
are reacting with the acid. What results do you observe? Record 
them on the data table. Repeat this part of the experiment, adding 
a few drops of concentrated nitric acid (HNO3) instead of hydro­
chloric acid. You may find it necessary to use the fume hood.

15
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Describe what you have observed. After making your observations, 
add plenty of water to the test tubes. Place the copper, zinc, and 
magnesium in the proper disposal containers.

Obtain about 2 grams of sodium carbonate (Na£O3) and note its physi­
cal properties. Dissolve it in 30 ml of distilled water, warming 
the water to hasten solution. Divide this solution into two equal 
portions and proceed as follows:

(1) Evaporate one portion to dryness with a low flame in a porcelain 
dish and compare the residue with the original substance.

(2) To the second portion add dilute hydrochloric acid (HC1), a few 
drops at a time, while stirring, until no further action is 
observed. Then evaporate to dryness in a porcelain dish.
Examine the residue and compare its appearance with that of the 
original solid.

DATA

Substance Physical Properties Physical 
Change

Chemical
Before Heating After Heating Chan ce

Yes No Yes No

Substance Reaction with Dilute 
Hydrochloric Acid

Reaction with Concentrated 
Nitric Acid

Substance |; Observât ions
■1

Sodium Carbonate il
Residue (1) 1
Residue (2) |
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EXPERIMENT B-2: PROPERTIES OF MATTER 
CHEMICAL AND PHYSICAL CHANGES (II)

INTRODUCTION
In this experiment you will witness many transformations of matter. 
You must decide whether these transformations are physical or chemi­
cal changes and be able to give supporting evidence for your de­
cisions .

MATERIALS
Wood splints ; solid sodium chloride (NaCl); distilled water ; copper 
turnings ; dilute nitric acid (UNO 3); solid ammonium dichromate 
( (NH i,) 2Cr 2O 7) ; calcium carbide (Ca 2C) ; solutions of barium nitrate 
(Ba (NO 3) 2) , sodium chromate (Na 2CrO u.) , iron (III) chloride (FeCl 3) » 
potassium thiocyanate (KSCN), silver nitrate (AgNO 3); liquid soap 
or detergent ; forceps ; eyedropper ; test tubes ; crucible; glass slide, 
balance ; evaporating dish; ruler; asbestos pad ; test tube holder, 
triangle to fit crucible.

INSTRUCTIONS
Classify each of the following transformations as a physical or 
chemical change and record your supporting evidence for your choice 
on the data sheet.

Obtain a wood splint and break it into small pieces. Place several 
pieces in a test tube and heat strongly over a bunsen burner for 
several minutes. Record the results.

Place 0.5 gram of sodium chloride (NaCl) into a beaker and add dis­
tilled water until the solid dissolves. Place two drops of the re­
sulting solution on a glass slide. Hold the slide with forceps 
and pass it back and forth over a low flame. After the liquid has 
evaporated, taste the residue. Caution: Never taste chemicals unless 
you are specifically instructed to do so. Record the results.

Obtain a small amount of copper turnings from 
into a loose ball, place it in a dry crucible, 
and weigh the crucible and contents to the 
nearest 0.01 gram. (The crucible should be dry 
before you weigh it. To dry the crucible, heat 
it strongly for 2 or 3 minutes and then let it 
cool completely.) Heat the metal in the cruci­
ble , all of which is setting in a wire tri­
angle (see Figure B-2) over a hot flame for 
five minutes, cool, and reweigh. Record your 
data and observations.

Figure B-2.

supply. Roll them
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Obtain three clean large test tubes and mix the following solutions: 
(1) To 5 drops of barium nitrate (Ba(N03)2), add 2 to 3 drops 

of sodium chromate (Na2CrO.,). Observe and record your ob­
servations .

(2) To 5 drops of iron (III) chloride (FeCl3), add 3 drops of 
potassium thiocyanate (KSCN). Observe and record your ob- 
servations.

(3) To 5 drops of iron (III) chloride (Fed 3), add 2 drops of 
silver nitrate (AgNO3). Observe and record your observa­
tions .

With your forceps, obtain a small piece of calcium carbide (Ca2C). 
Place it in an evaporating dish containg 20 ml of distilled water 
and 3 drops of liquid soap. During the reaction, ignite the bubbles 
with a lighted splint.

In the bottom of a large test tube, place ammonium dichromate
( ( NH«. ) 2Cr2O7 ) to a height of one centimeter and heat until a re­
action starts. Remove the test tube from the flame and allow the 
reaction to go to completion. Caution: Do not inhale the fumes.

DATA

Exercise Type of 
Change Supporting Evidence

Heating Wood
Evaporation of sodium 
chloride solution
Heating copper turnings
Reaction of barium nitrate 
with sodium chromate
Reaction of iron chloride 
with potassium thiocyanate
Reaction of iron chloride 
with silver nitrate
Reaction of calcium carbide 
with water
Heating ammonium dichromate
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EXPERIMENT B-3: MIXTURES AND COMPOUNDS
INTRODUCTION
The classification or organization of matter is of great importance 
in the study of chemistry. One possible classification is as fol­
lows:

ELEMENTS

MATTER

PURE SUBSTANCE

■MIXTURES

COMPOUNDS

HETEROGENEOUS

HOMOGENEOUS

MATERIALS
Sand, table salt; distilled water; 150 ml beaker; funnel; filter 
paper; evaporating dish; iron filings; flowers of sulfur or powdered 
sulfur; magnet; carbon disulfide (CS;); mercuric oxide (HgO); splints; 
matches; balance; graduated cylinder (50 ml); mortar and pestle.

INSTRUCTIONS
Mix a test tube filled one quarter full with sand with an equal por­
tion of table salt on paper. Place the mixture in a beaker and add 
about 25 ml of distilled water. Stir thoroughly. Filter the liquid 
with a funnel and filter paper. Taste the residue on the filter 
paper. Boil the filtrate (the liquid which passes through the filter 
paper) in an evaporating dish until the water has evaporated and 
taste the solid remaining in the dish. (Reminder: Never taste chemicals 
unless you are specifically instructed to do so.)

Mix a quarter test tube of iron filings with an equal portion of 
flowers of sulfur. Divide the mixture into two parts. Dip one end 
of a bar magnet into one portion, and then tap that end against 
your hand. Is this a physical or chemical method of separation? 
Record your observations.

Before beginning this section, check to be certain that all flames at your 
lab table are extinguished. Be sure that all flames are cut. Place a little 
of the second portion of the mixture of iron filings and flowers of 
sulfur in about 5 ml of carbon disulfide in a beaker. Stir thor­
oughly and filter into an evaporating dish. Set the dish in the 
hood or near an open window. When the carbon disulfide has evap­
orated, describe the deposit in the dish. Was this a physical or 
chemical method of separation?

Heat 2 grams of red mercuric oxide in a Pyrex test tube. Insert a 
glowing splint into the tube after heating for one minute. After 
about 5 minutes of heating describe the inner surface of the upper
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part of the tube. What happens? Is this a physical or chemical 
change?

Mix thoroughly on paper 7 grams of iron filings and 4 grams of 
flowers of sulfur. Place the mixture in a Pyrex test tube. Heat 
the end of the tube until a glow appears; then remove it from the 
flame. Heat the materials for several more minutes. Break the 
hot tube by holding it in cool water. Be careful for the substance 
in the tube is still hot. Bring a magnet near a particle of the 
substance. Crush a little of the material from the tube in a mor­
tar and pestle. When it has cooled, add about 5 ml of carbon di­
sulfide. Check to make sure all flames are out. Stir the mixture 
several minutes; then filter the liquid into a dish and let it 
evaporate. Observe.

DATA
Sand-Salt Mixture
Is there any salt in the residue?
What is the taste of the solid remaining in the evaporating dish 
after evaporation?
Were physical or chemical methods used in the separation of this 
mixture?

Iron-Sulfur Mixture
Which substance in the mixture is removed by the magnet?
Is this a physical or chemical method of separation?
Describe the deposit in the dish after the carbon disulfide evap­
orated .
Decomposing a Compound
Describe the inner surface of the upper part of the tube in which 
you heated the mercuric oxide.
What is the result of the glowing splint?
Into what two substances does mercuric oxide decompose?
Do either of these substances resemble the mercuric oxide?
Was the separation a physical or chemical change?
Formation of a Compound
Can you distinguish any particles of iron or sulfur in the mass 
after heating and breaking the glass?

After using the carbon disulfide and allowing it to evaporate, is 
there a deposit of sulfur in the dish?
Can iron and sulfur in chemical combination be separated by physical 
means?
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EXPERIMENT B-4: PROPERTIES OF MATTER 
CHEMICAL AND PHYSICAL CHANGES (111)

INTRODUCTION
In this experiment you will examine two compounds to determine the 
effect that heat has on them. Both of the compounds belong to a 
group that is named "organic compounds."

MATERIALS
Sugar (C12H22 011 ) ; naphthalene; test tubes ; charcoal ; evaporating 
dish; eyedropper or pipette; glass funnel; filter paper; litmus 
paper; beaker (150 ml); dilute hydrochloric acid (HC1).

INSTRUCTIONS
Place a teaspoon of sugar in a test tube. Heat the tube gently and 
observe the stages of decomposition.

Place a teaspoon of naphthalene in a large test tube. Observe its 
crystalline form and the odor of the substance. Heat gently until 
it melts and observe its color. Raise the temperature until the 
naphthalene boils. Collect the condensed product in a test tube 
as is shown in Figure B-4.1 and compare it to the solid that you 
originally started with. Record your observations. (Hint: Use
benzene to clean the test tubes.)

Place an evaporating dish containing 2 grams of sugar on a piece 
of wire gauze on a ring and ring stand arrangement as shown in 
Figure B-4.2. Invert a glass funnel over the sugar in the evap­
orating dish and light the Bunsen burner to produce a low-to-moder- 
ate flame. g

naphthalene

Figure B-4.1.

A
Figure B-4.2.
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As the sugar melts and eventually bubbles, observe the condensation 
of liquid on the inner walls of the funnel. When enough droplets 
have formed there, remove the funnel and soak up the liquid with 
some litmus paper (blue and red). Record the results.

Allow the sugar to bubble slowly until all the liquid has been 
driven off. Continue to heat until the sugar has changed color 
completely from white to black. Turn off the burner and allow the 
residue in the evaporating dish to cool.

Obtain a small bit of charcoal or finely divided carbon from the 
supply. Put the charcoal or finely divided carbon in a beaker of 
cold tap water. Scrape a small amount of the residue from the evap­
orating dish into another beaker of cold tap water. Observe the 
solubility or lack of it in the case of both substances.

Using an eyedropper, put a few drops of dilute hydrochloric acid 
(HC1) on both the commercially prepared charcoal and the residue 
in the evaporating dish. Observe the results.

DATA

Melting Behavior
Naphthalene

Results of litmus test:

Boiling Behavior ....
Sugar Naphthalene
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Solubility( Results
Water Dilute Hydrochloric Acid

Commercial 
Charcoal

Prepared 
Charcoal

Commercial 
Charcoal

Prepared 
Charcoal

EXPERIMENT B-5: A STUDY OF THE PHASE CHANGE 
BETWEEN A SOLID AND A LIQUID

INTRODUCTION
A solid moth repellant, paradichlorobenzene, will be heated slightly 
above its melting temperature in this experiment. Temperature data 
will be obtained by noting the temperature at designated time inter­
vals as the liquid cools and solidifies. The solid will then be re­
heated and melted, and again temperature data will be obtained at 
designated time intervals during the heating.

MATERIALS
Solid paradichlorobenzene; two centigrade thermometers; test tube; 
test tube holder; ring and ring stand; 250 ml beaker; burner; 
matches; timer; wire gauze; clamp.

INSTRUCTIONS
Fill a 250 ml beaker three - fourths full of tap water at about room 
temperature (below 30°C). Place the beaker on the base of your 
ring stand.

Slowly raise the temperature of about 15 grams of paradichloro­
benzene in a test tube until it melts. Heat the test tube with 
the Bunsen burner adjusted to a low flame. Continuously move the 
test tube back and forth through the flame as the liquid will spurt 
out of the tube if you keep it in one spot in the flame! Place a 
thermometer in the liquid and continue heating until the tempera­
ture is between 65°C and 70°C.

Clamp the test tube containing the melted paradichlorobenzene into 
position above the beaker of water. Place your watch or situate 
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yourself so that one partner can read the time every 30 seconds and 
be the recorder of the temperature readings.

When all is ready, check the temperature of the paradichlorobenzene 
and record it to the nearest division on your thermometer. On sig­
nal from the recorder, immediately the other partner should immerse 
the lower half of the test tube into the water bath and clamp the 
test tube in position. Hold the thermometer off the bottom and the 
sides of the test tube so that it will become imbedded in that posi­
tion when the paradichlorobenzene solidifies. Record the tempera­
ture every 30 seconds until a temperature of 35°C is reached. Re - 
cord all observations especially when the solidification starts and 
when it is complete.

You may wish to switch duties at this point. Raise the test tube 
out of the water bath and place the beaker, three-fourths full ° 
water, on an iron ring and wire gauze. Heat the water bath to 
approximately 70°C. When this temperature is reached, turn off 
the burner but leave it in position.

Record the temperature of the solidified paradichlorobenzene to the 
nearest division on your thermometer. With a second thermometer 
measure the temperature of the hot water bath to the nearest de­
gree. On the signal from the recorder, immerse the lower halt ot 
the test tube into the water bath until the water level is above 
the level of the paradichlorobenzene. Record the temperature ot 
the paradichlorobenzene each 30 seconds, noting when melting starts 
and is completed.

As soon as the solid is free from the walls of the test tube, move 
the thermometer gently up and down. Occasionally note the tempera­
ture of the water bath with the second thermometer. If the water 
temperature drops below 60°C before the solid is melted, be pre­
pared to warm it with the burner flame to keep the temperature be­
tween 60°C and 65°C. Continue to move the thermometer up and down 
in the test tube and record the temperatures until the temperature 
of the paradichlorobenzene is about 60°C. Then remove and wipe 
off the thermometer from the liquid paradichlorobenzene.
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DATA

Solidification Data
Time Temp. (°C) Observations

0 see
30 sec
1 min

I2 min
2 min

min
3 min

32 min
4 min

4$ min
5 min

S2 min J*
6 min

62 min
7 min 1

72 min
8 min

— Melting Data
Time 1 Observations __________ _
0 sec ।
30 sec 1

1 min
I2 min
2 min

22 min
3 min

3j min
4 min

42 min
5 min

S2 min
6 min

62 min
7 min

72 min
8 min
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After you obtain some graph paper, plot your data in the following 
manner :

On the first graph, the time from 0 sec. to 8 min. should be marked 
off along the horizontal axis and the temperature should be marked 
off on the vertical axis from 0°C to 7 0°C (see Figure B-5) . This 
graph should be labeled "Cooling Curve."

On the second graph the time and temperature axes will be the same, 
but this graph should be labeled "Heating Curve." After plotting 
all the points from the data tables, be sure to connect all your 
points with a nice smooth curved line.

70°C

TW 8 min.

Figure B-5.

EXPERIMENT B-6: MELTING POINT
INTRODUCTION
The determination of a melting point is a technique employed often 
by the chemist. A melting point may be defined as the temperature 
at which the liquid and solid forms of a compound exist in equi­
librium with each other. In ordinary practice a melting-point 
range is recorded, which means the temperature from which the com­
pound starts to liquefy to the point where it is completely liquid. 
Many very pure compounds melt over 0.S0 C range or less. The melt - 
ing-point range of a compound of ordinary purity is 1 -2°C. The 
value obtained for a compound may, therefore, provide some indi­
cation of its purity. It should be noted that some compounds, even 
though they may be exceptionally pure, have wide melting ranges. 
If a substance is not pure (it is a mixture) it will not melt 
sharply.
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MATERIALS
Oil or paraffin, 2 50 ml beaker or flask; capillary tubes ; centi­
grade thermometer (with a range up to 200°C); glass stirrer ; ring 
and ring stand ; rubber tubing strip (2 mm); solid naphthalene; 
benzoic acid; and salicylic acid crystals or powder.

INSTRUCTIONS
Fill a 250 ml beaker with oil or paraffin and place on ring attached 
to a ring stand with wire gauze between the container and the flame.

Capillary tubes will be used to hold the sample against the ther­
mometer bulb. You will be determining its melting point by using 
an apparatus as shown in Figure B-6.1. First,the sample must be

Figure B-6.1 Figure B-6.2
dry and in a finely divided condition so that it will go into the 
capillary tube. If both ends of the tube are open, seal one end 
by passing it through a flame. Form a small pile of the solid 
and press the open end of the tube into it. Tap the closed end 
of the tube against the desk in order to get the compound to drop 
to the bottom of the tube. If the crystals stick in the upper 
part of the tube, attempt to force them down by dropping the capi- 
lary tube through some glass or plastic tubing. Fill the capillary 
tube to a height of 5-6 mm, then place it against the side of the 
thermometer with the compound close to the mercury bulb as shown 
in Figure B-6.2. The tube is held in place by a 2 mm wide strip 
of rubber cut from the end of a piece of rubber tubing.
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Immerse the thermometer and capillary tube into the warm oil.
Keep the rubber tubing out of the liquid. Stir the oil constantly 
with the glass stirrer. Continue to heat the melting bath with 
the burner. The temperatures at which the sample starts to liquefy 
and at which it is completely liquid arc recorded as the melting­
point range. The range for most pure compounds does not usually 
exceed 1°C.

Do three trials of each sample to confirm the melting point range. 
Record the ranges on the data sheet as well as your observations. 
Obtain a sample of an unknown and determine which of the three 
compounds tested it is by doing a melting point determination of 
the unknown and comparing the data to the others.

DATA

Name of Sample Trial 1 
f°C)

Trial 2 
(°C) _

Trial 3 
(°C).

Observât ions 
While Melting

Naphthalene

Benzoic Acid

Salicylic Acid

Unknown

Analysis of Unknown:

EXPERIMENT B-7: MELTING BEHAVIOR OF CRYSTALS VS. 
AMORPHOUS SOLIDS

INTRODUCTION
In the previous two experiments you have examined four different 
crystals — paradichlorobenzene, naphthalene, benzoic acid, and 
salicylic acid. These substances have sharp melting point ranges 
when compared to amorphous solids such as paraffin. Amorphous 
solids are ones without definite form as opposed to a solid which 
is crystallized.
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MATERIALS
Crystals of paradichlorobenzene ; small pieces of paraffin; large 
petri dishes; hot (80°-90°C) water; two small beakers; 250 ml 
beaker; thermometer.

INSTRUCTIONS
Set the two beakers in the large petri dish on the lab table. In 
the meantime, prepare the hot water on your ring stand. Place 2 
or 3 crystals of paradichlorobenzene in one of the beakers and a 
small piece of paraffin in the other beaker.

Pour hot (80°-90°C) water into the petri dish. Use caution when 
pouring hot liquids. Hold down the beakers since they might float 
and tip over. Observe the sharp melting range of paradichloro­
benzene and the broad softening range of paraffin. Time how long 
it takes for both substances to melt. Record your observations 
on the data sheet.

Remove the beakers from the hot water and dispose of the hot water. 
Set the beakers on the cool table top and observe the differences 
between the two substances as they begin to cool and solidify.
This time record how long it takes for the liquids to solidify. 
Record these observations on your data sheet. Use a magnifying 
glass to examine both substances more closely. On your data table 
include a sketch of each of the solidified substances. Use the 
proper container for disposing of the crystals and solids. Do not 
put them down the drain.

DATA

Melting Behavior Observations
Paradichlorobenzene j Paraffin

Melting Time:__________ Melting Time:__________

Solidification Behavior Observations
Paradichlorobenzene Paraffin

Freezing Time:__________ Freezing Time:__________
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Sketchs of Solids Observed Through Magnifying Lens
Paradichlorobenzene ' Paraffin

EXPERIMENT B-8: DISTILLATION
INTRODUCTION
In distillation, a liquid is converted into a vapor by heating it 
to its boiling point. The vapor is then cooled and the condensed 
liquid is collected in a suitable container. Any dissolved sub­
stances having higher boiling points arc left behind as the temper­
ature of pure vapor remains constant during the distillation.

MATERIALS
Distilling flask; thermometer ; condenser ; two ring stands with ring 
and clamp ; Bunsen burner ; test tubes ; funnel ; rubber tubing ; as­
bestos square ; balance ; graduated cylinder (50 ml); beaker or gas 
collecting bottle (any size); boiling stones ; tap water ; solid 
potassium permanganate (KMnOu) and sodium chloride (NaCl); ammon­
ium hydroxide solution ; phenolphthalein solution.

INSTRUCTIONS
Assemble the apparatus as illustrated in Figure B-8. Before be­
ginning the experiment have your instructor check it to be sure 
that all parts are properly assembled.

Prepare a solution of tap water, a small crystal of potassium per­
manganate , and 5.0 grams of sodium chloride. Pour this solution 
into the distilling flask until it is two - thirds full. Use a fun­
nel to insure that the solution will not go down the side arm in­
stead of into the flask. Then add 5 or 6 boiling stones to the 
solution. Begin to heat the water in the flask. Boil the solu­
tion and discard the first 10 ml of distillate (the liquid that 
condenses). Continue to boil steadily but be sure not to boil 
over any liquid by heating too rapidly. What is the temperature 
of the hot vapor? Record all your observations on your data sheet. 
Collect about 20 ml of the distillate in a clean beaker. Examine 
it. What is its color? How does it taste?
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Figure B-8.

Repeat the above procedure after cleaning out the flask. This time 
fill the flask 2/3 full of water and add to it a drop ammonium 
hydroxide. To each of six clean test clean test tubes, add 1 drop 
of phenolphthalein solution, and use these tubes one after another 
to catch 10 ml of the distillate. Change the tube as soon as 10ml 
has been collected. What observations can you make about these 
six filled test tubes? Record your observations and answer the 
question pertaining to this second distillation.

DATA

Describe the physical properties of the first distillate.
What was its boiling point?
Did the potassium permanganate vaporize over into the distillate?
Did the sodium chloride vaporize over into the distillate? How 
you know?

In the second distillation was there evidence that the ammonium 
hydroxide passed over with the steam? What was the evidence?
Which test tube contained the most ammonia?
Which test tube contained the least ammonia?
Describe what would happen if you were given a mixture of three 
liquids, each with a different boiling point, and were instructed 
to distill it.
Can the process of distillation help with the world problem of 
water shortages and water pollution? How?
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EXPERIMENT B-9: DRY DISTILLATION OF WOOD
INTRODUCTION
Destructive distillation is the decomposition that results when an 
organic substance is heated in the absence of air. Certain indus - 
tries distill coal or wood. Then the liquid portion of the product 
is further separated into its components by fractional distillation. 
The liquid product from coal is known as coal tar and from wood 
is known as wood tar or pyroligneous acid. When wood is destruc- 
tively distilled, wood tar and wood gas will be obtained.

MATERIALS
Sawdust; two clamps; ring stand ; rubber stoppers (one hole and two 
hole); glass tubing; two large test tubes ; blue litmus paper.

INSTRUCTIONS
Assemble the apparatus as shown in Figure B-9. Place the sawdust 
in the test tube on the left until it is about half filled. Fill 
the test tube on the right about one-third full of water. Make 
sure the jet tube on the right has a small tipped opening.

After everything is assembled, heat 
the tube with the sawdust uniformly, 
gently at first. After the gas starts 
coming over and the tar begins to 
collect under the water, try to ignite 
the gas coming out of the tip. 
What color is the flame?

After the test tube cools off, exa­
mine the residue left in the tube. 
Examine the wood tar in the tube on 
the right. Record your observations 
on the data sheet. Dip a strip of 
blue litmus paper into the water 
layer of the right test tube. What Figure B-9.

happened? Describe the odors of the wood tar. Be careful not to 
spill any wood tar on your skin since its penetrating odor will 
persist despite washing.

32



184

DATA

General Observations During Distillation:

Color of Flame:

Odor of Wood Tar:

Characteristics of Residue Left in Sawdust Tube After Distillation:

Results of Litmus Test :

EXPERIMENT B-10: CHEMICAL CHANGES AND EQUATIONS
INTRODUCTION

There are many ways to detect or observe a chemical change (a change 
in composition). Some highly precise instruments enable us to mea­
sure not only the degree of change in composition, but also the 
change in energy which takes place when substances react chemically. 
For many reactions the changes which occur in energy and composi- 
tion during these reactions are similar. After observing many 
reactions, we can see a trend in properties and we can develop 
broad generalizations about the nature of matter. Such generaliza­
tions are the heart of chemistry. In this experiment, you will 
work with three classes of chemical reactions: displacement, de­
composition , and synthesis.
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MATERIALS

Crucible and cover ; wire triangle; forceps; balance; asbestos pad; 
glass tubing; triangular file; one hole stopper; graduated cylinder; 
wooden splints; asbestos square; test tubes ; wing tip for Bunsen 
burner; ruler; scissors; magnesium ribbon; limewater; mossy zinc; 
6M HC1 (hydrochloric acid); graduated cylinder; zinc dust; flowers 
of sulfur (or sublimed sulfur); solid copper carbonate or magnes­
ium carbonate.

INSTRUCTIONS

Obtain a piece of magnesium (Mg) about 20 cm long and roll it into 
a loose ball. Place the magnesium in a crucible and cover it. 
Weigh the crucible, cover, and its contents carefully to the near­
est 0.01 gram. Record the weight on the data sheet on line 2. 
Place the crucible in a triangle, and then put the triangle on a 
ringstand and ring. Begin heating, slowly at first. For the best 
results, it is necessary that the magnesium burn very slowly, and 
that the finely divided, white magnesium oxide smoke be kept from 
escaping. This can be accomplished by heating the bottom of the 
crucible and lifting the cover only momentarily to allow a fresh 
supply of air to enter the combustion chamber. Begin by holding 
the crucible cover with a pair of tongs while you heat the bottom 
of the crucible until the magnesium ignites. At this moment, place 
the cover on the crucible. After a short interval lift the cover 
and allow enough air to enter the crucible to again ignite the 
magnesium. Immediately replace the cover. Repeat this procedure 
until the magnesium no longer ignites when you raise the cover. 
At this point adjust the cover so that most of the crucible open­
ing is covered but there is enough gap to allow a steady flow of 
air into the crucible. Heat with a hot flame for a few minutes. 
Allow to cool. Remove the crucible from the triangle with forceps, 
weigh it carefully, and record your data on line 1 of the data 
sheet. Then empty the contents onto a piece of paper. Examine 
the contents for a change in composition. Compare the new weight 
with the old weight. If a reaction did occur, with what did the 
magnesium react?

