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Fecl ol whie value reveivew Prok iho LIUG, proguams 1s derived from the
efforts of hosr lnstitutions and thel. staffe, Folr-year institutrions as weli as
bwo-vear colleges hava invirted us to ufe thedr €acilities, frequently at their
~nconvenience and at some cost. We ar? deeply indebtzd to the following host
lnstitutions wirich have not bezn pentioned im previcus EYﬁS Proceedings,

Bronx Community Coliege, New York City, New York

Fullzrton Junior College. Fullertomn, California

Oral Reoberta University, Tulsa, Oklahoma

CUhio State Univeraicy, Columbus, Chio

Wilbur Wright College, Chicage, Illinoie

Delgado Colilege, New Orleauns, Louisiana

Catongville Community College, Catonaville, Maryland

Los Angeles Trade~Technical College, Los Angeles, California

We are fortunate to have Mr., Kemneth Chzpman as our editor and wish to
acknowledge his work in the preparation of this volume., As chairman of the Two-
Year College Chemistry Conferences and the Committee on Chemlstry in the Two-Year
Colleges, I wish to thank all of those who have participated in the conferences
and on the committee for their contributions during this last decade,

We look forward to an even greater second decade and invite all theose
coucerned with chemical education in the two-year colleges to join us ia this
exciting, stimulating, interesting, and educational venture.

William T. Mooney, Jr.

Chairman
Committee on Chemistry :Ln the Two-Year
Colliege -
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sodnclaed with a swal’, catastrophy chat

from Washington, D.C. to Berkeley, California.
ip 1hc ms;lﬁ avd yes, 1t contained a wonderful
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inus, w2 decided to proceed with ddeas that bad been digcussed to publish
a "Proceedings" twice per year and crganize it mors along toplcal l*nes. Although
a "Rush Job " thie volume of "Chemfstry ia the Two-Year College" is the first
publication with the new format, Hereafter, vou con expect a volume to become
available abour everv e'x months.

Completing this volume depeaded wery heavily upon the grand cooperation of
chairmen and Conferenze Zditors for the 2YCj meetings that are represented here by
papers and articles. For preparation of the copy, our appreciation t~ the staff
members ~f the Lawrence Hall of Science cannot be sufficiently exprassed, On
short notice, they worked long hours, through weekends, and got the job done.
Lastly, my thanks te the key person for producing this volume, Sandra Manderson,
who came through grandly under an unbelievably heavy work load.

Kenneth Chapman

Edizer, 2YCj3

American Chemical Society
Lawrence Hall of Scilence
Berkeley, California
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Afver veading he 5 {rom questionnaires we mailed this spring to 1340
Junidor college aud libovar i ollege chemistry teacbers (some of yua wmay have
recaived the ques Ll@ﬂﬂxlr&), Z am convinced that there is a great variety of chemistry
courses taught throughout the U. 5. Naturally, there iz some common ground in all
these courses, and the variety may indicate only tue inherent individuality of teachers
and the differences in student needs. The variety of courses cauces some to say that
the state of chemical education in the U. S. tuday is chaotic. I do not agree with
this, but I do recognize that there is a tremendous effort by teachers today to make
thelr courses meet the needs of today's students. If the results are not too dif-
ferent from course to course then pa2rhaps the variety of courses and curricula sup-
ports my contention that it is not as important what you teach, but how,

You may like to know some of the results from the questionnaire. The results
abnw thst many ffud" 8 ?ﬂrélléd iﬂ Fermiﬁa] génaral Qhéﬂistry courses in junior

P Til S - ;.4_._ J...L_a; xs.-.h_Lknxe

guch as ﬂufsiﬁg, agr iCUltufP hQME Ecﬁn@mics psychmlagy aﬁd sacialcgy ranked lower
as student 7oals. About tve thirds of thne *é chers regponding to our questionnaire
said that chey emphasize traditional toupies found in standard general chemistry
rfexts. tos. of them further said that they supplement the traditional topics with
applications. Such applications include chemistry of human physiology, agriculture,
medicine, drugs, air and water pollution, the effect of chemicals on ecological
Syscems, history ol chemistiy, molecular biology, and foods and food processing.

We asked the question: "Would you like to have included in the text, or sup-
plementary reading material, discussions of hawrchemistry applies to our everyday
living?" Of those responding, 311 replied "yes" and 17 "no".

Our respondents also indicate that if programmed materials, study guides
and a teacher's manual were provided, they would use such material. This is encour-
aging because we did provide these materials for the Chemical Principles Teaching
System, published by Benjamin last spring for freshman chemistry students.

Two thirds of the teachers responding said that they use audio or audio-visual
material in their chemistry couises. About 80% of the respondents would use audio-
tutorial tapes on major chemical topics if such tapes were provided to supplement a
text.

Information of this sort is important to a publisher that i1s interested in
helping to develop material to meet the need of chemistry teachers and thelr students.

But what is the responsibility of a publisher in th: matter of cooperative
science curriculum development? It might be argued that the only responsibility of
a publisher is to publish material as it is presented to him. However, in this day
of swiftly changing curricula, I believe that teachers and publishers should
cooperate more than in the past soc that suiltable material is provided as rapidly
as possible. I believe {urther that publishers have an obligation to take their
fair share of leadership responsibility in a search that should have maximum -
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Chemicel Principles by Kichard E. Dickerson, Harry B. Gray, end Gilbevt P.
Haight, Jv., the core text. Tine text is carefully coordinated to ilts sup~
plemental aids, yet 1t can be used independently as a vext for chemistry majors
and nonscience ma‘ors. The prerequisite is a high school chemistry course, but
this is not essenti:cl.

Programed Reviews of Chemical Principles by Jean D, Lassila, Gordon M. Barrow,
Malcolm E. Kenney, Robert L. Litle, and Warren E. Thoumpson is written for students
whose preparaztion is inadequ-~te. This programed problems book is linked directly
to cuaemical Prircipies by cross references to the pertinent section 1n Lassila ond
easily identified by the siandard head "Before You Go On." Thus, at several poilnts
in each chantar a7 the text the inadeqratelr "vepared student is branched out of the

text into a programed review of the lmportani .onRCepls. .k Luri, dc ihe Cegilil.. iy
of each reviev or ction of Lassila's book, i+ we are references to the relevant
section or chapter in Chemical Principles, plus srief discussion of the impoviance
of t topics to the students' knowledge.

Relevant Problems for Chemical Principles by “¢Gill University chemists, Ian s.
Mutler o . Cro prov vohlome (m-=h enlutions) rhat will challenge
above-average students. There are spproXimately 2> problems witn datailed solutions
and answers for topics in each chapter of Chemical rrinciyles. Tie multiple~choice
format for the answers is used in an ingenious way; the authors often deliberately
construct incorrect answers that correspond to common errors that a student might
make. The authors then discuss “what went wrong" in the student's calculation as part
of the solution for that problem. In addition to the problems, there are geveral
examinations, also of the multiple-choice type, so that the student can test his own
‘TOETess.

LIS LA

ol providas

Turler and Arthu

A Study Guide to Chemical Principles by Wilhert Hutton will help students under-
stand topics in Chemical Principles. The study guide is practically a text in itself.
1t gives additional background, when necessary, for the most important toplcs in each
chapter of Chemical Principles. It explains difficult points in greater detail (and
in simpler terms), supplies additional worked-out examples and problems, and gilves
useful hints for problem solving and mastering concepts.

The study guide also includes an introductory chapter that provides a review
of relevant mathematics. Included in this chapter are discussions of significant
figures, logarithms, and the solutions of simultaneous equations and equations of
higher order by successive approximation. There is also a section on the use of
slide rules. A short section on the most important phases of problem solving--how
to set up the problem--is included. It will help to answer the student's lament:

"I understand the chemistry, but I just can't do the problems.," The stepwise logical
method, factor—label method (dimensional analysis), and unit conversions (such as
English-metric equivalents) are also part of this introductory chapter.
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During the %59 summer Benjamin Writing Center, the publisher's staff worked
v I five resident authors, a special consultant, and five students to write, review,
and producs Che intagrated package.

Anotyier effort that we are going to make is to give continuing service to the
teachers who adopt the Chemical Principles Teaching System. Beginning this month, we
will mail periodically material designed to aid teachers and teaching assistants to
be more effective in the classroom. This material will :.-lude - bibliography of
pertinent journal avticles. books, and paperbacks, arrang by topics., Also included
are tips to teaching assistants on how to present scme of the topics, help them to
anticipate some of the student guestions in recitation sessions, as well as to guide
them in the selection of topics that arc most important for most courses as well as
those toplcs that can be omitted without destroying continuity. Naturally, we will
include errata for all the books in the package. And we also will use ¢~is continuing
service mechanism to pass along material sent to us from teazhers, if t. , feel that
it is appropriate to tell other users of the text, Such material might include a
favorite laboratory experiment, lecture demonstration, clever problems, sample tests,
and even suggestions on how to rewrite a paragraph or two to make a topic more
understandable to the students,

Another innovation we plan is to have regional conferences this year with
teachers using the books to guide the autchors in a revision,

The development of a teaching system, tha writing center concept, and the
continuing service to adopters of the book are some of the ways that a publisher
might help to provide material that 1is flexible enough to meet the variety of types
of courses offered and to make the material as current and relevant as possible.
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& quote from the preface of G

¢rted to reach the studenh and

"Phis text is addressed act only to the person
o willl maks chemirtry a professien, bhut to the
many pecpie who will have to make decisions about
chemicai matters that will affect the quality and
sometimes the length of their lives. To paraphrase
an old epigram about war and politics, chemistry
is too important a matter to be left to the chemists.
People who will never cperate a reactor, Or synthe-
size an insecticide, or fluoridate a wvater supply.
or design an internal combusion engine, must kniow
asm—anod and bad=-that will resull
when ther people choose to do oF MOE €O Qo such
chipzs, We ave living in a very small room en
rhis planet, and the more that we see Zhat the
nelghboring roomsg ave uninhabitablie, the more dimpor-—
tant it is that we know enough to keep thie cne
tolerable.”

ehe moan I

When I began teaching freshman chemistry, in 1947, the content of Ereshman
chemistry was quite different from what it is in most schoo_s today. For example,
the business of valence bond theory and nrbital hybridization was Just working 1ts
way into the senior and first-year graduate courses. Mow these toplcs are presented
in some high schools.

But I wonder if the chemical details included in a course are as important as
some oY the aspects of the spirit of the science. 1In other words, maybe it 1s as
the philosopher Alfred Whitehead once gaftd, "the study of a subject is uot so much
to produce knowledge as to form habits." Important habits in chemistry include the
habit of formulating the nature of any problem confronting an individual or society,
the habit of sclentific analysils, of seeking causes and of classifying similarities,
the habit of observation or experimentation with suitable controls, the testing of
hypotheses, and the acceptance of succesaful working theories, which are always
subject to rejection, or improvement.

To acquire these habits requires teaching of the methodology and conceptual
schemes of science, rather than of facts alone. Today ome of the aims of chemistry
ought to be to prepsre all students--nonscience majors as well as sclence majors—-
to meet the known problems that society faces. These problems include population
control, the cure of disease, maintenance of an adequate food supply, development
of new materials, and pollution comtrol.

To solve the sociological, political, and technical problems we need to develop
two breeds of men who are rare in our society~-scientists who have had a broad
humanistic education and experience in the worid of affairs, as well as men of
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affairs who are at home dn the major areas of science, Today the seflentist is no
longer a political peuttex, bus rallaer a mature ci tlizen viih speclal cilencs, If

ve listen carefully to the pr-tests of our Youth, ve must comclude tist they may

have found the will pot enly o correct our mistakes but to build a better woxrld with
the tools we have provided. If we are hopeful , we might beldeve Pasteur, who once
remarked 2 "Scdence and peace will triumph owver igmorance and war., Nations will wvnfte
not to destroy, but to build, and the future will belong to those whe have dome the . -
most £or human sufferfng.”

So what I am really saying, I suppose, is that chemdstry should be taught 4n
suich a way that our students become educated men and womnen--some of them choosing
chemistry and scAence 88 a vocatdon. I would suggest that we treat chemistry in
the currfculum as one of the several liberal axts. Chenistry should be comsidered
vithin the framework of the total curriculum, without undue enphasis o the subject.
Ovetemphasis and overapecializatdon of sclerce is insppropriate. This 18 why most -
of my remarks would apply to the science mafor as well as the nonscience najor., How -
many freshmen really know when they enter college whether they wish =0 becone ehmia,
or scientists? Why ghiouldn 't a potential chiemdstxy major learn firsr about the bfnad
aspects of chenistry?

Moreover, X think that in many instances oux overemphasis on sclénce in the
pist few years has been brought about largely through our fears. For the past twenty |
Yeaxs we have seen science develop into a stromg power. Ever gince he ’!:ggiming %
the atomic age, governlents have seen how poverful science can be, and these govern:
ments have helped science to accumlate that povex.

Ve must be vexy careful to keep power under comtrol and to be certain that oux .
goals are meritoriows, Why did we go to the moon last summer? For a vaxiety of pux-
poseés—-scientific, technological, and human. But the chief reasin ve vexe villing €6
sperid §25 billiom on this adventure was prestige. We went to prove tlat we have moxe
rew knowledge and thus were a more powerful civilfzatiom than the Rugslams. We have
won the battle of pxegtige, at least for the present. o

Although chemdstry, ard science, is amoral, ve nust help cltizems develop a
krowledge of science go that they can apply it w:,f:h ethdes, One of the st :ana:ﬁ
tint and frighteping gclentdfic areas today is the research 4n human hereditary
michinery of life. How are vwe going touse this mew knowledge-—this goverfu
For it is how this Tpovledge i wsed that deternimes vhether its use s gaad
As R, 5. Morrisom saild In an article entitled ""Scfence and Sae;s‘l Attiltu les” o &
165, 150 (1969)], "Xn a short time we will be able to design the gane;tic: struct
a good mam, ’fhég‘e 45 some uncart;aimy about the exact date, ’buﬁ no. d:mb: that
will cone before ve hagve defined vhat a good mam is.“ R

To add a:nag;’het bit of philasophy, § o qu-ﬂc; ﬁ:nm thg gmngludins pszagzgph in the
dntroductdori to che Dickersgn—ﬂr;y—ﬁaight Ch-lniﬁal Priaeiglan.

using 1. Ve must. dgfiﬂa e’ gotls i:‘nﬁa
But the techmiques of chemist s, if usmd
em:ugh fafqai.ght y to i;he Secymd o

ggnlg mt aﬂ ot at.herwue a;ttliglbl
is not, schigwed hy’ am ;:e@ul.ati. f
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But better living for the entire human famdly, if we
are wise emugh, can be achieved throyghs chemistry.”

So Let"s help our students becone wise enough to cope vith the nany 3T0b e
that face us today. To face these problems it is necessaxy for everJune o kmow
someching about science, Lickuddng chemistry. To read newgpepers intellignetly, fow
Congres smen £o malke intelligeant decisions that affect all of our lives, everjone Wust
know something of wvhat scfence ds., Thus, I would urge that ve deal with chenistry as
one of the lfberal arts, ratker thén as a special subject. It is true that there axe
some distimctions between scdiences and other libexal arts as tkaose subjéces ire gen—
erally taught. We have, I am convinced, suf fered 8 substaptial loss in allovixg
education in science to grow avay fron education dn the liberal axts . When exyperi-
nental science was young, It Was part of the libexal arts cutrfculum. But a8 geience
grev, as it becane of greater practicsl and political frportince, as It becalle petes-
sary to tréln a substantial pumber of professional scientdsts, a widening gulf
developed between vhat is usually thought of as a sciemtific education 4nd what 18
usually tmought of as a lEberal education.

The differepace has, I believe, been largely the result of a najor difference dn
the att itudes of sclence teacheys and teachers of the pumapities, rather than the
result of differemces in the subiect natters involved, To oversimplify, the difference -
i that sclence teachers are essentially \?G:Stiﬂnﬁllyﬂéfienﬁéd vhile tedchers of humman-
ities are Tof, Cenerally. the h.runitfes teachers' aim 1s to produce profestiongl
masiclans, hdstorians, English scholars, artdsts, and 0 forth-

The differennce in attitudes leads to different kfnds of courses and d4if erent
nethods of instruction. The teacher of a humanistic guabject attempt s €0 devel op
those Lutellectval virtues that we trxaditionally assocfite with ldbeTal arts. First
is the wtlon of breadth. As distinct from traindng that is primarily concermed vith
relatively narrov specialdzation, liberal education is broad in scope. It miy {pitlude
Ehéiﬂiiﬁlil‘yg or history, or ¥ othet subject, but it goes Eefﬂﬂé the tﬂf‘ié‘tg of a
single field or even a close”y related group of fdelds. Second, libersl eguctation
involves che idea of depth, A course of dnstructdon does pot merdt the lapel of
liberal education unless At goes beyond the superficial to ge: 2 depth of yndey-
standizg £hat includes the why as vell as the what and the bow of whatever 18 pefng
stuifed, In the thixd place » a libexal education gives the studemt exercige Ln
resgoning ond thinking for hdmself. It teaches him to ask queations, £0 crdtfcize,
to examine his ovn thipking, and to form conclusions thit he can digcust apd defends
but £hat ppe can aiBo chrange,

The teaching of chemisfry arad science may also exhibic these charicteriatics,
but frequently it does not, The mwre imediately useful a £leld ds thoughe to bve
the grester ds the tepptation to reach practical dnformatior. And when this £are
seens dyll, the temptation 18 to compound the fault by makirg Che teaching evey plore
down to eatth and practical, So in college catalogs ve see that they ate ¢ ¥owrded

Wwith ssch courses 88 househodd physics, chemistry for purses, piycholog) for aslemen,
and mathematdcs for comsumers. Rarely, perhaps never, in guch courses does the B
student gain msch in breadth or depth, nor through skiflfully handled discyssion 18 7
he 1&d to an understanding of hov &nd why he reached a comcZusdon. +

To the extent that chemistry teachers are preparfng thelx students foX Bel@n~

tific worlks) they frequently ger so obsessed vith the impoxtance, the cotplexity, and

thxe wasstnezss of sclemce that they dislike to see a stydent srﬁéﬂaté with apy §ap§iﬁ
his Knovledge. So the textbooks get thicker and thicker, thre primt fets gpaller ind




smaller, and the courses fuller and fuller, The teacher is so busy giving Znformation
that he has no time to explain, to evaluate, and to criticize: the student is so busy
learning facts that he has no time to question, to digest the information, aud to
think critically. This is a serious shortcoming of much science teaching, and it
represente an objective that is impossible to attain. The ever growing body of scien-
tific knowledge makes it increasingly impossible to teach all of it to any students,
and the attempt to do so 1s a self defeating effort.

These are serious shortcomings of much chemistry teaching, but they are not
necessary shortcomings. For the truth is that the characteristics of liberal educa-
tion are also characteristics of science; not of all the people who call themselves
scientists, and not of all the courses in science, but of science itself, of what we -
call the scientific method, and of the thinking of the great scientists. Important =
sclentific advances exhibit the penetrating depth, the critical inquiring attitude,
and the logical reaching of conclusions that we hope to achieve as products of a
liberal education. And frequently, too, they exhibit the scope and sveep of imagina- -
tion that we attribute to liberal education at its best. The teaching of chemistry
can be broad, it can provide depth in selected areas, and it offers almost unequaled
opportunities in the development of reasoning.

If wve are to achieve these characteristics, however, many of our chemistry
courses must be changed, and so must the thinking of many of our chemistry teachers.
To start with, let us accept the fact that most students who enroll in freshman
chemistry (or blology, or physics) are not going to become scientists; they are -+
sampling a subject in which they think they may be interested, or they are fulfilling '
a requirement that says they must have a certain number of hours of science. 1In a *
liberal arts college or a junior college the students who are never going to become
scientists constitute the large majority.

And the challenge is greater for the tvwo-year schools than for others, In 3
1969-70 there were 7.25 million post-high school students. In this same year there :
were 1.7 million freshmen enrolled in two-year schools., While there was a 10% over-
all increase from 1968-69 to 1969-70, there was an 182 increase for two-year schools.

What is it that will contribute most to the education of these students who
will not become scientists? Although I cannot answer this question in detail, let
me suggest the lines along which I think it should be anawered. In the lLibexal arts
kind of sclence course, we must select a limited number of areas of science to be
included. There 1s no meed to try to cover everything, Selected topics can be used
to teach what science is and how the scientist works, to teach something of the
history and philesophy of science, to give an understanding of the mature of Eeienea
and of its beauty and elegance.

1 have come directly to this meeting from Aspen, Colorado, where 1 have be
dire:ting a summer writing center for Benjamin. We have just conpleted a text En:
general chenistry that we hope will meet the needs far a 1;rge nMQME'
in junior and senior colleges. Titled Models in CI s )
1n that it emphasizes the gan;gpt nf mndeia in Eea:

includes aﬂly the essential tapics, thus it 1s shnrter CHbﬁut 590=p;ges) thlnk!nir
freshman chemiatfy texts. The book has been written by George aﬂnand and Har:'

the Hﬁiversity of Lauisville.




To supplement the text, we will have a problems book written by Butler and
Grosser of McGill University., This book will contain problems of the type in
their successful book Relevant Problems for Chemical Principles, which I described
previously. We also plan to have a set of the Benjamin/Maruzen models, a laboratory
manual, and a paperback on descriptive chemistry and qualitative analysis. The
entire package is planned for publication next spring.

FUTURE TRENDS IN BEGINNING CHEMISIRY COURSES

Lawrence P. Eblin, Ohio University
Athens, Ohio

I, Introduction

I feel honored that Dr. Moonmey and Dr, Cuccl have asked me to come
here and talk with you about beginning chemistry courses, 1 feel that I am
anong friends, for this group probably contains the most devoted . ¢ all
teachers of beginning chemistry. At the same time I feel very huable al-ut
trylng to tell you very much about this copic. If it is worth your time
to listen to what I have to say, it will probably be because of the questions
I raise rather than the answers I give. I do not intend to pose as a prcphet
of the future, and 1 do not plan to discuss the gimmicks of the profession. I
gather that the title given in the program, "Future Trends in Beginnins,
Chemistry Courses," has been stated rather broadly for my convenience. In
fact, Dr. Mooney told me over the telephone that what was expected was a
presentation of my philosophy of chemical education for beginuners. There-
fore, the future trends that I shall be discussing are simply an expression
of the hopes and wishes that arise from my personal philosophy. .