From the glass tubing supply, use a triangular file to cut a piece 
of glass tubing about 15 cm long. Fire polish the ends and bend 
the glass tubing into a 90° angle. Obtain two small spatulas full 
of either CuCO3 (copper carbonate) or MgCO3 (magnesium carbonate) 
and place the solid in a large dry test tube. Insert the glass 
tubing into a one-hole rubber stopper after lubricating the tub­
ing well. Then insert the stopper into the test tube containing 
the carbonate. Pour about 5 ml of limewater CafOHJa into a small 
test tube. Place the end of the right angle glass tube into the 
limewater solution. (See Figure B-10.1.)
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Heat the tube containing the carbonate while holding the end of 
the glass tube in the limewater solution. Remove the tube from the 
limewater before removing the flame from the tube containing the 
carbonate. A cloudy appearance in the limewater indicates the 
presence of carbon dioxide, CO2. Make all the observations you can 
and record them on the data sheet. Let the test tube cool and empty 
the contents of both tubes.

After cleaning out the apparatus used above, place a few small 
pieces of mossy zinc in the test tube on the left and add 5 ml of 
6 M ^1 (hydrochloric acid). Quickly insert the rubber stopper con­
taining the glass delivery tube. A reaction should be occurring 
and a gas should escape from the tubing. With the glass tubing

' collect some of the gas being liberated. (See Figure 
B-10.2). Collect the gas by displacement of air by inverting another 
test tube over the up-turned gas delivery tube. Remove the tube 
from the glass tubing but still keep the test tube inverted. Bring 
a burning splint near its mouth. A "pop" indicates the presence of 
hydrogen gas.

imewater

Figure B-10.1.

hydrogen

/ hydrochloric acid 
zinc

Figure B-10.2.

Weigh out 0.2 gram of zinc dust and 0.1 gram of sulfur. Mix thor­
oughly but be careful not to grind or crush the materials. .Place 
the mixture on an asbestos square and ignite with a Bunsen burner. 
Caution: Once the reaction begins it will be very rapid. Step back from it.

DATA

_________________________ Magn e s i u m Reaction
1 • Weight ot crucible with magnesium aft er heating g2. weight ot crucible with magnesium before heating ___  g3. (Weight after heating) - (Weight befo re heating) = g

Properties Before Heating Properties After Heating

Equation: Magnesium + ___ -* Magnesium oxide
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j________________________ Cojipcj2 Jp3JAfJL JlpJ53JLPJ?
Observations Upon Heating: '

Equations:
Copper carbonate Copper oxide + ____________ ♦ (gas)
______________ (gas) + Calcium hydroxide 

___________________________ (limewater)_____
-*  Calcium carbonate + water

_____ Zinc and Acid Reaction
Observations Upon Addition of HC1 to Z inc : "

Equation: Zinc + Hydrochloric acid (HC1) - t(gas) + Zinc chloride

________________________ Zinc jind__Su_Afu_r_J(cac_tion
Observations When ileated: - -

Equation: Zinc ♦ Sulfur - ...... ..

EXPERIMENT B-ll: CHEMICAL CHANGE
REDUCTION OF LEAD

INTRODUCTION
The processes of oxidation and reduction are chemical changes. It 
is possible to study some samples of these changes by investigating 
several processes in the metallurgy of lead which can be done on a 
laboratory scale by the proper treatment of a lead compound. The 
Figure B-11 shows how to direct either the reducing flame or the 
oxidizing flame down on the compound to be heated.
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MATERIALS

Mouth blowpipe; charcoal block ; beaker ; lead oxide (PbO) ; powdered 
charcoal; lead sulfide (PbS); lead carbonate (PbCO3); acetic acid ; 
zinc strips; crucible.

INSTRUCTIONS

Before using a blowpipe, sterilize its mouthpiece by heating it in 
the burner flame for a few moments. Then cool it under cold water.

Make a depression in a charcoal block and fill it with a thick paste 
made by mixing about one gram of lead oxide (PbO) and powdered char­
coal with a few drops of water. By blowing through the blowpipe, 
direct the reducing (inner) flame down on the lead oxide-carbon 
mixture until you observe a change. Since it may take quite a while 
for a change to occur, you may want to clamp the Bunsen burner in 
place as Figure B-11 shows. Record your observations.

Clean the depression in the char­
coal block and enlarge it if necess­
ary. Fill the depression with a VA
gram of powdered lead sulfide (PbS). A
Direct the oxidizing (outer) flame x vV
down on the lead oxide-carbon mix - . \
turc for two or three minutes. blowpipe \ \ reducing flame
Observe the results and record A V V ^mixture
them on the data sheet. harcoal block

In a used crucible heat strongly
for a few minutes about one gram
of lead carbonate (PbCO3). After .
the product has cooled, note its Figure B-11.
color. Transfer the contents of the crucible to a beaker and dis­
solve it in just enough acetic acid. What compound of lead is 
formed? After observing the solution, put a zinc strip into the 
liquid. Let it set for a few minutes. Observe what happens and re­
cord all of your observations.

DATA

Observât ions :
Lead Oxide Treatment

Equations :
Lead (II) oxide + Carbon ■*

PbO

Is this reaction spontaneous or does it have to be forced?
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__________________________ Lead_ i 
Observations :_______________________________________ '

Equations :
Lead (II) Sulfide + Oxygen ■+ + , t

PbS + o2 -> +

_________________________L_eaj_ j^_r_bona t e_2rjlPJLtjnen_t  _ ___________  _ 
What change in color do you note after heating?_________________________________  
Equations:
Lead (II) Carbonate  + t

PbCO3 heat

What did you observe when zinc was added to the lead solution?

EXPERIMENT B-12: CHEMICAL CHANGE .
CORROSION OF IRON

INTRODUCTION

Each year the United States alone loses an estimated six billion dollars 
as a result of the corrosion of steel. Corrosion is a general term 
applied to the process in which uncombined metals are converted to 
oxides or other compounds. This causes the gradual deterioration 
of metals. In this experiment we shall investigate some of the 
factors involved in corrosion.

MATERIALS ‘

Five new nails ; 5 test tubes ; red and blue litmus paper ; 0.1 M 
potassium ferricyanide; solutions of Group A, B, or C; distilled 
water ; 0.1 M ferrous sulfate (FeSOu)•

INSTRUCTIONS
Either with a china marking pencil or some masking tape, label five 
test tubes according to the group (A, B, or C) which you have been 
assigned to study. Place a clean, bright, non-galvanized nail in 
each of the five test tubes. Slide each nail carefully down the 
side to avoid breaking the bottom of the test tube. Partially fill 
each of the test tubes with the appropriate solutions until the 
nail is just covered. All the solutions are the same concentration. 
Use red and blue litmus paper to determine whether the solutions in 
your group are acid (blue turns red) or basic (red turns blue) .
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___ Group A Group B Group C
1. NaOH KOH Na 3 POu
2. Na2Cr2O7 Na 2 CO3 Na2 C2Ou
3. NaCl kno3 KSCN
4. HC1 UNO 3 H2SOu
5. Distilled H20 Distilled H20 Distilled H2O

Allow the nails to stand overnight in the solutions. Observe and 
record any changes that have taken place by removing the nails from 
the solutions, placing them on some toweling, and examining them 
with a hand lens. To each of the test tubes add one or two drops of 
0.1 M potassium ferricyanide, K,Fe(CN)&. This is the test for the 
presence of iron in the solution which might have dissolved out of 
the nails as a result of corrosion. As a control and for compari­
son, add one drop of 0.1 M potassium ferricyanide solution to about 
1 ml of ferrous (Iron II) sulfate solution. Compare this result 
to that obtained when the potassium ferricyanide was added to the 
various solutions in which the nails had been setting overnight. 
Record all of your observations.

DATA

Formulas
Group ____

Acid 
or 
Base

Evidence 
of 

Rust
Other 

Changes
Result of 
adding 

___ KiFe(CN)6

Appearance 
when 
Dried

1.

2.

3.

4.

- Distilled 
H20
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EXPERIMENT B-13: ALLOTROPIC FORMS OF SULFUR
INTRODUCTION

When atoms or molecules form crystals, the environmental conditions 
are very important factors and actually determine the form of the 
resulting crystalline structure. For example, when carbon atoms 
are slowly forced together under very high pressure and temperature, 
diamonds are formed. Under other conditions, graphite or coal (which 
is mostly carbon) is formed. Different crystalline forms of the 
same substance are termed allotropic forms (diamond and graphite). 
The factor which most influences the arrangement of the atoms or 
molecules in a crystal is the bonding characteristics of the atoms.

In this experiment, you will change the conditions under which cry­
stals of the pure element, sulfur, form. As you change the condi­
tions, you will examine the structure or arrangement of the crystals 
to see if the structure changes.

MATERIALS

Roll sulfur; carbon disulfide (CS,); test tubes; watch glass; fil­
ter paper; 250 ml beaker; magnifying hand lenses; test tube holder; 
graduated cylinder; corks.

INSTRUCTIONS

Obtain about 5 ml of carbon disulfide, CS2, in a test tube. Caution: 
CS2 is very flammable and its vapors are poisonous. Check to be sure that there 
is no Bunsen burner lighted near your laboratory station. Add a small piece 
of sulfur, cork the test tube, and shake until most of the sulfur 
has dissolved. Decant some of the clear liquid into a watch glass 
and place the glass under a hood or near an open window. Allow the 
watch glass to stand until all of the CS2 has evaporated.

Select an old test tube or one supplied by your teacher and fill it 
about one-third full of sulfur. Fold a piece of filter paper into 
the conical shape used when filtering with a funnel. Heat the test 
tube until all of the solid sulfur has melted. Pour the liquid 
rapidly into the filter paper. As the sulfur begins to solidify, 
break the paper open carefully. Examine the sulfur with a hand lens. 
Record your observations.

Place more sulfur into the same test tube. Use about the same amount 
of sulfur as before. Heat this sample of sulfur until it just be­
gins to boil. Immediately pour the hot sulfur into a 250 ml beaker 
filled about three - fourths full of water.

Examine the different samples for crystals with a mi-croscopc or mag­
nifying lens. Also examine other crystals which your instructor may 
have avalable.
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DATA

Observations of the three forms of sulfur crystals:
Evaporated from CS, Poured hot on filter paper , Poured into cold IbO

Drawings of the three forms of sulfur crystals observed:
Evaporated from CS? Poured hot on filter paper Poured into cold H O

What other environmental conditions besides temperature can be 
changed to produce allotropes?

EXPERIMENT B-14: THE RATE OF A REACTION
INTRODUCTION

The rate of a reaction is defined as the quantity of reactant con­
sumed or product formed during some stated time interval at a fixed 
temperature or temperature range. In this experiment, you will in - 
vestigate the effects of various conditions on the rate of consump­
tion of magnesium in the reaction between magnesium and hydrochloric
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MATERIALS

mometer, timer, ruler; scissors ; burner; matches ; stirring rod. 

INSTRUCTIONS
EFFECT OF TEMPERATURE '

EFFECT OF CONCENTRATION

following s2ïu[LnSO:fTMm^d^

EFFECT OF SURFACE AREA 
lliie»
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DATA

Effect of Temperature:
Tube Temperature Range (°C) Reaction time (sec)

1
2
3
4

Effect of Concentration:
Tube ml of Açid ml of Water Reaction time (sec)

1
2
3
4

Effect of Surface Area:
Tube Shape of Magnesium Reaction time (sec)

1
2
3

Equation :

Magnesium + Hydrochloric Acid -* + t
+ -4» + t

(Don't forget to balance the equation.)
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EXPERIMENT B-15: A STUDY OF REACTION RATES
INTRODUCTION

To what extent do changes in the concentration of the reacting sub­
stances affect the rate of a chemical reaction? In this experi­
ment you will investigate the role of such factors as concentration 
and temperature by performing some experiments with an interesting 
reaction called the "clock reaction." You will appreciate the 
significance of this name after you have completed the experiment. 
in order to determine the role of each factor independently, you 
will vary the concentration of one of the reactants in the first 
part and vary the temperature in the second part. In each case 
you will try to keep other possible variables constant.

MATERIALS

Solution A ; Solution B; distilled water; ice ; test tubes; 2 50 ml 
beaker ; graduated cylinder; 2 thermometers ; timer; burner ; ring 
stand and ring; wire gauze; corks.

INSTRUCTIONS

Use a clean graduated cylinder to measure 10 ml of Solution A and 
pour it into a clean test tube. Rinse the graduated cylinder thor­
oughly and in a similar manner place 10 ml of Solution B into another 
test tube. Pour Solution B into Solution A quicklv, cork, shake 
and record the time to the nearest second that it takes for a reac­
tion to begin. Do a second trial of this mixing to test your accur­
acy Prepare five different concentrations of Solution A by dilut­
ing Solution A as follows :

(1) 9 ml of A with 1 ml of distilled water
(2) 8 ml of A with 2 ml of distilled water
(3) 7 ml of A with 3 ml of distilled water
(4) 6 ml of A with 4 ml of distilled water
(5) 5 ml of A with 5 ml of distilled water.

Note that the volume is always 10 ml. Mix each of the diluted solu­
tions well. Now repeat the mixing by adding 10 ml of Solution B 
to each of the solutions made above. Record the time it takes for 
each reaction on your data sheet.

J? °rd?r to investigate the effect of changes in temperature, you . 
will first determine the time of this reaction at room temperature, 
then at a temperature within twenty degrees below room temperature, 
and lastly at a temperature within twenty degrees above room temp­
erature . Put 10 ml of Solution A into one test tube and 10 ml of 
Solution B into another. This solution should be placed in room 
temperature water in a beaker. Once they have reached the room 
temperature, quickly pour Solution B in Solution A, cork, and quickly 
shake, recording how many seconds it took for a reaction to appear. 
Prepare a water bath at the new cooler temperature and repeat the 
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above procedure once the tubes and solutions have reached the new 
cooler temperature. Record your results. Prepare a water bath 
at the new hotter temperature and repeat once again. Record all 
of your observations on the data sheet.

Prepare graphs of your data. See Figure B-15.1 and Figure B-15.2 
for instructions on labeling your axes.

0 TEMPERATURE (°C) 0 CONCENTRATION
(ML OF SOLUTION A)

Figure B-15.2.

DATA

Figure B-15.1.

ml of Solution A ml of Water ml of Solution B Time for Reaction
Trial 1 Trial 2

1 0 0 10
9 1 10
8 2 10
7 3 10
6 4 10
5 5 10

ml of Solution A ml of Solution B Temp, of Solutions Time for Reaction
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EXPERIMENT B-16: CATALYSTS
INTRODUCTION

A catalyst is a substance that changes the rate of a chemical reac­
tion and that can be recovered unchanged at the end of the reaction. 
Catalysts may be classified as: surface or contact catalysts, which 
furnish a surface at which the reactants concentrate and react; and 
"carrier" catalysts, which form reactive intermediates that decom­
pose into products and regenerate the catalyst. Sometimes the cata­
lyst is "generated" by one of the reactants, and " self" or auto­
catalysis is noted.

Most chemical reactions that occur in plant and animal tissue are 
stimulated or retarded by chemicals called catalysts. Chlorophyll, 
the green coloring material in leaves of plants, is one of the best- 
known plant catalysts. Many other chemical reactions are also 
affected by catalysts. In fact, we now know that most reactions 
can be catalyzed. In this experiment we will investigate the 
effect of a variety of chemicals as catalysts.

MATERIALS

Powdered manganese dioxide (MnO2); copper (II) oxide (CuO); 3% 
hydrogen peroxide (H2O2); calcium oxide (CaO); cubes of sugar ; 
iron oxide (Fe2O3); chromium oxide (Cr2O3); sodium bicarbonate 
(NaHCO 3 ) ; potassium chlorate (KC10J; 18 M sulfuric acid (ll2SOk); 
0.15 M oxalic acid (II2C2OM); 0.001 M potassium permanganate (KMnOu) 
solution; crystals of manganese (II) chloride (MnCl2-4H2O); tongs; 
test tubes; test tube holder; wooden splints; graduated cylinder; 
burner; matches; timer.

INSTRUCTIONS .

Fill the rounded end of a Pyrex glass test tube with potassium 
chlorate (KC1O3) and mix with it about one half as much iron oxide 
(Fe2O3). Place the mixture in the pyrex test tube and heat it 
gently. With a glowing splint, test the gases in the test tube for 
the presence of oxygen. If the splint flares into a flame oxygen 
is present. Now repeat this experiment with the following oxides, 
trying each one individually with potassium chlorate: manganese 
dioxide (MnO2); calcium oxide (CaO); copper (II) oxide (CuO); and 
chromium oxide (Cr2O3). Record your observations on the data 
sheet.

Pour about 3 ml of a 3% solution of hydrogen peroxide, H2O2, into 
a test tube and add about 1.5 grams of manganese dioxide (MnO2) to 
it. Mix these by rotating the test tube. Test for the evolution 
of oxygen with a glowing splint. Repeat this procedure using a 
fresh sample of hydrogen peroxide and sample of the other oxides. 
Record your observations.
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Grasp a cube of sugar with a pair of crucible tongs. Hold it in 
the edge of a flame from a burning wooden splint, and note whether 
it can be ignited readily. Turn the cube around in the tongs to 
expose an unheated corner; on this corner sprinkle some powdered 
sodium bicarbonate. Now hold this corner of the cube in the edge 
of the flame from a burning wooden splint, and attempt to ignite 
the sugar. Record your observations.

To a clean flask add 25 ml of 0.15 M oxalic acid solution.
Caution: Add 1 ml of concentrated 18 M sulfuric acid solution to the flask 
very carefully!! Then add 10 ml of 0.001 M potassium permanganate 
(KMnOu) solution, swirl the contents of the flask, and note the 
time required for a noticeable color change. Also record the time 
for the pink color to disappear completely. Repeat this experi­
ment, but this time, after the permanganate solution is added,quickly 
add a very small crystal of hydrated manganese (II) chloride 
(MnCl2•4H20). Swirl the contents of the flask and note the time 
required for the pink color to disappear.

DATA

_ _ __ ____ _________ Potassium Chlorate Plus Catalysts
Name of Catalyst Observations Oxygen present
Iron Oxide .
Manganese Dioxide
Calcium Oxide
Copper (II) Oxide
Chromium Oxide

----------- =_____ Hydrogen Pcroxi den lus Catalysts
Name of Catalyst Observations Oxygen present
Manganese Dioxide
Chromium Oxide
Calcium Oxide
Copper (II) Oxide
Iron Oxide____________
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AilLP c a.t _ ~  P_p_T mJULP an ate Reaction
Time required for significant color change ,

(no manganese (II) ion added) ---------- min­

Ignition of Sugar
Results without catalyst: Results with catalyst :

Time required for color change .
(manganese (II) ion added) ---------- min.

EXPERIMENT B-17: AN EXPANDED STUDY
OF REACTION RATES

INTRODUCTION

In this experiment we shall continue our study of the factors which 
influence the rate of a reaction by investigating the rate of de­
composition of a commercial bleaching solution. Since the rate 
of this reaction is extremely slow under normal conditions, we 
shall use a solid catalyst, an oxide of cobalt, to catalyze each 
of the reactions. The catalysis will be prepared right in the 
reaction vessel ; we wish to start the decomposition by reacting 
some of the bleach with a few milliliters of a solution of cobalt 
nitrate. The rate of decomposition of the bleach will be observed 
by following the volume of water displaced by the oxygen formed 
during time intervals. The effects of changing the temperature 
and the concentration will be studied.

MATERIALS

Two 250 ml Erlenmeyer flasks ; screw or pinch clamp ; small test tube; 
rubber tubing ; glass tubing; one and two hole stoppers ; thermometer ; 
ring stand and clamp; graduated cylinder; timer; commercial bleach 
solution; 0.17 M ferric nitrate solution; methyl orange indicator; 
0.17 M cobaltous nitrate solution; ice.

INSTRUCTIONS

Assemble the apparatus as illustrated in Figure B-17. Ask your in­
structor to check it before beginning the experiment.
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Figure B-17.

Measure carefully 15 ml of the bleach solution into a graduated 
cylinder, determine its temperature, then pour it into the reac­
tion flask, the first Erlenmeyer flask on the left. Place 3 ml 
of the cobalt nitrate solution in the small test tube and insert 
it carefully into the same Erlenmeyer flask without spilling any 
of the contents. Fill the second (middle) Erlenmeyer flask full 
of water. Add a few drops of methyl orange indicator to the water 
in order to make it easier to read the water level in the cylin­
der when it begins to come over.

Open the pinch clamp and prime the delivery tube leading to the 
graduated cylinder by blowing into the short glass elbow inserted 
in the reaction flask. Close the pinch clamp while the delivery 
tube is full of water.

Secure all connections and check that the rubber stoppers fit 
tightly in the flasks. Note the time as you quickly tip the reac- 
tion flask slightly to pour the cobalt nitrate solution out of the 
test tube into the bleach. Remove the pinch clamp. Hold the erect 
flask at its neck and move it constantly with a gently swinging 
motion to dislodge the gas bubbles from the solid catalyst in a 
un i form manner. This motion must be gentle and uniform in all
trials. Record the volume of water in the graduated cylinder every 
30 seconds until 50 ml has been collected.

Rinse out the reaction flask and repeat the procedure as directed 
except have the temperature of the solutions in the reaction flask 
ten degices centigrade above room temperature by warming the reac- 
tion flask in a lukewarm water bath.

Repeat the procedure with the solutions in the reaction flask at 
ten degrees below room temperature. Cool the reaction flask and 
the solutions in a cold water bath. Obtain some ice if necessary.
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Repeat the procedure at room temperature as in the above except 
add 18 ml of water to the bleach solution in the reaction flask 
in order to obtain a two-fold dilution in the final volume of 
bleach.

Repeat the procedure at room temperature but use 3 ml of 0.17 M 
ferric nitrate in place of the cobalt nitrate solution.

Repeat the procedure but this time try a combination of cobalt and 
ferric nitrate ( 1J ml of ferric nitrate and 1 1 ml of cobalt 
nitrate mixed). This would precipitate mixed oxides as possible 
catalysts. Record all data on your data sheet.

Keep your apparatus together and check with your instructor 
to find out whether you will be doing the next experiment, because 
only a slight modification of your apparatus will save you a great 
deal of time when doing The Effect of the Amount of a Catalyst, 
Experiment B-18.

DATA

Room Temp. Above Rm. Temp. Below Rm. Temp. Dilution Ferric 
s'i irate

Mixed
Catalysts _

Time Volume Volume Volume Vo1ume Volume Volume
0 sec ।
30 sec i
1 min 1

là min I
2 min |

22 min I_______
3 min |

32 min I
4 min

42 min 1
5 min '

52 min
6 min

62 min
7 min

etc.
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EXPERIMENT B-18: THE EFFECT OF THE AMOUNT OF A CATALYST
INTRODUCTION

In this experiment you are faced with the problem of determining 
how the amount of a catalyst present may affect the rate of a 
chemical reaction. Let us imagine that a scientist faced this pro­
blem and that he desigped what he considered to be a reasonable 
experiment. The reaction he chose to study was that of the decomp­
osition of hydrogen peroxide. If we can assume that the volume of 
oxygen gas given off in a specified interval will indicate a mea­
sure of the rate of decomposition, then this knowledge presents an 
easy method of measuring the rate. One of the substances that cata- 
Ijzes this reaction is manganese dioxide. Thus we have the infor­
mation necessary to devise a procedure to carry out the experiment.

MATERIALS

The students should keep the apparatus intact from the previous 
experiment. An Expanded Study of Reaction Rates. In addition, the 
following items are needed : hydrogen peroxide solution (sn• 
powdered manganese dioxide.

INSTRUCTIONS

Remove the small test tube from the reaction flask in Figure B-17. 
Leave all other items intact from the previous ' 
the previous experiment for the details on how

is secure and ready for use. Have your instructor check 
' the manganese dioxide (2.0 grams) to the dry reac- 

. . .. - 1 ■ - 1 pour 10 ml of a 3° hydrogen peroxide 
it immediately and prepare

your system 
tion flask. After it is added, 
solution quickly into the flask, 
to record data. ‘

. stopper
Open the pinch clamp and 

cord the volume of water collected in the

experiment. 
to be sure

See 
that the
check

begin to measure and re­
cylinder every 15 seconds.

Repeat the above procedure, but this time use 1.5 grams of catalyst 
-tead of 2.0 grams. Record all the volume readings on the data

Finally, repeat the entire procedure again but use only 1.0 grams n r r n f 1 yy <- f ' “

Figure B-18.
Mn02
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DATA

. 0 gram of catalyst 1.5 gram of catalyst 1.0 gram of catalyst
Time 1 Volume Volume Volume
0 sec

15 sec
30 sec
45 sec
1 min

11 min
lj min
1’ min
2 min

2j min
2; min ;
2’ min
3 min ।

3*  min \ 
—
3; min __1
3’ min
4 min |
etc .
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APPENDIX

EXPERIMENT B-19A: CONVERSION OF STARCH TO GLUCOSE 
ENZYMES AS CATALYSTS . .

INTRODUCTION

Starch is made of large molecules that are called polymers of glu­
cose, C6H12O 6(see Figure B-19). Starch can be converted to glu­
cose by adding water to starch which will be absorbed in its connec­
tive joints. This reaction is called hydrolysis of starch. The 
hydrolysis reaction is speeded up to very rapid rates by means of 
a catalyst called an enzyme. Such an enzyme, called ptyalin, is 
present in the saliva. By use of this enzyme, starch foods are 
rapidly hydrolyzed to glucose in the mouth and stomach. In this 
experiment you will I earn of a test for starch and for glucose ; 
then with your own saliva, you will catalyse the hydrolysis to glu­
cose of a sample of starch.

MATERIALS
Fehling's solution A and B; 20% acetaldehyde solution ; glucose solu­
tion; 1 % starch solution; dilute iodine solution ; ice ; distilled 
water ; paraffin; thermometer ; funnel ; filter paper; beakers ; droppers ; 
test tubes ; graduated cylinders; thermometer (°C); timer ; stirring 
rod ; test tube holder ; burner ; matches.

INSTRUCTIONS

Test for Starch: A very sensitive test for starch is the deep blue 
color it forms when it comes in contact with a very dilute iodine 
solution. Add one drop of iodine solution to 5 drops of a starch 
solution. Observe the results and record them.

Test for Glucose: The usual test for glucose depends upon the re­
ducing action of the formaldehyde group on the glucose molecule. 
This is often done with a solution called Fehling's solution which 
contains copper ions that are reduced to cuprous (copper (I)) and 
precipitates as red Cu2O. The appearance of this red precipitate 
is evidence of the reducing formaldehyde group, and this is the 
evidence of glucose.

Mix 1 ml each, of Fehling's solutions A and B in a test tube. Add 
one drop of 2 0" acetaldehyde solution, a drop at a time, warming 
the mixture after each addition, until the blue color is gone from 
the solution.

Mix 5 ml of Fehling's solution A with 5 ml of Fehling's solution B 
in a test tube and add a few drops of a glucose solution. Place 
the tube in boiling water and observe the color changes taking place.
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y
H—C—0-H

;-------ox 
\V

-H H ,Ç
---------- 0-H

H 4-H

Figure B-19.

’ °"" "°" solution

bUt USe 5 ml of 14 solution in-

Test for 
Wash out 
paraffin 
a funnel 
beaker.H»£W
Place 10

-X V
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Repeat the above paragraphs using three samples of the starch-sal- 
iva mixture--one of which is kept in ice water, one at room temp- 
eraturc, and one at 40 C. Note carefully the time of disappearance 
of the todine-starch color. After the tube kept at room tempera­
ture no longer gives any iodine color, transfer the first tube from 
the ice water to the 40°C water bath. Continue to test it for io­
dine color.

DATA

Test_ for Starch
Observations: — —

Test for Glucose:
Observations :
(a) aldehyde

(b) glucose

(c) starch .

_Tcst for^Cor 
Observation:

wersjon_of_StardL Catalyzed by Ptyalin:
:

Time Data: Ptyalin at Cold Tempcrature
(a) Temperature _________ °C
(b) Time needed________ _
-Ptyalin, a t_Bopm_Temper a turc
(a) Temperature _________ °C
(b) Time needed _________
Ptyaj.in_at 40°C
Time needed _______
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EXPERIMENT C-1: DIFFUSION OF GASES
INTRODUCTION '

According to the kinetic theory, the atoms or molecules of gases 
travel randomly in straight lines between collisions. But, due to 
collisions, or near collisions with other atoms or moleueles, the 
particles follow a zig-zag path. This action increases the time 
required for particles of a gas to travel from one point to another. 
The movement of the particles of one material through the particles 
of some other materials (a medium) is called diffusion. The rates 
of diffusion for different gases in the same gas medium are differ­
ent. In this experiment, you will determine exactly the relative 
rates of diffusion of the two gases, hydrogen chloride and ammonia.

MATERIALS

Glass tubing; burner; matches; cotton; timer; china marker; ring 
stands ; burette clamps ; ruler ; forceps or tongs ; concentrated 
hydrochloric acid (HC1); concentrated ammonium hydroxide (NH 3 ) 
solution; distilled water; acetone.

INSTRUCTIONS

Obtain one length of dry glass tubing. Fire polish both ends. 
Caution: It requires a high temperature to soften glass sufficiently for melt­
ing and glass cools to a safe handling temperature very sloulu.

A small wad of cotton should be rolled into a long plug of the proper 
size to fit into the fire polished ends of the tube. Then assemble 
the apparatus as shown in Figure C-1. Holding the cotton with 
tweezers, forceps, or tongs, dip one of the cotton plugs into the 
concentrated HC1 solution. Do not take any of the HCl or NH3 to 
your station! Be careful—fumes of both solutions are very irrita- 
tzr\g if inhaled. Dip the other cotton into the concentrated ammonium 
hydroxide solution. Insert the wads into opposite ends of the tube 
at exactly the same time. At the point where the two gases meet, 
a reaction will occur. Mark the point where the reaction begins 
with a wax pencil. It might take 
from two to five minutes for a re­
action to .start. You should be 
looking for a faint white ring to 
form. The cloud will migrate down 
the tube, so every attempt should 
be made to detect the white cloud 
as it is initially being formed.

n

Figure C-1.
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iliiiiiie
supply.he tUbe Chen with acetone, and return it to the

DATA

Observations of Reaction:

Time for reaction to occur: _________ min
Distance traveled by NII3 molecules:
Distance traveled by HC1 molecules:
Distance traveled by Nlh
Distance traveled by IICT ’ -

EXPERIMENT C-2: MODELS OF SOME MOLECULES
INTRODUCTION

the of m°dels helpful in studying molecular struc- 
rype? of molecular models are available. Some models 

sizes of atoms; other models stress bond angles 
. , d distances. At best, all models are approximations and 

guides and must be regarded as such.
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MATERIALS

A set of molecular models ; ruler; protractor.

INSTRUCTIONS

Open your set of models and examine the contents. Record the num­
ber of differently colored spheres in the data table. Each hole 

hÇre represent5 a single bond. Count the number of holes 
present in the different spheres. On the basis of the number of 

= spheres have been assigned to represent different
elements. Fill in the data table accordingly.

Construct a model of the methane molecule [CHJ. Remove two outer 
balls and pegs and place the remainder of the model on a clean 
piece of paper so that it rests on the center sphere and the two 
outer spheres. Using a sharp pencil, trace the angle formed by 
the two pegs connecting the spheres. Remove the model and extend 
the lines on the paper until they intersect 
formed with Measure the angle

a protractor.

Connect two CH3 groups 
data table. Construct 
Measure its length and

with a peg. Draw the 
a model of the butane 
its width.

image of C2He on your 
(C^Hlo ) molecule.

Contstruct a model for each of the following compounds:
C2H2 Acetylene
C02 Carbon Dioxide
H20 Water
NH 3 Ammonia
HC1 Hydrogen Chloride

Fill in the data table with the requested information and sketches.

DATA

__ No. of Holes Present" " ----- -- -- — — — -=^-=-=-=-=-5 ==ElgmenU^presente^^

2.
3._____________________ _____
4.
5.
6.
7.
8. " -
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—Methane CHy ■ ■
Angle Sketch : .

______ __ - angle between C and two H's
Ethane— C2Hfi ------- - ------- ---- --
Sketch: " “

Butane— CJho___________Length = cm Width = __________  cm

, Name

Acetylene

Carbon Dioxide

Water

Ammonia

Hydrogen Chloride
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EXPERIMENT C-3: THE PREPARATION AND
INVESTIGATION OF TWO ISOMERS

INTRODUCTION

Maleic acid and fumaric acid have the same molecular formula: 
CmHuOm. Yet each possesses its own distinctive properties, such 
as melting point, solubility, density, and stability. Chemists 
attribute these differences to the geometry, or arrangement in 
space of the atoms in the molecules. They call these molecules 
isomers of each other.

In this experiment you will convert some maleic acid to fumaric acid 
by heating it in a water solution containing some hydrochloric acid. 
The hydrochloric acid i$ not used up by the reaction, but serves 
merely as a source of H which is the catalyst. You will be able 
to determine the completeness of the conversion by comparing the 
weight of the fumaric acid obtained with that of the maleic acid 
initially used. You will also compare some of the properties of 
each acid and attempt to explain any differences in terms of their 
structure.

MATERIALS

Solid maleic acid ; 12 M hydrochloric acid ; magnesium ribbon ; solid 
sodium carbonate; 0.5 M NaOH; phenolphthalein indicator; oil or 
paraffin ; distilled water ; buret ; burette clamp ; ring stand with 
ring; burner ; matches ; balance ; funnel; filter paper; aspirator 
(if possible with Buchner funnel for faster filtering) ; 250 ml 
F.rlenmeyer flask; thermometer ; capillary tubes ; rubber stopper ; 
graduated cylinder; watch glass ; wash bottle ; test tubes ; beakers ; 
molecular model sets.

INSTRUCTIONS

Construct models of the following molecules from a molecular model 
set :

Weigh 6.0 grams of maleic acid in a clean, dry beaker. Add 10 ml 
of distilled water and warm slightly to dissolve the acid. Add 15 
ml of 12 M HC1 and cover the beaker with a watch glass in the con - 
cave position. Place the beaker inside a 250 ml beaker which is 
about one-third full of water. Heat this water bath to boiling for 
about 5 minutes or until a solid material forms in the smaller 

60



212

beaker. Cool the solution to room temperature by placing the 
smaller beaker in a cold water bath. Filter the mixture. Wash 
any remaining solid into the filter by rinsing the beaker with small 
amounts of cold water from a wash bottle. Allow the crystals to 
drain. Transfer the crystals to a weighed watch felass. Dry the 
crystals by placing the watch glass over an appropriate sized beaker 
about one-third full of boiling water. When the sample is dry, 
weigh it on the watch glass. Label the sample "Fumaric Acid."

Compare the solubility of the two acids by placing 0.1 gram of each 
into separate, properly labeled test tubes. Add 10 ml of distilled 
water to each, cork and shake. Make a comparison of solubility 
and record your observations on the data table.

Compare the melting points of the acids using the apparatus shown 
in Figure C-3. (Look up experiment B-6, Melting Point, 
for details on procedure.) Compare the chemical pro - 
perties of the two isomers as follows :

Prepare a solution of maleic acid by adding 0.1 gra 
of maleic acid to 20 ml of distilled water. Divide 
the solution into two test tubes. To one test tube 
add a 2 cm strip of magnesium ribbon. Record the 
results. To the other test tube add a small amount 
of sodium carbonate. Record the results. Repeat 
the above tests, using fumaric acid. Record the 
results and compare them with those obtained with 
maleic acid.

Titrate a 0.5 gram sample (dissolved in 25 ml of 
distilled water) of each acid with a standard 
sodium hydroxide (0.5 M NaOH) solution using 
phenolphthalein as the indicator. In order to 
see a sharp endpoint in this titration of color­
less to light pink, place some white paper un­
der the flask which holds the 0.5 g ram sample 
of acid, the 25 ml of water and the 3 drops of 
phenolphthalein solution. When filling the 
buret with NaOH, use a small funnel to avoid Figure C-3.

E E t

spilling. Remember to clean the buret thoroughly 
before using with distilled water and then with a 
of the NaOH.

small sample
Record the number of ml of the 0.5 M NaOH necess­

ary to reach the pink endpoint— an endpoint which should stay 
for at least 30 seconds.
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DATA

—preparat ion : _____________ ■
Weight of watch glass plus dried fumaric acid = ___  grams
Weight of watch glass = __________ grams
Weight of dried fumaric acid = _________ grams

__Sojubi 1 ity :_____________ ■
Maleic And. Fumaric Acid :

Melting Points:
Melting point of fumaric acid _______ °C
Melting point of maleic acid ______ °C
Reaction with Magnesium: ■

Fumaric Acid :

React i on with Sodium Carbonate :
Maleic Acid : Fumaric Acid :

Tjtration:____ __ '—----
Number of ml of 0.5 M NaOII necessary to neutralize one gram of maleic 
acid =  ml
Number of ml of 0.5 M NaOH necessary to neutralize one gram of fumaric 
acid = ml

EXPERIMENT C-4: MOLECULAR LAYERS
INTRODUCTION

Molecules and atoms are so small that we cannot see them or mea- 
sure their size except by indirect methods. However, we can get 
an indication of the order of magnitude of the dimensions of some 
molecules.

A small quantity of oil placed on the surface of water will spread 
out to form an exceedingly thin film. The thickness of this film 
is at least equal to the thickness of one oil molecule. Hence, if 
we can find the thickness of the layer of the oil we can conclude 
that the thickness of the oil molecule is equal to, or less than 
the thickness of the film.
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1S a good example of easily available mater­
ial that will form a thin film (see Figure C-4.1 for the structure 
of oleic acid). One drop of pure oleic acid dropped into a small 
swimming pool will cover its whole surface. Of course, if the whol 
surface of the pool is covered, you are not sure that the film 
could not be thinner. To get the thinnest possible film in a small 
container, we shall use a drop of a dilute solution of oleic acid 
in alcohol.

I H A A 

Figure C-4.1.

MATERIALS

Glass tubing ; eyedropper; shallow tray or dish; graduated cylinder- 
ru er, oleic acid solution; alcohol solution; lycopodium powder.

INSTRUCTIONS

Using the glass tubing, make an eyedropper with a very small open­
ing. Now count how many drops of the oleic acid solution will 
exactly 1 ml in your graduated cylinder.

1 a large, clean, shallow tray or dish with water (see Figure 
C-4.2) to a depth of about 1 cm. 
Dust the surface of the water tightly X
with lycopodium powder. This powder ___ ____
will make the film of oleic acid visi­
ble. To be certain that the film ------------
will be caused by the oleic acid and 
not the alcohol, drop one or two
drops of alcohol into the tray with Figure c-4.2.
an eyedropper. What do you observe? ' '

Now use the clean eyedropper which you have made according to the 
instructions above to apply a drop of oleic acid solution. Measure 
the average diameter of the circular acid film and calculate its 
area. Do two drops form twice the area that one drop does? How 
about three drops ? What conclusions can you draw?
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DATA

Calculations :

-------- -__  drops = 1 ml

Volume = 1 drop = mi = __________

Diameter of oil drop = __________  cm

Radius = diameter r = -------- = cm

Area of a circle = A = a x r2
= T X r X r

A = cm2

Volume = Area x Thickness

Thickness Volume
= Area = ---------- cm

One oleic acid molecule is cm thick! •

EXPERIMENT C-5: THE PREPARATION AND STUDY OF CRYSTALS
INTRODUCTION

In crystalline solids, the atoms, molecules, or ions vibrate about 
fixed positions which are arranged in an orderly fashion. The 
basic pattern of atoms, ions, or molecules in a crystal which is 
repeated throughout a crystal is called the space lattice. There 
are seven different crystal systems and fourteen different types 
of space lattices. Crystalline solids may be classified in terms 
of the units that occupy the lattice points and the forces that 
bind the units together.
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MATERIALS -

Test tubes ; watch glasses; glass slides or glass squares; china 
markers; microscopes; overhead projector; glass microscope slides; 
glass stirrer; graduated cylinders; test tube rack; straight pins.

Non-saturated solutions of the following:
(1) Potassium aluminum sulfate
(2) Ammonium aluminum alum sulfate
(3) Magnesium sulfate
(4) Barium chloride
(5) Calcium chloride
(6) Strontium chloride
(7) Sodium potassium tartrate
(8) Sodium chloride
(9) Sucrose

(10) Borax
(11) Disodium phosphate
(12) Copper sulfate
(13) Potassium chromium sulfate
(14) Nickel sulfate
(15) Potassium ferricyanide
(16) Cupric chloride
(17) Sodium sulfite

Saturated solutions of the following:
(1) Calcium chloride
(2) Barium chloride
(3) Strontium chloride
(4) Magnesium sulfate

INSTRUCTIONS
Obtain 1 ml of the non-saturated solutions listed above. Place 
them in marked test tubes. Mark glass slides or squares with a 
china marker using a devised code so that you can tell which chemi­
cal is on which slide. Place three drops of a solution on the 
slide. Pour the rest of the solution into a watch glass which is 
also properly labeled. Allow the slides and watch glasses to dry 
overnight. When dry use a magnifying glass to examine the crystals 
in the watch glasses and a microscope to view the crystals on the 
slides. It is also possible to get a magnification of the crystals 
on the slides if they are placed on an overhead projector. Observe 
all the crystals and record your observations.

Place a clean, dry slide on the microscope. Place 1 drop of the saturated 
barium chloride solution and the magnesium sulfate solution close 
to each other on the slide but not touching. View the slide under 
the microscope while you coax the two drops with two straight pins 
until they touch. Record all of your observations. Allow the drops 
to evaporate and observe the results.
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Repeat the above paragraph with strontium chloride 
magnesium sulfate. solution and

Also repeat the above procedure with calcium chloride 
This is a slow reaction, so be patient.

take 10-15 minutes. It is worth waiting for.
and magnes - 
It might

DATA

Substance Observât ion alter Evaporation
With Microscope IV i th 1 In nd - Lens1. Potassium aluminum sulfate

2. Ammonium aluminum alum sulfate
3. Magnesium sulfate
4. Barium chloride --
5. Calcium chloride
6. Strontium chloride
7. Sodium potassium tartrate
8. Sodium chloride
9. Sucrose

10. Borax * -■
11. Disodium phosphate
12. Copper sulfate
13. Potassium chromium sulfate
14. Nickel sulfate
15. Potassium ferricyanide
16. Cupric chloride
17. Sodium sulfite

Mixtures Observât ions
Barium chloride + Magnesium sulfate
Strontium chloride + Magnesium sulfate 11 ■ —
Calcium chloride + Magnesium sulfate
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Equations:
BaClz + Mg SO u •*  + MgCl?

SrClj + MgSOu -»  + MgCl 2

CaCl2 + MgSOq -*  + MgCl 2

EXPERIMENT C-6: AN INVESTIGATION OF THE PACKING OF ATOMS 
OR IONS IN CRYSTALS

INTRODUCTION

state of matter nearly always consists of a regular 
arrangement of atoms, molecules, or ions. Crystal structure can 
i2ttFresented by a regularly repeating pattern called a space 
buiidp biScksinrErz; ::u3yas^:f=:h:°s:y: :Ker::n*:e^*

packing and body-centered cubic packing. We shall observe the 
number of nearest neighbors of the particles in each of these struc-

MATERIALS '

lnch ^.rt

INSTRUCTIONS

Determine how many 2 - inch spheres you can pack around a single 2 - 
inch sphere in the same plane. Place additional spheres above and 

so that they all touch it. Connect the 
with pipe cleaner stems so that you have the

below the center sphere 
three groups of spheres 
layers shown:

(2) (3)

Place layer (1) on the

of layer (1).

th„ _- r. table. Put layer (2) on top of it so that 
nf closely into the depression in the center

such as this were expanded into space until billions of atoms were
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involved, one would have a model of a very small crystal of metallic 
magnesium, zinc, and many other metals. How may nearest touching 
neighbors does the very center atom of the middle layer have? b

Construct the layers shown below just as indicated using 2-inch 
spheres and pipe cleaner stems as before : 6

(2)

Place layer (1) on the desk. Place layer (2) on it such that the__ ______ _ . ---------------- ; - 7 1 < ) un XL SULU Lila L LOS 
spheres rest in the spaces between the corner spheres of the first

is found in copper, silver, aluminum and many other metals.

the layers shown below using 2- inch spheres. Be sure to 
leave space of about 1/4 inch between the spheres as shown.

Place the 
layer (3)

(2) O (3)

single sphere 
such that its

in the center of layer (1) and then 
- spheres are directly over the first

Look at the model carefully and try to see why it is called 
centered cucic. This type of packing is typical of alkali ; 
such elements as sodium and potassium.

1 place 
layer. 
body­

metals,

n.ic^phc^o^d^

MS
cubic arrangement (the second one that you constructed) and insert 

^'tnch spheres into the holes between the chloride ions
nf khat type of ions surround each sodium ion? What type
nnnn°"f surround each chloride ion? How many nearest neighbors of 

charge does each sodium ion have? How many nearest neigh­
bors of opposite charge does each chloride ion have?

? the difficult model to construct. We
will use 3/4 - inch spheres to represent the zinc ion (Zn + 2) and 2 -

" K M :::
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' directly above each of the larger spheres in each of 
cm 11^2 layers. Place the large layer on the table top with the 
small spheres pointed down. Place one of the small layers on the 
arge layer in such a way that the smaller spheres fit into alter­

"" """the """ s”“ 

so that each sphere on the top layer is directly 
on the bottom layer. How many nearest neighbors 
do the zinc ions have?

g up, above the larger layer 
' ' ' ’’ above a sphere

of opposite charge

QUESTIONS

In the ionic crystal, sodium chloride, what type of ions surround 
each sodium ion?

What type of ions surround each chloride ion?

How many nearest neighbors 
have? of opposite charge does each sodium ion

ion have?nearest neighbors of opposite charge does each chloride

in the zinc sulfide crystal how many nearest neighbors of opposite 
charge do the zinc ions have? r

EXPERIMENT C-7: DETERMINING THE SIZE 
OF OBJECTS BY COLLISIONS

INTRODUCTION

Sometimes we wonder how it is possible to determine the size of a 
nucleus of an atom without actually seeing it or measuring it 
directly. This experiment will attempt to give you some idea of 
how the size of objects can be measured by indirect means. To 
carry out this procedure we must rely on the probability of colli­
sions taking place. We shall determine the size of marbles in 
this experiment by calculating and using the probability of another 
marble colliding with them.
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MATERIALS

flat6tabie^'three'^books^meter °" ‘ """"" c^");

INSTRUCTIONS

It will be helpful 
Then mark the pos i - 

when the marbles have to be 
their original positions can be

to place a sheet of paper under the marbles. 
tions of the marbles. In that way, 
replaced after the collisions, 
located.

Now proceed to roll marbles, one at 
marbles. Continue to roll marbles, 
them in a random way, and that they 
width labeled L in Figure C- 7. Do 
merely roll them in a random

a time, toward the stationary 
being careful that you roll 
cross over all points of the 

not aim with the marbles, but
manner. Each time a colli­
sion occurs replace the 
stationary marble. I f a 
marble collides with more 
than one stationary marble, 
do not count any second­
ary collisions. Only re­
cord the first one. Re­
cord the number of marbles

o

Figure C-7 .
in^he’d^ ?Ser °f collisions, and the length of the width L 
-tu une ud la ua D16 •

DATA

Cumulative number of 
_ marbles rolled___

Col 1ision 
Tallies

Cumulative
Number of Col 1i nnc

10

20

30

40

50

60 ■ ■
70 ■—

80

90

100
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Length of Distance L =

Probability of a marble hitting one of the stationary marbles:
Probability = number of col lisions_______  _ 

total number of marbles rolled ~
Diameter of stationary marbles:

Diameter = Probability x , where n = number of station
ary marbles

Actual measured diameter of marbles = cm

EXPERIMENT C-8: CREATING AN ELECTRON CHARGE CLOUD ANALOGY
INTRODUCTION .

MATERIALS

% pram
INSTRUCTIONS
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Remove the target from the floor. 
Locate the 95 dots which are clos­
est to the bullseye and using 
the colored pencil, draw a smooth 
curve which encloses the region 
containing these dots. This re - 
gion now represents where an 
electron might be observed 95% 
of the time in an experiment de­
signed to locate it.

R} = 2 cm

R2 = 4 cm

R, = 6 cm

R, = 8 cm4
Rg = 10 cm

Count the dots in each concen-
trie circular area surrounding Figure C-8.
the bullseye. Don't forget that
it must be the total cumulative number of dots which occur within 
that radius from the center, i.e.:

' Rj = 2 cm no. of dots = 17
R? = 4 cm no. of dots =17+21
Rj = 6 cm no. of dots =38+20

Record the number in the data table. Staple your marked off tar­
get to the data table when you turn it in.

DATA

Number of . 
Concentric 
Circles

Radii 
of Concentric 

Circles

Area of 1 
Concentric 

Circles

Cumulative Number of 
Dots in Concentric 

Circles

1 2 cm 12.5 cm2

2 4 cm 50 cm2

3 6 cm 113 cm2

4 8 cm 201 cm2

5 10 cm 314 cm2
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EXPERIMENT C-9: ELECTRON PROBABILITY MAP VS. ELECTRON PATH
INTRODUCTION

are aware of all of the evidence for atoms and electrons, 
yet they do not claim to have proven the existence of atoms and 
electrons. The explanation of their attitude lies in the nature

• proof requires more than consistency with all the known 
evidence, 11 requires that the proposal or explanation is 
and will remain the only one that can explain the facts. In this 
Fffe a guarantee cannot be given. There always remains the possi- 

that facts will be discovered that will change the theory; 
therefore scientists are unwilling to make dogmatic statements 
claiming fvnal proof. When a scientist says he believes in atoms, 
ready3tn ^nn kL “ to believe in atoms. However, he stands

ay to stop believing in atoms if new evidence were to appear 
that would make it no longer useful to do so. It is with this 
philosophy that we discuss the probability of where an electron is 
located in the atom.

MATERIALS

A large balloon or light weight "beach ball"; overhead projector; 
china marker; blindfolds; two acetate sheets.

INSTRUCTIONS

This experiment will be a group experience. A large balloon or 
beach ball will be tossed to you and your fellow students. The 
instructor will plot the "path" of the balloon as it is tossed 
around the room.

Then, you will be asked to blindfold each other. The balloon or 
ball will once again be randomly tossed around the room and the 
probability map" will be plotted on the overhead projector. You 

will not be asked to take any data for this experiment.

EXPERIMENT C-10: A HALF LIFE MODEL OF NUCLEAR CHEMISTRY
INTRODUCTION

Physicists have developed a model of the nucleus of an atom that 
Tk^trays ? nucleus as a dynamic bundle of shifting energy patterns 
The positively charged protons of the nucleus repel each other 
and the neutrons, which are chargeless, add mass to the nucleus. 
The forces that bind the nucleus together are not clearly under - 
stood. The balance between the repulsion of the protons and the 
binding forces in the nucleus is often disturbed, resulting in the 
emission of a charged particle from the nucleus. This process is 
called radioactive decay.
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Half of the atomic nuclei of a radioactive isotope in a sample , de­
cay in a period of time known as the half-life of the isotope. 
The reason why all of the nuclei do not decay at one time is that 
the behavior of nuclei follows probability, as illustrated by the 
model of radioactive decay in this experiment. Different radio­
active isotopes have different half-lives. A model for easily de­
picting the rate of nuclear decay is difficult to find. The use 
of actual radioactive samples in the determination of half-life 
necessitates cumbersome protective handling and sophisticated elec­
tronic instrumentation, even if these samples are readily available.

MATERIALS

Shoebox; sugar cubes; china marker; graph paper.

INSTRUCTIONS

Obtain twenty sugar cubes and an empty box with a top. Use a china 
marker to place a mark on one face of each sugar cube. Then roll 
the cubes into the box and put on the lid. Shake the box. After 
opening the box, remove the cubes that come to rest with their 
spotted face up. The "up" cubes represent disintegrated nuclei 
during the first elapsed time unit. Count and record the number of 
cubes left in the box. Assume that each shake represents 1000 
years. Shake up the box again and remove the marked cubes that 
end face up. Record the data-- the number of cubes remaining. Re­
peat this procedure fifteen times.