Il. What is "Beginning Chemistry"?

"Beginning Chemistry" has different meanings for different persons.

To the student who is taking a chemistry course for the first time, "beginning
chemistry" is the course that he is taking, whether it is in high school or
in college. We who are teachers of college chemistry use the expreasion
"beginning chemistry" to refer to the first chemfstry course taken in college.
A great deal of confusion arises from the fact that some of our freshman students
have already had chemistry in high school, while others have not.. <Even - o
greater confusion results from the great variation in the quality and the
quantity of the chemical knowledge acquired by students in their high school

chemistry courses. R S

Confusion also arises from the fact that students taki
beginning course are taking it for so many different reasons.
“major in chemistry or in one of the other sci ' 8C
set on a career in medicine or in one of the 1
‘are nonscience majors who may be taking the ¢
because they have not yet decided upon a major
nonsclenice majors have already teached a fairly £irm conclusfon n
in any of the sciences, but axe hopeful that a knowledge of chemimtxy

£

fon not

--helpful to them in the careers to which they ook’ £0:
. the practice of lav. ' ‘L




During my teaching career I have witnessed among the students taking
freshman chemistry a steadily growing proportion of those who have already
studied chemistry in high school. In more recent years I have observed an
improvement of the quality of the high school background of the average
student in freshman chemistzy, But it repmains true today as in the pasc
that there are freshman chemistry students who have a very poor chemistry
background or even none at all.

5till another source of confusion in beginnning chemistry is the great
varliation in the general scholastic abilitdes of the studenta. This is se
involved with the socio~econonic background of the students, with their
inborn blessings and shortcomings, and with their motivation for scholarly
effort that it is difficult to know what tou do about it.

3. Different Courses in Beginning Chemistry

Some colleges and universites have a large variety of freshman courses,
but the criteria for dividing the students are not uniform. Some have a course
for chemistry majors, a course for majors in the other sciences, a course for
engineers, a course for nonscience majors, and so on, Another plan that is
sometimes followed is to separate the students who have had high school chemistry
from those who have not. The general scholastie ability of the student is
frequently employed to determine his eligibility for ar henors course,

Only a very large schonl can afford to schedule a variety of different
courses in the same subject, Even in a school with 2000 freshman chemistry stu-
derits, 1f each section has approximately 300 students and seven different
courses are offered, that means only one class is avallable to any one student ==
assuming that it can be clearly established which one of the seven courses
a particular student belongs in, Anyone yhe has helped students with the
problem of scheduling classes knows that it will often prove to be impossible
for a student to take the chemistry course he 1s supposed to have if only
one section is available —- especially if all the other disciplines were to
plan their offerings in the same manner.

Most chemistry departments follow the practice of using the same text
in all seccions of a particular course, This usually means that some of the
instructors have no great enthusiasm for the text they are using, because they
have beeua outvoted by thelr colleagues. One advantage of having a large number
of different freshman courses i1s the opportunity it may provide for each
instructor to choose his own text and do his own thing. On balance, this
does not seem to justify the disadvantages that result from a multicourse
offering.

In addition to the difficulty students have in scheduling a one-section
course, there is the disadvantage that a multiplicity of courses causes
adoinistrative complexities in the logistics of the laboratory. Many more
hours of service are required of the storeroom ataff if each laboratory 1s to
be occupied by students doing a different experiment each time another labératory
period comes around.

My own philosphy is that the number of different freshman courses
offered should be kept to a minimum. I think we would be wise to ask, regard-
ing any proposal for a proliferation of courses, “"How necessary is this?
Is it really worth doing?" ‘
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4. Yacts to Remember in Setting Up Differenmt Courses

We often hear it said that traditionmal introductory chemistry courses
are likely not to be very interesting or challenging to a college freshman
if he has had a well taught modern chemistry course in high school. All too
often, students who have had a poor high school background have been dumb-
founded by courses that were pirched to those who have had a superior back-
ground. I think it is desirable, therefore, to have an honors course available
for the students who have the exceptionally strong background. This ought
to be a course of greater depth and intensity than the course taker by the
other students.

1 have noticed on several occasions that a student who expresses the intent
to major in chemistry may be only an average student, Sometimes this is
because of a poor high school chemistry background; in some cases it is a conse-
quence of scholarship potential that is only average. Many of these students
decide during their first year of college that they had better choose a
different major -~ and this is often, unquestionably, a wise decision. But
among this group there are someé courageous souls who persist in going on as
chemistry majors. Some of them do better in thelr advanced courses than in
their freshman course. All such students would be eliminated in their freshman
yea: if they were forced to take an homors course or a course of extra
difficulty designed for chemistry majors.

I believe the student himself should be the one to decide whether he
should take the honors course, I do not believe that the intent to major in
chemistry should be the reason for taking such a course, And I do not belive
the honors course should be limited to those who plan to majov in chemistry.

If the honors course is to be successful, the enrollment in individual sections
must be restricted to reasonable numbers. If admission is made voluntary,
there will likely be no problem of excessive class size, And yet it provides
an offering for those who need the challenge that it afford.

We like to pretend that we know which students are chemiatry majors and
we like to assume that they should be in a course that is especizlly for them,
But we all know that large numbers of students change their plans during their
college years -- especially during the freshman year. I dare gay that some
students who started college with the intent to major in chemistry have
decided not to do so as the result of being placed in one of those courses for
chemistry majors, where they became disillusioned and discouraged by the diffi-
culties resulting from acceleration and a premature emphsis on abstruse
theoretical topics. Conversely, I know it is true that some freshnen decide
to become chemistry majora because they emjoy the {reshman chemistry course.

My concluslon is that a student should not be forced to decide in high
school what his major will be in college; that the freshman chemistxry program
should be sufficiently fluid that a studert can decide in college that he
wants to major in chemistry without losing a year®s time; that no student
should get caught to his disadvantage in a terminal chemistry course from
which he cannot emerge to major in cuemistry without taking another year of
freshman chemistry for chemistry majors.

Occasionally there are students who enter college with such a superior
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background that even the honors course would be a waste of their time. Every
achepl sheuld have an advanced standingz program that would enable students to
go ahead with sophomore courses in their freshman year if they are qualified.

With an honors course and an advanced standing program in operation,
1 see little need for any further proliferation of freshman chemistry offerings.
Having taken care of those excellent students who would be bored by our regular
freshman course, I think we can handle all but a very few exceptionally poorly
prepared students in one group. I think the assumption that each student
should be in a class where all the other atudents are just like him is a
fallacy. )

5. Economics and the Encouragement of Chemlstry Majors

In a time like the present, when opportunities for careers in the chemical
professions seem limited, the teacher may feel that he should try to limit '
the number of students who aspire to be graduated as majgrs in chemistry. Thus,
he may feel it is appropriate to establish a freshman course especially for chemis~
try majors and to make it a difficult course. And he would violently disagree
with my belief that he should be delighted when students in the regular
freshman course develop an interest in becoming chemistry majors.

I have seen the economic demand for scientists and engineers go up and
down several times during my teaching career., Every time such a reversal
occurg, it catches a gEﬂEl‘atiﬂﬁ of students at some point between “helr freshman
year and their senior year. There seeme co be no way of predicting what the
situation will be at the time of a student's graduation. If we advise
students to think of entering or staying out of a profession on ‘the basis of
economic conditions, we will usually do this on the basis of the ecomomic con-
ditions that prevail at the time we are g’ ving the advice. Perhaps conditicns
will have reversed by the time of the student's graduation. Anyway, if a
student wants to major in chemistry and the economic ocutlook fox chemists is
not good at the moment, what would you recommend Eha.t he da?

Regardless of how ma.ny or hnw few different bgginning conrses are ﬁffered,
each of them ought to be taught in such a manner that éach stud-mt will derive
the maximum amount of chemical education from the erpetie.n:e. No chemistry -
course should fail to include such basic chemical concepts as n:i.dihase '
reactions, oxidation-reducation reactions, the meaning of atomic waights as

i

“the eam:ept PR

averages, the kinetic theory and -~ if 1 may dare to incltﬂi,it;
of entropy. The question of how many freshman zuura g hall be
be decided on the basis of the single criterion that what
ef fective chemical teaching for all 1s what’ ahauld be -
what subject matter should be included in the courses: 111@1:1&5 be'd
the same basia. My owm philaznphy 18 th:t all chﬁiai:w '
purpose of teaching chemistry and that it is a nistake C
so difficult that the students cannot empfghemﬂ ‘the mate
make it painless by e:t:racting mt nf tJ:e t:hnil

In general, I do not think we can’ ptaﬂiet iihie,h hﬁiﬂa :
will succeed in the study of chemistry -- either in a plrti:uh; fteshnan R
course or in the cutriculum for chemistry njar:. . Eveﬁ ose who were: gxeell:ﬁ




students in the freshman year n. .ose thelr grip before completing the require-
ments for graduation. Wnen this uappens it is cometimes difficult to discover
wvhy it happened to this particular personm. Whatever the reason, it 1s not
likely that we could predict who it would be., I think it would be absurd -- and
also inhumane -- to make the freshman chemistry course unnecssarily difficult

in an attempt to stop these persons sooner. If we did succeed in stopping

them at the freshman level, we would almost certainly catch in the same trap
those students who would have done better in the hizher level courses if

they had (iad the opportunity.

Even with the freshman course adjusted to the proper depth and speed
so that practically all the students who are willing to exert themselves will
at least pass the course, it is still true that there is a small group at the
bottom of the pile whose presence in the regular courae would result either in
their being ignored or in the 'r making it extremely difficult to keep the class
moving at the desired depth & nd speed. Some of this group are virtually
unteachable, but others are slow and uncomprehending at f£irst only because of a
combination of intellectual shyness and total unfamiliarity with the subject
matter. There probably should be a short preparatory course for such persons.
Most of those who have had no high school course should take the preparatory
cours” . .id probably all of those who had high school chemistry and thought
they ¢ little from it. As with the honors course, I believe the students
themse2ve:s should be the onea to decide whether they need the course. Many
students of high scholarship potential who have had no high school chemistry
would find it quite unnecessary to take this course -- provided the regular
beginning course really starts at the beginning.

6. Picking the Right Depth and Spead

Assuming that the students with superior chemical background and those
with exceptionally good scholarship potential have the option of taking the
honors course or advanced standing, and that those with no chemical background,
or a poor chemical background, or a low scholarship potential have the option
of starting with the preparatory course, it ought to be possible for the
"regular" course to be breezy and brisk withcut being too deep or too fast for
the majority of the students. The purpose of the honors course and advanced
placement options iz to take care of those who would find the regular course
shallow and too slow. The purpose of the preparatory course is to take care
of those who would find the regular course moving too fast.

The regular course contains all students who do not opt for the honors
course, advanced placement, or the deliberately slow paced preparatory course.
This means that many of the chemistry majors are in the regular course == although
otker chemistry majors are in the honors course. But it also mezns that the '
total number of chemistry majors emerging successfully from the freshman year is
a maximum, We have avoided dashing to bits the hopes of those who really
wanted to major in chemistry but had not yet acquired sufficient background
to master an extremely difficult "chemistry majors course"; and we¢ have
picked up others who decided to become chemistry majors during the freshman
year.

Most of the students in the regular course will, of égufsé, be majors -
in something other than cheristry. A great many of these may need to take one
20 | |
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or more additional chemistry courses beyond tha freshman chemistry course. But
still another group -- most engineers, for example -- may never take another
chemistry course. A small number will not major in any kind of science, I

don't think the number in this last group will be large. Optimism is of fering

a course specifically for those who have no profession-related interest in
chemistry seems to me not justified for two reasons: first, many of the students
we have in mind as prospective enrollees for such a course will avoid it

if they can; and, second, nonscience majors who do have a serious desire to learm
some chemistry will realize that they will derive more benefit from the regular
chemistry course -- 1if, that is, the regular course is the kind of course

I have in mind.

7. The Dangers of Chapter Hopping

The freshman course should be of such a nature that the student can
learn the material to the teacher's satisfaction if both of them work at it.
Each day's work should build on the achievements of the previous day. Serious
thought must be given to the subject matter to be included in such a course,
And once the subject matter content of the course has been decided upon, the
question of the proper sequence of topilcs arises.

If you examine a number of djfferent textbooks, you will find that a
given set of topics can be taken up in many different orders. But in any
text that is adequately organized, later chapters build on earlier chapters.
Trouble arises if a teacher starts chapter hopping ‘n a text with which he is
not thoroughly familiar. It may well be that there is material in Chapter 12
that is necessary in order for the student to get along well in Chapter 13.
If the teacher feels that the subject matter of Chapter 12 is expendable and
that he would therefore prefer to omit it, he had better first consider whether
the omission will cause the student unnecessary difficulty in his attempt to
comprehend Chapter 13,

It is perfectly understandable why some chapters are omitted by teachers.
Textbook authors are under great pressure to-write books that are too large for
the courses in which they are taught. This is the only way that a teacher
can have any freedom in the choice of material to be covered., It would be a
fortunate thing if authors could anticipate which chapters will be considered
optional by the greatest number of users and strive to place these chapters
toward the back of the book. For if none of the chapters toward the front of
the book are to be omitted, then I see no reason why the teacher would not
wigh to take up these chapters in the same sequence as the author. Not to do so-
is to assume that each chapter in the book 1s a monograph that is indepen-
dent of all the other chapters. If this were so, one sequence might be as
feasible as another. ' '

In general, I think one sequence of topics is as feasible as another,
by and large. But when an author writes a book he has to make a-decision as
to what the sequence of topics is to be. Having made this dgcisian, he has tﬁ
make sure that the discussion at each point does not assume, ag b;ckgraund, :
material that is yet to be presented in a subsequent shapter, I am sure all
authors do the best they can to achieve this result, insofar as their editors gnd‘;
manuscript reviewers will permit them. So I think 1E a teacher Eeels a strong -
compulsion to consider the topics in an entirely different sequenga from the e
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author, he ought to adopt a text in which the sequence of topies is more to his
liking. Or perhaps he ought to do what s0 many teachers have done and write
another book!

I suppose some teachers like to rearrange the order of chapter coverage
s0 as to correlate the classroom coverage with the order in which laboratory
experiments are to be done. It would be much more logical, it seems to me,
to change the order in which the experiments are done. 1f there is any
difficulty along these lines, the teacher might be wise to use a text and a
manual written by the same author. Presumably the author will see to it that
the sequence of experiments in the manual is correlated with the sequence of
topics in the text. -

It is certainly hoped that the teacher will supplement the text with
material acquired from his own personal experience so that the student will
feel that the teacher is providing some worthwhile enrichment. But this
does not glve the teacher license to scramble the topics unmercifully nor to
raise the level of difficulty of the course to the point that it is egreglously
inconsistent with the level of difficulty of the text he has chosen. " The
function of the text is to set the tone of the course as to level of difficulty
and type of subject matter and to provide a plan for consideration of the
different items of subject matter and to provide a plan for consideration of
the different items of subject matter in a sequence that has pedagogical merit.
The teacher must realize that the author has a plan. With the large number of
texts now available, there are plenty of plans to choose from Some texts are
very much like the physical chemistry textbooks of yesteryear; some contain a
goodly amount of the new physical chemistry; some are slanted toward analytical
chemistry; others are topheavy with organic and biochemlstry; and now comes
environmental chemistry.

o

ty Fears

An adequate chemical consideration of environmental problems involves
some rather rugged chemistry., An intelligible c sideration of biochemistry
requires a certain minimal amount of organic chemistry as a background., An
analytical emphasis must be based on a solid backgroung of stoichiometry. The
presentation of the new physical chemistry is most difficult of all because
the student's comprehension of this type of subject matter -- molecular orbital
theory, and so on -- depends on a background which the student almost certainly
does not have and which cannot be included in the text itself because of
lack of space =- nox can it be adequately presented in the lecture. room because
of lack of time,

1 fear that there is danger we may try to teach biochemistry with
insufficient organic chemistry as background, I fear we may try to teach more
analytical chemistry in the freshman year than the student's inadequate back-
ground in stoichiometry and instrumentation can support. I fear we may create
frustration and resentment in students by trying to teach such subjects as
molecular orbital theory with no background. I fear we may try to deal with
the involved and controversial problems of pollution in a group that does not
understand what it is all about. I fear we may make chemistry more difficult
for the nonmajors than for the majors by trying to include too many of the
"goodies" that the majors will have a chance to savor in their upper level




courses. 1 fear the students will be made to feel they are not intelligent
bacaus - thav cannot comprehend the imintelligible fare we are always tempted
to serve them,
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In spite of my fears, I am fundamentally optimistic. The present employ-
ment situation in chemistry and the other fields of science and engineering
will likely cause continuing decreases in chemistry enrollments. Students
will not be falling all over themselves to get into chemistry classes if there
is a belief that chemlstry is unreasonably abstruse, esoteric, or austere. I hope
that the desire of teachers to perpetuate the means of their own livelihood
will cause them always to remember that they have an obligation to their students
to make the course adequate but reasonable.

The present soclal concern with the effects of technology upon our environ-
ment ought to make students less passive toward chemical education. I am
sure that teachers will want their students to be prepared adequately to cope
with future problems in this category; they will want to help the students
acquire a knowledge of the fundamentals of chemistry rather than merely engage
in a dialogue over this morning's headlines,

The tendency of the more idealistic portion of the present generation
of students is to turn their backs on those whose devotion to chemistry is
conditioned primarily by its relationship to their own incomes. This will make
teachers realize that they must give witness to their own genuine interest
in chemical education by doing the best teaching to found anywhere on the
campus.

In the last half century beginning chemistry has changed from an
encyclopedic treatment of descriptive information to a logical consideration
of the basic concepts of chemical science, The rapid growth of chemical knowledge
has caused some of us to try to cover more and more material each year.
Periodically, we subject our course plans to critical re-examination and
discover that many topics that we thought were absolutely egsential can and
must be discarded, We have discovered that the concept of entropy, for
example, 1s more important than a detailed knowledge of the chemistry of
chromium. We have discovered that it is possible to teach many concepts to
beginners that our predecessors considered to be beyond their grasp. My
hope is that we shall continue to improve our ability to make difficult
subjects intelligible -- and that we shall remain willing to redefine what 1s
essential and what is not.

FUTURE TRENDS IN CHEMISTRY FOR NON-SCIENCE MAJORS
Stuart Whitcomb, Earlham College

It is indeed a pleasure to have this opportunity to talk to.you but I must
admit to serious misgivings. As a physicist I would have considerable difficulty
predicting future trends in physics education and yet here I am about to talk abou
the future trends in chemical education. This appears to be extremely presumptious
and I must confess that I would not be here were it not for three added words "for
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non-science students.' The problems of teaching chemistry to prospective chemists
are admiitedly different from those of teaching physics to prospective physicists.
However, the problems of teaching chemistry to students not interested in science
are nearly the same as those which I face as I attempt to teach physics to students
not interested in science. It is the nature of these problems and some possible
solutions which I would like to discuss with you.

Let us first consider some characteristics of these students who are enrolled
in our courses in spite of the fact that they have little interest in science. First,
why are they there? Essentially they are there because someone requires them to take
science courses, If they are prospective elementary teachers, they must meet a state
certification requirement. If they are prospective lawyers, sociologists, writers or
housewives, they enroll in our science courses to meet liberal arts requirements. I
fear that many of our colleagues in the humanities and social sciences, are not them-
selves convinced of the importance of courses in the physical sciences and they con-
vey this lack of conviction to their students. Secondly, what has been their expe-
rience with science? All have had home contact with science in elementary school
and junior high school and most have had some in high school. Unfortunately for
many students this whole series of experiences his been an unhappy one beginning with
an elementary teacher who feels uncomfortable tcaching science and ending with a high
school teacher who at best aimed at the students interested in science and at the
worst tried to cram too much material into the course. What is their attitude toward
science? Their unhappy experience has resulted in a very negative attitude toward
science. Typically, they dread taking more science courses and tend to postpone
them as long as possible,

Given the students with the attitudes and experiences which I have described,
we frequently put them in a condensed version of beginning physics given in one
semester by a member of the Physics Department who didn't want to give it and a
totally separate semester of chemistry, given under similar circumstances. These
courses, similar to those which gave the students their distaste for physical science,
but faster in pace, are likely to leave them behind frowm the start and deepen their
antagonism. This certainly does not seem to be the direction in which to continue.

Before we consider new directions for physical science courses, let us think
for a moment about what a non-science student should get from a physical scilence
course, First, he should experience a change in attitude from confusion and
antagonism to confidence and interest. Second, he should realize that the essence of
science is observation and wondering and trying to find out about the physical world.
Third, he should understand the tentative nature of physical models and their relation
to experiment. If we can establish chemistry or physics or physical science courses
which will give non-science students these attitudes and understandings, we will have
given the prospective elementary teacher a much more comfortable feeling when teaching
sclence to h¥ classes. We will produce lawyers, sociologists and parents and
citizens who have a much better understanding of the nature of science and its relation
to socilety.

1 have not listed the accumulation of a large number of facts as one of the
goals of a physical science course. The goals I have outlined will be achieved only
by making use of a reasonable number of facts. If we achieve our goals, these facts
will be retained, used and placed in perspective and more important, the right atti-
tudes will be generated for the independent gathering of further facts.
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Now for the big question. How can we design experiences in the physical
sciences which will produce these changes in attitudes and give this understanding
of the nature of science. I would like to Present an angwver to this question in
terms of the guidelines which were used in the development of one particular course
"An Approach to Physical Science" developed by the Physical Science for Non-Science
Students (PSNS) project. This project was supported by the National Science Founda-
tion and was the outgrowth of a conference sponsored by the Advisory Council on
College Chemistry and the Commission on College Physics. Of course, PSNS developed
a particular course but the guidelines appear to be sufficiently general to serve
equally well for a variety of approaches to the effective presentation of the physical
sciences to non-sclence students.

In view of the student's attitude toward science, it 1s essential that one
should begin by encouraging students to investigate familiar phenomena. There shnuld
be plenty of time for this investigation and for discussion. The pace should be 4
leisurely and should deal with simple concepts. !

The physical sciences are based upon experimental investigations of nature.
If our students are to obtain an understanding of the nature of the scientific
enterprise, they must ask questions of nature, that is they must perform experiments. =
The experiments are a crucial par: of the PSNS course as they should be for any
physical science course. These experiments must precede the discussion and should
form the basis for discussion. This way one observes and then interprets. One may
thus find surprising results which stimulate discussion and not demonctrations after
explanations have made inquiry unnecessary. Insofar as possible every new topic
should be introduced by an experiment.

If one is to provide time for wondering about science, for performing exper-
iments and for leisurely discussion, it 1s obvious that we cannot include the whole
subject matter of physical science. What topics should be included? An obvious
way to answer this question 1s to choose a "theme" and to introduce only topics the
knawledge of which is needed to follow the "theme."” Thus one establishes "the need
to know'" as the criterion for the selection of tupica to be included. As an example
of this procedure the PSNS staff chose as a theme the question "what is the nature of
solid matter" and included only topics which contribute to finding answers to this
quesation.

This "need to know" criterion is a pervasive one. It serves not only in the
choice of topics, ‘but it may be applied to the manner in which topics are intrﬂdu:edfj
The "need to know'" must be clear not only to the instructor but alao to the student.
Ideally the student is motivated to perform an experiment because he recognizes the
aeed to know the results of the experiment in order to get on with his j.nve:tigition
of the main theme of the course. Thuas, this criterion determines what is includﬂd
not in terms of what is traditional but in terms of what the student must know if he;
is to get on with his investigation. This is the way a acien:iat finds iﬂ:grgit in
a topic. We should communicate this to our students.

Science progresses by building models based on abiervntieﬂn. then uie:
models to make predictions, and finally, by experiment, tests to find out whetl
the predictions are verified by further observations. If nﬁnﬁScicﬂ:e students are €0
experience science they should observe, construct models, make predictions and then
make further observations. The models may be visual, mental or mathematical but 1
is inevitable that some not agree with the experiment. This is the experience of
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many of us and there is every reason why our students should experience it too. This
way they will learn the tentative mature of scientific theories and will be comfortable
with incomplete theory.

A course which follows these guidelines does not always proceed smoothly. The
experiments are not always immediately explainable and, hopefully, will yield some
surprises. This is part of the fun of vorking in sclence. In any scientific
laboratory a problem may be put "om the shelf" for a vhile. When a student later
comes across something that makes contact with that question yhich has been "put on
the shelf" in the back of his mind, he has the satisfying sense of seeing the parts
fit together. This is or: of the satisfactions of scientific work.

Following these guidelines is not the fastest way of getting some particular
relationship into a student's head, but it is the only way in which he can under-
stand how we know what we know about the world around us. To make time for this
important process, it is necessary to eliminate much that is taught in survey
courses. However, the results, in terms of changes in attitude and the student
satisfaction, make it worthwhile for us to give up our cherished ideas of vhat should
be included in a course in physical sclemce.

As T indicated earlier these guidelines were those used in the development of
the PSNS course "An Approach to Physical Science." The student reaction to this
course is interesting. During the first tvo to three weeks the students feel uneasy
and insecure. They haven't been givem all kinds of stuff to memorize, they haven't
been asked to work problem after problem, they have been asked to observe and think
and they are not given the answers to all their questions. It appears that few
students have had this kind of science course before. However, as the semester
proceeds, the students begin to understand and appreciate the approach. Many students
who enter the course with a fear of physical science find that they actually enjoy
the course. In most, but mot all, cases the course appears Lo achieve its objec-
tives of overcoming the non-science student's antagonism toward sclence and of giving
them an understanding of how the scientific enterprise functions, From personal
knowledge I can report that it has produced elementary teachers who use the same
approach in their elementary classes, They are comfortable saying "let's find out
about tbis together--what experiments cam vwe do to find out?® If all elementary
teachers understood and could use this approach to teaching sclence, students
reaching college would have no need for a PSN§ course but more students would be
ready for regular chemistry and physics courses.

CHEMISTRY COURSES FOR NONSCIENCE MAJORS

William F. Kieffex, College of Wooster

The only workable premise on which a discussion of this topic can stand 1s that
there is no one best way to handle the problem. One of my strong convictions, based
on my own attempts over the years and on conversations with others about their attem)ts
ig that the successful course 1s one in which the professor discusses topics about
which he is enthusiastic. This enthusiasm must be combined with a certain amount of
missionary zeal which translates into a willingness to start at a level of sinple
concepts so that students can be carried along (albeit vicariously) to the contem~-
porary growing edge of knowledge about whatever it is that is the chosen topic.

1 think the day has passed when we can expect to have large captive ;udience:
in required survey-type courses in science. My own strong conviction is that for
26
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‘ne noascience major, whether declared or just ineclined, the best way to instill
some appreciation and hopefully some understanding of modern science is with an
upperclags course. My own course in a four-year college is populated about half by

sophomores, half by juniors and seniors. The success with sophomores 1s so uearly
equal to that with upperclassmen that I feel justified in urging you in the two- -year
colleges to plan in a similar way. The sophomore is past the major psychological
hurdles of adjusting to college-level intellectual activity, He or she has survived
the inevitable weeding-out that a freshman curriculum provides. He has begun to
give some substance to his interests and even career pians. He has begun to recog-
nize a pevsonal frawe of reference on which he ¢~~ hang some relevant ideas which
admittadly may be more "cultural” than utilitar to his plans.

Today's atudent demands relevance--we are in no way abbrogatins our prerogatives
when we r@cagﬂisé thia in Lh@ﬂ&iﬂg our tapics and plaﬁning our discussions Science
aaying g0, whazever thE topic’:3 we can 1nclude buth the scientifig PrlﬂGiplEb Jnd
the information about technological applications. One without the other is starile,
The atomic and molecular structure of oxygen and its inherent properties need not
be illustrated only with decomposing KCl04 or burning steel wcol. Powering rockets
with LOY and cutwoal ign are more o the polan Thermal pollution 1s the con-
sequence of the second law of thermodynamics. The same chemical equilibrium involving
Ny, 0o and NO is responsible for starting smog that has supplied minerals in our soil

for Eans of tine.

I think there is a crying need for supplying s.me depth of understanding--in
terms of the underlying scientific coacepts--to all thc -resent furor over what is
happening to our environment. We all know perfectly well that it is not an impersonal
technology that 1s responsible. 1t is man's use of technology. But non-scientists ‘
need to have this spelled out! Men and women can decide collectively only on the
base of individual wisdom. That wisdom can be nurtured only by information. Supplying
that information and describing i#ts relevance is our job. .

My own feeling is that we owe students the additional dimensicon of some histor-
ical perspective and even some philosophical implications. In the nonscience student
we have a more sympathetic audience often than with our beginning science-career-
orlented students. A whole lecture on the history of chemistry or the philosophy of
science still will be deadly. Rather, these sidelights or interpretative interludes
belong in every lecture. There is a delightful absence of pressure to cover ground
in this course. Some very real advantages in terms of -understanding scientific
concepts accrue from showing how they have developed. Orbitals and wave functions
are a little less mysterious if the shortcomings of the Bohr orbits they replaced
are pointed out. The genius of Bohr's break with tradition, the really important
contribution, can still be appreciated. Alsc some historical parallels to modern g
problems are enlightening. Lead poisoning, a consequence of drinking wine preserved .
with a grape-sugar syrup cocked in leaden pots may have contributed to the ﬂebilitaﬂf
tion that led to the fall of the Roman Empire. In just the same way today we may be;
victims of a technology based on incomplete information. And it may not be too late:
to remove lead tetraethyl from our gasoline! S

My couree has shifted its topics every year for twenty years., Fifteen years *%
ago we spent a long time on nuclear energy and fallout. Five years ago the major
emphasis was on the chemistry of life and heredity. Now the latter has shifted’
more toward the problems man's profligate use of rescurces hag created for thg, L
maintenance of a satisfactory balance of 1life on our planet. In every case, I thin
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«1 facta-~but nisn some understanding of the under-
lying broad sclentific concepts. nyep~~and only--then will they be able to distinguish
facts from opinion, to recognize fac..id in popular resctions to curreni dilemmas and
hopefully to develc the wisdom for de-'sion in our present-day world.
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who were responsible. The rest of the : fi1lad in by lecturing.

OQuestion: There is a mixture of interests i— .he clags. What do 7Fou feach
hetei:geneous groups, and how?

Anewer: Determine student group interest, avoid process che istry,
upon economics and socla. iaterescs. Use the "Gee--Look at t A e
should be placed upon the broader implications. Discussions should be in such terms
as H,80, that could be produced from coal. Get the gtudents involved in the discus-
sion. Exam questions can ask for discussion of potential positive economics of
pollution control rather than ask for the Hy50, preparation equation.
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Question: What class size does this work for?

Answer: Up to 50 to 60 people. Calling on students by name is essential for
rapport. The teacher should try to draw out the quiet student and uuld down the
overly responsive student. "Miri" research projects could be assigred to gtudents

to get them to answer thelr own questions.
Question: How do you determine which students will register for this course?

Answer: There should be no prerequisite. Since transfer of courses is a
difficulty, a two-year college might have a problem with this course. The course
will not transfer as a laboratory science. It is not intended to be a first course
leading to further science. It was suggested that it be transferred as a Humanities
or Social Science elective.

Question: Is this material ever included in a science major's course?

Answer: Don't just consider implications--basic science facts must be worked
in. The framework is: Principles make implications clear. implications lead to
the study of principles. Story illustrations should be used. This course is a
full college level effort.

Question: What tipe nf exam should be given?

o

Ansver: The exam should be one-third objective with a simple problem, and
two-thirds the student's impression. This means their comments on quotations in an
essay form.
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Guestio.: What about exams for students who do not write wol1?

Anmswer: They could dvnw diagrame = = nsheoryations of things that have some-
< dn thea #d 18 Wroir. OV 4o il eXpe. st and report the results as ther

interpret them.
Question: What about the metric system?

Answer: Go easy on math. "The kids are math tone death.” Use commonplace
~mples.  Try fo present tHh~ course as intellectual fun. Some talks abeout
measurement glving the advai 'ge of any measurement in the decimal sysatem should be
given., The cour does not force it. Give the a realization of experimental
naturs of our sciencs

Gerald F. Grillot, Syracuse University

I must admit that T am at =2 .5 d1f::sﬁv9ﬁf’;:ma in F’T‘QI"‘HE%‘“‘& this énh%aﬁt ginrs

chie course in nursing chemistry that I teach is part of a baccalszureate program
leading to a B.S. in Nursing Education. However, for several years I was involved
in the teaching of chemistry in a three year R.N. program for General Hospital in

Syracuse.

Chemistyr» must certainly be considered as one of the basic sciences in the
field of nursing education. The course in chemistry should not only deal with basic
chemistry but should include some elementary introduction to organic and blochemistry.
Chemistry must scrve as a prerequisite to such subjects as pharmacy, pharmaceutical
arithmetic, drugs, nutrition, dietetics and clinical courses in medicine. Further,
chemist>y should serve as = most usefyl buckground to the study of physiology, micro= B
biology, thercpeutics and pharmacology. How can any student in elementary biology '
really appreciate this science which is base more and more on molecular structures
if he has no kncwl~dge of chemistry? With such a background, the studies of
glycolysis, the citric acid cycle, :the role of the nucleic acids in genetics and the
biosynthesis of proteins will be much more meaningful.

Today there is a yrowing pressure for the nursing student to complete a
baccalaureate progran. Any advancement for the practicing nurse is generally
blocked by the lack of such a degree. She generally needs a B.S. degree if shc
plans to go .nto supervisory positions, into nursinz education or public health
nursing or to become a school nurse. In this matter, I do have some experience,
I frequently advise our School of Nursing concerning the placement of returning
RN's in chemistry courses. Many of these students with inadequate backgrounds in
chemistry are required to take our basic nursing chemistry course. Every other
year we offer a night section of this course for such students, so they can con-
tinue their education while on daytime nursing shifts in our local hospitals. Based
on the above facts, T not only recommend ar. adequcte course in chemistry for all

nursing students, but it should be acreptable as transfer credit to a collegiate

baccalaureate program in nursing.

Although the National League of Nursing, the National Student Nurses :
Association and the American Nurses Association have deplored the unilateral action
of the American Medical Association, whén their Board of Trustees announced in the




AMA News that the latter association proposed the use of specially trelned nurses in
the practice of wedicine, I expect that these groups will come to a mutual agreement
on such a practice. It is proposed that nurses so trained will be working in the
employ and uncer the supervisinn of en M.D. The use of nurses and other health
professionals should buoy the physician in such a way as to expand markedly the
physician’s ability to serve his patients. The use of these professionals would
permit them to make house czlls and prcvide home health care, which should —esult in
fewer hospitalizations and earlier discharge or those hospitalized. This information
has been called to my attention in the most recent News Letter distributed by Alpha
Fpsilon Delta, the pre-medical honorary fraternity. I hope that no one of our capable
rursfng students is den th opportunity to take advantage of a chance to partici-
pate in this limited medical practice because of a limited background in the basic
sriencns.

(- School of Nursing hias mever had te be convinced of the need of chemistry
in the ps.ogram. They requiie & high school course cr a semester of the standard
genezai rchemistry course before the student is accepted in their program, 1 am sure
that admissiou to the program depends upon the student's performance in her high
school course in chemistry. Although o proposal has been made that an zlternate
Mews Vorlk Dacent's awam in chemistrv should be established for prespective homa
economi.sts, nurses and other healti sciences that would be much less theoretical
and mathematical than the recently adopted curriculum and Regent's Examination, our
nursing faculty in clinical medicine and surgery were quite insistent at a meeting
on nursing education sponsored by the Board of Education of the Ciiy of Syracune
that hizh scheol students planning for admission to our school should continue to
follow the present Regent Curriculum in Chemistry.

In summary, I must say that our problem is not whether ch:mistry should be
in~luded in our nursing education program, but rather that we must always be con-
cerned with the selection of material from this science that will be most useful
for our nursing students. For instance, should we include under our discussion of
atomic structure a discussion of atomic and molecular orbitals and their relation-
ship to the structure and properties of molecular structures in organic and biochemistry?

CHEMISTRY FOR NURSES

Bernardine Hallinan, National League of Nursing
New York City, New York

In my visits to various ceclleges and universities across the country I have
noted an increasing concern about the adequacy of the present science courses in
meeting the needs of students in health related curricula at the associate degree
level. For this reason I was happy to have the opportunity to attend this timely
confarence.

I would like to introduce my remarks by stating that what I am about to say
does not constitute official National League for Nursing policy. The League is
a voluntary, memberschip agency and the meubership of the Department of Associate
Degree Programs has not made any official statements for or agdinst chemistry in the
curriculum of associate degree programs. Cullege administrators and faculty often
ask what the League regulations are regarding various aspects of program development,
but Mr. Griffin, who is the Director of thiaﬁjpartméﬁé, and each of his staff firmly
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I was :sked to talk about ""Chemistry for Nurféq&” but hefore I can <o that I
must aefine what I mean by a nurse. 1 am rveferiing to the person who is nrewared as
a vechnical aurse or nurse technicilan. To par-phrase the Learus's “efinitlon of a
technical nurse: "Someone who is prennved to ~ive hedside ca-e aud to perfor.
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fteve! nf pwactitioner has been defined, v can discuss the relation=
Ly w.a the assoclate d"ree nursing Qurriculum In the original,
: CEULSLELn U ¢ urs g prograis scme oiferved chemisiry, but the
maj@riiy diq ast. This variabils ty was expected hecause both state and scheool
requirements had to ve metr, and the nursing curriculum .nad to be developed to meet
stipulafted requirementcs. The presence of chemistry in the original programs can per-
haps also be accounted for on the basis that schools were discouraged from developing
courses specifically for nurses. Since chemistry was offered in each of the schools,
the existing course was utiliized for thz new program. 7The two reasons which were
just stated--state and school requirements, and availability of a chemistry course—~
were further affected by a third factor which influenced the inclusion of chemistry

~hemis

Fa gome programs, and that is traditiec, A fecurth facvor wiich conaciously oi
unconsciously affected placement of chemistry in the curriculum has been status.
The inclusicn of chemistry is viewed by some as raising the status of a curriculum
which is technical in nature. (We must all admit that in many collezes the faculty
and students 1in technical programs are often viewaed as having a lower status than
the more traditionally oriented curricula.)

I am sure there are other reasons too numerous to state as to why chemistry
has been and is included in many assnciate degree nursing currxicula.

I have been discussing what was and what 1is, and would like to continue with
what it seems "will be." I discussed this with Mr. Griffin, the Director, ind the
other scaff members. I also reviewad the nursing curriculum of all the established
programs that have recently applied for N.L.N. accreditation as well as the newer
programs that have not yet graduated a first class, and have applied for Reasonable
Assurance through our Department of the League. It seems that of the older programs
about 32% of them offer chemistry courses, of the newer programs only about 15%
offer a course called chemistry. I believe I can safely say that the percentage of
associate degree nursing programs which offer chemistry courses is decreasing each
year.

Undoubtedly the reasons for not offering chemistzv in associate degree nursing
programs are as numerous as those for including it, but from conversations with many:
people it seems that the primary reason is that the traditional chemistry course does'
not meet the needs of the nursing program, or other health related curricula, at the -
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as individuals. view the change from *he traditional science offerings to a more

meanir~ful approach will vary-=but the change will ~ocue.

CHEMISTRY FOR NURSES

Virvinia Bryan, Jamestown Community Ccllege

T am nmot sure how many of vou have Assoclate Degree Nursiug Programs a: your
colleges or if you are sbout to start them. Before I get imto the role of caemistry
in Assoclate Degvee Nursing, 1 will give a liitle, quick background on the philesophy

of Associate Degrze Nursing and why these programs vare started.

Mildred fontague, in 1950, due to the shortage or perhaps mismanagemen- of the
nurses that were available then, set about ro find new ways to educaie nurses that
would take .ess time and would be located in a new educational setiing. She described
three areas of nursing functions to be performed by :three differant types of nursing
personnel. 1'irst was to be the aide or the assistant. This person was to be pr=o-
pared by the agency itself ad I am sure all of you who have been hospitalized or
have had somecn: in the hospital have seen the aides or ordesrlics or a type of nurse
assistant around t. - ‘nstitution. Tue second type that sh: described was a para or
semi-profession.® person, the technician. This would be the Assoclate Degree nurse
graduate and/or th. diploma graduate. (I am not quite sure that we have convinced
them that they are :echnicians yet.) The third group is the professional nu.ase, the
graduate of the bsccalaureate program.

_ While it is thie third level, or professional, nurse that makes the major
derisions regarding the vasic nursing care and who requires extensive preparation to
prepare for responsiviiiiics of leadership, it ic tha para-professicnal or the
tecknician nurse who is found at the patient's bedside and who must be depended upon
to give safe and comfortable patient care. In order to give this kind of care, there
is a certain amount of Ilmowledge that must be brought to the patient's "adside by the
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Melzea asd Gy

; define nursing as &n art and o on Lo desciipe on Ari as
pract) -2l knowledze that tel : ) to produce certain resulis."

) . nursing as on art quires ¢ =vmpathetic heart and willing hands.
ravsing o8 a science, "that e ives a sound, broad type of educas
thnrough knowledge of human nature "

lnc scionces that lend themselves to nureing are, as I am sur~ you all knrow,

73y, sociology, anatomy aad physiology, chemistry, microbisiogy and physics.

uzse of the iimitation of time in A;Koziate Degree nurse programs (and I think
wit programs are still o toinel in a four semester, twy vear type of setting)

1cen taught 10 tteiv entirety. Eacbhb nursing faculty must make
de

to what ccuvees will be dneluded v+ aycluded in the allotted

which

Lee nvrsing programs begia with the normal needs of the
abnarmal deviations. CJoncurrent wi'h nursings' normal needs
»s5e sciences which lend themselves (o normal body functions.
cay wnd physiology, physics. chemistry, psychology and soci=
ology. 1If wus L de them all, that would be the gamut. Usually anatomy,
physiolegy and psycholoay are those of choice. Physics and chemistry are frequently
eliminated unless they sre taught by a nursing instructor as she geas fit in a
specific instance. €£ciology joins microbiology in being postponed until the second
vear.

TR ,Ag Ciadamiz

With these definite defic.encies in mind, I would like to emphasize the need
that nurses rave to understand the normal body frnctions in order to perceive the
care of fhe patient winos: normal functions have been interfered with for some rcason
or othe-. In discussing with registered nurses rheir use of chemistry in their
nursing practice, very few could recall specifi: formulas and/or chemical facts,
However, all of them aucted broad concepts that had been used until they had been
integrated into tnelr routine knowledge for care. These are rLhe types of chemical
concepts that any person in health related fields shculd know. Probably this is the
same Information that most non-chemistry majors shovld have available to them and
this would hold true with other scientific knnwledge as well.

Some of the broad con_c=pts from the disciplin. >f chemistry that I feel should
be stressed dezl with the physiologicial funetions of the body as foliows: the
process of disestion; oxygen's use and transportation in the body; the importance
of carbon dioxide; the production o~f heat in the body (and while some say this
relates only to physics, I have a notion that chemistry is involved here): enzymes
and their importance; drugs, their use and effects on the tissues of the body; and
water balance, electrolytes, acids and bages and the pH scale. These are only seven it
areas and I am sure there are many majur concepts which come to your minds that I.
have eliminated. No doubt each :ndividudl nursing department would add Epecifics
which would be helpful in your college in the health related programs.

At this point I would like to stress the need for a combined science course
which would include broad concepts from each science that deals with body structure
and functior. and eliminate the specifics in the discipline. This might be done by
team teaching or by developing a core curriculum which could be taught by a member
of the science faculty who is particularly !nterested. This course should not be -

g
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ceared specifically to nursiny =tudents, bt to all health related
g ¥

fieids and should also Le available to any Libeval arts

=S

s CcemistYy -

r oin ordar €0

comfori: : oy technicians
They do no :

short time allotted to their program. They necd to understand basic chemistyy conccopis
that will help them understand what is taki.g place ipsid- their cvm bodles as well

as thos~ of their patients. anc why sickness alters the nocmal funcrioning <

3
=i eyt
[t

body.