In order to broaden the statistical base, five trials should be 
conducted, each time starting with the same 20 cubes. The sum 

j6 cubes remaining for each time interval will be recorded on 
the data table. Then graph the information on graph paper accord - 
ing to the guidelines given after the data table in figure C-10. 
Obtain the half-life of this model from your graph by proceeding 
horizontally from the number 50 on the vertical axis until you reach 
the graphed line, then down to the horizontal axis to read the 
half-life. .
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DATA

Toss 
" 1

________ Number of Cubes Remaining
Sum of Cubes RemainingTri g LA Tria_l_ 2 Trial 3 Trial.4 Trial__5_

2
3
4
5 ■
6
7
8
9

1 0
1 1
12
13
14
15 — —

...

en LU 00

TOSSTrTMTUNTTs)--------------  

Figure C-10.
The half-life of a sugar cube in this model =
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APPENDIX

EXPERIMENT C-11A: COLLECTING RADIOISOTOPES FROM THE AIR
INTRODUCTION

Increasing use of radioactivity is evident everywhere. Many power 
plants which depend on atomic nuclear fission as a source of power 
are in construction or actual use. More university and industrial 
laboratories are making use of radioactive isotopes. Some ships 
use nuclear power for propulsion. Several governments are explod­
ing nuclear fission or fusion bombs, some of which add radioactive 
isotopes to the air.

Some radioactivity is relatively harmless. In fact, all of use 
are bombarded each day with the radiation caused by cosmic rays. 
These rays from outer space collide with molecules in the air and 
break them into gragments, some of which are radioactive. With all 
these and other sources adding radioactive materials to the air, 
it is remarkable that any radioactivity-sensitive photographic 
paper can be manufactured, especially since eliminating radioactive 
contamination is difficult.

MATERIALS

A Geiger counter ; a motor driven blower or vacuum pump ; two felt 
discs; ruler; graph paper.

INSTRUCTIONS .

You can collect the isotopes in the air which may be free atoms or 
may be absorbed on dust particles in the air by sucking air through 
a piece of semiporous felt. Cut a felt disc of sufficient size to 
cover the air intake of the blower. Cut a second felt disc the same 
size to serve as a control to measure background radiation. Place 
one felt disc over the inlet tube of the blower, place the apparatus 
outside. Suck air through the blower for about an hour. In the 
meantime place the second disc under a counting tube of a Geiger 
counter and obtain the counts of radioactive disintegration that 
occur naturally. This is called the background count. Record the 
data.

Now remove the disc from the pump and place it under the Geiger 
counter tube in exactly the same position that the first disc occu­
pied. Obtain the counts of disintegrations over a three minute 
period and record the counts. Count the disintegration again over 
a three minute period 15 minutes later and repeat a third, fourth 
and fifth time at the end of 30 minutes, 45 minutes and 60 minutes 
respectively.
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Plot your data using time on the 
counts on the vertical axis as is 
forget to subtract the background 
to obtain the final count. From 
or the mixture of isotopes. This 
integrations to drop to one half

horizontal axis and disintegration 
indicated in Figure C-11. Don't 
count from each reading in order 

your graph determine the half-life 
is the time required for the dis- 

the previous value.
DATA

Background Count - *
— . _________
Trial No. Time Count* Final Count*  "

1______ 0 min.
2 15 min. —
3 30 min. '-------
4 45 min. —

L 5
60 min. ---------------- ------------ - ------------------------------- -

*A11 counts are to be taken for three minute intervals.

TIme(minuteS)
Figure C-11.
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EXPERIMENT D-1: SOLIDS IN THE AIR
INTRODUCTION

The purpose of this experiment is to find the amount of dustfall 
in our environment. It will require thirty days to complete. Our 
atmosphere, even when appearing clean, is not a transparent mix­
ture of gases. It contains varying amounts of large and small 
particles, some of which arc dispersed from natural sources, others 
from human activity. The dust load in the air is not uniform from 
place to place or time to time.

MATERIALS

Large mouth gallon jars; tape; balance; evaporating dish; hot 
plate; wash bottle; stirring rod with rubber tip; insect screen' 
distilled water.

INSTRUCTIONS

The jar should be thoroughly cleaned and rinsed with distilled 
water. Pour one quart of distilled water into 
a wire screen over the top to keep insects and 
Figure D-1). You should attempt to secure it 
firmly to the top of the jar by turning under 
the edges. Be sure that the screen is clean 
and that nothing drops into the water from 
the screen. Label each jar at the water level 
with waterproof adhesive tape and write your 
name, date, and purpose on the tape. Also 
include the name of the school and a request 
that the jar not be moved.

the jar. Place 
birds out (see

Figure D-1. 

with

Set out the jar at the location of your choice 
where the measurements will be taken. Exposure 
should be in an open area, not under trees or 
eaves of a building where there is interference _  ___ ____  __
material into the jar. If possible, the jar should be 5 to 6 feet 
above the ground to avoid contamination from coarse material blown 
along the ground by the wind. Freezing should be avoided. If 
there is a danger of freezing you may insert a clean wooden stick 
of finished wood long enough to reach from the bottom to the mouth 
of the jar. When ice forms, the presence of the stick tends to 
keep the jar from cracking. Soak the wood in water first for a 
few days to remove soluble materials. .

Leave the jar exposed at the chosen location for thirty days. In 
a dry,climate the jar should be visited every few days to insure 
that it does not dry out. Original water levels should be restored 
at these visits. In winter, use less water and check the water 
level in the jar after each rain. Accurate tests cannot be made 
if the jar runs over with water.
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- - :

DATA

Weight of clean evaporating dish = g
Weight of evaporating dish plus dried particles = ÿ
Weight of dust particles = g "
Observâtions and^comments about the location where the dust particles 
where collected:

Class average of dust particles' weight =

EXPERIMENT D-2: THE EFFECT OF AIR POLLUTION ON VISIBILITY
INTRODUCTION|SSs*B
MATERIALS

A map of the community; hygrometer or sling 
observation point; easily visible landmarks psychrometer ; 

barometer.
a good

INSTRUCTIONS

Choose on the map a set of 
distant. Each day note the 
from the observation point.

easily visible landmarks up to 10 miles 
farthest landmark which can be seen
With each set of observations mea­
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sure the relative humidity with either a hygrometer or a sling psych­
rometer. Discount all decreases in visibility when the relative 
humidity is greater than 70% as possibly influenced by fog. At 
the time of the visibility observations, note and record wind di - 
rection, time of day, time of year, barometric pressure, wind speed 
if possible, and other interesting observations, such as, types of 
cloud formations, etc.

DATA

Distance of far- 
thesjt ndmark_

Rcl.
Hum.

l ime of 
dav Date Wind 

Dir.
Wind 
Speed

Baro.
Press. Other Observations

-
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EXPERIMENT D-3: THE COMPOSITION OF AIR
INTRODUCTION

Air is a mixture of gases, 
composing a mixture retain

We need only cause a 1 
that will combine with
mixture.

We know that the separate 

i reaction between the mixture and 
only one of the substances pre

substances 
This pro - 

a mixture, 
a substance 

sent in the

MATERIALS

Large beaker (600 ml); 
to fit cylinder; steel 
large bottle or
water; powdered 
(NaOIl) pellets;

INSTRUCTIONS

cobalt blue ---------paper. sodium hydroxide

Pour 200 ml of water into a large beaker. Secure a one-hole rubber 
ml graduated cylinder. Moisten the in­

inside lightly with powdered 
wool all the way into the cylinder.

stopper into the cylinder and invert 
thc in it, as shown 

that it hangs freely.

stopper to fit a clean, 100 
cylinder and sprinkle the 

iron. Push some loose steel 
Quickly insert the one-hole 
the cylinder in the beaker r 
in Figure D-3.1. Tape the apparatus so
Alxow the apparatus to stand for 
three or four days. Note that the 
cylinder becomes warm to the touch. 
When the reaction has ceased and 
the cylinder has returned to room 
temperature, raise it if necessary, 
by adding water to the beaker, un­
til the levels of the water in­
side and outside of the cylinder 
are the same. Place your finger 
over the hole in the rubber stop - 
per under the water, remove the 
cylinder, and place it right side 
up on the desk, being careful to 
avoid losing any of the water.

the sas in the cylinder

Figure D-3.1.

steel wool 
ape 
ron filings
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Remove the steel wool from the cylinder. Record on your data sheet 
exactly how much water is in the cylinder. Determine the volume 
of water that the cylinder would contain when completely filled 
with the stopper inserted. This is the volume of trapped air at 
the beginning of the experiment. Record all observations and data.

Pour 5 ml of limewater, Ca(OH)2, into a small beaker and set it 
aside for twenty to thirty minutes. Examine at that time and note 
any change of appearance. Record your observations. Through a 
straw blow your breath into the fresh limewater for a minute or 
so. What gas are you exhaling? Set up a long, burning candle 
covered with a large bottle of air, inverted in a dish of limewater 
as shown in Figure D-3.2. Make your observations and record them 
on the data sheet.

Stir a few pieces of ice in water 
contained in a beaker. Be careful 
not to breathe on the container 
or place your hands on the con­
tainer. Watch the outside of the 
container for the collection of 
a liquid. Test any condensed 
liquid with dry blue cobalt chloride 
paper. What is the liquid? Place 
a few pellets of sodium hydroxide 
(NaOH) on a watch glass and leave 
exposed until the end of the lab 
period. Do not touch the pellets with 
what happens.

limewater

Figure D-3.2.

your fingers. Observe

DATA

Percentage of oxygen in air, by volume:

1. Original volume of air (volume to the top of the cylinder)ml.

2. Volume of water in cylinder after rusting ml.

3. Volume of air left after rusting ml.
%0 = volumc of water in cylinder after rusting

2 total volume of cylinder *

line 2 
line 1 X 100 %of other gases in air =

(100% - %02) = 
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Observations :
Limewater and air:

Limewater and exhaled breath:

Limewater and burning candle

Conclusion:

What gas do the above limewater tests identify?

Conclusion :

What gas do the above"test identify?

Cobalt chloride test:

Observations

Sodium hydroxide and

Overa11 resuIts: ------—----

Identified gases present in air:
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EXPERIMENT 0-4: SIMPLIFIED AIRBORNE SOLID SAMPLING
INTRODUCTION
There is a great deal 
residents who live in

of evidence around us today suggesting that

the atmosphere from the combustion of coal and fuel oil as well 
as incineration. The largest of these particles have a tendency

the air. When inhaled, they can ' ‘
funct ion.

to settle out of 
formance of lung

MATERIALS

hamper the per-

Cardboard pieces, hole puncher ; tape ; microscope : 
envelopes ; scissors. rulers; small

INSTRUCTIONS

Cut a piece of cardboard 1 à inches by 3 inches _ __

:: pr:v::ticcîâ:At:! Fieure D-4- th= "p

from adhering to the sticky sur - 
face. Put your name on the

and fold it

samplers. Place the sample col­
lectors in small envelopes which 
will insure that particles will 
be kept from the sticky surfaces 
until sampling is desired.
Place your name on the envelope.

cardboard

- punched sample holes

. cellophane tape

Prepare three samplers as des­
cribed above. - - -

Figure D-4.

Decide where you are going to expose them and for 
- Record the locations and the time exposed on the data 

sheet and on the sampler itself so that no confusion will occur 
when examining them later. On the data sheet also note any other 

? conditions, 1.e. wind velocity, humidity, number of hours 
^st rain, present weather conditions, etc. Samples can be

Do not Pl
moisture deteriorates the sampler and the gummed surface.

how long.

when examining them later.

When the samplers are brought back to the laboratory, carefully 
famine the holes with p microscope under low power or with hand 
lens if the microscope is not available. What conclusions can you
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make 
from 
data

about the 
which you 
sheet.

type of particles you 
collected them? Record

collected and the 
these conclusions

locations 
on your

DATA

Sample Collector No. 1 ------------ ------------------

other Conditions : --

Exposure Time Length :
Obseivalions made with Microscope : -------------------------

Sample Collector No. 2 ---------
bucaiion: Other Conditions :

Exposure Time Length:
Observations made with Microscope: ------------------- -----

Sample Collector No. 3 ----- ---------- ---- -------- -
vocations : Other Conditions: ----------

Exposure Time Length :
Obsc1 Vat ions made with Microscope: — —--------------------

Conclusions about Particles Collected____ ______________
1 • " --------- ^-2
2. - ' —

3. —------------------- - -----------------------------------

4. ----------- ------------------------------------—______

5. -------------—-------- - --------------------------------------

6. --------------------------- -—-______ -, ______
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EXPERIMENT D-5: DESTRUCTIVE DISTILLATION OF LEAVES
INTRODUCTION

One of the seasonal tasks is the raking and collection of leaves. 
In the past leaves were burned at the curb. Recently, however 
cities and towns have passed ordinances forbidding the burning of 
leaves. Ecologists encourage us to use leaves for compost piles 
to be used eventually as fertilizers for our gardens and lawns in­
stead of artificial commercial fertilizers. Large cities have 
scheduled pickups of leaves so that homeowners will be discouraged 
from burning them. In some towns, tickets are issued to offenders 
found burning leaves. Why does it seem to be so harmful to the 
environment? In this experiment you will observe what happens when 
leaves are burned in a limited supply of air.

MATERIALS

Two clamps; ring stand; rubber stoppers (one hole and two hole); 
glass tubing; two large test tubes ; leaves; blue litmus paper.

INSTRUCTIONS

Assemble the same apparatus that you used in Experiment B-9, Dry 
Distillation of Wood. Place the leaves in the tube on the left 
until it is about half filled. It might be a good idea to crush 
the leaves into smaller pieces. Fill the test tube on the right 
about one-third full of water. Make sure the short jet tube on 
the right has a small tip. After everything is assembled heat the 
test tube with the leaves gently at first. After the gas starts 
coming over, observe the color and compare it to the data from the 
sawdust distillation experiment. . After the tar begins to collect 
under the water, try to ignite the jet tube. What color is the 
flame? What does the gas smell like?

After the test tube cools off, examine the remains left in the tube. 
Where would this residue be when burned outside? Is there a good 
chance of it getting into the sewer system? Examine the tar in 
the tube on the right. Record your observations on the data sheet. 
Dip a strip of blue litmus paper in the water layer of the right 
test tube. What happens? Describe your observations.

DATA

^Obs cry at ions :_________ ' 11 ------ ------------------------------—,

Appearance of gas
Color of flame________________
Odor
Appearance of leave residue
Appearance of tar_________
Results of: litmus test
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EXPERIMENT D-6: THE PROPERTIES OF SULFUR COMPOUNDS
INTRODUCTION

Suifur is one of the Group VI elements on the periodic table

family. In this experiment various compounds of 
be studied. You have studied the element sulfur 
experiment, Allotropic Forma of Sulfur.

and 
con- 
The 
of

as the sulfur 
sulfur are to 
earlier in the

MATERIALS

steel wool ; 6 M

rulers ; graduated cylinder. tube ; eyedropper ;

INSTRUCTIONS

REACTIONS OF SULFUR
Place a small amount of sulfur in the bottom of 
test tubes. About 2 cm above the sulfur in one 
packed wad of copper turnings and in the other

ur? 7 "" each ^st tube, add a few milliliters of dilute 
(OM) MCI. lest any gases evolved with " 
saturated with lead nitrate solution.

test tubes.

sulfur.

each of two dry 
tube place a loosely 

some steel wool.

moist paper that has been 
Record your observations.
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REACTIONS OF SULFUR DIOXIDE

REACTIONS OF HYDROGEN SULFIDE

KæâWsœ.
(SbCl3) , (c) copper sulfate (CuSOu), 
To each solution add a few ' 

(d) antimony trichloride 
- - (f) potassium chloride (KC1).

generator is available and 
pletely in the data table.
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DATA

Reaction of Sulfur: ' . ----- ---------------------- —
With steel wool : -- ----------------- ------

with copper: —--------- ------------- ----
Result of lead nitrate paper tests: '

Observations: Sulfuric Acid Reactions ------------- ----
cone. l^SU,, + copper sulfate ------- —
cone. H2SOm + sucrose
cone. II2SO„ + wood
cone. H2SO^ + water
dilute (3 M) II2SO^ + zinc '
dilute (3 M) H2SO,, + copper
cone. H2SO^ + zinc
cone. II2SO^ + copper
cone. Ii2SO^ + sodium chloride
cone. H2SOU + potassium bromide
c°nc. JI;SOU + potassium iodide
dilute (3 M) II2S0^ + calcium nitrate
dilute (3 M) H2SOh + barium chloride
dilute (3 M) H2SOU + strontium nitrate
dilute (3 M) 1I2SO^ + lead nitrate

Observations: Properties of S02 and the Sulfite Ion '
Color of S02 ---- "
Odor of SO2 - ' ■
Density of S02relative to air
Solubility in water
Effect on plant pigment ——

Reaction of SO2 on plant pigment
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Observations : Properties of S02 and the Sulfite Ion (Continued)
Acidified S02 solution + hydrogen 
peroxide + barium chloride
Acidified S02 solution + potassium 
permanganate + barium chloride
SO2 solution + zinc + Hz SO-
Sodium sulfite + barium chloride
Sodium sulfite + barium chloride 
+ hydrochloric acid

__ Observations: Properties of H2S and the Sulfide Ion
Color
Odor
Reaction with sodium sulfite
Reaction of Cd* 2 with S"2
Reaction of Sb* 3 with S’2
Reaction of Cu* 2 with S-2
Reaction of Pb* 2 with S"2
Reaction of K+ with S"2
Reaction of Zn* 2 with S* 2

EXPERIMENT D-7: PREPARATION AND PROPERTIES
OF CARBON DIOXIDE

INTRODUCTION

Carbon is the first element in the fourth group of the periodic 
table. Carbon dioxide is an essential compound in nature since 
it is necessary for photosynthesis. It is also a product of all 
combustion processes. In addition, carbon dioxide is an important 
part of many industrial processes. It also has many practical 
everyday uses,as in refrigeration, beverages, fire extinguishers, 
etc. Recently the amount of carbon dioxide present in the air has 
become a point of heated debate for ecologists.
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MATERIALS

instructions

cone.
HC1+H2O 

marble 
chips '

Figure D-7.

C02

for th, preparation
tion bottles with water and invert them 
in the trough. Cover the bottom of the 
generator bottle with marble chips 
(CaCOs) and add enough water through 
the funnel tube to cover the marble " 
chips and the end of the funnel tube. 
Ihen add enough concentrated hydro­
chloric acid (HC1) to produce a 
steady evolution of gas; add acid
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Rinse out the generator and place in it some chalk or a piece of 
limestone. Fit the stopper and add a little water; follow with

What results do you observe?

Dismantle 
tubes. Do 
stopper as

the apparatus only so far as to wash out the bottle and 
not dismantle the tubes, rubber hosing, and rubber 
they will be used in Experiment D-8, Three Oxides of Nitrogen.

DATA

Observations: Carbon Dioxide
Color
Odor_____ ______________
Limewater test______
Solubility in water_____
Densi ty _________
Combustion (state your evidence)
What happened when you tested the results of burning an organic substance?

What conclusion docs this bring you to?

Do you exhale CO?? How do you know?

What happened to the limewater which stood exposed to the air in the lab?

Do chalk or limestone liberate C02 just like marble chips?

Reaction Equation:

Calcium Carbonate - Hydrochloric Acid - ♦ Water ♦ Ôalcium
_______ _______________ Dioxide Chloride

CaCO3 » ______ ___________ ■*  _______ t + +
(don't forget to balance the equation!)
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EXPERIMENT D-8: THREE OXIDES OF NITROGEN
INTRODUCTION

stable oxides: nitric
nitrous ox ide (N2O).

MATERIALS

Florence flask; funnel

oxide (NO), nitrogen dioxide (NOZ), and

mouth bottles; burner ;
tube; glass tubing; rubber tubing; wide

INSTRUCTIONS

nitric acid by pouring it into 
20 ml of distilled water and 
then pour the diluted acid down 
the funnel tube. Add enough of 
it to coyer the lower end of the 
funnel tube. Warm gently, only if 
necessary. Collect three bottles 
of the nitric oxide over water.
Be careful to keep air out of 
the bottles by making sure that 
the wide mouth bottles are full 
to the top of water before in­
verting in the trough. Note 
the color of the nitric oxide 
and,from the way you have col­
lected it, consider its solu­
bility in water. When you have 
water through the funnel tube.

finished collecting the gas, add

» NO

,Cu and dilute HN03

- ÏW
Figure D-8.
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Set up a glass Pyrex test tube generator fitted with a one-hole 
stopper and a delivery tube. Place 10 grains of ammonium nitrate 
(NHuNO3) in the tube. Caution: Ammonium nitrate may become explosive 

when heated too strongly. Heat it gently and do not decompose more than about 
half of the ammonium nitrate. Do not let the melted ammonium nitrate 
foam too much. Collect two test tubes of the gas by water displace­
ment . Observe the color of nitrous oxide (N20). Also note its 
odor. Test it with a glowing splint.

DATA

Name of Oxide Formula Solubility 
in Water Odor Color Combustibility

Nitric Oxide

Nitrogen Dioxide

Nitrous Oxide

EXPERIMENT D-9: LEAD AND ITS COMPOUNDS
INTRODUCTION
Lead is an example of a heavy metal. It has a wide variety of uses, 
paints, gasolines, storage batteries, and pipes. The aim of this 
experiment is to observe some of its compounds.

MATERIALS
Lead pieces ; zinc strips ; dilute nitric acid (HNO,); dilute hydro­
chloric acid (HCl ) ; dilue sulfuric acid (IhSOu); 0.2 M potassium 
chromate (K? CrO u) solution; saturated hydrogen sulfide (Hz S) solu­
tion; 0.2 M sodium sulfate (Na2 SO,. ) solution; concentrated hydro­
chloric acid (MCI); glycerin; lead dioxide (PbO:); lead monoxide 
(PbO); sandpaper ; balance ; graduated cylinder.

INSTRUCTIONS
Obtain a piece of lead and sandpaper it. Note as many physical 
properties as possible.

Place 1 gram of lead in a beaker and add 20 ml of dilute nitric 
acid (UNO 3). Boil for 15 minutes and add 40 ml of water. Divide 
into six portions. If the mixture boils almost to dryness before 
15 minutes are up, add a little more of the dilute nitric acid. 
Add to each of the six portions in order the specified amount of 
the following reagents ( for example to the first portion add the 
HC1) . First portion: 5 ml dilute HC1, second portion: 2 ml di-
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Write
Test

.......... .................................................................................................. ............. %:;:

DATA

Physical Properties of Lead
Color_________
Hardness
Density

Reactants Observations Cold Water Bath Hot Water Bath
Lead Solution 
and 5 ml UC1
Lead Solution 
and HgSOt,
Lead Solution
and K?CrOu__________
Lead Solution 
and ll?S
Lead Solution 
and Na? SOu
Lead Solution 
and Zn
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EXPERIMENT D-10: SOME PROBLEMS OF INCINERATION
INTRODUCTION

In order to dispose of garbage and of flammable rubbish, an immedi­
ate and apparently simple solution to the problem is, "Burn it." 
In actual practice, however,burning is not the complete answer' 
especially if air pollution is to be avoided. For many types of 
materials, burning does not proceed as simply as does the burning 

wood. Some materials melt before they burn and form 
a puddle in the incinerator. Old rubber tire and rubberlike 
materials may burn incompletely, causing huge volumes of smoky soot.

MATERIALS

China marker; timer; balance; matches; burner; ring and ringstand 
or tripod; wire screen; samples of: paper, plastic, food wrappings, 
foortes, caidboa rd, foil, paper wrappings, tin cans with labels 
attached, and newspapers.

INSTRUCTIONS

Take 2-inch square samples, one at a time, of the items listed above. 
Weigh each one. Write in the data table a brief description with 
respect to color, moisture content, thickness, and other identify­
ing characteristics. 7

Center the sample on the wire screen which is in turn centered on 
the ringstand. The position of the stand is marked on the table 
top and the lighted burner is placed so that it is centered beneath 
the sample. The burner is lighted and turned on to the same posi­
tion of the gas supply throughout the experiment. In performing 
the experiment the burner is moved into place and the timer started. 
All changes are to be observed and recorded. The time is noted and 
recorded when no more changes take place in the material being incin­
erated. If smoke is emitted from the sample, determine whether or 
not a second burner will burn it.

DATA
Description 
of Sample Weight Condition Time Heat­

ing Started
Time Heat­
ing Ended

Obscr. Dur­
ing Heating

Cond. of Res 
after Heat.

—
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APPENV1X

EXPERIMENT D-10A: TOTAL ACIDS IN AIR
INTRODUCTION
The main idea
of air,
is

using
of this experiment is to
a paper probe on the end

determine the acid content 
of a glass tube. The paper

required for The time
is

to SO2, contaminated air may contain sulfuric ' 
ides of nitrogen which form 
with water, "

to SO In addition
acid as a mist, 

acids when they combine chemically 
,- and some solids in dust which act ...

dissolve in water.

ox -

such contamination.
The problem is to

as acids when they 
determine the extent of

MATERIALS
Funnel tube ; 
ing; timer ; 
hold sprays ;

aspirator or vacuum pump ; 
stirring rod ; 'wire screen

. . sodium hydrogen carbonate 
orange indicator solution;

rubber tubing ; paper towel - 
if needed ; various house -

(NaUCO3) solution; methyl 
dilute hydrochloric acid (HC1 ) ; glycerin.