T would like to challenge someone . aak new and different ways of “2aching
' ~* : and ather acd an an thar we in nursing can concentrate

the sciences to .2 nrepared sclence vu.iiougs

G TOITE i, -eallst LG @D

George i. sackneim, University orf Iizinsic

Chicago, Illinuis

I have been asxed to speak on chemist.y for the hezlth sciences from
the author's point of view. However, it is a little d+fficult to disassociate
mys=if from other pcints ¢i view. I cannot help but iuok at it from the teaching
point of view, si ce I taugnt nurses for about twenty years. I also understand
the perspective of the National League of Nursing, since I have alsoc been involved
with them for twenty years. I am one of three people who wrote the Chemistry
examination fecr the National League of Nursing. Study ~I the examination In
chemistry shows that there are really two examinatione - 0t one = with an entirely
different passing score for the baccalaureate program as compared to the diploma
program - although it is stili the same examination.

However, I want to discuss this subject from an entirely different point of
view. I am going to bring out my crystal ball and make a prediction -- go way
out on 2 limb as it were. You may not agree with what I say, and we could argue
about it. But I have a feeling that in about ten years or so we will not teach

chemistry. I have a feeling that this will be a course which will be completely

outdated. Instead, I am going to propose a new course that we are going to teach,
Science for Nurses. This, I feel, will be the thing that we are going to do

because 1t is more practical. Today we not only teach chemistry to nurses in the
chemistry program - the chemistry of the various reactions involved in body functions,
but they also take a course in anatomy and physiology and they get the same chemistry
again. 1In all the other courses in nursing the same chemistry is repeated again.
Except, as I have had my students tell me, when they take a course in chemistry

and there is a certain question on the examination you have to answer it in one

way, but when they take the course is physiology and the same question is asked

a different answer is required. When they take a course in nutrition - the saze
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185, What dezs chiz teacher want?

wer?” So, I propose then, an integrated
chemistry part, naturaily, but the chemistry

-t

in - o the probl
t iz £tz correct
1 consiszst of the

thing BUGERES i
ratbher than, Wha
sclence which wil

d in with physicz,. Physics is au ‘mportant field which includes gas laws,
iyvation, body production of heat, energy, and other aspects of

achmnics, resp

i ics. It iz tied in with mathemstics. But where dces one course stop and
wiher begin. Ubviously the integratad scilence will have to be tied in with

anatomy and physiology, body fiuvids, blood, urine, wetabolism, hormones, vitamins,

etc. Thls is LDEWlEEIY but it iz iso physiology. Can you tezch physiology

without =nastov? 77 sheoro hir ez sen 511 futesrated ond touneht as a seicnee. io
mneans ﬂuﬁh more ©o Cu«se stude i,
Then there are new areas & a‘ as genetics, a rather nevw area in chemistry,

the chemistry of ! , , tcy is taught in rany bioclogy courses. When

vou go into the ?hEHiF Lry, haw can you separate the bjology from the chemisiry of
the DNA molecule and uine EaliQuS malfunctinﬂy that tale place in the body because
of the lack or axce Leviaila chenic T HIE T yomusi e dughi_ ther-
Another allied area- rhe use and abuses of fo: s, drugs, ern, = with pharmacalggyi
Can you separate the pharmacology and uses of drugs from tiie chemistry of them?
And here we go overboard sometimes in one area and not in another. We read quite
a bit about the use <f LSD and the effect on chromosomes. LSD breaks chromosomes,
but what about other Lhings that also break chromosomes. And there are other agents
which fortunately do -t break chiomosomes in the same amount, but which do break
them never the less, One of these is caffein, which is not publicized, but it
vlill affect chromosomes. This is +he stuff that we have got to bring into the
teaching of science, We have got to bring in the idea of radioisotope technology,
the chemistry and use of it. It should include study of isotope for diagnostic
and theraputic use and the dangers involved - the chemical and physical dangers.
The idea of 1ife expectancy ~ life expectancy effectg due to radiation = which is
something that is never mentioned. We are just beginning to talk now of life
expectancy due to smoking (one of the things which affects life expectancy) and
part of this is chemistiyy.

Today, with all the emphasis on pollution, how can we talk about pollution
without talking about the chemistry of it?

So, as I look at this, 1 am going tc predict that this will be the course of
the future. We are going to teach our nursing students science as a whole and not
have it taught by a chemist ~ but taught by a team, including a chemist, ‘physiciat,:
mathematician and a physiologist. As with any type of curriculum, the most important
thing will be the feedback we get from the students and the teachers. Then we can
go on from there and make our plans. How this integrated program will work, I dom't
know, but I feel that it isgoing to have to come if we are to give our students a
well-raunded education,
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WRITIHG BEHAVIORAL OBJECTIVES

2n Bardale, Vincennes Unlversity
ior College, Viacennes, Indiana

A physics professor gave a new barometer to one of his stuuents and asied
him how he would uve . the barometer to determine the helght of a tall downtowr
building. After 2 few moments, the student said, "I'l1 take it to the top of
the building, tie a vops <o it and i-wer th2 barometer to the ground. Then I'i:
measure the leagth oi rove used with a meter stick,”

L N

c b L amd aabad Sha aepdent e rhinls

of amother solution. After a little thought, the student said, "1 11 get a stop
watch, go %o the top of the building. drop the barometer, time ics fall and cal-
culate viae heisi= of th~ bulldirg frem that data.”

The profe.sor admitted that would give a reasonable answer, but that
was not the procedure he had in mind., The student hai another procedure, Weil,
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he'll tell me the height of the buildinz,”

With all due respects to Torricelli, the student had identified three
procedures which would answer the original request. The professor had gimply
not stated the request carefully eaough to permit only one route being used to
get the ansver.

Tellinp the student exactly what is expected of him and what informati
he 15 to use to reach the specified end point is the purpose of behavioral
objectives. The term "behavioral objective' is often coufused with course
Jegeription. In general, a course description tells something about the content
of a course and the procedures that are to be used. A behavioral vbjective
specificallv tells a student how he is expected to behave or respond after a
given topic has been covered. Most instructors start a course knowing rather
precisely what he intends to accomplish. However, it is frequently difficult
to communicate to the student exactly what performznce is expected of him. The
fact that you will cover Atomic Theory does not tell the student vhat he must
be able tc do after the coverage. Must he be able to solve the Schroedinger
Fguation or do you expect him to draw a Bohr model represention of a Lithium
atom? This is the situation which behavioral objectives are meant to simplify.

After the statement of behavioral objectives have helped you determine
precisely what you are to teach, then the text, problem books, references,
movies, audiotapes, field trips, lectures, problem sessions, experiments and
computer assisted instruction aids can be selected and planned. Preparing tests
enable you to easily evaluate the progress of the student in meeting your stated
goala.

With the stated objectives, the scudeut is dble (o evaluate himself as
he progresses through a topic. He does not find it necessary to psyche=-out the
instructor.

A meaningfully stated objective is one that succeeds in communicating to
the reader the writer's inatructional intent, The principle reference for
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prepaving bLthJQl&L objectives is Preparing Instructional Objectives by

Robers ] lishers, Palo Alro, California.
Frequently, teachers walk in terms of "to know," "have an Jﬁdéfgtandiﬂg
or," "have an 3pprPriatioﬁ for" and "to be able to use chemistrv." In chemistry,

each of us has our own perspective of vhat we mean when we use those terms.

“hus, we may be able to get a better perspective of their lack of clarity if

we look at the field of art. We might even take a course called Art Appreciation.
Our goal for taking th- course might be "to get an appreciation for!' But are
we refering to painting. music or ballet? How wiil we kuow when we have gained
an ap-reclation for art?? -

sn T T e ey Tane s R T Rt

avle tn cormunicate by using these "open words." However, for instructional
we can and should he far move precise in identifying our expscted

TUTTIORAS
outcomes from thes teaching or learning process.

When prepariug behavioral objectives, we are concerned with:
L. IdentlgV1ng the terminal behavior,

o8 WIASET which Lhe 5L Wh i L.

Qf;;lflciL;Qn of the criteria of acceptable performance.

Tadi et s

The _urriculum Committee of the Division of Chemical Education has been
working on the development of behavioral objectives for a number of chemistry
courses. Some offerings by committee members have shown the difficulty of
preparing good behavioral Dbj;cthES and the advantages of having other persons
react to an objective before it is passad on to a studenk.

Preparing the objectives quickly leads one to the conclusion that there
are action verbs that must be used frequently if the objectives are to be precilse
and informative. As behavioral chjectives are developed, it often appears that
we are expecting much more from our students than we have suspected in the past.
It becomes very important to make statements that convey the message intended
and many behavioral objectives must be rewritten many times before they cease to
be ambiguous.

WRITING BEKAVLORAL OBJECTIVES

William T. Mooney, El Camino College
Rorrance, California

The materials and literature articles suggested as references were
"New Directions for Chemical Education in High School" and "Independent Study
in High School Chemistry", by James DeRose, and "Academic Program Elanning by
Network Analysis" by Vargos and Taylor,

When writing behavioral objectives it was suggested that at least two
people work together. Objectives should be read, then be acted upon and discusse
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The questions that ¢ 1ld be answered about each objective concern the appro-
priateness for the course, workability, teachability, testability, and are they
properly stated in terms of conditions, performance, and center of accomplishmeat

A program was repucted where objects were written and students were
allowed to nrogress at their own rate by using taped lectures and an available
teacher. 1if the s-udent had not successfully completed the work at the end of
a semester, he had a semester to make up an inco-vlete. Prae= and post=testing
were used. As mentioned, this program inciuded &n opportunity for interaction
with inctrnerors. It was found that this was essential for the success of the
prograr. A few students were able to listen to the tape, take the test, and
go on iu the next unit; however, most took more time and needed to get help

= . . .
s drnsbtractnor,

Some of the tcachers found that pui tipmz a time limit on a studen”
actually helped a student, It was pointed out that many objectives are given
without using the exact form and verbhage sujgested by the autherities =2nd are
generally quite zffective. If wuo suggested that a bank of behavioral objectives
be established s¢ that all teachers could draw on them when they needed them.
' her accounvahle hu faraing him to sav what

H

T i e N T e e T
Sitied Y itde ot d DL oy ek WD Haferets = . )
he wants a student to learn before lLi» teaches it, It was questioned whe:tler it
was fair to the student to tell the student 30 specifically and ccmpletely what
he is expected to know. Will this not weaker the student when he is in courses

in which objectives are not used?

2 L0t

BEHAVIORAT. NBJECTIVES AND LABORATORY TECHNIQUES

Jay A. Young, Carleton University
Ottawa, Canada

1 would like to emphasize the practical utility for the teacher of his
specification of the behavioral objcctives. Too often, when behavioral
objectives are not alluded fo beforehand by the teacher, there is a tendency
to pive the student more to Jo than the student is able to accomplish 1in a
reasonable time. This is particularly evident in the teaching of laboratory
technique, The number of different behaviors that we expect the student to
achieve in even the simplest series of related exercises is clearly more than
we can reasonably expect to be acheived within the brief time of the typical
laboratory period unless these are carefully planned, in advance.

Todav, with the availability of all kinds of multi-media, some people
have suggested and practiced the teaching of labciatory technique by the use
of motion picture films or TV tape. It is clearly evident that with few
excentions, real motion is unnecessary for the effective teaching of laboratory
technique. That is, th. .ime required to learn the rudiments of even a
eimple technique is usually much longer than the time the student 1s exposed
to that detail vhen a film or TV tape is run. Since students are not inclined
in general to rerun a film or tane more than perhaps twice at most, the details
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the use of slides, t.ue student ¢-u
as e oleases 2°d can in addition
rasily go beok in the slide sequence to revicw that matter (inscead of having
ro wailt until a loom of film recvel s che appropriate place for liim).
Additionally, slide are much more o - and inexpensively edired than

films or TV tape. Once a motion has been permanently inscribed on film or
tape, the author of the material is reluctant, and understandably so, to
undertake the relativel; difficult and tedious step to reshoot the errone€ous
sesment in a proper wav. 1t Is relatively easy on the other hand to remove

a slide or twa fror a sequancz and insert replacements.

are not learned. 0On the ocher hane .
duall on any porvciculur poinu for =

Additionally, it is well koown that although some incxperienced professors
and teachers can indeed make excellent fiims, in general this is not the case.
wenerienced professor photographer to
oYy rihm 20 5h00L SUeeEnpiiela gruioil

af 2 problem far the inc
produce really acceptable slide
nicture Film or even TV tape.

TE qe Tes

411 theze arcuments supggest that the use of slides and audio tape {with
accompanving asmall inexpensive liooklets) is the superior way to instruct
students in laboratory technique. Examples of this use of multi-media for

i 1T i sz alars wnrking, weighing,

-2 i [N S IR IS AN

generation of gases, determination of

R 'z{';u':l.\ & :Ct :if‘_ LRELE fe s he s ke o [
estimation and measurement of pi,
molecular veipghts, and others was presented.

NEW TEACHING AIDS OR NEW USES FOR OLD ONES
- (Abstract) ) '

17, Robert Barnard, Ohio State University

For the General Chemistry course, - aas instituted a number of programs
to answer the problems for improving instruction in the face of large enrollments
and the demands of teaching from a body of scientific knowledge which is increasing
in complexity and size.

The first program has been to facilitate the presentation of demonstrations
to large lecture sections. Each general chemistry lecturer meets 250-300 students
in a 350 seat auditorium. A student may sit as far as 60 feet from the lecture
demonstration benzh. In order for the students to have a close-up view of exper-
iments or demonstrations which the instructors may use to give substance to com-
plex topics, a large screen TV projector was installed. A 13 foot wide TV picture
is projected directly over the head of the instrucor. Demonstrations can be per-
formed in front of a compact, self-contained TV unit permanently mounted in the
lecture bench. A portable video tape reccrder and camera can be moved into the
regsearch laboratories to make video tapes of elaborate experiments using expensive
research equipment which would never be seen by the average undergraduate. The
video tape recorder is connected to the TV projector with a single cable connec=
tion and operated by the instructor with no more difficulty than a motion picture
projector. "Live" TV presentations can also be made directly from a laboratory
to the auditorium,
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vv o ota dnsce o late the lecture at any
{ilm at the touca of a button. All

. voeom illimination so the student
tale notes casiiv, The projentd images are large enough so that thermometer
readings for examplea, cal be taken from any seat. All equipment is under control
of the instructor and is available on an unscheduled basis.

The ins ructor alse haz the

time a slide or segment of a moclol
ceom. Lished wich

TLE QAar

projoztion is

In the freshman la' oratory program a projeci has been developed to
facilitate the pre-laboratory instruction for fourteen thirty-student . :ctions
whicl: meet for thrae hour periods throughout the day.

Previously, each of the laboratory sections was under the dirsct super-
assistant, but in the ne!r program a specially

SiEuAll. L cib:;.LEthi:U [IRW iy

visinn of 2 =sraduate reaching

traines undevgraduale s Showh L adnlia 22
Under the direction of a graduate laboratory supervisor the student agsistants

carrv the burden of routine jnworatory problems.

Haeno a

Zach of the laboratories is eqipped with two television monitors, and
ire-laberatory imstruction is carricd into the laboratories through a three

st ot T Meteihution evetem. The goal is a consistant level of instruction

at a uniform time throughout all sections of a particular course. Three courses

in chemistry meet simultaneously, and each uses the TV on an assigned channel.

A telephone cciaects each laboratory with the central TV unit which is located

in the laboratory area, and any instructor can call at any time for a re-run

of a particular TV tape of film.

All of the television equipment, video tape recorders, film chain, and
switching apparatus was sele:zted so that the entire nperation couid be run
by undergraduate -~ssistants as well as by the instructors.

iwo courses prepare their laboratory instruction directly on video tape
with the camera work and presentations being done by the instructor in charge of
the laboratory program. One course has all their instruction u. color film.
Films can be shown Airectly over the TV system, but in practice the film work-
prints with the editing marks are converted to video tape. After the video
tapes have been shown to the labs for one week, a careful evaluation 1s made
and the instructors comments on the effectiveness of the film noted and corrections
made e.g. scenes are shortened or lengthened, added, corrected, etc. The final
film prints are striped for magnetic sound and are approximately 16 minutes long.
Narrative sound is used and is added at the TV central by the instructor. A camera
position was established for the film series. We call it "zero angle" photography~-
the camera is positioned over the shoulder of the demonstrator and the viewing
angle is such that only the hands or close-ups fill the screen. On the TV screen
the viewer has the impression that he is doing the manipulation as the procedures
for each experiment is outlined., Only apparatus used by the students is in the
film. Close-ups de-1 with the techniques of instrument reading, etc. Care is
taken that data are not presented such that a student can anticipate the outcome
of an experiment from the films.

Each of the films is divided into four sectioms: introeduction to the
experiment, nature of the problem, experimental procedure, and treatment of
the data. Each section can be used independently of the other. Sections of
the films are reduced to 5-8mm cartridges f?f the MPO projector and distributed
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to the branch campuses of the university. Examinations covering techniques could
also be video taped and used as '"traillers'" on the TV.

The TV laboratory installation of film chain, two video tape recorders,
28 TV monitors, with all necessary switching apparatus and cables cost approxi-
mately $21,000.

The basic classroom equipment: TV projector, wireless microphone and
film projector controls are un each day fromeight to five o'clock. The instructor
is encouraged to use the equipment because it is always there in front of him ready.
to go; however, the use of a teaching aid in a chemistry lecture may mean a three
minute demonstration with TV, or a 30 second film clip. It is not expected that
the equipment will be used every hour of each day.

Computer general displays are being used in the classroom. In a large
classroom, a CCI 301 computer graphics generator has been used to interface the
TV projector with an IBM 360-50 computer, such that the computer is under the
control of the classroom instructor. Data are calculated and displayed on an
8 ft. screen in such a fashion that the students can have immediate access to
alphanumeric information or their graphic interpretation at their seats.

In cooperation with the Bell and Howell Corporation the department has been
Several of the chemistry color pre-laboratory instruction films have been con-

verted to one inch color video tape format and transmitted into the laboratories
to gage initlal reactions by the students.

DEVELOPMENT OF AN AUDIO-TUTORIAL PROGRAM IN CHEMISTRY

T FOR USE IN A PREPARATORY CHEMISTRY COURSE

Paul Santiago, Harford Junior College
" Bel Air, Maryland

Many, if not all, of us who have taught within the framework and philosophy
of the open-door policy of a comprehensive community college have had problems
with placement in freshmen chemistry courses, and/or the development of somc type
of remedial program to prepare a student to take the freshmen chemistry course.

At Harford Junior College I was given the opportunity of trying to
design a course for students who did not take chemistry in high school or did
poorly in high school chemistry, but needed chemistry for their college curricu-
lum choice. I decided to include and stress the problem solving topics charac-
teristic of the first semester. These topics I have found to be the biggest
downfall for most students.

The course consisted of twenty-two lessons and a set of programmed
textbooks. 4 1
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11 Lesson Number Lissor Name

1 Metric System

2 Signed Numbers and Solving Simple Linear Equations
3 Definition of Chemistry

4 Chemical Classification of Matter

5 Sub=-Atomie Structure of the Atom

6 Isotopes

7 Periodic Table

8 Bonding of Atoms

9 Writing Formulas for Ionic Compounds

10 Calculz 'ng Formula Weights and Percentage Composition
11 Calculz .on of the Simplest Formula for a Compound
12 Balancing a Chemiecal Equation

13 The Mole Concept

14 Weight-Weight Problems

15 Kinetic Molecular Theory of Matter and the Gas Laws
16 General Gas Law Equation

17 Volume-Volume & Weight-Volume Problems

18 Solutions
19 Definition of Electrolytes, Acids, Bases and Salts
20 Single Replacement Reactions
21 Double Replacement Reactions
22 Neutralization

During three summers -- 1967, 1968, 1969 -- I offered the course four times.
The course was taught using the traditional lecture, discussion, recitation and
demonstration approach, stressing a large number of drill sheets with problems.
The course was for non credit, but met as if it were a three credit course. In
five weeks we met about forty=five hours.

In order to obtain some kind of indication of whether or not the course was
bringing the students up to a level where they might succeed i{n a freshman course,

I used a pre-and post-testing setup using the Toledo Chemistry Placement Exam.

12 Toledo Chemistry Placement Fxamination Form 1963

Make-up of Exam

Part Items Points

1. Arithmetic and Algebra 15 15
I1I. CGeneral Knowledge 25 25
111. Formulas & Nomenclature 10 10
IV. Equations 6 12
V. Algebraic Formulations 6 18
VI. Chemical Problems 5 20
Total 67 . 100

Order from: Research Foundation
The University of Toledo
2801 West Bancroft Street

Toldeo, Ohio 43606
42
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The developers of the exam suggest & acore of 40 on the test as a cut-off
score; below this a student would be placed in a remedial freshman chemistry
course; over 40 will be placed in regular freshman chemistry course. I used a
score of 49.5 or the 40th percentile rank as my indicator.

#3 Toledo Chemistry Placement Examination

Percentile Rank Score
99 88.8
95 80.2
90 74.4
85 70.5
80 67.3
75 64.5
70 61.9
65 59.3
50 57.4
55 55.2
50 33.5

45 e . 51.6
L 40 49,5 = Used |
35 46.6
30 45.0
25 _42.6 _
[__20 - 40.3  Suggested

15 37.2
10 33.6
5 28.1
1 19.1

I e fiﬂal gzaée in :h% course was degéfﬁiusu b; tHe ;agsl ﬁﬁﬁb=f af pain:: a

the Toldeo Chgmistty Placament E:am and five other p:ublens, 7If a gcudgnt EBE
70Z of the total number of points possible, he would get a "C" or, since it was
non-credit, an "S". All students below the 70% mark got "U".

Table #4 shows the results of the pre- and post-testing for forty-five
students for four summers.

iq hange in Rank
At Start L |
Average 9.1
Median 5 _ 30

As indicated by the summary data, the av&ng; ﬂnk at ‘the £in1
the course was 39 4 which is very elnlg to th:ﬂﬁ yired 40, .




7 During the summer an197O I put each lesson on tape with a guidesheet for
each tape and worksheet. Each lesson had a set of objectives in behavioral
terms and a quiz setup in terms of these objectives.