INSTRUCTIONS

. . - ----- ---------- everything
ihe probe is prepared by placing wet - strength

It can be held down'with a" °f 3 or funnel
is found that the paper when 

moist does not withstand the flow 
of air through it without ruptur- 
ing, support it by a perforated 
porcelain disc or by a wire screen 
cut to fit over the opening. A 
drop of glycerin is added to the

white paper toweling cut to fit 
tube. ’ ‘ ‘
If it

A

paper to avoid its drying, 
drop of the indicator (use .. 
stirring rod to place the drops) 
and one drop of the sodium bi-

One 
a

carbonate buffer are also placed 
on the paper. More drops may be 
needed if the color is not appar­
ent. If the paper on the probe 
will not absorb this quantity of 
liquid without drooping, 
of paper on the probe.

on the paper.

ent.

rubber band (see Figure D-10A) .

moist paper

rubber

aspirator

band

’ to air
Figure

—thistle tube

Dump or 

D-10A.

start again but use two or more thicknesses 
point is reached'when a """
carbon dioxide has little effect on the i

The end
With the buffer present, 

indicator but sulfur diox-
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ide and other stronger acids in water do make a change. In this 
preliminary trial test, however, draw air from over the top of 
an open bottle of dilute hydrochloric acid. The change in color 
should occur quite soon. When the change occurs, stop the timer 
and calculate the elapsed time.

Now make a trial of air of the chemical laboratory. If a movable 
air pump is available, test other locations, i.e. outside, the hall­
way, near the incinerator, the air intake duct, exhaled breath, 
and common household sprays. However, it is important that the 
same procedure, once established, be followed each time. Then the 
length of time needed for the change is a measure of the relative 
acidity of the air sampled.

DATA

Air Sample Location Time
____ Start

Time 
___Stop_

T i me Color of
_____ Probe___

HC1

Air in Lab

Exhaled Breath

Outside Air
Forced Air Input 
Into Room
Weed Killer
Aerosol Hair
Spray
Aerosol Air 
Freshener_________
Spray Deodorant
Spray Bomb 
Insecticide
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EXPERIMENT D-11: ANALYSIS OF SOIL FOR 
SOME COMMON CONSTITUENTS

INTRODUCTION

MATERIALS

INSTRUCTIONS
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Test for Nitrates: Add 15 to 20 drops of the filtrate just pre­
pared to about 5 ml of diphenylamine solution. A dark blue 
color indicates the presence of a nitrate.

Test for Ammonia and for Organic Nitrogen Compounds : Add 1 ml 
of Nessler s solution to about 5 ml of the prepared filtrate 
and warm gently. The presence of ammonia or nitrogen compounds 
is indicated by a yellow color. Another confirmatory test for 
the ammonia is to mix a sample of soil with soda-lime in a test 
tube. Heat gently and test the fumes with moist red litmus 
paper. A blue color of the litmus indicates the presence of 
ammonia.

To 5 ml of the prepared filtrate add 1 ml 
°V-2^ t num chloride (BaCl2) solution. If a white precipi- 

of Ba5°q forms which is insoluble in 6 M hydrochloric acid 
(Hd) , the sulfate ion may be present.

Test for Chlorides: To 5 ml of the prepared filtrate which has 
been solidified by adding 2 drops of 6 M nitric acid (UNO, ) , 

M silver nitrate (AgNO,) solution. If a white
■J (AeCl) forms, which is soluble in ammonium hydrox­
ide (NlkOH) but insoluble in nitric acid, the chloride ion is 
present »

Test for Phosphates : Add concentrated nitric acid (HNO3) to 
10 ml of the prepared filtrate until the filtrate reacts acidic 
to litmus. Dilute with distilled water and add 5 drops of 
0.5 M ammonium molybdate ((NH.)2MoOu) solution. Warm and let 
stand. A yellow precipitate indicates the presence of phos­
phate ions. 1

Test for Carbonates: To 1/4 teaspoonful of soil add 10 drops 
of dilute (1:3) hydrochloric acid (MCI). An evolution of a 
gas indicates the presence of carbonates. The gas would be 
carbon dioxide.

To prepare a secon^ batch of soil, add 50 ml of distilled water to 
25 B^arns of the soil sample, shake the misture thoroughly and filter.

Test for Calcium Ions: Heat about 5 ml of the filtrate to 
boiling. Add 2 ml of concentrated ammonium oxalate ( (Nik 12C20u) 
solution. Calcium ions in soluble compounds are indicated by 
a white precipitate of calcium oxalate, CaC2Ck.

Tests for Potassium and Sodium Ions: Add about 3 grams of soil 
to !5 ml of distilled water. To this add 5 ml of concentrated 
nf ("Cl). Boil and filter. Now add. a few drops
°C °.08 M sodium cobaltinitrite (Na,Co(N02)6) solution to one 
half of the filtrate. A light yellow precipitate indicates the 
presence of potassium. Evaporate a portion of the filtrate to
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dryness, and apply a flame test to the 
by dipping a clean piece of platinum or 
dry filtrate and placing it in a flame, 
dicated by a yellow tinge to the flame.

residue. This is done 
nichrome wire in the

The sodium ion is in-

Add ammonium hydroxide (NIUOH) to 10 ml of 
iSns P soil filtrate until it shows basic action at lit-

presence of iron ions is indicated by a red color. 

DATA

Analysis of Moisture and Humus
~'~MÔi~sturé -------------------- ----------- --------- —----------------- ——

height of dish - grams______________
— Weight of dish and soil before drying =______ grams______________
— Weight of dish and soil after drying = _____ grains_________

Loss in weight of the sample = grams______
Percent of moisture = _________ %
Humus ' -------------------------------------- -------- —-----------
— Weight of dish and soil before heating = grams
— Weight of dish and soil after heating = _ grams_________

height of humus —  grams______
Percent of humus ~  grams
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Analysis for Non-Metal lie Ions:

Nitrogen
Present^ Not Present __ Observations

Ammonia-Nitrogen
Chloride_________
Phosphate
Carbonate
Sulfate__________ --- -

Analysis for Metallic Ions: ' ----- ---------------
--- ---------- _ Present Not Present____ Observâtions

Calcium
Potassium —"

Sodium
Magnesium________
Lead__________ ___

EXPERIMENT D-12: MINERAL CONTENT OF A FERTILIZER
INTRODUCTION

MATERIALS

Commercial fertilizer; i ' ' '
filter paper; graduated"cylinder ; 
solutions listed • • -
Constituents.

glacial acetic (HCzH 3O2) acid ( 1 ; 3) ; funnel 
_. "" balance; all of the solids and

with Experiment D-ll, Analysis of Soil for Some Common

INSTRUCTIONS

Thoroughly shake 50 grams of fertilizer 
acetic (HC2H3O2) acid (1:3) and filter, 
in the following manner and record your

with 100 ml of the glacial 
Test the filtrate obtained 

results on the data sheet:
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Test for Nitrates : 
pared to about 5 ml 
color indicates the

Add 15 to 20 drops of the filtrate just pre- 
of diphenylamine solution. A dark blue 
presence of nitrate ions.

80»
ïn6m/°r Phosphates: Add concentrated nitric acid (UNO,) to
H t

add 1 0

dioxide.
of a gas 

The gas would be carbon

inc4 f°^ACa7lO^Umrl0nS: "eat about 5 ml of ^e filtrate to boil- 
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indicates the presence of potassium. Evaporate a portion of 
the filtrate to dryness, and apply the flame test to the resi­
due. The sodium ion is indicated by a yellow flame.

Test for Magnesium Ions: Add a few drops of a 10% solution of 
sodium hydroxide (NaOll) to 5 ml of the filtrate prepared above 
in the test for calcium ions. A peach-pink solution with a fine 
pink precipitate indicates magnesium when a few drops of Titan­
yellow solution are added with stirring.

Test for Iron Ions: Add ammonium hydroxide (NIL OH) to 10 ml 
of the prepared fertilizer filtrate until it shows basic action 
l' "eat to boiling and filter. Save the residue in 

runifilter paper. Add 2 or 3 ml of dilute hydrochloric acid 
(HC1) to the residue in the filter paper and test the filtrate 
with a few drops of 10% potassium thiocyanate (KSCN) solution. 
Ihe presence of iron ions is indicated by red color.

DATA

Analysis for Non-Metallic Ions:
Present Not Present Ohsorx'nt inns

Nitrates
------___________________

Ammonia-Nitrogen
Chlorides
Sulfates
Phosphates
Carbonates__________

Analysis for Metallic Ions:

Calcium
__Present_ _ _ _No_t _Pres e n t_ ____Observations__

Potassium
Sodium
Magnesium
Iron____________
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EXPERIMENT D-13: THE ANALYSIS OF SUBSTANCES 
CONTAINED IN PLANT TISSUE

INTRODUCTION
Ten elements have 
These elements are 
pounds) in plants 
of its weight from 
in the soil'.

been found to be essential for the growth of plants. 
found in various chemically combined forms (com-

and in soil. The average plant obtains about 9.55
the air, 89s from water, and 1.5% from minerals

MATERIALS

Various beakers ; oven ; test tubes ; crucible ; burner ; red litmuspaper; cobalt blue glass; nichrome'or platinum wires .
uated cylinder; matches ; centigrade thermometer ; finely divided"

barium chloride ; 0.5 M ammonium molybdate ;
concentrated ammonium oxalate ;

balances ; grad-

1 M
10%

0.25 M
potassium thiocyanate; 

sodium orthophosphate.
INSTRUCTIONS

Analysis for Mater:
your name.

Carefully dry a 250 ml beaker and
ments.

Fill the beaker with finely divided leaves 
Weigh the filled beaker

plant material in an oven where 
above 100°C for 5 to 6 hours. 
the weight in your data table. 
and weigh again after cooling, 
obtained, calculate the percent

accurately. Place the 
the temperature can be
When cool,

label it with 
and plant frag­
beaker and ' 
kept slightly

When cool, weigh again, and record 
Repeat the heating for several hours 
When a fairly constant weight is 
of water in the plant tissue.

Analysis for Carbon, Hydrogen and Oxygen: I" ' _
the dried plant material in a test tube and heat strongly*in  the

due in the tube. Record you conclusions on the data table.

Place a small portion of
flame of your burner.

the res i-

Fill a large crucible full of the dried plant material and heat 
strongly over your burner until the remains 
to a grayish ash. ------------ are completely

Divide the ash into 0.5 gram portions.
burned

To a fresh portionwator ana q" mi r °f ash (0.5 gram) add 5 ml of distilled
water and 5 ml of concentrated nitric acid (UNO3). 
add 10 ml of distilled water and filter.
three parts.

. . Heat to boiling,
Divide the filtrate into
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Analysis for Chlorine: To one portion of the filtrate add 
2 ml of 0.2 M silver nitrate (AgNO3) solution. A white preci­
pitate of silver chloride (AgCl) proves the presence of a 
chlorine compound. This precipitate is insoluble in nitric 
acid and soluble in ammonium hydroxide.

Analysis for Sulfate: To the second portion of the filtrate 
add 2 ml of 0.25 M barium chloride (BaCl2) solution. A white 
precipitate shows the presence of a sulfate and therefore an 
original sulfur compound.

Analysis for Phosphate: To the third portion of the filtrate 
add 5 ml of 0.5 M ammonium molybdate ((NH^)2MoO,) solution and 
heat to about 40°C. A yellow precipitate, on standing, shows 
the presence of a phosphate and therefore an original phos­
phorus compound in the plant.

To a second portion (0.5 gram) of the plant ash add a little dis­
tilled water, about 5 ml of concentrated hydrochloric acid (HC1) 
and a little concentrated nitric acid (HNOJ (2 ml). Boil this ’ 
mixture until evaporated nearly to dryness. Dilute the remain­
ing solution with 15 ml of distilled water. Filter, save the fil­
trate, and note any insoluble residue which indicates silicon ' 
compounds. .

Analysis for Iron: Make the filtrate from above basic to lit­
mus by adding an excess of ammonium hydroxide. Heat to boil­
ing and filter to remove the precipitate formed. Save the fil­
trate. Add 3 ml of dilute (1:3) hydrochloric acid ( J IC1) to 
the residue on the filter paper and save this filtrate. To 
this second filtrate, add a few drops of 10% potassium thio­
cyanate solution (KSCN). A red color indicates the presence of 
iron compounds in the plant. Record all of your observations 
on your data sheet.

Analysis for Calaium: To the first filtrate from the test for 
iron above add heat until it boils. Then add 2 ml of ammonium 
oxalate ((NHq)2C2Ou) solution. A white precipitate shows the 
presence of calcium compounds in the plant. Filter the solution 
and save the filtrate for the magnesium test below.

Analysis for Magnesium: Add 5 ml of distilled water to the 
filtrate saved from the calcium test above. Divide the solu­
tion into two parts. Save one part for the sodium and potassium 
tests below. To the other portion add 5 ml of 1 M sodium 
phosphate (N'a 3 POu ) solution slowly drop by drop and add 5 ml 
of concentrated ammonium hydroxide (NH..OII). If no change is 
evident, set aside for a time. A white precipitate indicates 
the presence of magnesium compounds.
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........................... ......................................................................................................................................

more complex nitrogen compounds in the tissues of the plant, 

DATA

Analysis for Water: " ---
—Weight of beaker and plant material before heating_____________~"

Weight of empty beaker_______  
height of plant material before heating

__ Weight of beaker and dried plant material____________
Weight of dried plant material
Weight of water in plant material ----------------—

JLl 

g 

£_

£

108

_[wt. of plant material before heating]-[wt. of dried plant material] 
Percent of water in plant material* *____

* wt. of water in plant material_____
wt. of plant material before heating * 100
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Analysis for Various Elements:
'—=—— _______ _ ____Present_ - _Npj, Present Observât ionsCarbon_________

Hydrogen -------- -—_—
Oxygen
Chlorine •

--------------——------------- ------ ---- ----------------------
Sul fur____ _______
Phosphorus 
Iron

-------------- ----- ---------------—

Calcium_______
Magnesium________
Sodium

—----------—-- ---------—___________

Potassium________
— ■ ——- ------- ---------- --- --- -------- ----------- -

Nitrogen '— ' ■ —

EXPERIMENT 0-14: CHEMICAL PROPERTIES OF WATER
INTRODUCTION

materials
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INSTRUCTIONS

Drop a small piece of calcium metal into a test tube which is one 
quarter full of water. Observe the results. Perform the flaming 
splint test for hydrogen. Dip a stirring rod into the liquid in 
the test tube and touch it to a piece of red litmus paper. Re­
cord all observations.

Place a lump of calcium oxide (CaO) on a glass plate. Pour about 
1 ml of water on the calcium oxide, until it becomes quite wet. It 
may take a minute or two for the reaction to occur. After the reac­
tion is over, transfer some of the residue on a stirring rod or 
spatula to a piece of moist red litmus paper which is on a clean 
glass plate. Record all your observations on the data sheet.

Mix 1.0 gram of powdered sodium aluminum sulfate (NaAl (SO,, ) 2 ) and 
2.0 grams of sodium hydrogen carbonate (NaHCO,) on a piece of paper 
and then add the mixture to a dry Erlenmeyer flask. Is there anv 
evidence of chemical action? Pour 30 ml of water into the flask. 
What do you observe? These substances are used in some types of 
baking powders. Describe what you observe.

Place a crystal of copper (II) sulfate in a dry Pyrex test tube, and 
heat the test tube gently with a low burner flame. Hold the test 
tube with the open end inclined slightly downward. As the reaction 
proceeds you should be able to tell why this is necessary. Observe 
the substance which appears near the open end of the test tube. 
After the test tube cools, add a few drops of water to the residue 
in the test tube. What results from this action? Describe every­
thing on the data sheet.

In dry test tubes, heat successively a few small crystals of the 
salts listed in the data table. Tabulate the results. In the middle 
column indicate whether or not water of hydration was present. Use 
cobalt chloride paper to test for the presence of water. In the 
column at the right of the data table, describe the residue, using 
appropriate terms like: melts, unchanged, forms powder, etc.

Place a spatula of each of the following salts on separate watch 
glasses : sodium carbonate, sodium sulfate, magnesium chloride, 
calcium chloride, and potassium nitrate. As quickly as possible, 
determine the accurate mass of each watch glass and contents by 
weighing them on a balance. Record this data. Set the watch glasses 
aside to remain undisturbed until the next laboratory period. In­
spect them from time to time during this laboratory period to note 
c anges in appearance. At the beginning of the next laboratory 
period, weigh each watch glass and contents again and record these 
new weights. Determine whether there has been a gain or loss of 
weight.
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TEACHER DEMONSTRATION

<»•«-

sSbSSSSSE*'

Set up the electrolytic apparatus as shown 
50 ml of distilled water, add slowlu 
3-4 ml of concentrated sulfuric acid. 
Pour this mixture into the apparatus.
Use a direct current of about 5-10 
volts so that bubbles of gas evolve 
rapidly. Allow the reaction to con - 
tinue until there are at least 20 ml 
of gas in each arm. Record the volume 
of gas in each tube. Test both gases 
with the splint test after inverting 
a test tube over each stopcock and 
removing about 15 ml of each gas 
into separate test tubes. cathode

in Figure D-14. To about

anode

0,

Figure D-14.
DATA

Observât ions :
Calcium + Water:__________
Calcium Oxide + Water__________
Sodium Aluminum Sulfate + Sodium Hydrogen Carbonate + Water:

Heating of Copper (H) Sulfate:_______________________
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__ Name of Salt 1 Water Present? Description of Residue
Sodium Carbonate
Sodium Sulfate
Potassium Sulfate
Sodium Chloride
Calcium Chloride
Sodium Aluminum Sulfate
Barium Chloride

___Iron (Ü ) Sulfate j!

__ Potassium Chloride
Potassium Chlorate
Cobalt (II) Chloride
Nickel ( 11 ) Sulfate 1

Name of Salt i Mass
' (initial)

Mass 
(final)

Gain 
or Loss

Description 
of Residue

Sodium 
Carbonate
Sodium 

__ Sulfate
Magnes ium 
Chloride
Potassium 
Nitrate
Calcium 
Chloride i

1

Observations :
Sodium + Water
Potassium + Water 
Heating of Phosphorus

Litmus Test :
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Electrolysis of Water:
Name of Gas________ ____ Volume Produced ________Splint Test____

—--------- -------------------- -

EXPERIMENT D-15: SOLUTIONS AND SUSPENSIONS
INTRODUCTION

MATERIALS

nnt2[é coPPfr sulfate (CuSOu) crystals; sodium chloride (NaCl); 
potassium chromate (KCrO^); calcium hydroxide (Ca(OH)z); 0.01 M 
ammonia water; sodium thiosulfate (Na2SzO3) crystals.

INSTRUCTIONS
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Examine the copper sulfate (CuSOu) solutions saved from the first 
step. Do you observe any of the dissolved crystal settling out of 
the solution? Attempt to read some printed words through one of 
the tubes of the copper sulfate solution. Filter one of the tubes 
of solution with filter paper and a funnel. Pour the filtrate into 
a clean tube and compare its color with that of the unfiltered tube 
of solution. Do you notice any difference? Record all your obser­
vations .

Place about one-fourth teaspoonful of starch in a small flask partly 
filled with 50 ml of water. Cork the flask and shake vigorously. 
Attempt to read some printed words through this suspension. Set a 
test tube of the starch suspension aside until near the end of the 
laboratory period. At that time observe its clarity. Filter about 
25 ml of the starch suspension and collect the filtrate in a clean 
tube. What observations can you record about this filtrate?

11 a large test tube with 3.0 grams of powdered sodium chloride 
(NaCI). Add enough water to half fill the test tube and stopper 
it. Repeat the procedure using powdered potassium chromate (KCrOu) 
and powdered calcium hydroxide (Ca(OH)2). Shake each tube vigor­
ously and allow to stand for about 2 minutes. Hold each tube up 
to the light and observe how much of each solute has dissolved. 
Then add 6.0 more grams of each solute to the proper test tube, 
stopper the three tubes, shake them vigorously, and allow them to 
stand for about 2 minutes. Observe the tubes to see if all the ' 
additional material dissolved in each test tube. Can you say that 
there is a limit to the amount of solid a solvent will dissolve? 
Record all your observations.

To 3 ml of water in a test tube add 2 or 3 crystals of sodium thio­
sulfate (Na 2 S20 3 ) crystals. Shake and note the ease with which 
the solid dissolves at ordinary room temperature. To this solution 
add another small crystal of sodium thiosulfate. Shake to aid 
dissolving. Such a solution is said to be unsaturated. Save this 
solution after recording all of your observations.

To the above solution continue to add sodium thiosulfate (Na2S2O3) 
two or three crystals at a time, until some remains undissolved ’ 
after shaking for a while. When no more appears to dissolve in the 
solvent, allow the excess to settle, and pour off the liquid into a 
clean tube. Now drop a fresh crystal into this liquid. Observe 
the size of the crystal closely for a few minutes to see if it de - 
creases in size. Record your observations on the data sheet.

Weigh out 15.0 grams of sodium thiosulfate (Na2S2 0 3 ). Thoroughly 
clean a test tube before using. Rinse the tube several times with 
distilled water and then place 2 ml of distilled water into the 
tube. Dissolve the 15 grams of sodium thiosulfate in the 2 ml of
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water, heating the tube as much as 
tion boil over. When the solid is 
cork in the tube. Set the tube in 
Arter 10 or 15 minutes, examine the 
tion is a supersaturated solution, 
and tap it sharply with your pen or 
happens, remove the cork and drop in 
thiosulfate. Feel the tube as soon 
a thermometer to record any change 
observations on your data sheet.

necessary. Do not let the solu- 
entirely dissolved, place a clean 
a beaker of cold water carefully, 
contents of the tube. This solu-

Remove the tube from the water 
pencil several times. If nothing 
a small crystal of the sodium 
as crystals begin to form. Use 

in temperature. Record your

tents once more. volume remains again 
Record all observations.

. .. SOlu-
of the tube.

and smell the con -

DATA

_ Observâ t i ons :_____________ -
Copper Sulfate------------------ ----------- -—- ------- „ - ________
UI UUJIU Unground
Agitated Undisturbed

Hot
but ore nitration

Starch ' --------
After Filtration

Before Filtration '

Various Solutes
After Filtration

Sodium Chloride __  Potassium Chromate Cfl lei urn HvH rn Y i rtn

Sodium Thiosulfate
______ Unsaturated________ _______ Saturatcd Supersaturated______

Ammon ta Water ----------- --

Before Heating After First Heating AftCP Second Unfit inn

----------------- ---------- ■
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EXPERIMENT D-16: A QUANTITATIVE STUDY OF THE 
EFFECT OF TEMPERATURE ON SOLUBILITY

INTRODUCTION

MATERIALS

INSTRUCTIONS
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DATA

Observât ionsj_____ _______
Weight of empty dish

g

Weight of evaporating dish and solution —- »
g

Weight of solution____ —- ------------- —--------------------------------- 5 -

Weight of evaporating dish and dry KC1
---------------------- ——______________ S

Weight of KC1 in solution
-------------------- ------------------------------------- 8___  

g

Weight of water in solution ----- -- ------------- —------------------------------- & 

p

height of KC1 dissolved in 100 gram of water* ___ ----------------------- ------------ ---------------------- 5

. R

‘Weight of KC1 dissolved _ Weight of KC1 in solution 
in 100 grains of water ' Weight of water in solution

DATA FROM OTHER TEAMS
Temperature at Which the 

___SaturaHon^topk_Plaçç___________ Weight of KC1 in 100 grams
____ ____________ of Water

1.
2. __________________
3.
4.
5. ______________
6. ____________________________ —-

7. __________________________
8. ____________________________
9._______________________________

10.___________ ■__________________

EXPERIMENT D-17: SOLUBILITY
INTRODUCTION

When a true solution is allowed to stand, the 
not settle out on the bottom of the container, 
clcs are of molecular dimensions and will pass 
filter paper. Substances in each of the three 
act as either solutes or solvents. In general

solute particles do 
The solute parti- 

unchanged through 
phases of matter may 
we will be concerned
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with solutions in which the solvent is a liquid. The solute may be 
a solid, liquid, or gas. The extent to which a solute dissolves in 
a solvent is known as its solubility.

MATERIALS

Test tubes; corks; timer ; thermometer (°C); stirring rod ; gradu­
ated cylinder; balance; sucrose; naphthalene; distilled water; ben­
zene; iodine crystals ; carbon tetrachloride; glycerine; potassium 
nitrate (KNO3) crystals; ammonium chloride (NH^Cl); sodium hydrox­
ide (NaOH) pellets; concentrated sulfuric acid (HZSOJ.

INSTRUCTIONS

Add 0.5 gram of ordinary sucrose to each of two test tubes and 0.5 
gram of naphthalene to each of two other test tubes. Then add 5 ml 
of water to a test tube containing sugar and 5 ml of water to a test 
tube containing naphthalene. Shake each tube for 20 to 30 seconds 
and record in the data table the solubilities of each solute in 
water. Add 5 ml of benzene to the test tube containing the dry su - 
crose and 5 ml of benzene to the tube containing the dry naphthalene. 
Shake each tube for 20 to 30 seconds and record in the data table 
the solubilities of each solute in benzene.

Place a small crystal of iodine in the bottom of a test tube. Add 
5 ml of water and 5 ml of carbon tetrachloride to the test tube. 
Shake vigorously. Record the solubility of iodine in carbon tetra­
chloride and in water. Base your conclusions on the intensity of the 
color of the iodine in the two solvents. Repeat the above using 
benzene and water. Record on the data sheet the extent to which 
water appears to dissolve in carbon tetrachloride and also in ben­
zene.

Half-fill a small test tube with equal volumes of glycerine and water. 
Half-fill a second test tube with equal volumes of carbon tetrachlor­
ide and water. Stopper the two tubes, shake them vigorously, and 
allow them to stand for about 2 minutes. Observe whether or not 
solution has occurred and record observations on the data sheet. 
Pour an additional 3 ml of glycerine into the first test tube and 
the same quantity of carbon tetrachloride into the second test tube. 
Stopper the tubes and again shake them vigorously. Results?

Put 10 ml of water in each of three test tubes. Insert a thermometer 
into the water in the first test tube and record the temperature.
To the water in the first test tube, add 5 grams of potassium ni­
trate (KNO3). Gently stir the tube contents with the stirring rod 
not the thermometer! Note the temperature when all 5 grams have been 
dissolved, or almost completely dissolved. Repeat this procedure 
with the second test tube using 5 grams of ammonium chloride (NH„C1). 
To the third test tube add 5 pellets of sodium hydroxide (NaOH) trans -
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ferring them from the bottle to the test tube by using a spatula 
(or wooden splint if spatulas are not available). Caution: Sodium 
hydroxide is a powerful caustic hydroxide. Do not handle the pellets or per­
mit them to touch your skin. Care in handling the solution should also be ob­
served. If you should happen to come in contact with the sodium hydroxide} wash 
the area liberally with water and notify your teacher immediately.