: The audiaftu;ufial lab was a reel-to-reel set so I could only put two
lgasqns per night on the tape lab. I also used classroom discussion and demon-

strations. This was a modified audio-tutorial approach. Class time was uied

to go avetrthe previous night's lessons and to give quizzes. The rgmaiﬁinértimg

;s; spent in the audio-tutorial laboratory where students went through the tape
essons. o

#5 Results Using the Modified Audio-Tutorial Approach
Student Percentile Rank on the Toledo Chemistry Placement Exam
Summer 1970
Percentile Rank
At Start At Finish Change in Rank
Median 0 25 +25
Comparison of Students in the Traditional Approach Scoring at
the Zero or First Perentile to Those Using the Modified
Audio-Tutorial Program
7 Average
#6 Percentile Rank

Average
Change in Rank

At Start

Traditional 0.5 19.5
Hodified
Audio-Tutorial 0 18.8 18.8

, The results, compared to the students who started at "0" percentile in the
traditional course, were not significantly different. : T

For this semester (Spring 1971) I have put each lesson on & cassette and ..
put the guidesheets, worksheets and answersheets into a book. The tapes are in
" ¢he library and class time will be used in discussion and quizzes. At times
" { had to re-teach a complete lesson if, in the discuasion period, I felt that
the students did not get the material. I IR

5 1 hope to revise this as a result of this Spring's work and subiit the
" tapes and guidesheets for publication. A




RECORDED INSTRUCTION FOR PHYSICAL SCIENCE

James .J. D'Amsvrio and Salvatore J. Rodano
Harford Junior College, Maryland

We at Harford, like physical science instructors at many colleges and
schools, are concerned with making our physical science course a more interesting
and palatable experience for the student. To do this we have begun providing
audio and video tape recordings in the laboratory and individual interviews
and pre-tests outside the laboratory. Topics important to the course and the
experiment are presented on tape, as are exampleswhich try to make the ;abgratgry v
experiment meaningful and relevant. -

Our physical science course consists of 3 main divisions: Discussion
sections, Laboratory sections, Interview sessions. These can be described in
more detail:

Discussion Sections Laboratory Sections Interview Sessions
Dialogue councerning the nature Audio and video tape Individual student- :
of s0lid matter instruction instructor talks about -
Experiment-demonstrations Performance of experi~ interpretation of
Pre=tests and Tests ment laboratory results
Quiz on experiment
performed

This combination of recorded instruction, pre~tests, quizzes, and individual
interviews allows a considerable degree of flexibility. Since basic information
is recorded, students can do experiments outside of scheduled 1abaratary times.
The recordings often encourage student curiesity by limiting student frustratiﬂn,
8ince necessary information is usually available on tape,

The pre-tests let the student know definitely what is important before
the test. And the individual interviews help clear up student problems and
develop the ability to analyze experimental data and observations.

The efffect of tape usage has been to informalize class discussions, to
improve student performance especially in the laboratory and to provide more
individual instruction for each student.

We have developed this approach to physical science to minimize the
difficulty, apprehension and confusion that many nan—sciance najors experience
in required science courses,

Through careful selection of text, cuitivatian of attitudes, ﬂEH”ﬁEEhGES
of evaluation, and much experimental wnrk with audio and video'techniques, e
feel that our physical science course is no longer the draadgd»trip into the
unknown, but rather an enlightening apprecation of scieﬂee. its bgauty and its
usefulnesa.

Consideration of the various physical :eiancg':égtt’nvailiﬁlg led us ta%
believe the PSNS course (Physical Sclence for Hpn-Scian:e 8t in::) vauld be
flexible enocugh to adapt to various techniques and i
The philosophy of the PSNS approach paralleled our own
of the experimental method and the need of tha ltud!ﬂ; tn
method of investigation. @ =~ o v 0T
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ihe physical science student often has a poor attitude toward formal
science courses coupled with a poor or non-existent background in mathematics.
Perhaps the most frustrating aspect of these students' attitude about science
is the feeling that science is quite irrelevant to them for they intend to
enter fields, whict from their points of view, are far removed from any contact
with science. The preceeding comments cannot be used to describe all or nearly
all of our non-science students; yet most instructors of physical science will
agree that a large percentage of their students can fit the foregoing description.

The experiments for the physical science course are conducted in the audio-
tutorial laboratory. The laboratory consists of 24 individual booths, each
containing an audio tape deck, head phones for audio and TV listening and
foot-switch controls. Closed circuit television monitors are placed around the
laboratory for the viewing of the video tapes. Near the beginning of each
laboratory period students pick up the equipment necessary for the experiment
from tables at the end of the laboratory and return this equipment to the tables
at the end of the experiment.

To improve attitudes and reduce irrelevancy feelings, we begin the course
by providing a video tape on the mathematical methods and techniques that are
utilized throughout the course. The mathematical background for the PSNS
requires a knowledge of some basic algebraic manipulations, and the ability
to work with power of ten notation., The instruction consists of a 40 minute video
tape with an accompanying worksheet to aid the students in using these mathematical
techniques.

The methods of problem solving is illustrated by the instructor on the
video and the student follows along with his worksheet. The tape concludes
by asking the student to complete problems provided with the video worksheet
and to check their solutions with the posted answers. An instructor is present
to confer with the student on any question or difficulty he may have. The student
is encouraged to view the tape as often as he deems necessary to become familiar
with the concepts presented. Student reaction to this particular tape has been
very positive, and the constant semester-long complaints about math difficulties
seem to have almost disappeared. :

We attempt to prepare and provide a video tape whenever a situation or
concept appears to give the students a difficult time. Sometimes our video
tapes deal with theoretical concepts, such as the mathematical video tape just
described, and at other times the video may illustrate a particularly difficult
or tedious part of an experiment the students are doing. On occasion we have

' produced a video tape to demonstrate an experiment that would be dangerous or
difficult to perform during a lecture session, such as the combination of
hydrogen and oxygen.

Audio tapes are provided for each laboratory experiment performed. The
student listens to a summary of pertinent information necessary for each exper-
iment to be performed; he then does the experiment at the pace he chooses while
listening to more detailed instructions. Criteria which.allow the student to
judge the success of his experiment are also included. The students feel
that these tapes are useful and we have found considerable improvement in
overall student performance.

ST
o

There must be a better method of evaluation! The théught became more
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persistant the deeper the authors got into the staggering pile of laboratory
noiebooks and reports. The necessity of laboratory work evaluation is obvious
and needs little justification. Laboratory experience constitutes a considerable
portion of most sclence courses and becomes particularly significant in a course
like PSNS, A semester grade would, and should, be strongly influenced by student
competency in the science laboratory.

The traditional method of evaluation is to require some type of written
laboratory report. Despite attempts at inventiveness in our laboratory and
classroom presentation, up to the beginning of this year we were still relying
on this traditional type of evaluation to measure student achievement. Our
firast attempts to improve laboratory evaluation seemed merely to revolve around
improving the written laboratory report so finally we decided to break away from
the written report entirely.

At present our students leave a carbon copy of their data and calculations,
and perhaps some pertinent comments, with the instructor when they have completed:
the experiments suggested for the particular week. The instructor collects, files
and uses these carbon coples as a basis for discussion during an interview session.’

Three times a semester we meet privately and individually with each )
student to discuss the laboratory work he/she has been doing for the past several @
weeks., These meetings are informal and students are akked to discuss or explain
varlous aspects of their laboratory experiment. The students respond to the
individual attention and instructor interest in a manner that increases and -
broadens the learning experiment offered by the course. The fact that their lab-
oratory experiences will be discussed with them by the instructor seems to
increase their questioning attitude towards the experimental situation and
also appears to encourage the students to utilize the "open endness" of some of
the experiments and to explore and experiment past the suggestions put forth
by the text and audio tape. It is apparent to us that this teehnique has incresed
communication between student and instructor. :

than normal, indicating that more studenta thaﬁ ususl undetstnad the fuﬂdamamtal
ideas and techﬂiques asgociated with the laboratory experiments. Also, every
student was directly involved in each experiment to the extent that each student-
had prime responsiblity for performing each experiment. In the conventional ‘.
laboratory, students always work in groups and there are always some who particip
passively in the experiment by just watching others work. The a dia-zutarial
laboratory pressed each student into an active ldbnfatary :91' ' ; ,

able quentigna gf other students dniﬂg Eh; e:pstin@nﬁs.'ﬁ1
tended to eliminate routine questions and to .increase qu
ceptive and probing nature. So the slower a:ud!ﬂtﬁ_ﬁe
experimental results and the better students were able: -

questions with the instructor. Further, preliminary discy sian,an the audiﬂ
tape prior to specific experimental instructions prﬂvided gn,sx gllent gppdr
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to review and reinforce previous ldeas and concepts important to the course
and to the upcoming experiment. Also, in the preliminary discussion it was
often possible to tie in examples of common occurences similar to the experi-
ment and to place the particular experiment in proper perspéctive with respect

_ to the course as a whole. In the conventional laboratory,information like that
4n the preliminary discussion is greatly de-emphasized or eliminated because
emphasis must be placed on specific instructions and precautions for the
experiment about to be performed.

We attempt to include in each of our audio-tapes the following:
1. Review of pertinent topics already discussed,

2. Appropriate eyaaples and possibly interesting information related
but not essential to the experiment.

3. Essential ideas and techniques for performing the experiment.
4. Purpose of the experiment.
5. Criteria for judging the experiment successful where appropriate.

6. Step-by-step experimental instruction (not necessarily explicit in
every detail) intended to encaufage student curilosity.

Students taking this course have been surveyed twice to determine their
attitudes toward this laboratory. The results of these surveys ‘strougly
indicate favorable student reaction to the system. The unanimous responses in
both surveys that A-T was useful and that it should be continued clearly
emphasize that A-T is a valuable instructional tool as used in our physieal
science course and that it should be further developed.

APT'E greatest advantage is its rewind capability, which sllﬂws ;tudenta
to listen to instructions as often as necessary and to work at their own speed,
Its disadvantages arise from two sources. One is related to the nature of
the A-T system and can not be remedied except by the use of cﬁnsidafably
more sophisticated equipment; this refers to the inability of the A-T system to
ansver student questions on a real-time basis. An.instructor or aide in the
laboratory at all times effectively :nrreets this situaﬁiani o

- The second disadvantage atises when taped instructions snd cunngnts ‘are”
unglear. This ie of course a fundamental prabl- af Eny systen uf thia nstufe :

. Very timg ennsuming.
' durstion, with clear and relevant information requirgs ﬂn~th‘
~12 full hours to PIEPSEB. _ 53; y Co
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At this point it is clear to us that if an instructor decides to
embark upon this type of program his col lege or school must strongly support
his endeavor. An ideal situation seems to be for the imstructor to be hired for -
the summer session to devote full time to the development of a program.

MEDIA ASSISTED INSTRUCTION IN ORGANIC CHEMISTRY
Rny’ Smm:ag

This program developed to assist in 1a=:u:g clnsas, bu: no il:tnp:
vas made to axtend iz to the laboratory. He developed this method to change
lecture so ona vasn't limited to transmitting data, but could. incorporate more
discussion and get the students to participate. o

The equipment used in this program was:

(1) A cassette tape recorder, because it was the least expensive and .
was convenient for audio-tutorial. This was also ennvmieat fm: .
student use. ,

(2) An external ppier supply, ainply because thn bltzm pwgtd
recorder wasn't strong enough.

Th- uni: ene vas 365. vhi.ch 1ngluhﬂ ; ﬂearht, h:d nt; nd ten t.lpl:
ynrl with no major difﬂcalﬁy; ‘He mnﬁt :
above listed parts, for every ten n:udnn; -
was au:linﬂ iﬁ dgﬁul and is s pra:ii!

method the student could be expos o
could follow a m;faphd mpplmt

Thi tapes that have hnn ndl ;n.




(4) Library Instruction - This hasn't been developed fully, but has
great possibility in correlating research and library for the
gtudent.

There are certain conveniences which contribute to the success of the
tape recorder. To have a reading or reference room, preferably in the
science building, where the student can use the recorders is of great benefit.
A student having a text and mimeograph material with which to follow the

- taped lesson adds to the success.

The disadvantages are:

(1) The cost of the equipment, but using cassettes drastically reduces
this problenm.

(2) The time required for lesson preparation on part of the instructor
is much more than one might expect.

(3) The maintenance of equipment could be a problem, but the
equipment described has been used for three years with no break-
down.

(4) 1f large classes are involved, the availability of the equip=-
ment could present a problem. It might be imp@ssible to have
recorders readily avallable at the students' conveniences.

The advantages are:
(1) This method allows the lecture period to be used for other
instruction.
(2) It allows topics to be expanded.
(3) Students can repeat the material if they do not understand it the
first time through.

(4) Synthesis problems can be outlined in more detail and each
reaction or step explained.
Most students thought the tapes were helpful and worthwhile.

A TUTORIAL APPROACH TO ORGANIC CHEMISTRY

Joe Vikin, Corning Community College
Corning, New York

: When in the course of human events -— to paraphrase the Uﬂanimcﬁg declara-
tion of the thirteen United States of America -- it becomes neceasary to part with
a traditional teaching method, a decent respect for the opinions of my :
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colleagues requires that I declare the causes which impelled me to the separa-
tion. I hold these truths to be self-evident: that every person that comes to
our institutions should have a chance to first-rate education; that even though
all men are created equal, they learn at different rates; that teachers should
adopt a teaching method that allows them to give the best possible education;
that the use of Gutenberg's invention is a better way to transmit knowledge;
that lectures are not to be rehash of written material, and that students
deserve to receive an education at a sane and reasonable rate,

Because I accept those "truths" I think the traditional teaching method --
e.g., lectures, occasional examinations, no objectives -- is inadequate to
meet the needs of the different types of students that we encounter in our
classrooms,

Donald Starr described a tutorial system of instruction in the Pro-
ceedings of the Two-Year College Chemistry Conference, 1967-1968, and the
August 1967 issue of the Advisory Council on College Chemistry Newsletter
describes a few more.

The impact of these techniques was not clear to me until I visited
Meramec Community College, Kirkwood, Mo,, where Dr. Rudolph L, Heider developed
an audio-tutorial approach to general chemistry.

When I was there I talked to many students and only then I became
convinced that the new approaches were vastly superior to the traditional,
lecture-oriented teaching methods.

Before I deseribe the approach I use at Corning Commjnity College,
let me say that the important thing is not the technique per se, that is
you can adopt any and modify it so sult your tastes, but rather the important
thing 1is the attitude of the teacher.

The first attitude is to believe that every student is capable of
learning. If you are not convinced about the necessity of holding this attitudde,
please read the book "Teaching as a Subversive Activity." If one does not hold
such an attitude the pupils will fail simply because the teacher expects them
to do so.

The second attitude is that of skepticism about the content of our
courses. Skepticism is a truit every chemist should develop. It was not
by accident that the first modern treatise of chemistry was called "The
Sceptical Chymist."

Those attitudes led me to re-examine my teaching practices. As a
result I adopted the integrated appraoch to organic chemistry, in which
the first half of the course is devoted to principles and the second te the
application of those principles.

I then divided the course into six units per semester, as shown on

Table I. There is an examination after each unit. This frequent testing is an
improvement over the practice of one mid-term and a final,
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When a student obtains a low grade in an examination, he can request a
retest to show he learned the material he failed to lean previocusly.

There is one hour of "lecture" per week and two tutorial hours. During
the lecture I clarify the work to be done during the week, bring to the students'
attention work published in the current literature, give thém additional
references and answer thelr questions.

During the tutorial hours there are not more than six students, a fact
that allows me to individualize the instruction. I encourage them to do the
homework assignments during the tutorial hours when they can obtain help if
they need it.

For each unit they receive behavioral objectives, some of which are
ghown in Table II. The objectives describe in detail what the students are
expected to learn and how they will be tested. Robert Mager's "Preparing
Instructional Objectives" is an excellent book to help learn how to write them.

Because students are allowed to take examinatious over and over aglan,
it is possible for a slow student to obtain an A after repeated tries,
thereby getting the same grade as a fast student, This situation does not
seem fair, and is a relection of the letter grading system we use. Adopting
plus and minus signs is an improvement, but ultimately this grading system
should be replaced. This has been done in some schools, such as the one my
son attends, where in lieu of grades the teacher issues progress reports.
1ssuing such reports is a more valid way to judge a person's performance, as it
is done in industry.

I use two textbooks: Kice and Marvell, "Modern Principles of Organic
Chemistry", and Hendrickson, Cram and Hammond, "Organiz Chemistry."

The students are free to choose either one. I recommend that students
in the Chemical Technology program adopt the first one and those in the
transfer program the second one.

The examinations are divided into two parts: a closed book, based on
the objectives, and an open book section, based on the homework assignments.
The students have unlimited amount of time to complete each examination.

The laboratory is open for 15 hours each week. The students are welcome
to come as often as they want, but very few accept this invitatiﬁn. the majority
are there for only three haurs per week. : o

We give them a sense of discovery by having them work with unknowns.

In the first semester they receive a solid unknown they must identify
using physical and chemical data, as shown in Table III. For the remainder
of the first semester they perform a Grignard and Friedel-Crafts synthesis.
They must also identify the synthesized substances.




In the second semester they select an experiment from each of the following
categories: extraction from natural sources, synthesis of an unknown, kinetics
and multiple atep synthesis,

For the first two experiments they must identify the unknowns. For the
third, the reaction rate is the unknown. For the multiple step syntheses they
either devise the synthetic scheme or look it up in the library. If they do
the former they receive extra points.

Table IV shows the results using the tutorial approach: not only the
grades improved using this system but the drop-out rate decreased discernibly.
Also the method is flexible to allow us to teach the first and the second
semesters of the course every spring,

I am convinced the tutorial approach is the one to use. I hope you
agree.

TABLE 1

ORGANIZATION OF THE ORGANIC CHEMISTRY COURSE - TUTORIAL METHOD

FIRST SEMESTER

Dnit Topic Hours
I Introduction and chemical bond 3
II Nomenclature of organic compounds 7
II1 Reactions and synthesis of organic compounds 5
v Laboratory practice of organic chemistry and )

spectroscopy 8
v Resonance, hyperconjugation and tautomerism;

stereochemistry 7
VI Reaction mechanisms; sturcture and reactivity 8

SECOND SEMESTER

ViI Elimination, addition and stubstitution Raaegiens 9
VIII Carbonyl compounds; carboxylic acids and dgtifativgs 7
IX Molecular rearrangements and aromatic hydrocarbons 8
X Carbohydrates, amino acides and heterocyclic

compoundsa 6
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SECOND SEMESTER (cont.)

XI Isoprenoids and steriods; polymers 5
XI1 Literature and history of organic chemistry; uses of
organic compounds 3

The number of hours include lecture and tutorial periods but excludes time
devoted to examinations.

TABLE II
SAMPLES OF BEHAVIORAL OBJECTIVES
UNIT IV. LABORATORY PRACTICE AND SPECTROSCOPY
OBJECTIVES. THE STUDENT SHOULD BE ABLF TO:

1. Draw a picture of the folloiwng apparatus and describe their use in the
laboratory: Vigreaux column, suction flask, powder funnel, Soxhlet
extractor, Thiele tube, Hirsch funnel,

2, Describe the following techniques in terms of apparatus uses, capabilities
and limitations of each: atmosphere, vacuum, steam and fractional distil-
1atian; recrystallization; gas, paper, thin layer and column chromatography.

3. Liét the hazards assoclated with the following substances and the pre-
ions to be taken in working with them: isopropyl ether, acetic
anhdride, benzene, acetona, ethyl acetate, carbon tetrachloride, chloro-
forh, gethyé alcohol, dioxane, phenol, demethylaulfoxide, phenylhdrazine
and 2,4-DNP

4, List the functional groups detected by the following tests and reagents:
Baeyer, Fehling, phenylhydrazine and 2,4-DNPH, Lucas, ferric chloride,
aluminum chloride-chleroform, Tallins, ceric nitrate, Benedict, Hinsber,
Niphydrin, haloform, formaldehyde-sulfuric acid.

5. Define the following terms and illustrate with examples: gcoup frequency,
chemical shift, tetramethyl silane, spin-apin gnupling. coupling constant,
tay and delta system, non~honding orbitals.

6. Describe the techniquea, limitations and capabilities of the fallawins
methods to determine molecular weights; Signer, Ra:;, ebulliscopic lnd
gaa density,
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LabIRATORY WK

CHEM. Z27 JRGANIC CHERISTRY I

I Helting temperature determination
11, Boiling temperature deterxrmination
11z, Freezlng tempersture deterwination
v, Solubility deterwination

1, T e e

= FPolarinef

LT Oualitatzive Elemental Organic Analysis
YL 1, Folecular weight determination

IX. Chemical properties of the unknowne
X, Frepztation of derivatives

XI, Grignard synthesis

HiL. Friedel=Crafts reaction

CHEM. 222 ORGANIC CHEMISTRY II

I, Extraction of unknowns from natural scources
II, Syntheses of the unknowns

Lir. Kinetica

Iv, Multiple step aynthzsas
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Loorang 4970

Ker

neth Chapman
Lawyence Hall of Science, Berkeley, Califoinia

in the non-physical world the one real constant is change. Change is
frequently invoked as always being good, but chaiage can be either bad and
destructive or good and constructive. Teachers in particular are major change
agents even if they make no attempt to maintain their technical competence or make
no use of new teaching techniques or new medis, Simply coming into contact with
ssudents on a day-to-day basis induces changes that can be either constructive or
destructive, In the United States growth has always been the subject of consider-
able pride and has been placed alongside mothethood, the flag and Mom's apple pie
as part of the American tradition. .

Today growth is being viewed with a different perspective. Growth must now
be balanced with those things that prowmste a good Guallity of Life. This may
mean a decrease In the rate of growth or possibly, zero growth.

As technlcally trained teachers, we have broad responsibilisies. We must
be responsible as citizens that are responsive to need within soclety. As
cechnically coapetent people, we must strive to avoid obsolescence in our techulcal
background. As teachers we have the responsiblity of molding attitudes as well
as disseminating information and condneting training. All of this means that we
have very critical responsibilities which must be accepted while we exploit our
abilities and talents. In accepting this kind of responsibility, we must determine =
when we are auccessful and what criteria can be used to measure success. Personally
1 am not at all sure we always use the right criteri: to measure our teaching succeasi
or the lack thereof. E

Now let us narrow our focus to the specific arema within which we work and
which provides the basis for this gathering.