To 20 ml of water in a beaker add carefully and with much stirring 5 ml 
of concentrated sulfuric acid. Read the initial and final tempera­
tures of the solution. When working with concentrated acids always be aware 
of the location of the safety shower and the eyewash equipment.

DATA

_ Water Benzene Carbon Tetrachloride
1. Sugar

2. Naphthalene

3. Iodine________

4. Water -
5. Glycerine

Potassium Nitrate + Water

Initial Temp. (°C) Final Temp. (°C)

Ammonium Chloride + Water

Sodium Hydroxide+ Water

Sulfuric Acid +Water
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EXPERIMENT D-18: A STUDY OF HARD WATER
INTRODUCTION

Calcium and magnesium compounds present in various quantities in 
water are responsible for a property known as "hardness." Hard - 
ness in water causes problems such as boiler scale in pipes and soap 
scum in basins. In this experiment we will test various types and 
samples of water to determine the degree of hardness that they poss­
ess.

MATERIALS

Two burets; 2 50 ml flasks with stoppers to fit; buret clamp; ring - 
stand ; ring; wire gauze; burner; matches; graduated cylinder; several 
beakers; watch glass; spatula; test tubes; funnel; filter paper; 
balances; timer ; standard calcium chloride (CaCl2 ) solution ; soap 
solution; distilled water; tap water; rain water; solid calcium 
chloride (CaCl2).

INSTRUCTIONS

Hardness is stated as a certain number of parts of calcium carbon - 
ate per million parts of water (p.p.m. CaCO3). The soap-consuming 
power of a certain sample of water may be used to measure its hard­
ness if a standard soap solution is available. The standardization 
of such a soap solution may be carried out in terms of a solution 
containing a known quantity of calcium ion.

Obtain from the supply two burets, 50 ml of a standard calcium chlor­
ide solution, 200 ml of a soap solution. Clean the burets. Rinse 
one with a few mis of the soap solution. Clasp it to the ring stand 
and fill it with the soap solution. Rinse and fill the other buret 
with the standard calcium chloride (CaCl2) solution. Drain suffi­
cient liquid from each to remove all air bubbles from the tip of 
the burets.

Run exactly 20 ml of the calcium chloride solution into a clean 
250 ml Erlenmeyer flask anddilute with 50 ml of distilled water. 
Add 3 ml of the soap solution from the other buret, stopper the 
flask and shake it vigapously. Notice that the lather disappears
rapidly. Continue the addition of soap solution until a lather is 
formed which covers the surface of the liquid and lasts for 3 min­
utes while the flask lies on its side. Record in the data table 
the buret reading for the amount of soap used. Repeat the titra­
t ion.

In order that all determinations of hardness be made on the same 
sample, draw 300 to 400 ml of water from the tap and keep it in a 
stoppered bottle until needed. Keep the standarized soap solution 
in your drawer for use in all further "hardness" titrations.
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Rinse the buret which contained the calcium chloride (CaCl,) solu- 
thP times with water from the tap and then fill it with

of magnesium compounds in the tap water may cause the appearance

cord your"data. ^Repeat ti^r^ion^anfrecord th^d2ta?^°"

^ïî"-

311 cia t 3 «

a 20°ml sample^don't^forget^the 30^1^%“^!^ ViVh^

the standard soap solution.

Now examine the discussion below the data table and perform all 
the requited calculations to determine the hardness of all the 
samples you titrated.

DATA

Standard 
CaCl

Tap 
Water

Boiled 
Tap Water

Permanent 
Hard Water

Rain 

Wat nr

1__ 2 1 2 1 2 bdl cd . un-. bo11 nd 1
Sample size (ml) 20 20 20 20 20 20 20 20 20 20
Vol. of soap used (ml)
Hardness (p.p.m.) .200 200
Average hardness_____ ■ 200
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CALCULATIONS FOR SOAP STANDARDIZATION

Standard solution: 1 ml = .0002 grams of CaCO, (or 200 p.p.m.)

Average* volume of soap used =
*in first tiration

200 p.p.m. âv\ ml oT soap " ________ _  p.p.m. ( equivalents of stand -
ard soap solution)

HARDNESS CALCULATIONS

Number of p.p.m. equiv. of ml. of soap used _
standard soap solution 20 ml " P-P-m- of

CaCO3 in sample

EXPERIMENT D-19: COMPARISON OF VARIOUS
CONSUMER WASHING PRODUCTS

INTRODUCTION

Soap is the common name for the sodium salts of fatty acids. The 
composition of the soap depends upon the nature of the fat which is 
used. Soap is made by treating a fat with an alkali. This type of 
reaction is called saponification. Modern detergents or cleansing 
agents are quite different from soap in chemical composition. In 
general, they are complex organic compounds, easily modified to 
meet specific needs. There are two general classifications of deter­
gents. the sulfonated oils and sulfated long chain alcohols.

MATERIALS

Fat, lard, cottonseed, or olive oil ; alcohol ; 30% sodium hydroxide 
(NaOH) solution; distilled water; litmus paper; solid sodium chlor­
ide (NaCl); 0.5 M calcium chloride (CaC12); kerosene ; scouring pow­
der; wool yarns ; lampblack or animal charcoal ; marble chips; 1 M 
hydrochloric acid (HC1); clear limewater (Ca(OH)2); trisodium phos- 
phate (Na 3PO,) solid ; ammonium molybdate ( (NIU ) 2 MoQ.) solution; di­
lute ammonium hydroxide (NILOH) (1:2); solid sodium tetraborate 
(Na2B^O7); tumeric paper ; 1 M sodium hydroxide (NaOH); various soaps, 
detergents and water softeners; 250 ml flask; rubber stopper (one 
hole); glass tubing; burner ; matches ; evaporating dish; 250 ml beaker ; 
glass plates ; balance; graduated cylinder; timer; eye dropper ; corks.

INSTRUCTIONS

Place about 50 ml of melted fat, lard, cottonseed oil or olive oil 
in a 250 ml Erlenmeyer flask. To this add 25 ml of ethyl alcohol 
and 15 ml of a 30% sodium hydroxide solution. Caution: Sodium hy­
droxide is very caustic. Place a one-hole rubber stopper fitted with a
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^sntly until the layers mix and start to solidify.

transfer the mixture to a large beaker and dissolve in as little

andor ^hc prepared soap, a commercial soap, and
SOlid i^l

be prepared and tested while the prepared soap is cooking.) can

= rod, bring a drop of each of the solutions to
of red and blue litmus paper. Record whether they 

are acidic or basic on the data sheet 7

BBSS

took cachin' ::e'b:tt:" °f 11
Fill five test tubes half-full with distilled water. Add a few

Record all of this on the data sheet.

sUpM îsî’.s-.üîK'k:”
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Si

of each solid in 100 ml of°watcrr SOftencrs dissolving 2.0 grams
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distilled water and filter after as much of the material has been 
dissolved as possible. Retain the filtrate and the residue.

Place some of the residue on a small plate of glass and rub it be­
tween two glass plates. Note whether it appears very gritty or 
not. Examine the glass plates for any evidence of scratching. Re­
cord your findings. Acidify about 5 ml of the filtrate with nitric 
aicd and apply the phosphate test described above. Acidify another 
portion of the filtrate with hydrochloric acid and test for the pre 
sence of borate. Apply the carbonate test to a dry portion of the 
scouring powder. Record the results of the phosphate, borate, and 
carbonate test on your sheet. ’

DATA

Prepared Soap
Commercial 

Soap 
_Brandj_

Detergent 
#1

Brand :____

Detergent 
«2

Brand:Acid-Base 
Test

Suds-Produc ing 
Test

Wool Yarn
Test

Kerosene Emul­
sifying Test
Charcoal Emul­
sifying Test
Hard hater 
Lather Test

Water Softener 
#1 

Brand:

Water Softener 
«2 

Brand:

Scouring 
Powder

Brand :
Carbonate Test

Phosphate Test

Borate Test

Abrasion Test
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EXPERIMENT D-20: TESTING WATER SAMPLES 
FOR DISSOLVED OXYGEN

INTRODUCTION

MATERIALS

......

INSTRUCTIONS

126



277

is represented as free iodine. C ‘Set the flask against a white back-
osulfate soltuion. 

on the data sheet.
If the water sample is orange in Lu 
fate solution to the sample until i

color,

develop. A blue color should

are to be tested. Record all the
. of thiosulfate

the various water samples that 
data on the data sheet.

DATA

Identification of Water Samples

Sample #1 ____________

Sample #2

Sample # 3 _____ __________

Sample M

Sample # 5 ______

Sample H6

Quantitative Test for Oxygen

Initial
Buret Reading

_ n__ £2___

iL5 - L _ M ____#5___ j6______

Final Buret 
Reading
Amount of 
Sodium Thio­
sulfate Used --------

the highest content of dissolvedRank order of water samples (from 
oxygen to the lowest content)

---------  2nd---------  3rd 4th 5th 6th
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EXPERIMENT D-21: A STUDY OF SOME IMPURITIES IN WATER SAMPLES
INTRODUCTION

The contaminants that occur naturally and unnaturally in water sup­
plies can be detected, and in many cases removed. In this experi­
ment, we will be analyzing various water samples for the presence 
of suspended solids , mercury, lead, nitrates, sulfates, calcium, 
chlorides, phosphates, and other organic by-products of sewage 
decomposition. Some of these contaminants are directly "dumped" 
into the water resources. Others are absorbed by the rain as it 
falls through our polluted air. And still others reach the water 
supply by being adsorbed by the rain water runoff which eventually 
ends up in underground waters and then lakes and streams.

MATERIALS

Nessier's reagent; tin (II) chloride (SnCl2) solution; aniline; solid 
iron (II) sulfate (Fc(SOu ) 2 ) ; concentrated sulfuric a ied (HzSOm);

silver sulfate (Ag 2 SOu) solution; 3 M sodium hvdroxide 
(NaOII) ; saturated bromine water; benzidine solution; 6 M' ammonium 
hydroxide (NHuOH); 0.1 M potassium permanganate (KMnOu); concentrated 

aci? (HN03); 1 M silver nitrate (AgNO,); 0.25 M barium chlor­
ide (had 2 ) solution; concentrated ammonium oxalate ( (NIL ) 2 C2O„ ) 
solution; IM acetic acid (IIC2II )O2 ) ; 0.5 M ammonium molvbdate ((NlLLMoCh) 
solution; filter paper; eyedroppers; 150 ml and 250 ml beakers; watch 
glass; spatula; funnel ; balances; graduated cylinder (10 ml); supply 
of water samples; ringstand; ring; wire gauze; burner; matches.

INSTRUCTIONS

Dissolved Solids: Obtain several watch glasses. Weigh each clean 
watch glass after properly labeling them with reference to the water 
sample supply. Include one watch glass for distilled water. Place 
2 ml or 40 drops of each water sample and distilled water on the 
watch glasses. Evaporate the samples over water baths. When cool 
weigh each watch glass to determine the mass of the solid residue re­
maining after evaporation. Examine each residue with a hand lens 
and record all observations on the data sheet.

Test for Detecting Mercury: Put two drops of the test solution on 
a of filter paper. Then add two drops of a fresh tin (II)
chloride (SnCl2) solution. Finally add two drops of aniline. A 
black to brown color on the paper indicates the presence of mercury. 
Record your results. 1

Test for Detecting Lead: Place two drops of the solution to be tested 
on a strip of filter paper. Then place in order, two drops of 3 M 
sodium hydroxide (NaOII), two drops of saturated bromine water, and 
then four drops of the 6 M ammonium hydroxide solution (NHuOH) on 
the test solution. Allow the drops to evaporate and dry. Then add
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drops of the benzidine until a reaction occurs. The intensity of 
the blue color is directly related to the amount of lead present 
in the water sample.

Test for Detecting Ammonia: The presence of ammonia in water samples 
usually indicates contamination by organic matter. To about one- 
third of a test tube full of water sample, add several drops of Ness­
ler's reagent. Observe all changes. If little reaction is evident, 
heat gently. '

Test for Detecting Organic Matter: To a third full test tube of 
water sample add enough 0.1 M potassium permanganate (KMnCh) solution 
drop by drop to color the water a distinct violet tinge. Divide 
this solution into two equal portions in two test tubes. To one 
of the tubes add about 2 ml of concentrated sulfuric acid (H2SOU). 
Now heat both test tubes. The tube to which no acid was added is 
a control which will aid you in checking the change in color by com­
parison. If the color change is not distinct, let both tubes 
stand until the close of the period and again examine and compare 
them. Record all observations in color change on the data table.

Test for Detecting Calcium: To about one-third of a test tube of 
water sample, add 1 ml of acetic acid (HC2H3O2) and 3 ml of ammonium 
oxalate ( (NIU ) _•> C2 On ) solution. If no change is immediately ev i- 
dent, let the tube stand for 10 minutes; then compare its appearance 
with that of a tube of clear water. Record all observations.

Test for Sulfate Ion: Sulfates in water usually indicate some hard­
ness. 10 a third test tube full of the water to be tested add 1 ml 
of concentrated nitric acid (UNO 3) and to this $1 owl y add about 5 
ml of 0.25 M barium chloride (BaCl2) solution. Describe the results 
on your data sheet.

Test for Chloride Ion: To a test tube one-third full of test solu­
tion add 1 ml of concentrated nitric acid (HNO3); next add a few 
drops of 1 M silver nitrate (AgNO3) solution. To confirm the pre­
sence of the chloride ion add 2 ml of 6 M ammonium (NIUOH) solution. 
If the precipitate or cloudiness in the water sample disappears, it 
was the silver chloride and is a positive result, to be recorded in 
the data table.

Test for Detecting Nitrate _Ion: Many other ions interfere with the 
test for the presence of nitrate ion so they must be removed if they 
are present. They can be removed by adding saturated silver sulfate 
solution to the sample by drops until nothing happens. Then filter 
the residue from the solution. After removing these interfering ions 
put a small crystal of ferrous sulfate - iron (II) sulfate (FeSCU)- 
on- a watch glass. Place a drop of the filtered test solution on the 
crystal. Let a drop or two of concentrated sulfuric acid (IhSO.. ) 
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run into the solution-crystal mixture from the side by allowing the 
drops to roll down the watch glass into the liquid. Observe whether 
a brown ring or line is present. Place the watch glass carefully 
on a piece of white paper to check. The presence of a brown ring or 
line is a positive test for the nitrate ion.

Test for Detecting Phosphate Ton: Place a drop or two of the water 
sample test solution on a piece of filter paper. Then add two drops 
of ammonium molybdate ((NIL )2MoOu) solution followed by two drops of 
benzidine solution. Hold the paper over a beaker of 6 M ammonium 
hydroxide (NIL OH). When most of the acid (phosphomolybdic acid) has 
been neutralized, a blue color will form : the more intense the color, 
the more phosphate ion present in the water sample being tested.

All of the above tests should be run on all the water samples avail­
able, tap water, and distilled water.

DATA

___  Samples Location Observations
#1
#2
#3

Evaporation Residues
Mass of Residue __  __ Observations '

Sample #1
Sample #2
Sample #3
Tap 
Water
Distilled 
Water
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Analysis for Various Ions and Molecules

Mercury

Sample 
Pjesent

« 1
Obse_r._ __

Sample 
_ J* es ent

#2
Obser._ _

Sample 
__ ___^r^sent-

#3
Obser._

Lead

Ammonia
Organic 
Matter
Calcium

Sul fate

Chloride

Nitrate

Phosphate

EXPERIMENT D-22: A STUDY OF pH, INDICATORS, AND
ALKALINITY OF WATER SAMPLES

INTRODUCTION

The relative strength of an acid or a base is determined by the de­
gree of ion formation of the acid or base in solution. An exact way 
to describe the ion formation of an acid or a base is to indicate 
the concentration of hydrogen ions in the solution. This is called 
the pH of the solution. The pH can range from 1.0 for a strong acid 
to 14.0 for a strong base. A solution with pH of 7.0 is neutral, 
neither acid or base. An indicator is a substance whose color in 
solution depends upon the hydrogen ion concentration, the pH. Most 
indicators are dyes that change color over a very narrow pH range. 
In this experiment we will study a series of standard solutions of 
known hydrogen ion concentration (pH). These standard solutions 
will then be used to determine the pH of some unknown substances.
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KISaiHie
MATERIALS

acid (H?SOJ, 0.1 N sodium thiosulfate (Na2S2O 3) solution. 

INSTRUCTIONS

Save the test tubes for comparisons later in the 
experiment «

^ac^=^‘^?S ranfic^ofhe"^0 ""

cord your observations. Save these tubes also. solutions and re­

Obtain 5 ml of 0.1 M sodium hydroxide solution and p 
of dilutions using the same procedure as indicated i 
graph. Place one drop of '' 
dilutions and one drop of 
of dilutions. Record all

prepare fjo sets

the sets of dilutions.

... ---------------- in the first para-
alizann yellow indicator in one set of the 
indigo carmine indicator in the other set 
observations on the data sheet and save
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the data sheet.

To check 
only one 
to 50 ml
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DATA

Standard Test Tube Colors -------------------—------

Acidic 
Indicators

Methyl
Violet

JL001 M q^oqqiM^ q. qooo 1^ ___

Congo 
Red

Basic 
Indicators

Alizarin 
Yellow
Indigo 
Carmine

Unknown Analysis " ' "
Acid Base Concentrât ion Indicator Used

1.
2.

Titration of Water Sample
Phenolphthalein Bromcresol Methyl 

green " red Methyl Orange

Final Buret
Reading_______

_Triajj, __Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

Initial Buret
Reading_______
Total Volume 
of Acid Used

Water Sample Identifient
Source__________________

ion Data

Date of Removal_________
Description of Location
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EXPERIMENT D-23: WATER TREATMENT AND SURFACE CHEMISTRY
INTRODUCTION

The study of adsorption and the colloidal state of matter can be 
grouped under the heading of surface chemistry. The colloidal state 
is a fundamental state of matter. In this experiment we will invest - 
igate how the principles of adsorption and colloidal chemistry are 
used in the treatment of water to remove dye pollutants.

MATERIALS

Kaolin; methyl violet ; methylene blue; malachite green ; alizarin ; 
aluminum hydroxide (Al (Oil) 3 ) ; boneblack; molasses solution; cider 
vinegar; hydrogen sulfide (H2S) solution; 6 M ammonium hydroxide 
(NH-OH); mineral oil ; soap solution (concentrated); 0.02 M CaCl2 ; 
alcohol ; red litmus paper ; 12 5 ml Er1enmeyer flask; stopper to fit 
flask; balance; distilled water; graduated cylinder; two 250 ml 
beakers ; burners; matches ; crucible and cover; eyedropper ; funnel ; 
filter paper ; timer; stirring rod ; large test tubes.

INSTRUCTIONS

Place kaolin, about 2 cm in depth, into a 125 ml Erlenmeyer flask. 
Fill it with 75 ml of distilled water and stopper. Then add three 
drops of methyl violet solution, shake the flask for a minute, 
then allow it to stand. What observations can you record about the 
dye and its adsorption? Add more drops of the methyl violet solution. 
Has it been adsorbed? Try to add more drops of the solution and see 
if it is adsorbed. Record the numbers of drops adsorbed and all 
other observations on the data sheet. Remove some of the kaolin 
and treat it with boiling water to see if any of the dye can be ex­
tracted from the kaolin. Also try to extract the adsorbed dye with 
an alcohol solution. Repeat this procedure with the other dyes 
available--methylene blue , malachite green, alizarin, etc. Record 
all observations about the selective adsorption of dyes by kaolin.

Dissolve 10 grams of aluminum hydroxide (Al (Oil) 3 ) in 100 ml of dis­
tilled water. Divide the solution and place halves into two 250 ml 
beakers. Add 6 M ammonium hydroxide (NIUOH) to each solution until 
litmus paper indicates that the solutions are basic (red turns to 
blue). Then add enough water to the beakers so that they are three- 
fourths full. To one beaker add 20 ml of the alizarin solution. To 
the other beaker add 20 ml of a solution of methylene blue. Boil 
for a minute then allow the precipitate to settle. Pour off the 
solutions and examine the precipitate to see if any dye was adsorbed 
by it. Wash the precipitates with 50 ml of distilled water, allow­
ing them to settle. Observe whether any dye was removed by the water 
from the solid. Wash the precipitates again after pour off the wa­
ter with 50 ml of acetic acid. Does this solution remove the dyes? 
Record all observations on your data sheet.
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Dilute 5 ml of the methyl violet solution to 100 ml with distilled 
water and place half of the solution in a 125 ml Erlenmeyer flask. 
Reserve the remainder for comparison. Add a heaped teaspoonful of 
crushed wood-charcoal to the solution and shake for a few minutes. 
After shaking with the dye, filter or allow the charcoal to settle. 
Compare the tint of the solution above the charcoal with the orig­
inal solution and record your observations. Wash the charcoal with 
distilled water after pouring off the liquid. Shake it well, allow 
it to settle, then observe the tint of the liquid above the char­
coal with 10-15 ml of alcohol ; and observe the tint of the solution.

Activate about 2 teaspoonfuls of boneblack (animal charcoal), by heat­
ing it for 5 minutes in a covered crucible. Place a third of this 
activated charcoal in a test tube with 10 ml of a molasses solution. 
Shake well and heat to boiling. Filter the mixture and examine the 
filtrate. Record your observations on the data sheet. Repeat the 
procedure using cider vinegar in pace of the molasses solution and 
observe what happens.

Mix the remaining activated charcoal with 10 ml of a hydrogen sulf­
ide solution. Shake the mixture vigorously at 2 minute intervals 
for about 15 minutes. Record any changes in odor of the filtrate 
after filtering it.

DATA ■

Adsorption of Dyes of Kaolin
Name of Dye No. of Drops of Dye 

Solution Adsorbed Observations

Methyl Violet
Methylene Blue
Methyl Orange
Malachite Green
Indigo Carmine
Congo Red
Picric Acid
Eosine

136

Ï



287

Adsorption of Dyes by Aluminum Hydroxide —
Name of Dye______ -=-Observations
Alizarin__________
Methylene Blue

Adsorption of Color by Wood Charcoal Observations

Adsorption of Odors by Activated Animal Charcoal Observations
Molasses Solution ______Cider Vinegar Hydrogen Sul fide Solution

137
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APPENDIX

EXPERIMENT D-24.1A: THE STUDY AND IDENTIFICATION 
OF CERTAIN METALLIC IONS (PART I)

INTRODUCTION

Chemists have divided the elements into two large groups : the metals 
and the nonmetals. All metals have similar properties but they 
differ in chemical reactivity. One of the factors which influences 
chemical reactivity is the energy absorbed when metallic atoms lose 
electrons to become positively charged ions. Metals also form salts 
with nonmetals and these salts have varying degrees of solubility 
in water. In this experiment you will be testing and identifying 
the metallic ions in solid crystals and water solutions of these 
ions.

MATERIALS

Blowpipe; platinum or nichrome wire (glass mounted); charcoal blocks ; 
Bunsen burner; cobalt glass plate; crucible (porcelain); funnel; 
filter paper ; graduated cylinder; powdered borax (Na?B.,O7); salts 
of Ni, Co, Cr, Mn, Cu, Fe( ID ), Al, Mg, and Zn; 3 M ammonium hydrox­
ide (NHUOH); 0.02 M cobalt nitrate (Co(NO3)2); concentrated hydro­
chloric acid (HC1) (12 M); solutions (0.01 M) of barium chloride 
(BaCl 2 ) , calcium chloride (CaCl ? , lithium chloride (Lid) , pot­
assium chloride (KC1), sodium chloride (NaCl) strontium chloride 
(SrCl2) ; saturated copper (II) chloride (CuCl2).

INSTRUCTIONS

Borax Bead Tests: Bend the end of a platinum or nichrome wire which 
is attached to a glass rod into a loop about 3 mm in diameter. Heat 
the loop red hot and dip it at once into powdered borax. Heat again 
in the outer region of the bunsen burner flame. The borax first 
swells as it loses its water of crystallization, then melts to 
a clear glassy bead. Repeat this procedure until a bead about the 
size of a drop of water has been formed. Dip this bead while still 
hot into a solution of a little of the salt to be tested. Heat 
again in the outer region of the flame until the bead has melted; 
then allow the bead to cool. If color is not evident in the head, 
repeat. Carefully examine the bead in a good light, noting the color. 
To remove the bead from the wire, heat it until melted and immedi­
ately shake it off into a waste container. Make a fresh bead and 
test the other metals as indicated on the data sheet. Record all 
of your observations on the data table.
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Cobalt Nitrate Tests: Close the openings of the Bunsen burner to 
produce a luminous flame about 4 cm high. Hold the tip of the blow­
pipe just inside the flame about 2 cm above the burner top and blow 
the flame down at an angle on the substance to be heated. To oxi­
dize a substance, hold it in the outer tip of the blowpipe flame. 
To heat the substance in a reducing region, hold the substance 
nearer the burner and blow the inner portion of the flame upon the 
substance. Make a shallow cavity in a charcoal block. Put a little 
solid zinc salt in the cavity and heat it strongly in the oxidiz­
ing flame. If the salt tends to blow away, moisten with a drop of 
water. Cool and note the color. Add a drop or two of dilute co - 
bait nitrate (Co (NO3 ) ? ) solution and again heat strongly . Cool and 
note the characteristic color. Record all results in the data 
table. Clean out the cavity by se raping i t, or make a new cavity, 
and test an aluminum salt in the same manner. Repeat the test for 
a magnesium salt in the same manner. The magnesium test is very 
faint so avoid using too much cobalt nitrate and heat as strongly 
as possible. Examine it near a window in daylight to ascertain its 
color.

Flame Tests: The platinum wire should always be cleaned before and 
after using. The wire, when clean, will not color the flame. To 
clean the wire alternately heat it and dip it in a little concen­
trated hydrochloric acid (HC1) until no color is produced in the 
flame. Do not heat the wire too close to the glass handle as the 
glass may crack. Discard the acid when through using it. Dip the 
clean platinum wire in a solution of the salt to be tested. Hold 
the wire with the solution on it in the lower part of the outer 
blue flame of the burner. Carefully observe any flashes of color 
as some colors do not remain long. Make flame tests using salts 
of the metals indicated in the data table. When observing the color 
of sodium flame, use a piece of cobalt glass. If the color persists, 
use two or three thicknesses of glass. Observe the color of a po­
tassium flame through the cobalt glass. Now observe the flame of 
a mixture of sodium and potassium salts with the naked eye. Then 
observe the flame of the mixture through cobalt glass. Record 
all your observations on the data sheet. Be very specific about 
the intensity and color of the various flames observed.