Technical education programs can provide major benefites in two areas. It
can meet the personal need of individual students, particularly those who gener-
ally would be considered non-academic types but who have a genuine interest in the
applications of sclence and technology and who have sufficient academic abilicey
to satisfactorily relate to mathematics and science taught in a proper manner.
These individuals can take programs in technical education that will virtually
assure them of reasonable incomes and an increasing status in today's and tomorrow
world.

Technical education programs also meet society need through satiafying some
of the personmel needs of industry, government and academia, Meeting these needs
helpsassure that our society is provided with the necessities and luxuries which
must be produced through synthetic products. The technically trained person can
serve soclety through his contribution to production efforts, through research =
ictivities and through monitoring our environment and assuring that it becomes
moie iivablas, '

Recognizing the needs and desires of individuals, society and industry, .
the American Chemical Society deliberated on its responsibility faf.chemigal”’
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The Chenical Technician “vrrisulum Froject has the goal of constructive
charge In teci:nical education, It seeks growth but not growth for the sake of
growth but for expansion to the point where individual needs and society's needs
come into a far better balance than they are today. The Chemical Technicisan
Curriculum Project, which we refer to as the ChemTeC Project, actually bep in in
1964, The American Chemical Society koldsbiennial education conferences and the
one in 1964 discussed the problems of chemical technician education. After this
conference a committee was appointed which produced a very broad curriculum out-
line for chemical technology programs and suggested that another committee be
formed to investigate the chemistry core of the two-year assoclate degree program.

In 1967 the second committee, chaired by Dr. Carleton Roberts, published its recom-
mendations concerning a topical outline in chemical technology education and outlined
1apa A€ Tra thenchee of hew o chepdaat tachnolasy pronram should be handled. The
problem with the topical outlime was that it was interpreted in widely different
ways by di fferent people. Some of those who have had long cormmection with chemical
technology programs looked at the outline and decided that it was about what they
expucted from the high school graduate coming into their pregram. Other people
looked at the outline and decided that it was ideal as the course work for the

Ph.D, program. Thus, ic is obvious that communication was not occurring in the

panner whlch was mess desirsa.

In 1967 contact was made with the National Science Foundation to determine
the degree of their interest in technical education and whether or not they could
entertain a proposal for a curriculum project in this area. After considerable
discussion and preparation of a »nilot nroposal, the Foundation decided that it could
entertaln a formal proposal and the American Chemical Society eventually became
the recipient of the Chemical Technican Curriculum Project grant on July 1, 1969.
The ChemTeC Project has as its purpose, the preparation of textbooks and assocciated
amistry core content of two-year assoclate degree chemical

materials for the o
technolcay programs, The material is to be designed for the middle one-half of

the graduvating classes and not presume any prior contact with chemistry. It has
the very narrow purpose of preparing instructional materials for the preparation

of technicians. It is hoped that most of the programs interested in using the
ChenTeC materials would be able to add an additional one, two or more courses

in chemistry to provide for specific area needs or take care of specific problems
as seen by the college faculty. The student completing the ChemTeC program should
not find his base too narrow but rather he should be well trained for convenient
and efficient retraining when he finds it necessary to leave one area of chemistry
and go to another,

Preparation of the ChemTeC materials calls for a two-fold integration. We
intend to do away with the traditional subdiscipline boundaries in chemistry and
present chemistry as a unified whole. We also intend to integrate lecture and
laboratory material far more extensively than is noxmally the case today. Ideally
the laboratory work will lead the lecture work rather than the reverse which 1is
typical of today's chemical instruction. Recognizing the short amount of time, the
vast amount of material and the need for our kinds of students, we want to see
concepts used Lln different situations and preferably several different times. We
have taken the initiai steps toward developing underlying themes as the primary

50

IERJ}:Qus;ma, .y : : . 5@3

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

S 59

s oartoanioon.  Wo owould cuvision a number of uaderiyiag thesese-
Tlaeh theme would have a number of topical areas on which
eovll weuld ba that the student would have hiz attention
more on a e tue teacher was focusing to some degree upon the
topics LLJL would serve as tools for understanding the theme. This
sporoach enables a given tople te o discussed under several different themes

with a steadily increasing sophis:.cation to get to the po’ ' where the student
understands what e rveally re=2ds to know about a given topi.. He will also have
seen the topie's application to real chemistry and be in a better perspective to

use what he knows about a given topic in other applications,

ie ChenTeC Project 13 generally administered through a steering committee
compssed of representatives of industry and academia, both two-year and four~year
college people. The writing team consists of twenty-five people, twelve of whom
are representatives of two-year colleges, three are industrial representatives and
noted writers and teachers from four-year institutions. Iha project is

wn af the T oeermannn of Chemistyy

ten a:

T Ty e T T s

at the UﬂiVETELtY of Californie, Log Angel .

The writing team met for the first time on the 2nd, 3rd and 4th of April,
1970, and quickly came to agreement on a large number ¢f iwmportant points. The
ChemTeC Ffﬂjfo will intend to provide sufficient dnstructional materials for thes
first yaax 's portion of the chemical technology program by the end of the summner
1970, sese materials will then be evalvated in twelve piloi colieges io determine
what ﬁhanggs need to be made and provide a basis for writing the second year material
in the summer of 1971 as well as revising the first year materials. We intend to
make one set of the first year materials available to instituticns for review purposs
sometime in the Fall of 1971, It should be noted that instructional media may
play a very large role in the ChemTeC Project and will, of necessity, not be
produced as rapidly as the textbtooks. As a matter of fact the current grant does
not include money for the specific development of high quality materials such as

16mm films.

The initial work that resulted in the ChenmTeC Project began at a very fortuitouy
moment of changing attitudes in Washington. The National Science Foundation was
reviewing its science education support activities and deciding that more of its
attention needed to be focused on technical education. Various societies such as
the American Association for the Advancement of Science, the American Institute of
Biological Sciences, thie American Association of Physics Teachers and the American -
Institute of Physics were becoming l:ivolved with technical education for the first
time. ChemTeC has given encouragement to groups such as AAAS, AIBS, and AAPT to
proceed with cther developmetns of technical education.

The ChemTeC Project is expected to influence chemistry at both the high schaaljg
and college level as well as provide a good educational program for the chemical
technician. Through the problems we will have in teaching topics of chemistry,
we should be able to provide some good ideas of how to wnrk more descriptive
chemistry into high school and college programs. If our integration approach to
the subdivisions of chemistry is successful, then we should promote changes which
some people are examining now for the education of scientiats and engineers.

We are extremely concerned with evaluation of the ChemTeC Project. We want
our materials to be as usefu? as possible for the students and would like to
develop a technique which allows a student tc evaluate himself privately. The.
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this area.

As we look st chemical technology we hope that the Chemlel Project 1s
sble to provide a much clearer definition of what chemical technology education
should be. There is a need for making a distinction between the level of
chemistry and the kind of chemistry. It appears that we are in the beginning
stages of distinguishing technicians as practicing a partiular variety of
chemical activity that is different from the practice of a chemist. Both are
very strongly interrelated and overlap to & considerable degree, but both have
unique features and capabilities which should serve to distinguish between then
more effectively than is currently possible. Thus, we are not particularly
conceraned that the ChenTel m iala will have less mathematical sophistication
than the four-year programs and less than some of the existing chhemical tecnuology
programs, We are very much concerned that the ChemTeC students have the kind
of background they need to function effectively as techniclans and advance to a
level consistent with the individuzl's ability. Our explorations to date do
not provide any justification for concentrating on mathematical derivations or
using calculus in a formal sense. A superficial view of the ChemlTeC materials
may well produce the Impressicn that we are not approaching concepts with the
sophistication with which we have become familiar, but we do intend to provide
a sound hbasis for continuing education for the ChemTeC graduate. The ChenTeC
Project is avoiding the problem of teacher training for the time being. We
hope that some members of the Writing Team will be able to develop institutes for
ChenTeC teachers in the summer of 1971. Our pilot schools are limited to twelve
because we felt that the faculty member who would be teaching from the ChemIeC
materials in 1970 would have to be intimately familiar with their development
and their intent. We recognize the problem that the preparation of teachers in
technical education is an extremely critical problem ané 1s not receiving adequate
attention at the current time. There are some programs which offer real promise
fa this area and the AAAS is starting to look into the problem of teacher train-
ing for the science technologies.

The ChemTeC Project cannot deal directly with the problem of recruitment
of students. We will be working very carefully with the pilot schools, hoping
that we can arrive at some good models for getting information to students in a
manner in which they can make legitimate decisions about whether or not chemical
technology can be a good career for them as individuals. Many factors influence
the recruitment problem but we still are faced with the fact that many thousands
of more technicians are needed than we are able to attract to today's chemical
technology programs.

Recognizing that change can be constructive or destructive, we have to say
that we are taking our chances with ChemTeC. All of the existing chemical
technology programs in the country may be considered succeggful if we view the
small number of graduates that have gone into industry. Regardless of the level
of the program, graduates of chemical technology programs have a2lwvays been able
to get jobs and have, in practically every case, been pleasing to thelr employers.
Thus, ChenTeC's objective is to find a way to ruech a much larger number of
students with appropriate training materials. We,of course, are convinced that
what we will do will be constructive. :
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incl at evaluation we must ask ouwrsalves this gquestion: Hew do we measure the
succass of ourselves as teachers and of ouxr coursez and programs?-— By how well
the students say they like us? By how much naterial we cover? By how rigorous
znd demanding a course we teach? By smulating our colleaguas in f@urwyear 7
colleges? By the number of students who decide to follow in our igatst%ps? By
the number of students for which our programs are advertised? By sceening out,
through fallure, students who have little appreclation for and understanding of
the beauriful, logical developmenz of chemistry that was created by tens of
thousands of chemists during the past two centuries? Candid answers to these 7
Guestions are dlfficult to obtailn but the questions provide a focus for evaluation,

We seek criticism and comments on ChexleC's approach and the material that

THE, CHEMICAL TECHNOLOGY CUrRICULUM PROJECE:
"AFLER A SUMMER OF PREPARLNG MAIERIALS

Vamnerh Chanman, [ awsranse Fall of Seciencs
Berkeley, California

The American Chemnical Society started looking at chemical technology
education in 1963. A need was identified for materials for Chemical Techno-
lagy.r In 1969 a grant from the National Secience Foundation to write this
material was obtained. Work with a teanm consisting of 12 two-year college
teachers, three industrial chemists and 10 college or university professors
was started in the summer of 1970,

) ”Te help the Writing Team members develop a clearer, more distinctive
gpg;aggh to writing material for chemical terhnology, a model of chemical
education vas suggested with emphasis on the technician's desires and needs.

Many chemistry teachers have used a zingle view of chemistry to deter-
mine their apprcach to teaching regardless of the characteristics or the
stuaegts they teach. The only change they make for students not taking the
"standard" course is to water-down the standard course. The result is an
obviously watered-down course that satisflies no one.

For teaching chemical technicians, the result of this approach is cat-
astrophic. Many chemical technology programs have produced many more chem-
ists and chemical engineers then chemicsl technicians. The failures from
these programs have become technicians, What has been missing is the sccept—-
ance of the idea that different student groups need different kinds of chem-
istry rather than watered-down versions of standard offerings.
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2. Tho ctemlst (and® chomdesl engineor) must be thoroughly 'wowledgeabla
about the epplicetions of chemistry. To them, the applications are tools
which enable them to effectively function by planning and evaluating
excursions into the science or applying it in new or unususl ways.

The chemical techniecian cennot be adequately trained by using a watered-
down professionsl chemist's progrem. HNelther i3 he adequately trained
by teking part of the professional chemist's progranm.

h B wirtne of o ariconkebieon Larord the oolvkiss of purs? s 1T ehnwat

wype problems, most chemical technicians will have difficulty becoming
fully operntive as chemists. Obviously, many individuals are sble te

meke the wransition, but they are the exceptions snd programs should

not be designed only for them. Belng the exceptional psrson, they are most
gble to meke the transition.

.o Tk iz obvicus tha® memy persops tralined ss chemists svenituelly funetion
very effectively as advanced chemical technicians. Thus, it is likely
that many of the indlviduals enroclling in professional courses would

be hest served hy a technology oriented program.

6. If *his model is remsonably correct, the difficulty of preparing tech-
nnalogy teachers from chemlsts Becgmeg evident, A reorientation of
the Individuals's view of the use of technically trained personnel is
requwi.red as wvell ag the usual preparation for teaching in the class-
room. If the reorientation is not sccompliszhed, any course is geing
to become a watered-down version of a chemist'’s course regardless of
the tesching effectiveness of the imstructor.

This model czn be frultfully extended tc mere specifically examine the
educational problems (in chemistry) for chemists, chemical engineers and
othars to whom chemistry is taught. The general model shr 1d also be appli-
cable to other science areas, engineering and non-science disciplines as well,

The result of the 1970 vork session was 900 pages of manuscript. The
centent can be deseribed brisfly by referring to the list of chapter titles:

GUIDEBOOK FOR
CHEMICAL TECHNICIANS:

Ck, 1 Safety in the Chemical Laboratory Ch. 6 Compressed Cases

Ch, 2 Personal Protective Equirpment Ch., T Speciul Hpaards

Ch. 3 Fire Safety and Explosicns Ch. 8 Kotebooks

Ch. 4 Electrioal Hazards Ch. 9 The Path From 8c¢hool te Job
Ch. 5 Toxieity of Chemicals
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Ch. & Propsrties ot Gases
.01 z and Thelr Measurement
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VOLUME IL:

Ch. 8 Elements and Compounds Ch. 11 The Structure of the Atom
Ch. 9 Liguids and Solutions Ch. 12 The Formetion of Molecules -
Ch. 10 Chemicel Tormetion of Light Covalence
7. 13 The Formation of Ionic Compounds .
Electrovalence

VOLUME TII:

Ch. 17 The Chemistry and Detection of
Homs Common Metsls

= (hemistry and Detection of
Sone Common Honmetals

Ch. 1k The

Ch. 15 The I - - =
Ch., 16 A Look at Orgenic Chemicals ¢h. 18

+
&

VOLUME IV:

Ch. 19 The Techniques of Sampling Ch. 23 GCravimetrie Analysis 7
Ch. 20 The Technigues of Weighing Ch, 24 Preparation for Titrimetric
Ch. 21 Sample Preparation Analysis

Ck. 22 The Measurement of pH Ch, 25 Titrimetric Analyses

VOLUME V:

Ch. 26 Oxidation and Redvction Ch, 29 Cls=ses and Functional Groups

Ch. 27 Coordinaticn of Compounds of Crganic Compounds

Ch. 28 What is Organic Chemistry? Ch. 30 C(lassifying Orgenic Compounds
Ch. 31 Reactions of Hydrocarbons

VOLUME VI:

Ch. 32 Alcchols and Phenols Ch. 36 Carboxylic Acids and Derivatives
Ch. 33 Alkyl and Aryl Halides Ch, 37 Organic Compounds of Nitrogen
Ch. 3 Ethers Ch, 38 Organic Sulfur Compounds

Ch. 35 Aldehydes and Ketones Ch. 39 Optical Activity

In Volume I purity was studied in Chapter one by using psper chromatography.
The stulent locked st both pure aud impure samples. In Chapter two, separatior
was studied using ges chromstography. This is to serve to motivate the student
and insure success in this early endeavor without requiring a bYackground in
either chemistyy or mathematics. The work with gae phase chromstography continued
with the students injecting the samples and working with data. In order to
maintmir interest, real samples are used vhenever possible. With there still
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THE LABORATORY IN THE CHEMICAL TECHNOLOGY

CURRICULUM PROTECT

Jack Ballinger
Florissant Valley Community College
St. Louis, Missouri

Before describing the laberatory, perhaps a brief background of the "Chemical
Technician Curriculum" Project (better known as ChemTeC) might be in order.

1. 1In 1969, the Naticnal Science Foundation granted the American Chemical
Society $621,000 to develop instructional materials (includinag audio-visual aids)
for the chemistry core of a chemical technology program.

2, The purpose of the ChemTeC Project is to train graduates for immediate
industrial employment after approximately 65 sewmester-hours with roughly on~half
the credits coming from the ChemTeC chemistry core.

3. Students are recruited primarily from the middle one-half of their high
school graduating classes. Returning servicemen and employed chemical techniclans
are aisv atiracied to the program. 65
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oL The wricing tean mcz last summer (1.8} for the first time for 8

weeks at the Lawrence Hall of Science in Barkeley to produce the
first year s materials. Seven volumes were produced and are
currently bzing wvaluated by the 12 pilot schools. The writing
team wil) convene again in Berkeley next summer (1971) to complete
the second year®s materials,

1 of the expeliments to be ugerd in the first year's materials
re performed this past surmer by varlous members of the writing
am and each experiment was tasted by using actual chemical '
hnology students frow Verritt College in Oakland, California,
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A discussion of the ChemlTeC Laborstory can perheps be done by pointing out
some of the .asic ob, EEEIVEQ or g@als.

1. A major ChemTeC goal or objective is to integrate the laboratory intec
the lecture more completely. The laboratory, especially in a laboratory~oriented
course like this cne, should be an integral part of the text, not n afterthought.
There is no separate laboratory manual in ChemTeC to supplement the text. The
text and laboratory materials are completely integrated into a unit. For example,
as we discuss colligative properties in the lecture, the students are performing
the related experiments (freezing point depression, boiling point elevation,
purity, molarity, etc.) in the laboratory. There 1z aiways a follow-up discussion
of the laboratory results in the text. rlany conventional chewistry courses seem
to divorce laboratory work from the current lecture toplcs, Most chemistry texts
and lasoratory manuals are not designed for training chemical technicians, but
are designed fur aspiring chemigts or non-science majors.
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neceasary chemistry (solubilities, interferences, etc.) to supplement it. The

game basic qualitative chemlstry can be taught but its laboratory applications

have been modernized. We do not advocate teaching "specialists™ on one instrument,
1 Lo expose che cheimical technology student to as many different methods

buc
as pogsible.

Historically, organic chemistry has been presented as a large and unrelated
subdiscipline of chemistry. Organic chemicals are used in the ChemTeC lahoratory
from the first day to demonstrate such abstract concep:s as equilibrium (ester
exchange) by gas chromatography without treating them as something ditferent or
av cial. A working knowledge of nomenclature and structure are introduced at the
ei.. of the first semester along with the unique positioning of carbon in the
Periodic Table. Larer in the first year and after several basic infrared spectro-
scopy experiments, the students are introduced to the funetional groups in organic
chemistry. This is accomplished by giving each student a set of ten dirferent polyme.
film samples to analyze by infrared. Physically the films all appear to be
similar, but of course their infrared spectra are not, Thus, the somewhat
difficult ceoncept of funcrional groups can be presented using a more interesting,

yet prantical, instrumental appraoch.

block of inlegrated luLQIaEDIY“lEEthE time in the ChemTeC schedule can be used
from many remedial and extra- ~curricular activities as selected by the instructor.
For example at Florissant Valley, we have 4 hours of lecture and 12 hours of
laboratory scheduled per weel: (for 8 semester hours credii).

4. Greater Flexibility in Lecture and Laboratory Schedules. The large

Options might include:

gt Speaker=s from industry can be brought in on laboratory time
specific topics, seminars, to demonstrate certain types of
alvtirai equipment, etec.
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ratory time such os the ChemStudy Series
i MR, Mass Spectroscopy, or ChemTeC pro-
example, an ?1Pmﬂ rary film on gas chfcma*

1erfategp

d. Remedial "":th which couvld include the slide rule can be discussed
in the laporatory especially dealing with chemistry problems.
Even with advanced mathematics courge work, students sometimes have
mnit cancellation and translational problems in chemistry.

e. Special Projects can be assigned to increase the students' interest

and sélf!féiianﬁe‘ Gpan house Qisp]ays and demonstrations are an

S "'f!‘;"“f\t’—\ r wo fha e omedsd ""‘)‘1‘('1“"’??: Ths

students seem to tui( gxeat pride in their kncwledge and ability
te operate an lnsfrument.

£ Time can be made availabie for both actual and simulated trouble-
shooting ex»erience on instruments and experiments. Older (indus-
trially donated) instrume.is can help serve this purpose because
tiie sgudent can be allowed to dizassewmble thenm.

£, Safety can be practiced on labcratory rime by actually teaching
the students how to handle large compressed gas cylinders, fire
extinguishers, vacuum apparatus, breathing equipment, ete, ChemTel
has devoted a complete volume primarily to safety and toxicity.

h. The Art of Sampling is taugint although it is sometimes completely
omitted in conventional chemistry courses. It iz very necessary
to make a chemical teclhnician aware o¢f the importance of obtaining
a representative sample.

i. The Notebook with good record keeping practices is taught very
early in the laboratory, however, not on the first day. We allow
the students to go for a week writing or naper towels, the floor
ete. and then offer a free Handbook of Chemistry and Fhysics to
any student knowing an lmportant yet perhapa obscurz past piece of
labczatary information. Another aspect of the notebook is the
concept of "honesty". Point out that literature values are not
absolute and not to report anything other than the tr - expevimental
findings -~ they may be correct.

j. Laboratory work should be flexible eno th tc include “ocal induserial
needs. It is a difficult task to define what a chemical technician
does primarily because the chemical industries themselves. are so
varied. We must therefore give our ChemTeC graduates a general
chemistry background without specializing them. However, cert.
types of chemistry can be emphasized 1f local induatry does specialize.
For example, a ChemTeC program in Akron, Chio, might Emphasize rubber.
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and polymer chemistry, while the Houston area might warrant some
additional petrochemical specializaticn. Several of the pilot schools
offer as many as 16 semes ter-hours of electives; thus, a spe:ialisati.ﬁn
in medical or environmental techn® iy (for esarple) could be pursued .
by taking different specialty cou' .is, but using ChcuaTeC a= the B
cyrriculum core.
5. Jlaboratory Wm-kf Should Be "Real". In the conventional chemistry laborator
many of the "™unknowns" ceme directly from the stockroom. However, in industry, the
samples that a chemical techniclan receives are far frow being reagent grade. Thus,
to keep laboratory experiments more relevant for a chemical technician, commercial
Products ate used ag experimental reagents. For exa=ple: Iron in Geritol tablets
Fat in butter and oleomargarine; Calcium stesrate in cup grease; Carbonyl campnunds
dn peach brandy; Nicotine in tobacco; Basicity of an antiacidtablet. :

LNDUSTRIAL REACTION TO THE CHEMTEC TEXTS

Robert Hofstader
Esso Research and Engineerimg Company
Linden, New Jersey

I am godng to make my comments this morning relatively brief to leave more
time for discussion. I think this is the kind of topic which warrants discussion
far more than it does presentation of facts because there aren't any facts. There
are opinioms. I am going to give you some of my opinions this morning about the
ChenTel program, about how the ChemTeC program should undertake the training of
technicians and about the job of the technician.