DATA

Borax Bond Test
Metal_ Ion________
Nickel

_______Formu^j)f Compound JTestcd^_ __ Color of Base_____ .__
Cobalt_____
Chromium
Manganese
Copper
Iron
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Cobalt Nitrate Test
Metal Ion Formula of Compound 

Tested
Color After 
First Heatine

Color After
Second Heatings

Zinc
Aluminum
Magnesium

Flame Test
Metal Ion Formula of Salt Used Color of Flame
Lithium
Sodium
Potassium
Calcium
Barium
Strontium
Copper

EXPERIMENT D-24.2A: THE STUDY AND IDENTIFICATION 
OF CERTAIN METALLIC IONS (PART II )

MATERIALS
Filter paper ; 3 M hydrochloric acid (HC1); 3 M nitric acid (UNO3); 
0.5 M lead nitrate (Pb(NO 3)2); 0.5 M mercury (1) nitrate (HgNO 3); 
0.1 M silver nitrate (AgNO 3); 0.5 M potassium chroma to (K2 CrO u 5 ;
1 M magnesium chloride (MgCl2); concentrated ammonium hydroxide 
(NHuOH); litmus paper (blue and red); dolomite (calcium magnesium 
carbonate); distilled water; solid ammonium chloride (NlkCl); 1 M 
ammonium carbonate ((NIL)2CO3); 1 M sodium hydroxide (NaOH); 0.5M 
mercury (II) nitrate (Hg(NO 3)2); 1 M potassium iodide (KI ) ; 1 M 
tin (II ) chloride (SnCl 2 ) ; 3 M ammonium hydroxide (NikOil) ; 1 M 
ammonium chloride (NlkCl); balances ; stirring rod.
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INSTRUCTIONS

Test for Magnesium : To 5 ml of a solution of a magnesium salt add 
an equal volume of ammonium chloride solution. Make the solution 
strongly basic with concentrated ammonium hydroxide and add 1 ml of 
disodium phosphate (Na2HPOU). The precipitate formed is MgNH^ POu 
and.this reaction is used as a test for magnesium. Filter the pre - 
cipitate and transfer it to a porcelain crucible and heat it strongly. 
Test the escaping vapor with moist litmus paper.

Weigh out 0.5 grams of dolomite and place it in 5 ml of dilute hydro­
chloric acid and heat to complete the reaction. Add water to dilute 
the solution to 20 ml. Then filter the solution. Dissolve a gram 
of ammonium chloride solid in the filtrate, make it distinctly basic 
with ammonium hydroxide (test with litmus paper to be sure) and then 
add about 10 ml of ammonium carbonate solution. Filter and add a 
solution of disodium phosphate (Na2HPO<.) to the filtrate. This 
procedure is the analytical method employed for the separation of 
m8 from Ca . The calcium is precipitated as CaCO3 and the 
magnesium as MgNHi,P04 .

Identifying Lead, Mercury (I), and Silver Ions: In separate test 
tubes place 2 ml portions of the solutions of lead, mercury (I), 
and silversalts (nitrates). To each solution add dilute hydro­
chloric acid until no further reaction occurs. Add the acid a 
few drops at a time, shake well and allow to settle after each addi­
tion. Heat the contents of each tube just to boiling. To each 
precipitate add a few drops of ammonium hydroxide.

In separate test tubes obtain 3 ml of the solutions of lead, mer­
cury (I) , and silver salts. Place the solutions into the same 
beaker. To the mixture of solutions add dilute hydrochloric acid 
(3 M) until precipitation is complete. Filter the precipitate and 
wash it with a little cold water to remove any excess acid. Treat 
the residue on the filter paper with 5 to 10 ml of boiling water, 
catching the filtrate in a clean beaker. Add a few drops of po- 
tassium chromate solution to the filtrate fails to react with the 
potassium chromate solution. Record observations. Now treat the 
residue with about 5 ml of dilute ammonium hydroxide, catching the 
filtrate (silver ions), in a clean beaker. To this second filtrate 
add dilute nitric acid (3 M) until the ammonium hydroxide is com - 
pletely neutralized (as indicated by litmus paper). Record your 
observations in the data table.

Comparisons Tests for Mercury (I) and (II): Add some hydrochloric 
acid to a solution of mercury (I) nitrate. Allow the precipitate 
to settle, pour off most of the liquid, and add ammonium hydroxide. 
This is a test for mercury (I) salts. To a small portion of mer­
cury (I) nitrate solution add sodium hydroxide solution ; to another 
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portion add ammonium hydroxide. Describe the results on the data 
sheet. Repeat all of the above instructions but use a solution of 
mercury (11) salt. Compare the solubility of the two solutions and 
record all observations.

DATA

Metal ion__________ Observations of Characteristic Reaction
Magnesium
Calcium
Lead
Mercury (1)
JJilver
Mercury (II)
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EXPERIMENT E-1: THE PREPARATION OF SOME ORGANIC COMPOUNDS
INTRODUCTION

Organic compounds are compounds which contain carbon atoms. Organic 
compounds are classified according to the kinds of atoms in the com­
pound and kinds of bonds formed between them. For example, the hy - 
drocarbons are organic molecules containing only hydrogen and carbon 
atoms. The alkane series of organic compounds are hydrocarbons con­
taining only single bonds between pairs of atoms. Most organic 
compounds are considered to be derivatives of the hydrocarbon series 
of compounds. The characteristic properties of organic compounds 
other than hydrocarbons are due mainly to a functional group which 
has replaced oneof the hydrogen atoms of a hydrocarbon molecule. For 
example, in an alcohol , an OH group has replaced one of the hydro­
gen atoms. The purpose of this experiment is to survey some of the 
properties and characteristics of the various kinds of hydrocarbons 
and their derivatives.

MATERIALS "

Pneumatic trough; test tubes ; 250 ml beaker ; ringstand ; ring; burner ; 
matches; test tube clamp ; rubber tubing; one-hole stopper ; glass tub­
ing; splints; litmus paper ; copper wire ; soda lime solid ; calcium 
carbide (CaC 2) solid; sodium acetate f NaC 2 H a 0 2) solid; 3 M sulfuric 
acid (H 2SO u); ethyl alcohol ; methyl alcohol.

INSTRUCTIONS

Place 1.0 gram of sodium acetate solid and 2.0 grams of soda lime in 
a large test tube and mix thoroughly. Heat the mixture and collect 
the gas given off by displacement of water (see Figure E-1 . 1 ) . 
Collect enough gas to fill two test tubes. Observe the color, odor 
and solubility of the methane gas in the first test tube. Bring a 
burning splint to the mouth of the second test tube of gas. Record 
all of your observations on the data sheet.

Figure E-1.1.

calcium 
carbide

water
acetylene (CZH 2)

Figure E-1.2.
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Fill two test tubes with water and invert them in the pneumatic 
trough used in the above preparation (see Figure E-1.2). Place a 
piece of calcium carbide, CaC2, with forceps under the test tubes 
and collect two test tubes of the gas, acetylene. Use one of the 
test tubes to note the color, odor and solubility of the actylene 
gas. Bring a burning splint to the mouth of the second test tube 
of gas. Record your observations.

Place 1.0 gram of sodium acetate (NaC2H2O2) in a large test tube. 
Add 2 ml of 3 M sulfuric acid (112 S(K ) . Warm the solution gently 
and carefully over a Bunsen burner and cautiously note the odor. 
Describe the odor on the data sheet. Place some moistened blue lit­
mus paper in the vapor. Record your observations of acetic acid, 
commonly known as vinegar.

To the acid prepared in the above paragraph add 2 ml of ethyl alco­
hol (C2H5OH). Warm the solution gently and carefully in a beaker of 
boiling water for 2 to 3 minutes. Pour the contents of the test 
tube into a smaller beaker. Note all the physical characteristics 
of the substance formed which is an ester called ethyl acetate. Re­
cord all these observations on your data sheet.

Pour 1 ml of methyl alcohol (CH 3OH) into a small test tube. Make 
a spiral 25-30 cm long of copper wire by wrapping the wire around 
a pencil. Fasten one end of the spiral to a handle made from a pen­
cil. Heat this coil of copper over a Bunsen burner until it is red 
hot, then quickly plunge it into the methyl alcohol. Reheat the 
wire and repeat two or three times until you can detect a distinct 
odor. This odor belongs to another type of organic molecule called 
an aldehyde, specifically formaldehyde. Record all your observations 
of this compound on the data table.

DATA

Preparation of Methane (alkane)--A Saturated Hydrocarbon
Odor Color Solubil ity Combustibility

Preparation of Acetylene (alkyne)--An Unsaturated Hydrocarbon
Odor _______ ÇoJ, or____ ______ Solubility Combustibility_____

Equation: Calcium Carbide + Water ■*  Actylenci + Calcium Oxide 
CaC2 + ■* C2II2+ +
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Preparation of an Organic Acid--Acetic Acid
________ Odor Color Litmus Test

Equation: Sodium Acetate + Sulfuric Acid •+ Acetic Acid + Sodium Sulfate 
NaC2H3O2 * ______________ * HC2H3O2 + ______________

______ ________________________(don't forget to balance it ! )

Preparation of an Aldehyde--Formaldehyde

Preparation of an Ester--Ethyl Acetate
Odor ______ ____ Color

Equation: Acetic Acid + Ethyl Alcohol -*•  Ethyl Acetate + Water 
_________ + C2HsOH - CH3COOC2Hs +_____

Odor

EXPERIMENT E-2: QUALITATIVE TESTS FOR SOME ORGANIC 
MOLECULES IN COMMON FOODS

INTRODUCTION .

In all the different kinds of food which are available to us, there 
are only three basic kinds of nutrients--carbohydrates, fats, and 
proteins--plus minerals and, of course, water. Our bodies need 
fairly definite amounts of each of these each day. The carbohydrates 
and fats are needed to provide energy for our daily activities. 
Proteins are needed as raw materials out of which new cells are made. 
In addition to these, the body needs water, minerals, and vitamins.
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In this experiment a variety of foods will be tested for the pre - 
sence of water, minerals, starch, sugar, fats, and proteins. For 
best results in the following tests the food samples should either 
be ground, or be tested in the shape of scrapings, shavings, or 
thin slices.

MATERIALS
Test tubes ; crucible; beakers (2 50 ml); watch glass; test tube rack ; 
test-tube holder ; filter paper ; stirring rod ; burner ; graduated cy­
linder; corks or rubber stoppers ; concentrated nitric acid (UNO3) ; 
concentrated ammonium hydroxide (NILOli) ; iodine solution; Fehling’s 
solutions (A $ B); ether; potato ; apple ; bread ; egg (cooked); ban­
ana ; raisins; cheese ; peanut butter ; cobalt chloride paper.

INSTRUCTIONS
Place about 2 ml of freshly scraped potato without peeling into a 
test tube containing 10 ml of water. Gently boil the mixture for 
at least one minute, then cool the tube. Try to pour off the liquid 
so that the sediment remains behind, or if necessary, filter the li­
quid . Add 1 drop of iodine solution to the liquid. A blue color 
serves as a positive test for starch.

Place about 2 ml of freshly scraped apple into a test tube contain­
ing 5 ml of Fehling's solution (equal parts of solutions "A" and 
"B"). Heat the tube and let the mixture boil gently for a few mom­
ents . A red precipitate serves as a positive test for simple sugars 
(monosaccharides).

Place about 2 ml of crumbs from bread into a test tube and add 2 ml 
of ether. Shake the tube vigorougly for a few minutes. When the 
solid particles have settled, carefully pour the clear liquid into 
a very clean watch glass. Place the watch glass on the window sill 
or under the hood while the ether evaporates. The greasy residue 
which remains on the watch glass is the fats which were dissolved 
from the bread. Place this residue compactly on a piece of paper. 
Warm the paper for a few moments until the grease melts. Now re­
move the residue and hold the paper up to the light. This translu­
cent spot is another test for fats. Some foods like peanut butter 
can be tested in this manner. A translucent spot will appear when 
the food is scraped off, only if a high percentage of fats are pre­
sent .

Use a clean, dry stirring rod to place a drop of concentrated nitric 
acid (HNO3) on a small piece of cooked (hard boiled) egg white. This 
color with nitric acid serves as a positive test for protein. Wash 
the food. Now place a drop of ammonium hydroxide on the spot where 
the acid was previously applied. A deepening color is a further 
test for the presence of protein.
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Place a sample of food in a large tube, stopper loosely, and place 
in a beaker of boiling water. After about ten minutes remove the 
tube and examine the interior for condensed water vapor. Test any 
vapor with cobalt chloride paper. If the blue paper turns pink, 
water is definitely present in cheese. ’

Place the food tested above in a crucible and heat until all the 
carbon is burned away. If a grayish-white deposit remains in the 
crucible, r.incr-ils, such as iron, calcium, sodium, potassium, phos­
phates, etc. are present in the cheese. This is a positive test 
for minerals.

Test all of the food items on the data sheet for the presence of 
starch, sugar, fat, protein, water, and minerals. Record all ob­
servations .

DATA

Food
Potato 1 _Protein _ JVater_ MijieralS- Fat

Apple______
Bread
Egg White (cooked)
Banana
Raisins
Cheese__________________
Peanut Butter
Egg Yolk (cooked)

EXPERIMENT E-3: ORGANIC MACROMOLECULES—PROTEINS
INTRODUCTION

Proteins are macromolecules ranging in molecular weight from 6,000 
to several million. When boiled with mineral acids they yield amino 
acids. To date 20 amino acids have been isolated from proteins.
In spite of the very great diversity of type, there are certain p ro - 
perties common to proteins in general. They are mostly amorphous, 
although a few crystallize readily and others can be made to do so 
with difficulty. Some dissolve in water; other, insoluble in water, 
dissolve in dilute salt solutions. In either case they form col - 
loidal solutions, a fact that is extremely important in the prepara­
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tion and maintenance of colloidal states in food preparation. The 
colloidal nature of proteins is also of great importance in connec­
tion with the regulation of cell activities, since this property 
prevents protein substances from diffusing through membranes, through 
which some ions pass with case.

MATERIALS

Cheesecloth; funnel ; filter paper ; evaporating dish; test tubes ; 
graduated cylinders ; eye droppers ; 250 ml beaker; 6 M nitric acid 
(HNO3); 3 M ammonium hydroxide (NIUOH); 1% copper sulfate (CuSO^) 
solution; 3 M sodium hydroxide (NaOH); egg albumin; casein ; gelatin; 
white woolen yarn ; white cotton ; rolled oats ; milk ; flour; sausage ; 
3 M acetic acid (HC2H3O2); distilled water.

INSTRUCTIONS

Place a small piece of heat - coagulated egg white in a test tube and 
add 3 ml of nitric acid (HNO3). Heat gently until there is a decided 
color change. Record your observations. Pour off the acid, rinse 
with distilled water and add 2 ml of ammonium hydroxide (NIK OH) sol­
ution. Observe the deepened color of the egg white due to the forma - 
tion of the ammonium salt of xanthoproteic acid.■ Record your obser­
vations. Repeat this procedure using woolen yarn, cotton, rolled 
oats, and sausage. Record your results in the data chart as you 
perform each test.

The following test is called the Biuret Test. Shake a very small 
amount of powdered albumin with water. Add an equal volume of 3 M 
sodium hydroxide (NaOH) solution and one drop of very dilute copper 
sulfate (CuSOu) solution. Observe the color. Record your observa - 
tion in the data table. Repeat using a small piece of gelatin which 
has been soaked in water. Also repeat using casein , a flake of 
rolled oats, and a small piece of sausage which has been boiled in 
a small amount of water. In each of the cases the food should be 
placed in water, then sodium hydroxide added, followed by one drop 
of the copper sulfate solution. Record all observations on the 
data table.

Add two milliliters of 3 M acetic acid to about five milliliters of 
milk. Beat to complete the curdling. Filter and save both the fil - 
trate and the residue. Divide the filtrate into two portions. Test 
one part with the nitric acid and ammonium hydroxide and compare 
with the original filtrate. To the second portion of the filtrate 
add an equal portion of sodium hydroxide and one drop of dilute 
copper sulfate solution. Record the color changes. Divide the resi­
due into two portions. Run the nitric acid and ammonium hydroxide 
test (Xanthoproteic Test) on one portion, and Biuret Test on the sec­
ond portion. Record your results.
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Add to a large spoonful of flour in an evaporating dish enough water 
to make the flour into a stiff dough. Shape the dough into a little 
ball and let it stand in a beaker of cold water for ten minutes. At 
the end of this time put the dough in a piece of cheesecloth and 
wash it under a tap of cold water. Knead thoroughly during the wash­
ing process. When the wash water no longer looks milkv, open the 
cheesecloth and examine the product. Apply the Xanthoproteic Test 
and the Biuret Test to small portions. Record your results in the 
data table.

If you have brought in any other types of foods from home to test 
them, apply both the Xanthoproteic Test and the Biuret Test to the 
substances. Record all of your other observations in the data table. 
Expand the data table if necessary to include all the observations 
on all of the substances you have brought in.

DATA

Substance Tested Xanthoproteic Test 
After Adding IINO

Acid Test After 
Adding NILOH Biuret Test

Egg Albumin_____
Casein
Woolen Yarn
Cotton
Sausage
Gelatin
Oats______________ _
Milk Filtrate
Milk Residue
Flour________
Other:

EXPERIMENT E-4: A STUDY OF CARBOHYDRATES AND THEIR REACTIONS
INTRODUCTION

Sugars and starches are the principal sources of energy in the ordi­
nary human diet but they are not essential to the body or to its in­
dividual cells in any way, as far as we know. The cells could ob­
tain their energy just as well from a mixture of protein or fat, or 
even from other types of carbon-containing molecules. Carbohydrates 
are the cheapest food commercially and this is undoubtedly respon­
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sible for the large amounts contained in the average diet. Carbo - 
hydrates, although used primarily as an energy source, also supply 
carbon skeletons (carbon atoms linked together and associated with 
hydrogen and oxygen) that are necessary in the manufacture of the 
basic components of protoplasm.

The basic units in carbohydrates are composed of carbon, hydrogen 
and oxygen. Most, though not all carbohydrates, occur in plants, 
which have the power of building up those rather complicated mole­
cules from CO2 and H2O. In so doing, it is known that they make 
use of the energy of the sun's rays and that chlorophyll assists in 
this transformation.

MATERIALS
Sucrose, dextrose, dextrin, starch, maltose and lactose solids; sol - 
utions of these carbohydrates; dilute iodine solution; Fehling's 
solution A and B; concentrated sulfuric acid (HzSOu); concentrated 
hydrochloric acid (HC1); citric acid (HiCeHsO?) solution; 95% alco­
hol solution; 5 M sodium hydroxide (NaOH) solution ; miscellaneous 
items from home for carbohydrate testing; watch glasses; funnels; 
filter paper; beakers; glass plate; graduated cylinder; eyedropper; 
test tubes; corks; burner; litmus paper; wood splints.

INSTRUCTIONS
Place enough starch in a test tube to fill the curved bottom of it. 
Holding the tube horizontally, heat the starch strongly. Record 
on the data sheet what you see happening.

Place a drop of concentrated sulfuric acid (H2SOU) on a splinter of 
wood which is mainly cellulose, C6H1(P5. Then add about 1 ml of the 
concentrated acid to a little sugar in a test tube. Sucrose is 
C1 22O 1 r These substances are organic compounds which contain the 
elements of water in combination with carbon. Record all observa - 
t ions.

Place a drop of each of the carbohydrate solutions on a glass plate 
which has a piece of white paper under it. Add a drop of iodine 
solution to each drop. Record in the data table what happens in 
each case. Be careful to label each so that you will not confuse 
one with the other. Record all observations.

Mix equal volumes (15 ml of each) of Fehling's solutions A and B. 
Place about 5 ml of this solution in a test tube and heat about to 
boiling. The solution should remain clear and dark blue. If there 
are marked color changes, discard this solution, clean out your 
test tubes thoroughly and try mixing equal volumes again. In each 
of five test tubes place about 5 ml of solutions of dextrose, sue - 
rose, maltose, dextrin, starch, and lactose. Add about 3 ml of mixed 
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Fehling's solution to each tube. Place the tubes in a beaker of 
boiling water and heat for two minutes. Record any color chances 
in the data table.

Place small quantities of the dry carbohydrates in dry test tubes. 
Add about 5 ml of 95% ethyl alcohol and shake the tubes. Filter the 
contents through small funnels onto watch glasses and evaporate over 
a water bath. Any residue left on the watch glass indicates that 
the carbohydrate is soluble in a1co hol. Repeat this procedure using 
water as a solvent instead of the alcohol solution. Record all of 
your observations.

In each of three test tubes put 5 ml of sucrose solution. In one 
add 2 ml of hydrochloric acid (HC1), in a second add 2 ml of citric 
acid solution, and in the third add 2 ml of water. Place these tubes 
in a beaker of boiling water and boil for two minutes. Remove the 
test tubes from the beaker and just neutralize the acid in the first 
two test tubes with 3 M sodium hydroxide (NaOH) , using litmus paper 
as an indicator. To each tube add some mixed Fehling's solution and 
return the tubes to the beaker of hot water and heat for three min- 
utes>+ What observations can you make and record? In this reaction 
the H from the acids acts as a catalyst.

Optional: Test orange juice, corn syrup, and other items like these 
with Fehling s mixed solution and technique used above to determine 
which of these substances contain glucose sugar.

DATA

^Observations________ ___ ____ ____
Starch + Heat
Cellulose + Sulfuric Acid (cone.)
Sucrose + Sulfuric Acid (cone.)

Carbohydrate Iodine Test Fehling Test Solubility 
95% Alcohol

Solubility 
Water

Sucrose
Dextrose______
Dextrin
Maltose
Lactose
Starch
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Optional Results
Substance Tested Presence of Glucose

1.
2.
3.
4.
5.

EXPERIMENT E-5: THE DIGESTION OF STARCH
INTRODUCTION
In this experiment you will be studying a specific carbohydrate, 
starch , which is a polysaccharide. Starch has the formula ( C <•, H]0O 5 ) . 
where x is a very large number. This polysaccharide which we eat x 
must be broken up into simpler substances before it can be assimil­
ated and used. We will be investigating the effect of two substances 
in the digestive system on starch- saliva and pancreatic extract.

MATERIALS '
Soluble starch ; pancreatic extract solution; iodine solution; Feb - 
ling's solution A and B ; 5% iron ( III ) chloride (FeCl 3 ) solution; 
mercury ( n ) chloride (HgCl2) solution; distilled water; hydrochloric 
acid (HC1); paraffin; pH paper ; glass plates; wax pencils; evaporat­
ing dishes; eyedropper ; thermometer (°C); white paper ; graduated cy - 
1inder; burner; assorted beakers; ring and ringstand ; wire gauze ; 
timer ; assorted test tubes.

INSTRUCTIONS
Prepare your starch solution by adding 1.0 grams of soluble starch 
to 10 ml of water, stirring, and adding to 100 ml of boiling water. 
Allow this starch solution to cool to 30°C. Next prepare a Fehling 
solution mixture by mixing 3 ml of Fehling's solution A with 3 ml 
of Fehling's solution B and 6 ml of water. Mix thoroughly.

Place a glass plate over a sheet of white paper and mark off twelve 
squares on it with a marking pencil. Then place twelve separate 
drops of iodine solution on it, one in each square. Collect some of 
your saliva in a beaker. If you have difficulty producing enough 
saliva, chew on a piece of paraffin.
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In order to have a control in this experiment, test one drop of the 
cooled starch paste with one drop of the iodine solution. Also test 
a small portion of the starch solution with some Fehling's mixture 
to determine the presence or absence of reducing sugar at the begin - 
ing of the experiment. (If no sugar is present, the solution will 
remain clear blue. If a trace of sugar is present the solution will 
become green. As the amount of sugar increases, the color should 
change until it finally becomes red.) Save these control tests in 
order to compare them with the "digested" tubes later in the experi­
ment . r

Fill a large test tube one-third full of cooled starch solution.
Add approximately 3 ml of saliva. Mix. At the end of three minutes, 
place one drop of the starch-saliva mixture on one drop of the iodine 
solution on the glass plate. Record the color change. Add about 
Z ml of this starch-saliva mixture to 2 ml of the Fehling's solution 
mixture and heat in the hot water bath. If the starch has been hy­
drolyzed by the enzyme- amylase - in saliva, a color change should 
be noticeable.

Repeat the iodine test and the Fehling's solution test at intervals 
of three minutes until the iodine test is negative and the Fehling's 
test is positive. Record all of your observations in the data chart.

[jP a second clean test tube one-third full of cooled starch solution. 
Add about 5 ml of pancreatic extract solution. Mix. At the end of 
three minutes run the iodine solution and Fehling's solution tests 
as you did on the starch-saliva mixture earlier. Record all results 
in the data chart. Repeat the tests at three minute intervals until 
the iodine test is negative and the Fehling's test is positive, as 
before.

Place a drop of saliva on pH paper and estimate the pH value of it. 
Do the same for the pancreatic extract solution. Record this data.

Optional Tests on Saliva
An approximation of the amount of solid enzyme amylase present in 
saliva may be made by a simple evaporation. Place 3 ml of saliva 
on a microscope slide or a glass plate. Encircle the 3 ml with a 
ring made with a wax marking pencil to prevent the contents from 
flowing off. Warm to dryness over a beaker of boiling water. Ob­
serve and note the amount of residue.

Place 5 ml of saliva into each of two evaporating dishes. In a third 
dish put 5 ml of water to serve as a blank. To each dish add a few 
drops of a 5% iron ( ID ) chloride (FeCl3) solution and acidify each 
slightly with hydrochloric acid (HC1). Add 4 drops of mercury (II) 
chloride (HgCl2) solution to one of the evaporating dishes that con­
tains saliva. Stir. Notice the final coloration. Note: Some foods
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in your diet, notably cherries, increase the excretion of thiocyan­
ates in the saliva. Smoking increases the thiocyanate in the sal­
iva. In fact there is a definite relationship between the deepness 
of the red color from the thiocyanate ion reaction with the iron HI 
ion and the number of cigarettes smoked per day.