I think that before we can discuss ChemTeC, curriculum,.or anything that
has to do with chemical technology, we must first arrdve at a definition of the
kind of person we're talking about. I'd like to start with a statement of what I
believe a technician is not.

I belleve a techniclan 1s not a juniur chemist. He is a technician. He is
part of & team. He 1s part of a  team which solves problems involving chemical
technology. 1've developed my own relatively comprehensive definition of what a
chemical techniclan 1s. I see a chemical techniclan as one who works with a .
profeasicnal £o develop technology and/or one who carries out already develgped .,
technologies, If we can go hack and look at our team approach to snlvimg prcblen:.
we find that we don't need two people doiry the same thing on a team. Ve can thm :
say that the professional chemist is trained to develop these taehnalﬁgies, to
theorize, to explain, to understand, and to be able to give directicons as to wh
experinent must be done in order to fulfill these :aehmlngiel and to dwgl.op them, -
The chemdtal gechnicisn 1s the one person who is available as part of the tesm to
carry ot thege directions, to do the job, ‘This person is a very vital man, l.nilas-
very different member of the temm from the chemist. : ook

The problen of many industrial arzuni.:atienl in lﬂdfllliﬂg thangelvea ta
chemical techrology 4s that they see only one part of this definition. Some wil.l
say, ""Ve vant this person to bn capable af vorking with a pmfu;iaul. capable to
Le “hete a8 one of his people.” Then ycm ' find lﬂnthit lﬂup of inauitri.nl
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people who will stress the second part of the definition which I just gave you -

one to carry out the already developed technologies. 'All we need is a persen who
can run a specific test. All we need 1s a person who can read a reclpe a... follow
it." Neither fits into what I believe a chemical technician ls. But there is one
ching that beth af these areaé have in common - lgbarataty skilla. I dun't think

in whatever function he is perfarming- Just what kinds of skills are we talking
about? Jur about any kind of laboratory skill that you can mention a laboratory
techniclian will need. He must also have the neceasary knowledge to use these
skills effectively if he is to help develop a technology.

Let's address ourselves to the curriculum which should fulfill both of these
needs, I think we should look at what has besn happening historically. The curri- ,
culum, as you people know much better than I, has varied from state to state, from ¥
school to school. But it has had one thing in commen. It was a watered=-down ‘ T
chemistry curriculum, For example, jda a local college in the area where I live,
the same courseg are given in chamistry for technicians as for those persons who
are going on to become chemists. What are some arguments for this approach?

Local schools with which I have worked have often argued "transferability." They
don't want to have students go through without the sbility to transfer easily.

The second argument which you will hear is that the student will need an apprecia-
tion for the theoretical content. This is probably true and they might also say
that this type of an approach gives the chemical technicians an ability to discuss
chemistry with a professional chemist.

Obviously I have some criticisms of these approaches. That ia why I am
talking to you today. What basically are my criticisms of chese approaches as
someone who looks at these people from an industrial point of view? We are, in
fact, by this approach, educatimng junior chemists, not technicians., Let's go
back for jult a mnment to the definitian 1 prﬁiinEed Haw well equipped is this

I believa, to wnrk in the 1abafgtary 1nd to bg able to do the work well‘ Hany of
our professional chemists today are not the same type of chemists we were familiar
with even ten or fifteen years ago. Professional chemists coming out of colleges
today aren't trained, in fact, for the diversity of laboratory operations which
have to be done. We no longer have the profsssional chemist who can use the
laboratory skille needed for problem solutions which he is able to develop at his
desk. He has very often spent more years than ever before in school, working on

a rather small segment of a problem, and when he is employed, he brings wi~h him
only those things necessary to solve that small part of tha problem, Industry,

on the other hand, is very diverse, and i3 becoming more and more diverse.

Let's take a typical example of how I ser a chemist and a chemical technician
interacting through a typicaldialogue on the job. A professional chiemist might say,
"You need to perform the following experiment...” I think the chemist can probably
be assumed to have understood the varicus problems, such as the squilibrium, of
vhat goes on in the experiment to be done. The tachnician, who should be able to
properly follow literally hundreds of procedures, might say, '"0.K.° I'11 go into
the laboratory and set up the equipment." He probably knows sneugh ;bagt the
operating conditions and kinds of materials he i{s using to be able to set up the
necessary apparatus, taks samples, perform analyses, compare properties, do syntheses,
and prepare proper reports.
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I very often bring up a commentary on the type of education situation we have -
had. About four years ago, our company hired a group of 15 laboratory technicians N
for summer work from the local schools, because these people wanted to get on-the-
job summer training. And we brought in these students and asked them to work in the.
laboratory along with the professionals. We tried to give them exposure to both
parts of the definition which I gave you. At the end of the summer we asked our ﬁ
people, the professionals, to rate these chemical technicians according to the way -
they performed as technicians. We weren't trying to grade people on a school work
context at all. We vere trying to decide, as industry always does in its efforts.
to make a dollar, which of these people we wanted to hire when they became avallabl
We got all of these ratings compiled. The following year when recruiting time came
a.d we were going to look for laboratory technicians, we went to the local schools:
and said that we would like to see our five top~rated students. Well, to our greatas
dismay, the top two of these five people had flunked out. Of the third the instructd
sald, "Well, she's a girl and she wants to stop her education now so she might be -
available for work." The fourth one on the 1list had also dropped out. The fifth oyﬁ
had transferred to another school- a four-year school. And so, after the second yeay
of a Chemical Technology program, only ome person out of these five top-rated
techniclians was avallable. C

I don't really teel so badly about the one who tranaferred becausc ho was
probably in the wrong curriculum from the beginning. However, I do realiy feel ]
very badly about the three that were lost. They couldn't keep up with the rheoreti
content that was beiny presented, and yet in the opinion of professional chemists ¥ o
use chemical technicians, these were the top-rated people in the group on a per formarn
basis,

What can be done about this gituation? One answer might be to train technici
so that when they go into a laboratery, they would just use skills that are used in
the laborat>ry wiihout any regard for understanding the basic principles. If you
talk to industrial p=eple voday in a group, you would probably get more response
to this appruach than any other you might offer. However, I think this is
frighte ..ag. fut industry 1s not composed of educators. We really don't know
ari are wot In.erested in education. We are interested in the products of educatio

For the lagt five or six years we have seen people coming out of the two~-year
ocograms who are very often incapable, who hava not gotten any basic skills. and who
are certainly "watered-down" as far as their chemistry goas. You might very well
say, "Well, let's teke a complete reversal. Let's train people just to fill test~
tubsy, just to wedgh, just to pipet." Obviocualy, so far as I'm concerned, this is
as frightening as the other extremes of training junior chemists., :

To some extent, this man who was trained just in lsboratory skills could ¢
out a developed tachnology, but I don't think he would be shle to vork as_part ‘o
development tesm, 1 think there is one tool which he is would not have < one that
we really want, I don't think he would have enough understanding of chemiatyy for
communication with these professional chemists. He would have bmen achooled in
the trade but he would not have the understanding necesssry to know what's goir
on, - B R o :
Let's step back a moment, We've talked about the traditional -approach, -
talked sbout a brand nev approach of the extreme opposite, the laboratory skill
approach. We figure there are people in industry pushing for this kind of appre
and there are schools for this, too, in some aress, So we might say, "What are
guys doing in industry to train techniciams?" I think that you people teaching




. sble to ssmple it. A three or four-credit course s

chemical technology in the aschools deserve sn awful lot of credit. Probably this

is the only career-oriented field which has been pioneered by education, at least

in technology education. When the two-year colleges became extraordinarily popular,

" they cnuld borrow from RCA a reasonable curriculum for electronics and build from

1it. They could go to IBM and bulld a data processing curriculuvm. Put chemistry,
believe it or not, started in the schools. There is no industrial crganization

which started a chemical technicfan training program, whicl 7=~ *:ced people to go

out and work somewhere else. Most industrial organizations havc their own internal
training program. However, these programs keep very near to the specific industry

at that time at that place. These are programs where many peaple begin new careers.
Rather, they are trained for a specific job. How does industry train its lab :
technicians? Take, for example, 1sba:a|:ary technicians who stroll into a gas chroma- .
tography lab for the first time. They've never seen a gas chromatograph. The way
it would happen in our company, and I'm sure the wvay it would happen in many other ;
industrial organizations, would be that they would work with someone in the labai'ato:y.
probably vith a chemist. However, chemists with a tremendous amount of skill, as I
#aid before, are becoming less common and are really not available, So very often, it
is another laboratory techncian who teaches the newcomer hov to £111 a syringe, how

to make sure the entire sample 1s injected, how to make sure that the columns are
working, how to look at a base line, how to calculate a chromatograph, etc. He

learns how to do all of these things, he developes the skill, he learns how to use

iti .

Then if he is reasonably bright, he becomes curious about what he 1s doing snd
how he 1s doing it. As his curdosity becomes aroused and he asks questione, he leafns.
what 1s going on. But he has first done it and then he has learned abou: it. This is
kind of opposite to the approach that I see in chemistry courses.: }fos:. of the time =
the teachers discuss theory and then they go into the laboratories. “6%11. this
probably doesn't turn out well with the good potential techmicians, ' .cause t;hey
E ibly have been so frightened ~f what they are going to d@ fm whar; they've
lew.ned about it that they neve. et a chance to rslearn what t.hey are doing.

: What is ChemTeC? ChemTeC is a laboratory-oriented course for cbmiesl techni-
clans. It gives the students chance to perform laboratory operaticns with an
understanding of basic principles. As I gee it, it will train the technician so

he will be able to fulfill either of the two types of jobs we talked about befor: .
He will be able to work with a professional to develop a technology; he will have
learned communication. He will have understood what he ia doing.. On the other
hand, he will also be a person who is available to work out a tec.hnalop which is
nh:eady developed, which is so tremendously needed.

Diﬁunian

Questiom: The program of overspecialization needs to be considered. A good |
- example is ofiered by new tvo-year prograns in &virmngl Sei:nee—- -What should
be includad in :uch a program? . . .

v Answer: Probably a course in sampling ;nd muly!i:_ "_f-th- envir
+- understanding environment should be included in connection with. the
- noldgy progrem, because there is nothing in chgicﬂ )
“ Eavirormencal Science. It should ba obvious that a person must knaw
shout the chemistry of the enviromment and ana’ w:l.:;l E::hn; '

. emphasizing these goals is sbsolutely bmﬂth Bowever,




course around it will be aztrimencal to a student. Suppose three-year programs
had been developed around crganic synthesis a few years ago when it was so very,
very popular? In 1970 and 1971, we find out that synthetic, organic chemistry is
down at its all-time low. It would have been a lot better to have given them a
truly basic course and then advised them to take a night-school course or something
in a speclal area, if this is what their problem is.

One school has found its problem to be with people or recruitment. They
historically have been able to fill their biological technology programs, which is* -
a laboratory technology, with about 30 or so students and yet the chemical technology
program has something from 4, 5, or 10 people that would register. They are giving .
theie two programs a common first year. During the second year, students can branch
out. The first year offers a laboratory-oriented chemistry course which will cover
the equivalent of the first part of ChemTeC. The second year, they will either be
able to specialize in the biological or the chemical technology. Based on statistic
we should get more in chemistry because the salaries are higher than in biology.

i 4

GQuestion: To provide a different perspective, let us note that it might be
desirable for a keypunch operator to have some knowledge of the computer program,
but this is not required, The basic responsibility liesz with the person who wrote
the program. Why can't chemists of the organization take full iesponsibility for
training their technicians?

Ansver: The professional chemist hasn't been trained to do that. We might go
back and criticize the whole graduate school program for training people who are
not capable of doing this. We could say that the professional chemist should have
the total responsibility to produce a pair of hands to operate in the laboratory
for him. In chemistry today, we have an extraordinarily diversified field. The
chemical technician has a whole career. He is a whole person. He has & whole job
which must be done properly. If the chemical techniciun sets up a chemical
appartus incorrectly, I think the responsibility is in his hands.

Unfortunately, it is becoming very typical to have people coming from some
universities with Ph.D.'s who Lave done nothing but louk at NMMR spectra for yéars.
There are fEWPI and fewer universities that are trying to offer g bachelor's aegfee :
and a master's degree has become sort of a consolation prize for those who can't 3
make it all the way. The Ph.D. is a research degree. The faculty, or rather the
importance of the faculty, i1s judged by the number of entries ttev have in publica~
tions. Theee are counted and tabulated and there should be sev:rul 1f a person
wants to get tenure. This does give rise to a high degree of spectalization and
the products which the universities are now praduciug are ent’rely 1ncapable =f
coming into a research organization because they don't know how to do & iur of
these experiments themselves. One of the things that I do with @y new Ph.D.'s is
put them with a senior, experienced technician so that they can begin to learmn how '
to do some of the things they need to know. And I don't presume that the
technician is an extra pair of hands for this brilliant Ph.D. chniijt. “It's
almost the other way around. It will be some time before the Ph.D.: :henia: is
any use to me at all, and if he doesn't learn some laboratory tazhﬂiqueg ffum
this technician, he will probably nevex be of any use.
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Michael 0'Neil
Tennessee Eastman Company
Kingsport, Tennessee

We call a high school graduate a technician; we call a man who is a graduate
from a chemical technology a technician. That is one of the big problems we have
in industry - we call people doing the same thing by different names.  In our case,
vwe try to keep the technician's cccupation filled with people with at least the
_equivalent of a two-year college degreg.

Our needs are such that last year when ve received the persannel requisician
for chemical technicians to do research and development, I compared it with the
numbers of graduates at schools where we had been visiting and I found that our
needs actually exceeded the number of graduating seniors. This gets more complicated
when we notice that out of a class of ten we may actually be interested in five.
We'll invite them and hope that four will accept the invitation to visit our plant.
When they get to the plant they are interviewed and get a chance to meet our people.
We may then make offers to two of those that are acceptable and eventually get one
of the original ten. When your location doesn't have a two-year college nearby,
the needs are more complicated. - Then we have to go out to schools and recruit. It
coste money for us to visit the schools und for students to visit the plant. We
then reach the point where we think, "Well, is it better for us to try to develop
our own program and produce our own technicians than to go out and try to get
recruits?"

The ChemTeC program is already having an effect because it is making industry
- take a closer look at what kinds of teclmiclans it has. I'm just saying that we
are taking a closer look and trying to set down some of the work items a technician
gshould be able to do. You really reach a point where you've got to have more trained,
qualified people that can do work of a broad nature and as a rcault we have broadened
the classification of technicianas. We have s Beginning Technician and then we go on
up to a Seniar Technicisni A Seninr Technician can get even more complicated assign-

For a man to move from a techrniclan positian to the chemist's position, he must
have a B.S. degree in chemistry. Maybe this isn't such a good example, but when a
man wants to go from his freshman year to his senior year in a single step, you don't
allow him to make that move. If it is fair to draw that line in the academic
insiitution, it must follow that yau have to have a series of steps in industry to
. allow the. peeple who have the desfre to advance to have a mganiﬂgful appartunity to
de sc. : : v R

I'm surprised personally that students find their. way into the ebgmtcal tezhnos -
logy programs. There is no information available for most potential- atud;nts except i
through industry. We don’t see them ever getting any information Ebsut‘the two= - i
. year programe other than information that we-give them. I wauld Hu" est that .
g0 out to the schoola and vork,with ths teaehers,f : ‘be pE

. Q.: What is the prnbgbili:y gf g par:an ﬁith na,a;:aci
tecbﬂﬁiagy working wi;h : chemi;al enginee: in a plaﬂt? I
laboratory technician. :

along this line?




A good deal of opportunity exists, but to be in production work one is not _
restricted to chemical engineering work. At the beginning levels, we need the man
who has a knowledge of chemistry, knowledge of what reactions take place by '
turning a particular valve leading to a new line. Most of the time in industryy,
these people come up through the ranks and are promoted and use the chemistry ;hey
have learned on the job,

7.3 Are chemists and chemical engineers coming to your company and seeking
work as technicians?

I personally feel that it is not a good idea to hire a person for a job for
which he is over-qualified, just as it 1s not a gool idea to hire him for a job for:
which he is not qualified. If a man 1s over-qualified, he is bored and unhappy.v -

Donald xevworth
Tenneco Hydrocarbr s, Chemicals DMvision
Peagucua, Texas

It is always stimulating for me to get with a group of people like this and
talk about subjects which I think &re of mutual interest. I'm going to try and
discuss salaries, training, promotions, job sarisfaction, and the future for 5
technicians very briefly. I will do it initially from the point of view of my own |
company, which of course is the logical way to start. 'f

We have t. recognize that just as there are many different kinds of teahniciam
there are many different kinds of chemists, and there are just as many different - °
policies with regard to industrial employment of technicians. Our company has its:
own policies. I will ecover them and then I will cover, in a broad sense, how I
think they differ from other companies in our area.

I suppose the biggest single factor in a discussion of this sort is whether or
not the company has 2 union for technicians. If the technicians belong to a union
we have a different world. (My company is a non-union, private company.) The whole
ballgame is dictated by the contractor who signs with the union. This may be used
where men have specified certain kinds of training. The company and union may not
agree upon many classes for technicians and define what they are to do and try: ta
define qualifications. These contracts can- become very, very sticky. Many time@d
opening will occur in the laboratory and then people in other areas of the plan
will bid for this job. Many who know nothing at all‘about'the laboratory and'w
have no training in the laboratory will, if they have the gpprnpfiate saﬂiarit
the job. When we talk about thie kind of a sftuation, I don't know if we eai
it very relevant in terms of what people at universities and enlleges are tryin
do in order to train people. 1t may be that 50 pe:eent or :even more nf the J)
cians emploved are members of unions. : S T

Hawever, we will be ;nﬂcgntrating :aday on: tha athgru”:’°

he bg a high Bchgcl graduate.
of college chemistry. 1 am. alﬁaya pleaaed if thsy,
Because people will be in training when they start;: y-

three months, and are initially paid $677 -.that:ia: 43,90 gn ba
period of approximately three mgn:ha, they Hill,be evaluatgd"*
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They are given a number of assigmnments to do during the training period.
They are shown where all the sample points are in the plant. Our company has
the philosophy that the technicians will learn how to do all of the analyses which
support and control products which we make.

I really should say that we have four major classifications of techniclans -
Control technicians, Analytical techniecians, Research technicians, and Development
technicians. Requirements for these people are quite different, Thelr duties
from day to day are quite different. But I like to get all my technicians from
the Control Department. So 1 follow the applicants as they come into the Coatrol
Department. They are trained there but we share a lot of work, and 1t makes it

much easier if they have gone through the training program of this other group.

After about three months, the new technicier has been acquainted with all
the sampling technicians do in the plant. He picks up a total of 29 samples. He
bas a little truck, or biecycle, and the samples are all picked up in about 45
minutes. Most of them are being analyzed by 7:30 am. We're talking about shift
work. For my company a man may start on Friday on the day shift. He has four
days off and then works five days through for seven days. He has four days off
and then starts the whole thing over. A lot of people really don't like shift
work. A plant must run 24 hours a day and you can't shut it off on Saturdays and
Sundays.

Our technicians understand that this is the kind of job it is, and they
understand the overtime, too. They get a lot of overtime and they o around for
other people, cover each other for their vacations, help each other for training,
help each other for sickness, and cover each other for unusual events, some of
which are part of the normal business operations. Unfortunately if the technician
doesn't know what he's doing, he can get in a whole lot of trouble just taking
samples. We're very careful to show our technicians how to sample safely. We
have a variety of diificult samples to get. Sometimes we have to climb up towers
200 feet high. After three months, the technician knows how to sample well. He
must then learn the tests which are run in the test lgboratory. This Includes
learning to run a mass spectrometer, a gas chromatograph, a computer. input, etc.
He must put calculations in appropriate formats to get them ready for the shift

- supervisor. There cannot be any mistakes because the shift supervisor doesn't
have time to catch all the mistckes. Thus, there is plenty of responsibiiity.

If the new technician has made it this far, he is no longer a iraines; he
becomes an assistant techniclian and gets a raise to $4.21 an hour. He stays in
thig ,osition for approximately 8-11 months. 1If the men has been employed for 11
months and has not been recommended for the job of Technician, then somebody has
failed him, or somebody has not trained him properly, or we found somebody that
vas not qualified. He is tested over this period of time by the shift supervisor
and evaluated to see how he is doing. If he makes it (and he should) he gets
. promoted to the level of Technician. A Technician makes $394 per month, or $4.54
per hour. When we have overtime, it is offered to a man and he 1a~ expgatgd to
< .accept it. A man can refuse it, but he must have a very ga@d raasani" L

 3'nnt havg a bachelor's degtee. ‘but now he is training
. of our E!chnicisni da not pnr:iculnﬁly want to be pf,
rﬁviaiun. for




messy, hard work, They don't have the same continuity in jobs. In control work
at least they know, a year in advance, where they are going to be. They know
what work they will be doing. They know very definitely the kinds of things they
must do, the patterns they must run through in order for the responsibility to
be completed. The technician has job satisfaction, and he knows that the plant
has to run and that he is going to be doing it, for his job must be done. So
he's got job security. His great satisfaction is in working with his hands and
in doing things with his hands. He is very bright. He is not a man who would
have made it through college for four years, but could have gotten through a
two-year program. We want somebody who has attributes of working with his hands
and being able to repair things. We want somebody who can really learn from his
work. He will be doing a very important job.

Q.: What are the sources of your tzzhnicians?/: -

For my research 1abaratcry, I don't have any interest at all in seniority.
The main criterion, as far as I'm concerned, is that the technician understand i
what @y job 4s. I already know if they're qualified or not and I wvant to be sure o
they vnderstand what I'm going to ask them to do. If I could get three Ph.D.' b
for my two technicians, I couldn't use them because they don't have the quality
and the capabilities of doing what a technician does; they have other qualities
and capabilities that should be used.