DATA

Saliva Pancreatic Extract
Time Iodine 

Test
Fehling 's 

Test
Iodine 
Test

Fehling * s 
Test

Control
3 min.
6 min.
9 min.
12 min.
IS min.
18 min.
etc.

pH

saliva

pancreatic extract

EXPERIMENT E-6: CONSUMER FOOD TEST I 
BUTTER AND MARGARINE

INTRODUCTION
Butter has been used for various purposes since 2000 BC or before. 
Its use as a food is modern. In the early centuries butter was 
offered as a sacrifice in worship or used for medical purposes in 
skin diseases. In the United States, butter has always been used 
as a food. Most of the butter on the market is made from pasteurized 
cream to which a starter culture of bacteria has been added. Salt 
is added because it helps in the removal of buttermilk, enhances the 
flavor of butter, and improves its keeping qualities. The Federal

"I
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Food, Drug, and Cosmetic Act requires butter to contain not less 
than 80% by weight of milk fat and to be made from clean, unspoiled 
cream. In this experiment we will test butter for the presence of 
artificial colors, spoilage indicators, and attempt to observe some 
differences between butter and margarine.

MATERIALS
Butter; margarine; ice; ether; phenolphthalein; 0.05 M sodium ethyl­
ate solution; carbon tetrachloride (CGI k); ethyl alcohol (C2H5OH); 
concentrated ammonium hydroxide (NILOH); concentrated sulfuric acid 
(H2SOk); 125 ml Erlenmeyer flask; centigrade thermometer; screen; 
assorted beakers; timer; separatory funnel ; buret ; buret clamp; ring 
and ringstand; burner ; test tubes ; graduated cylinder.

INSTRUCTIONS
To distinguish between pure butter and renovated butter or margar­
ine, melt one teaspoon of butter and one teaspoon of margarine in 
separate test tubes. Observe how each melts, whether or not foam 
is produced, and record your observations.

To detect whether there is artificial coloring present in butter 
and margarine, place a half teaspoon of butter in a flask. Add 
5 ml of carbon tetrachloride (CC1U) and 10 ml of ethyl alcohol 
(C2II5OII). Shake for a minute. Let the mixture stand until it separ­
ates. The lower carbon tetrachloride layer contains the fat and the 
upper alcohol layer any artificial coloring matter. If the alcohol 
layer is colorless, there is no artificial coloring matter in the 
butter or margarine. If the alcohol layer is colored, pour 5 ml of 
it into a test tube and add 10 drops of ammonium hydroxide (NHuOH), 
(concentrated). A brown color indicates that turmeric is the color­
ing matter. Evaporate the remainder of the alcohol layer to dryness 
and add a drop of concentrated sulfuric acid (H2 SOk) to the residue. 
A greenish-blue color indicates the presence of annatto as a color­
ing agent. Repeat these tests for butter and margarine. Record all 
of your observations on the data sheet.

To determine whether butter was made from decomposed cream, weigh out 
10 grams of the butter and place it in a 125 ml Erlenmeyer flask. 
Heat the flask gently until the butter melts, then cool until the 
butter is thick and creamy. Add 50 ml of ice water to the butter 
in the flask and shake for five seconds. Immerse the flask in an 
ice bath until the temperature is 10°C. Remove the thermometer and 
shake the flask for another five seconds.

Place a screen over the neck of the flask and pour off and discard 
the liquid layer through the screen. Add 50 ml of ice water through 
the screen to the butter in the flask and again shake for five sec­
onds. Pour off the water layer again. Repeat this procedure with 
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three more portions of ice water, each 50 ml in volume. After the 
fifth washing add 25 ml of ether to the butter and swirl the flask 
until the butter dissolves. Transfer the solution to a separatory 
funnel. Wash the flask with 2-3 ml more of ether and add the wash­
ings to the separatory funnel. Let the funnel stand for a few min­
utes. Then drain off the lower aqueous layer and discard it. Place 
the remaining ether-fat solution from the funnel to a 125 ml Hrlen- 
meyer flask. Wash the funnel with a few mis of other and trans­
fer the washings to the flask. Titrate this ether-fat solution 
with 0.05 M sodium ethylate solution until the first permanent pink 
color appears. Record the volume of sodium ethylate solution used.

DATA

Melting Observations:
_____________ Butter______ _____ _________  
Brand:

----------------Marg a r i n c __________  - —— —- — —- — — — — — — m 1—■ ft; J —: i 'fi-uu   ^—। - -j-
Brand:

Test for Artificial Coloring Additives

Butter
Brand Name_ ____ Present ___ Not Present Color

Margarine

Titration Calculations:

of. Buttery
Final Buret Reading ml
Initial Buret Reading ml
Volume of Sodium lithyl ate Used________ ml

1 ml of 0.05 M sodium ethylate solution is equivalent to 
13.5 mg of water-insoluble acids in butter.

Volume of sodium ethylate used x 13.5 mg = no. of mg of water insol­
- uble acids in 10 grams of

butter

156



307

ml x 13.5 mg = mg

mg x 10 = (no. of mg of water-in­
soluble acids in 100 
grams of butter)

Butter made from acceptable cream will not contain more than 400 mg 
of water-insoluble acids per 100 grams of butter. Was the butter 
you tested made from cream acceptable under the requirements?

EXPERIMENT E-7: CONSUMER FOOD TESTS II 
CAFFEINE

INTRODUCTION
Coffee is one of the most popular beverages of the world. The qual­
ity of a cup of coffee depends partly upon the kind of coffee and 
partly upon how it is made. A cup of coffee will contain the water­
soluble products of the berry, the most important of those being 
tannin , caffeine, caffeol, carameli zed carbohydrates, preservatives, 
cereals, and carbon dioxide. Tannin dissolves slowly in hot water. 
The bitterness of some coffee is due to the extraction of too much 
tannin. Caffeine is the alkaloid which may act as a stimulant. 
Every cup of coffee contains caffeine unless this has been removed 
from the berry before brewing. Carmelized carbohydrates and other 
decomposition products formed in the roasting process are brown in 
color and account for the color of the brew.

Tea is a water solution of the soluble products in the tea leaf. 
Of these the most important arc caffeine, tannin, soluble colored 
substances, and the essential oils which impart the aroma and fla­
vor . The amount of any of these products will depend upon the 
method of brewing. The percentage of caffeine in tea is actually 
greater than in coffee, but the amount present in a cup of tea is 
usually less, as most people prefer a very weak brew.

MATERIALS
Various brands of coffee, tea, soft drinks, and "stay awake" tab­
lets ; chloroform; ethyl alcohol ; distilled water; iodine solution ; 
concentrated ammonium hydroxide (NH -.Oil) ; graduated cylinder; separ­
atory funnels ; watch glass; beakers ; timer; burner ; ring and ring­
stand ; funnel ; filter paper ; mortar and pestles ; melting point ap­
paratus.
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INSTRUCTIONS

Place one teaspoon of coffee carefully on the top of a beaker of 
cold water. Real coffee will float and will not discolor the 
water for a few minutes. Most adulterants used in coffee sink quickly 
to the bottom, discoloring the water. Starchy adulterants such as 
roasted cereals can be detected. If the solution becomes discolored 
immediately after adding the coffee, boil the coffee and the water. 
Stir the mixture for a few minutes. Then filter the solution.
Dilute the coffee solution until it is a light amber color and add 
iodine solution. A blue color indicates starchy cereals have been 
added to that brand of coffee. If the coffee floats and the solu­
tion does not discolor, proceed with the test for caffeine.

Boil the coffee water mixture for 15 minutes. Cool and filter if 
necessary. Add 30 ml of chloroform and transfer the entire mix­
ture to a separatory funnel. Stopper and shake well. Allow the 
layers to separate. Remove the bottom chloroform layer into a beaker. 
Let the liquid evaporate in a water bath. Then dissolve the resi­
due in 10 ml of ethyl alcohol. Evaporate to dryness on a watch 
glass over a water bath. Observe the residue for caffeine crystals— 
they should be white long needles in their crystal form. Optional: 
Using the procedure learned in two previous experiments B-6 and C-3, 
place some of the caffeine crystals in a capillary tube and deter­
mine its melting point.

The extraction procedure with chloroform and ethyl alcohol should 
now be repeated with other brands of coffee, tea, soft drinks, colas, 
and "stay awake" tablets. In the case of the extraction from cola 
beverages, 10 ml of concentrated ammonium hydroxide (NIK OH) should 
be added and mixed well for several minutes before adding the chlor­
oform. When the extraction of caffeine is done on the tablets, one 
tablet should be crushed in a clean mortar and pestle. Then the 
powder should be stirred into 50 ml of distilled water. If the sol­
ution is cloudy, this is caused by the undissolved filler in the 
tablet and need not be filtered. Observations on the amount of 
caffein present in these household commodities should be recorded 
in the data sheet.

DATA

Item 
-==—==--- — 

Brand 
Name

Presence of 
Starch

Presence of 
Caffeine

1.
2.
3.
4.
etc.
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Sketch of Caffeine Crystals :

Optional:
Melting Point of Caffeine Crystals ~ °C

EXPERIMENT E-8: CONSUMER FOOD TESTS III 
SYNTHETIC DYES

INTRODUCTION
To make foods more appealing, artificial colors are often added. 
However, only colors approved by the Food and Drug Administration 
(FDA) are permitted, and the requirements are : that the food must 
not appear better than it actually is, the color must not be toxic, 
and the presence of the color must be stated on the label. In this 
experiment, various foods will be tested for the presence of coal - 
tar and synthetic dyes. The techniques will be qualitative and 
quantitative. In the first section the presence of a dye will be 
checked out. Then, using the technique of paper chromatography, 
the dye will be analyzed by comparing it to standard certified FDA 
colors. .

MATERIALS
Various consumer products (catsup, jam, jelly, pop, gelatin desert, 
candy, gum, oranges, etc.); white wool yarn pieces ; normal butyl 
alcohol (CJlgOH) ; hexane (C6H) ; saturated ammonium sulfate ((NH^.)2SO,.) 
solution ; blue litmus paper ; 1*  acetic acid; 10» LA-2 ambcrlite 
resin solution in butyl alcohol ; 1 % sodium chloride (NaCl) solution ; 
0.1% solutions of FDA certified colors ; 10» ammonium hydroxide sol­
ution (NHuOH); concentrated hydrochloric acid (HC1); dilute hydro - 
chloric acid (1:2) ; cheesecloth; separatory funnel ; small beakers ; 
capillary tubes ; test tubes ; paper clips ; corks ; graduated cylinder; 
ring and ringstand.

INSTRUCTIONS
Use about a tablespoonful of the food to be tested (catsup, jam, or 
jelly) and mix thoroughly with about 150 ml of water. Filter through 
cheesecloth. Add three drops of concentrated hydrochloric acid and 
heat gently in a beaker. Place a piece of white woolen yarn into
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■ ■

paper or filter paper can be cut 
into the proper width and lengths 
for the strips to be hung in the 
test tubes. Use an open capil- 
lar) tube for spotting the papers. 
Spot the first four papers with 
FDSC Blue No. 1 , FDf,C Green No. 3, 
FD5C Yellow No. 5, and FDf,C Yellow 
No. 6, about 1 inch from the edge 
of the strip. Allow the spots to 
dry. Add 1 % sodium chloride (Na Cl) 
solution to the tubes to a depth 
of 1/4 to 1/2 inch. Suspend the 
paper in the tube so that the

- cork

' paper clip 

------- filter paper

------- solvent

Figure E-8.

lower edge touches the liquid, 
but so that the liquid is below 
the spots. Cork the tube and allow 
the chromatograms to develop until the 
mately to the top of the paper, 
label the papers after they dry.

solvent has moved approxi- 
Remove and dry, not forgetting to eiiSiiiS:
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Select an artificially-colored beverage, such as grape soda. Pour 
approximately 25 ml into the separatory funnel. Add 10 ml of the 
resin solution. Shake the separatory funnel gently until the color 
transfers to the upper (resin in butyl alcohol) layer. A 1/2 ml 
of saturated ammonium sulfate ((NIU)zSOu) solution should separate 
any emulsion formed by a too vigorous shaking. Drain off and dis­
card the lower layer. Place the resin extract from the beverage 
into a corked test tube.

Dissolve 2 grams of a strongly-colored gelatin dessert in 20 ml of 
hot water. After cooling, transfer the solution to a separatory fun - 
nel and extract the color in the same manner as you did with the 
beverage, storing it in a corked test tube.

Dissolve 2 grams of a strongly-colored hard candy in 20 ml of 1% 
acetic acid (HC2H3O2) and extract the color in the same manner as 
above.

Shake each of the resin layers extracted above with one to three 
10 ml portions of water until the lower layer is not acidic to blue 
litmus paper. Discard the washes. Mix 20 ml of hexane (C6Hiu ) 
with each of the resin layers and discard any water layer that sep­
arates.

Extract the color from the hexane-butyl alcohol resin layer by shak­
ing gently with 2 ml portions of 10% ammonium hydroxide (NlkOH). 
No more than three shakings should be required to remove all of 
the color. Collect the color solution in a small beaker. Spot the 
unknown dyes extracted from the foods about 1 inch from the edge of 
a strip of paper. These dilute solutions will make a more con - 
centratcd spot by multiple spotting. To keep the spot small allow 
each spotting to dry before adding the next drop of color to the 
same area.

Chromatograph the mixtures of unknown colors in the same way that 
you chromatographed the FD^C standard food colors. After the strips 
are dry and labeled compare them to the standards and record all of 
your results.

Optional: If you wish to test the color added to oranges, the 
following procedure is given. Place a flask beneath a funnel and 
support an orange on some glass rods. Wash the color off the orange 
by spraying it with 25 ml of chloroform in a fine stream -use a 
pipet with a bulb. Surface oils, waxes and natural pigments as well 
as the artificial color will be washed off. Repeat the step above 
with two or more of the oranges and combine the washings in the 
same flask.
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Transfer the solution to a small beaker. Allow the solution to 
evaporate by placing the beaker in a steam-hot water bath. Allow 
the beaker to cool after removing it from the steam bath. Dissolve 
the residue in 3 ml of chloroform. Spot a sheet of chromatography 
paper with this color extract. If approved Citrus Red No, 2 and 
Oil Red XO FD^C colors arc available, spot papers with solutions 
of those. Place all spotted papers in the test tubes. After the 
solvent has traveled on the papers to the top, remove them, dry 
them, and label them for comparisons.

DATA

Observations of Wool Yarn Test Food H Food » 2 Food #5 Food #4 Food #5
Color of White Yarn Piece :
Type of Food Tested:
Was Aniline Dye Present?

Chromatography Results

Type of Foods Tested
FDGC Certified Food Colors Present

Blue 
#1

Green
#3

Violet
#1

Red 
U2

Red 
#3

Red 
“4

Ye I low
#5 .

Yellow 
#6

1.
2.
3.
4.
5.

EXPERIMENT E-9: DETERMINATION OF CITRIC ACID
AND VITAMIN C IN FRUIT JUICES

INTRODUCTION
Oranges and other citrus fruits should not contain more than 5% of 
citric acid (IhCsIhO?) . The percentage of citric acid in juices 
may be determined by neutralizing it with standard NaOH, using phen­
olphthalein as an indicator. Vitamin C, or ascorbic acid (C6llaOG ) » 
is a sugar-like compound that is readily oxidized. In this experi­
ment you will oxidize it by titrating a known volume of juice with
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very dilute iodine solution, using starch as an indicator. The io­
dine will not react with the starch until all the ascorbic acid has 
been oxidized.

MATERIALS
Phenolphthalein, 0.20 M sodium hydroxide (NaOH); fresh vitamin C 
tablets ; iodine solution; starch indicator ; samples of fruit juices ; 
dilute hydrochloric acid (1:4); distilled water ; pipet ; buret clamp ; 
ringstand ; graduated cylinder; mise, beakers ; 2 50 ml Erlenmeyer 
flask ; mortar and pestle ; eye dropper ; timer.

INSTRUCTIONS
Set up a clean buret and fill it with 0.20 M sodium hydroxide (NaOIl) . 
Then pipet a sample of the orange juice being tested into a clean 
Erlenmeyer flask. Add an equal amount of distilled water and three 
drops of phenolphthalein. Place a sheet of white paper underneath 
the flask. Titrate the citric acid with the sodium hydroxide solu­
tion until an endpoint is reached, which is a pink color lasting 
for 30 seconds. Record your data. Repeat this procedure with two 
other samples of orange juice.

Pulverize a tablet of vitamin C in a mortar. Place the powder in 
a flask and wash it with 5 ml of distilled water. Make sure you 
transfer all of the tablet. Acidify the material in the flask 
with two drops of dilute (1:4) hydrochloric acid. Add 3 ml of starch 
solution indicator in the flask. Titrate this solution with a stand­
ard stock iodine solution using the buret until a faint blue-violet 
color persists with swirling. Make a careful record of your buret 
readings. Repeat this titration with two other brands. Don't for - 
get to record on your data sheet the information from the label 
stating the number of mg of vitamin C present in each of the tablets.

Repeat the above vitamin C titration with a sample of an "Unknown" 
- - orange juice, grapefruit juice, lemon juice, etc. Vitamin C is 
unstable and easily destroyed by heating or leaving exposed to air. 
Therefore, titrate another sample of juice after heating it in a 
beaker before titration.

DATA

Citric Acid Titration
Sample #1 Sample #2 Sample #3

Final Buret 
Reading

Initial Buret 
Reading

Volume of 0.20 M 
NaOH Used
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Vitamin C Tablet Ana lysis

Number of mg 
Present on Label

___B r a n d # l_____ _____ Brand^Z- _ __jrand _________

Final Buret Reading
Initial Buret 

______ Reading
Volume of Standard
Iodine Solution Used

Juice Analysis for Vitamin C

Final Buret Reading
._________ Unhcate d_Sampl e ____Heated Sample______

Initial Buret 
______ Reading
Volume of Standard 
Iodine Solution Used

EXPERIMENT E-10: A STUDY OF THE pH OF COMMON FOODS
The acidity of a solution is a vital factor which determines the out­
come of many reactions. People who have swimming pools carefully 
control the acidity so as to avoid undesirable reactions with the 
plumbing and plaster and to expedite reactions with other chemicals. 
Ine food, drug, petroleum, and most chemical industries continually 
monitor the acidity of the solutions being used in the preparation 
of their products.

The pH scale is a numerical scale which, for most applications, ex­
tends from 0 through 14. The numbers on the scale represent the 
relative acidity of solutions. The midpoint of the scale is taken 

u+ with a pH of 7.0 contains equal concentrations
of H and OH" ions and is neutral. A solution with a pH less than 
7.0 has a greater H+ than OH" ion concentration and is acidic. Solu­
tions with pH's above 7.0 have greater OH" than ||*  ion concentrations 
and are basic. In this experiment, you will prepare your own indi­
cator and test various foods to determine the relative acidity of 
each. 7
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MATERIALS

Red cabbage leaves ; distilled water ; buffer solutions of various 
pH's; vinegar; salt water; lemon juice; apple juice; milk; orange 
juice; ginger ale ; sauerkraut juice; coffee; tea ; sugar; red and 
blue litmus paper; vanilla flavoring ; flour; baking soda ; grape­
fruit juice ; baking powder ; colored pencils or crayons; assorted 
beakers ; small test tubes ; burner ; ring and ringstand ; graduated 
cylinder.

INSTRUCTIONS

Shred a leaf of red-purple cabbage into a small beaker and cover with 
distilled water. Boil the cabbage in the water until the solution 
is a deep purple. Obtain 3 ml of all of the pH buffer solutions and 
place in test tubes. Then add enough of the cabbage-juice indica­
tor until you can tell its color. Record this color on the data 
sheet and fill in the color chart with crayons or colored pencils. 
Save these tubes since they will be your standards for comparisons 
with the solutions of various foods.

Obtain 3 ml of the various solutions listed in the second data table 
and place in your test tubes. First test the solution with red and 
blue litmus paper to determine whether it is acidic or basic. Re­
cord this information on the data table. Then add some of the cab­
bage-juice indicator to the solutions and determine the pH of these 
solutions by comparisons with the standards prepared earlier. If 
the original food solution you are testing is already colored, take 
this into account when determining its pH. Record all data.

DATA .

Colorimetric ill Changes for Cabbage-Juice Indicator Standards
pH of Buffer 

Solution 
0

Acidic Basic Neutral Color 
Description

Color 
Chart

1
2
3
4
5
6
7
8
9

10
11
12
13
14
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pH of Common Foods

-—— - ——   : L_' ic -u
Vinegar

Acidic Basic Neutral Original 
Color

Color With 
Indicator pH

Salt Water
Lemon Juice
Apple Juice
Milk ________
Orange Juicc
Ginger Ale
Sauerkraut
Baking Powder
Baking Soda
Coffee__________
1 ca
Vanilla Flavor.
Saliva
Sugar Water
Distilled Water
Tap Water
Flour_____
Grapefruit Juice
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LIST OF ELEMENTS, NAMES, ATOMIC NUMBERS, AND ATOMIC WEIGHTS
NAME SYMBOL

ATOMIC
NUMBER

ATOMIC
WEIGHT NAME SYMBOL

ATOMIC 
NUMBER

ATOMIC
WEIGHT

Actinium Ac 89 (227) Mercury Hg 80 200.6
Aluminum Al 13 27.0 Molybdenum Mo 42 95.9
Americium Am 95 (243) Neodymium Nd 60 144.2
Antimony Sb 51 121.8 Neon Ne 10 20.2
Argon Ar 18 39.9 Neptunium Np 93 (237)
Arsenic As 33 74.9 Nickel Ni 28 58.7
Astatine At 85 (210) Niobium Nb 41 92.9
Barium Ba 56 137.3 Nitrogen N 7 14.01
Berkelium Bk 97 245 Osmium Os 76 190.2
Beryllium Be 4 9.01 Oxygen 0 8 16.00
Bismuth Bi 83 209.0 Palladium Pd 46 106.4
Boron 3 5 10.8 Phosphorus P 15 31.0
Bromine Br 35 79.9 Platinum Pt 78 195.1
Cadmium Cd 48 112.4 Plutonium Pu 94 (242)
Calcium Ca 20 40.1 Polonium Po 84 210
Californium Cf 98 (251) Potassium K 19 39.1
Carbon C 6 12.01 Praseodymium Pr 59 140.9
Cerium Ce 58 140.1 Promethium Pm 61 (147)
Cesium Cs 55 132.9 Protactinium Pa 91 (231)
Chlorine Cl 17 35.5 Radium Ra ' 88 (226)
Chromium Cr 24 52.0 Radon Rn 86 (222)
Cobalt Co 27 58.9 Rhenium Re 75 186.2
Copper Cu 29 63.5 Rhodium Rh 45 102.9
Curium Cm 96 (247) Rubidium Rb 37 85.5
Dysprosium Dy 66 162.5 Ruthenium Ru 44 101.1
Einsteinium Es 99 (254) Samarium Sm 62 150.4
Erbium Er 68 167.3 Scandium Sc 21 45.0
Europium Ei 63 152.0 Selenium Se 34 79.0
Fermium Fm 100 (253) Silicon Si 14 28.1
Fluorine F 9 19.0 Silver Ag 47 107.9
Francium Fr 87 (223) Sodium Na 11 23.0
Gadolinium Gd 64 157.3 Strontium Sr 38 87.6
Gallium Ga 31 69.7 Sul fur S 16 32.1
Germanium Ge 32 72.6 Tantalum Ta 73 180.9
Gold Au 79 197.0 Technetium Tc 43 (99)
Hafnium Hf 72 178.5 Tellurium Te 52 127.6
Helium He 2 4.0 Terbium Tb 65 158.9
Holmium Ho 67 164.9 Thal 1ium T1 81 204.4
Hydrogen H 1 1.008 Thorium Th 90 232.0
Indium In 49 114.8 Thulium Tm 69 168.9
Iodine I 53 126.9 Tin Sn 50 118.7
Iridium Ir 77 192.2 Titanium Ti 22 47.9
Iron Fe 26 55.8 Tungsten W 74 183.9
Krypton Kr 36 83.3 Uranium U 92 238.0
Lanthanum La 57 138.9 Vanadium V 23 50.9
Lead Pb 82 207.2 Xenon Xe 54 131.3
Lithium Li 3 6.94 Ytterbium Yb 70 173.0
Lutetium Lu 71 175.0 Yttrium Y 39 88.9
Magnesium Mg 12 24.3 Zinc Zn 30 ’ 65.4
Manganese Mn 25 54.9 Zirconium Zr 40 91.2
Mendelevium Md 101 (256)
Paenthetical atomic weights refer to radioactive elements; the mass number (not 
the atomic weight) of the isotope with largest half-life is usually given.
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NAMES, FORMULAS AND CHARGES OF 
SOME COMMON IONS

POSITIVE IONS (CATIONS) NEGATIVE IONS (ANIONS)

aluminum Al**
ammonium NHÎ
barium Ba+?
calcium Ca* 2
chromium (D),chromous Cr* 1
chromium ( IH ), chromic Cr+’
copper (1), cuprous Cu+
copper (U ), cupric Cu+'
hydrogen H+
iron (0), ferrous Fe* 1
iron (DI), ferric Fe+’
lead (D) Pb* ’
lithium Li*
magnesium Mg* 2
manganese (H), manganous Mn* 2
mercury (I), mercurous Hg*
mercury (0), mercuric Hq* 2
potassium K*
silver Ag+
sodium Na*
tin ( II ), stannous Sn* 2
tin (N), stannic Sn*'
zinc Zn* 2

acetate CjHjOj
bromide Be
carbonate CO]2
hydrogen carbonate ion, 

bicarbonate HCO]
chlorate CIO]
chloride Cl "
chromate CrO:2
dichromate Cr3O]2
fluoride F"
hydroxide OH"
iodide 1"
nitrate NO]
nitrite NOT
oxalate C30;2
permanganate MnO;
phosphate PO;’
monohydrogen phosphate HPOZ7
dihydrogen phosphate H?PO;
sulfate SO:2
hydrogen sulfate ion, bisulfate HSO;
sulfide S"2
hydrogen sulfide ion, bisulfide HS"
sulfite SO]2
hydrogen sulfite ion, bisulfite HSO]

A
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