I find an inverse correlation between a good technizian and long periods
of time in school. If the person has really been in school for four years and
really passed the four-year B.S. program, he will never make a good technician.
There are very few pecple who are good technicians who can survive in the academic
world, 1I'd like to get them with two years of education. If they can stick to
it for two years, they ve got a lot of grit and should make good technic¢lans.
There are few Ph.D.'s who are good technicians. They tend to be abstract thinkers
and report writers. They do well with designing experiments and calculations.
Pechnicians and Ph.D.'s complement each other beautifully. My technicians and
my senior staff ccoperate. They couldn't operate without each other.

COMMENTS ON USE OF CHEMICAL TECHNICLANS

Chairman, Richard Shreve
Corn Products Company

A panel was composed of seven representatives Iram major companies and the
following questions were used as guidelipes:

1. What are the needs of industry for semi—praiessianals and chemical
technicians?

2. Vhat are the major shortcomings that you find in the callege texts at
present?

3. What new requirements can the panel menbers lgﬁ far our. Euture need!

chemical teehnieian:? “ull
o In regard to Question 1, one panel mgmbgr felt that P ,ple nf thesa typ
oo needed in research and dgvglnpment. He felt that a good preneralist in ehgmia;ty
would be the result of this program, but fgle that theve could al:n be gﬁad gene
in chemistry from the B.A. program. A TR

T

Further queatiuns were asked and discugseds




Does industry need a generalist? Is there room for generalists? A
specialist in onz field may nmot do a company much good. These can be

used only in specialized companies. They felt the chemical technician
program suggested by the Department of Health, PBducation and Welfare makes
the chemical technician look like the chemical engineers, which in some
ways is good. Industry, in many instances, 1s looking for a technieian
who 18 a generalist. '

e

2. Why do we need a new course? In answer to this question, panel members
felt that general chemistry courses would work and do work just as well,
They wondered how the adminiatration of juninf ealleges might feel about
starting new programs.

3., How much in-service training do companies do? Some companies have complete
training programs as of now, that is, on—the-job training. For example, as
jobs of distillation, crystallization, etc. arise, training is done.

Some wondered if students would wonder, why stop with a twe year training, why
not go on for a degree?

Primarily what the companies want are the follawing:

1. Employees who can handle some mathematics,

2. Someone who has an appreciation of mechaniral equipment and care of such.
Someone who will have a genersal knowledge of the maintanance of equipment.

3. Employees who have had glass working not necessarily glass blawing._

In the technical education area the administrstions have backed small enrollment
courses, Both two- and four-year schools train highly technical personnel to do sample
preparations and analyses to help the professional man., These technicians are well
paid. o ' '

One problem is telling industyy just what the technicians do. Indystries'
perspectives of technicians range from dishwashers to preparative experts. Industry
wants people with some college, because they take less training. Industry wants
manipulative skills, lab techniques, ability to hand record data properly, gince
lah hooks are important for patent purposes,

What is industry willing to to in helping iehoalu start chemical taghnalagy
programs? §chools have problews of recrulting students and of fering them grants,
part~time and summer work, and the schools need instruments. Induetry could possibly
help by allowing schools to run sessions on the induatry iﬂlttdﬂéﬂtl- Help could be
used in the placing of people upon eamplntiﬁn of the Ptﬂi!lm: ' .

Ways industry could help people aftnr completion af the pragrin:

1. Advance the person on the bzsim of experience and -ducgeinn. .Pg:ﬁgp:.%
industry needs to re-gvaluaca their ldv;ncgnint Prn:r’ e T

2, Advance the person only on his abiligy. net on'a i;nigti:yxplln;- Adv-neg
the peraon when jobs are open, making -dvineimcat ﬁaividi iné. s

3. Good technicians should start as a :;1::y 1¢vnl thne r-engﬂ
ldusatian and gxparicnce. 2

4, Some ‘nfustries may need career taehnieisn-, Ehge 1-, péapla vhafunnt or
need to stay as laboratory teehnicians.xx,r RS i




SYMPOSIA ON THE ENVIRONMENT AND CHEMISTRY
An Intredugti@n -

William T, Mooney, Jr., E1 Camino College

Torrance, California

College chemistry programs for students majoring in the scilences and related
technologies have undergone considerable change in recent years. There has also
been an increasing diversity in the content and organization of college chemistry
programs for non-science majors. The increasing interest in inter-disciplinary
courses and in the inter-disciplinary aspects of chemistry assoclated with these
changes appears to be related to the call for relevance in all aspects of '
college caresrs of contemporary students.

The changes in the courses for science majors have been introduced primarily
to meet certaln needs of the chemist, biochemist, and chemical engineer but there .
has been an increasing proportion of students enrolled in college chemistry courses
especially the two-year colleges, who look forward to careers in the biological or
health science area or in an engineering or material science field, The proportion
of students enrolled in college chemistry courses who are non-sclence majors is :
increasing, while the science major enrollments stay appraximately the same or
decrease. One of the new inter-disciplinary fields, environmental science, has been
growing rapidly .n recent years and is seeking to entice qualified scientists,
engineers, and technicians with backgrounds in the basic sciences and mathematics
to devate thelr time and enargy to areas concemed with the prablams created by
man's pollution of his environment.

These developments have come at the same time that the content and organization
of college biolngical sciences and engineering courses, for majors in these fields,
are undergoing considerable change in terms of the requirements for additionasl
knowledge of chemical, physical and mathematical concepts and techniques.

Students of the biological and engineering sciences who are required to take
chemistry search for the relevance of chemistry to their particular flelds. Contem
porary students in chemlstry may actually enter industrial or research situations':':
wvhere they are concerned with the problems of water, air, soil, or other forms of
environmental pollution. These problems may be related to the mource of the polly
the transmission of the pollutants in the enviromnment; the interaction of the pnlluﬁ
vith an environmental unit, such as the human being; the effect of the pollutant on.
these environmental unite over a long paeriod of time;,az the control nf the p@llut

Two year college chemistry faculty mlmbeti are cnncarneﬂ that- théir Mudefn .
chemistry courses do not become sterile, ivory tover subjects, so abstract and dis
from physical reality and so out of the main stream of our everyday lives that_
have little relevance to the interests of moat beginning chemis¢ry:
want to make chemistry velevant to the student and still show 4¢ <8
of scholarly attention for its own sake. Their goals are to’ 1nc:ga-q‘— interes
students in chemistry; to incresse the students' competence in desling with th
abstract concepts of chemiatry; and to incresss the studenta' ;biliﬁy to analy .
natural and technological systems. in. terms of Bhlix ¢h§!i¢l v

There is, however, a shertage of clearly identified and available ssauplcn
. technologically important chemical phenomena that illustzat ¢ c¢hemical pring
that are important in modern chemistry, -There is; especially s lack ‘of | owl
of the chemical aspects of che: -nviranninﬁll psl;n;iaﬂ p:abl:ms f:ced byvaur [




today. What is needed are examples which are applications of chemistry that are
important in the world around us, especially in the environmental pollution and
control area, and which relate tc the student's everyday experience, especially
those aspects of envirommenfal pollut’nn #ad its control that the student has
contact with and can easily identif-. They must also be illustrations of the

rinciples which he is studying.

The applications-illustration type of example needs to be identified, collected,
and made available to teachers of chemistry. As applicationz, they must be something
new and novel and exciting to the student and which can be related to his everyday
experience or to his future professionul activity. As illustrations they must be
very carefully related to specific concepts from the subject of concern to students -=
thermodynamics, chemical equilibrium, soclid state chemisvry, mechanisms of reactions,
structures and bonding, etc,

Sympozia, such as those dealing with en "~ ... . pollution, are organized to
help chemistry faculty in f.>=w a- c2lieger .- . _smiligr with new areas of concern.

In environmental pollvcion, systems approi . environmental science and technology
shows five phases to pollution orohlzms:

(1) The source and emission of the pollutant from the source into the environment.

(2) The traasmission of the pollutant in the environment from source to other
environmental units.

(3) The interaction of the pollutant with envirommental units on contact.

(4) The long cverm effects, including magnification, of the intera:tian of the
pollutant and environmental units.

(5) The control of environmental pollution through suitable measures taken during
any one of the earlier four phases.

There are significant chemical, as well as biolegical and physical, aspects in each of
the five phases menticned above. This five phase approach to the study of environmental
science and technology is valid whether or not one is talking about water pollution, air
pollution, soil pollution, or any other type of environmental pollution.

1. What chemical concepts and techniques generally associateu with general
chemistry, analytical chemistry and organic chemistry should a student have
nowledge and command of to have a reasonable chance of success in a
professional career in envirommental science and technology?

2. What are some of the specific examples in the applications- ~rrations
sense of the use of or reliance upon these concepts and te: < in each

of the five phases of the environmerital pollution aud eouly L« .d?

3. What topics or techniques not generally associated with these courses should
be added to improve the student's backgroumd for work in this field or to
better prepare him to understand the chemfcal nature of pollution and its
control?

CHEMISTRY OF WATER POLLUTION

Walter Chamot
Probably the principle polluters of water are those of ﬁs.living in urban

-~ areas, Who does the polluting and what goes into waste water? Industry and
“urban communities are the primary polluters ‘and the type of pollutants are:
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1. Sewage, primarily human -~ We do have sewer systems in cities and good
treatment plants can remaove 85-90% of the organic matter. Less sophis-
ticated plants remove 5 607, but at best, 10%Z of human waste is still
poured into rivers and streams. Some sewer systems are used to collect
rain water and those that bypass the treatment on rainy days allow all
human wastes to flow into our rivers and streams.

2. Organic matter,

3. Puthngenic organisms.

4. Phoasphates, prinarily from laundry compounds.

5. Non-bilodegradable detergents, but this has become less of a problem.
6. Pesticides, such as DDT, because they are not biodegradable.

7. Food industry wastes, but their contaminants are essentially organic mattér;

Industry primarily pollutes waterways with suspended and dissolved matter. _
One source of suspended matter is the blast furnaces, which produce flue dust. In.
the reduction of Fe, oxygen is used and the air then contains particles of flue
and coal dust. The air is washed with water in an effort to prevent air pollution.
The water then flows to our waterways. From the steel mills, we also find clay,
titanium dioxide, and other pollutants. From the oil industry, we find Euch
petroleum products as phenols, etc., as pollutants.

Dissolved matter is more difficult and more expensive to remove. Some types .-
are:

1. Acid from pickle liquor, acids of sulfur oxides that are dissolved in
the water, and seepage water through coal mining areas, particularly in
Pennsylvania.

2. Chromates and similar substances which are used in various chemical
treating baths and are very obnoxious.

3. Heavy metals, such as copper and brass mills in New England and mercury.
from electrolyzing processes. '

Heat is another type of pollution. This particularly comes ffam ele:tr cal
plants that have large quantities of heat to disaipate.” o -

A natural contaminant we have is the raimvater itself. Ii
phosphates to accumuiate in rivers and streams and will extraﬁ
organic matter from leaves. .

1s afaund 14- 15 ppm.
we can asphyxiate fish. Qrgaﬁic mattgr is 8
oxygen in the water. 1f all the g:?gen
nrganisns will #t1l1 remove axygen frﬂm




gases, like NH;, H2S5, CH, and H4. We can remove the organic matter by biological
deprivation. Misrenrpaniams digest the matter, then we take these by coagulation
and remove tham by sedimentation.

Soluble incrganic matter is the worst pollutant. We object to this since
most of it is toxic to all types of life, may impart color, odor or bad taste.
The phosphatas are nutrients to algae. To rid the streams of these, we use
coaguiation and sedimentation. If we cannot remove them by these means, we use
more sophisticated methcds such as absorption, electrolialysis, reverse osmosls,
or ion exthange. These methods are more expensive and are not used 1f it can be
avoided,

A Sedimentation basin is used most oiten. Water flows in at the bottom,
rises through the center and flows radially in a circular basin. As the water
moves from the center to the edge, the suspended matter is supposed to settle.

It is then moved by rakes and shoved to the section from which it can be easily
removed. The remaining clear water flows into a nearby stream. With this method
we are concerned with how fast the solids will settle as compared to how fasi the
water will move from the center to an outlet. There is a formula which telles wu=
about the speed of settling of solid particles. As the formula indicates, we i
solids to have a high density and large diameter. Some compounds will not settle
for days or even weeks.

To promote the settling processes, we try to make small particles into larger
particles. Colloidal particles are negative and are normally surrounded by Hj0 or
jons such as Nat or K* on the first layer. On the second layer of the diffuse
layer, there are more positive than negatively charged particles. These produce
an electric field around the particles, which determine how much one particle
repels other particles of the same type. Next to the surface, the electric field
is high and as we move away from the surface, the field gets neutralized at the
edge of the second layer. 1If there were no electric field, one particle could
adhere to another particle by van der Waal's forces. An electric field causes
high energy and van der Waal's forces require low energy. If one can remove
the electric field, van der Waal's forces take over and particles would adhere to
each other by these forces.

We can measure the size of the particle by ics charge. This can be essentially
measured with a micrescope and a high voltage source. Using electrodes, the negative
particles will move towsrd the positive electrods and the positive particles will ’
move toward the negative electrodes., Coagulation taikes place at the point where
the charge on the particles is essentially zero, the isoelectric point.

We can add a coagulant known as a cationic polyelectrolyte. To coagulate
colloids, we can add particles of high charge. For example, if we have Nat
surrounding a particle layer, replacing it with an ion or higher charge such as
catt, A1t or Fe** would cause coagulation to a greater extent. This works in
ti. v, but in practice the ions seem to depend on van der Waal's forces to hold
t* articles together and these forces are not that strong; thus, the colloids
fu:! apart. We have developed cationic polymers which have been polymerized to
long chains and are very effective coagulants. These must be added until we have
about 10 ppm to be effective. As we increase the quantity of cations up to 10 ppm,
coagulation takes place, but beyond 100 ppm we get redispersion. The mechanism is
having the cationic ends in polyethylene amine replace some Na ions in the first

Some anionic polymers are used, which contain acrylic acid and a chromate.
Acrylic acid contains a carbonyl group and thus gives a negative charge to the
polymer. When using these we must also have Al*? or Fe'3 as these do not affect

the layer, but since they are negative they adhere strongly to the stem laver.
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Water i= .ne ¢ the mast a° on the fa: ‘he e~ -rh, and as
afulnes he o s+ On the

such, mankind utilizes it from
oite haui,we lovi. upon water fov 5
purpe~as, and then at the far end of the spectrum we use water ic assimilate and
tran. port the wastes of mankind. Ir befween are, of course. a number of other

~: Inaustrial uses, agrviculture, swimming,

Uf arinking wateér

beneficial uses to which water is
boating, agquaculture, etc.

I'd like to di.cuss the two extremes that I mentioned. One of them, drinkin
watar supply, and the other eone, utilizstion of water to tramsport and as ilate
vaste. Most of us give little theought to our water supply; we turn on the tap,
<2 drink thc water anc o don't give it a secc.ad thought. However, there are a
lot of agenc =5 that u. give a great deal of thought to it.

il |

k=)

tnz common elements that we know about and many

lev 15 above which they are not permitted in the

the limit, then the water supply'is rejected for

'e we have arsenic at 0.05 mg per liter; barium at
subs cances get int he water surnly, there is

t we can detect them and th: ; through the use of chemical

rt

We usually detect the presence of these elemenis bywa variety of chemical
procedures. Frequently we will utilize colorimetric procedures. A number of
instruments can be used such as the emission gpectrograph, the atomic absorption
spectrophotometer, and in some instances where the concentrations happen to ba
higher, the polarcgraph. If the instrumentation that we have is not sensitive
enough to pick up the concentration level, we can concantrate the sample by using
evaporation, ion exchinge procedures or solvent.
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that is its food supply - =nother concentra®icin step. Then bird or man eats the
fish. The péétif de igs soluhls and is stored in the fattv tissue, from the fish to

the man. Consequratly we are walking around with increasing amounts of chlorinated
hydrocarbons of the DDT type. 4An interesting outgrowth of some of this is the use of
these pesticides on sheep, for example, to kill the pars-ites. As 2 result, the DDT
is absorbed through the skin into the fatty tissue or ti- lanolin. The lanolin is
used to make face creams, hair dressing and many other r.smetic preparatic . A
concentration of one to eight parts per million of DDT has been found in . :se
products. 5o through these cycles, man receives the m~ffects of all this pcilution.

at ten parts per billiom

We of _hese pesticides
or even h as ;hramatogfaph The time that it tzskes for a
peak to c riastic that identifies the particular pesticide and the
area under the peak giv.: the concentiration of the pesticide.

A third type of pollution can be seen disturb public. This is the
discharge of organic wastes Into our water systems or lakes, such as
discharge from a sewage treatment plant. Here we ng with organic ma' .-
in the form of proteins, fats and ca:bohydrates. B 4 and dissolved oxyge.

(at a level of about eight parts per million) attack these kinds of wastzs. When
this goes well, carbon dioxide and water are produced and there is no real prnblem,
5 long as theo organic locd deos not auzead the capacity of the esreams that supply

dissolved oxygen. Everything gones on very well and it usually foilcws the first
¢ ‘z2r rsractions of chemical kinetics.

If the dissolved oxvgesn, or the oxygen reserve of the system, is not sufficient
to take care of the organic matter, we've got an entirely different picture. Again
we have bacteris acting upon the organic matter, but instead of CO» and H»0 being
principle products we ma: not,get HyS and methane. Now people will know that
something went wrong. If Hpl is around, the white paint on houses will indicate
it 1f your nose doesn't. }4
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and it blooms. Actually, it ig called zn algal bloowm and T'm sure that some of
vou have seen this on streams or ponds. It is a glassy, yellow green mat m the
water. This begins a cycle in the water system that is extremely detrimental.
If the algal bloom and the concentratien of the alcas is up in the miliions per
liter, thea they are ~cncentrafs <nough to acufail cawse a fish kill by clogging
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produce turbidity in the water and will produce disagreeable

certain limits will
tastes. The algae may contaln cils that have a verv distinctive taste of their
own. Then 1f your water supply 1s furtkher .lorinated, the combination ¢f the
assential ol’'s from the algse and the chlorine pioduces chlorinated phenols
which are even worse. They produce a medicinal taste in the water, which is very
dicagresable and very difficult tc r-emove.

I'n _erinded «o this point that pellution is not sowmething that has been here
B A 4 40 y=ave. § chink we can go Lock o : Goed Dook and read in
frodus, ', where we have a description of an occcurrence which says in zffect that
the waters of the rivers turned to blood, the fish died, the waters stank and Lhe
Egyptianz could not drink of the water. I think we might zs scientists say, '"'Now
this is explained by the algal bloom (with red algae, because we do have red algae
ag "l as green). The algal bloom dacreased the dissolved oxygen 1in the siream,
the .sh were killed by low dissolved ~uygen levels and clogging of the gills,
and finally the putrification made the water completely unfit." So in early
history, they toc had prootams of pollution.

Nathan Gugschaw %ic Hondo Junlor College
Whittier, Califcrnia

Water pyllution is indead a -ather timsly topic. I think we've had this ‘
enphasized gquite dramatically with the receat pelican casulaties as a resgit c.
DDT wastes bei: = accumulated. Certainly, this tyre ¢ pollution is a problem
with which we must deal. Howevar, I think that sny iemedy that we might suggest
1s going to have to be rathes judiciously applied. Recently I have noted that
DDT is respomsible for the malarial death rate in India, for examp;e,rbeing )
reduced from about three-=quart-rs of a million per year to a relatively very low
figure. Thus, some of our s8¢ .ions to a problem have cr2ated new problews in
their wake.

I think the problem of environment pollution is certainly cne that must come
to theechemists, since both the causes and any prospective remrdies are chemical
in nature. We might very well couple this probl.m with the po.ulation egy;agiqnt
When there are very few of us, we don't need to give nearly as mich attention to
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Combustion is tle major source of pollutien. There are othar man—-made sources,
such as setroleum pl ats, pesticides and cewent plants, »s wail as some natural
sources., Tnlsg paper wiil concentrate on thres aspects of combustion, including
the source, fie combustion spectrum and proc 3es that occur ~nring combus-ion.

There are two basic nollution sources, one being the stetionary reactor which
may be sicher domestjc neaters or irdustrial heaters and niobile sources. Mobile
gources may he gasoline, dieicl or turine driven vehicles., Statlonary sources
burn =. atmospheric ., wssure aad me.1. .. sources b rn at & pressuve of about 10
atmospheres, Domes: .. stationary sources are general!y of the pre-mix type where
the air and fuel avy: mixed before thev nye izn®’+d. The Industrial stationary
aource oo :ifi-7 as a diff: om oo Yree the ir and fuel combins - n rhe
fiame for the Li: tine. Regarale -7 Lvee, all spurces burn fuel to o ve a
. odmum thermal yle 2.

If we exam? - tae -ombustion spectrum for a methane burac:, we find the
equation is Cil, + 20p 2Ho0 * COy. From this we car calculat= that the % by
voiume of "uel necessary for stoichic etric reaction is about 97: thus, ve need
sbout 91% afy. Cemhustion will occur in the range of 5 to 15% fuel. This range
i8 callad the expl..ive reglcn sad gives sslf-gustaining combustion. If there
is me.¢ :han 157 fuel, combustion will not occur. This condition corresponds to
floc-!ng in a gasolins =ngine. If burning occure be:ween 9 and 157 fuel, this
1g ~=tled +5 vich va om and pollutants like ~arhon monexide and soot may oceur,
If combustion occurs in an excess of air, it is the quenching region. All of the
air must be heated, the temperature falls and oxygenated organics are formed.
These are aldehydes that may underge the aldol condensation, polymerize and Le a
possible source of eye irritation, If we burn ir®limited air, the equation will
be CH; + 1/2 09 CO + 2H2. Soot results only if the carbonioxygen ratio is
greater than one. The CH, flames will go out under these conditlions because it
is out of the explosive limit before this ratio is reached; thus, a methane flame
is rather free of soot. Larger hydrocarbons can reach this zatio and still be
in their explosive limit. :

Q

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

P

sreater vhan 1 atm

3

S atm

- i, .vature where NZ
is fixed from air

i

[ S o SV

FeU oeant Ju

in tasz above graph, noiice
stoichiomety

2 din veached o #hy

T 7 R Rl i et o i‘]_"f-’!'{‘

> vallo of air and 7 »1 ¢ oAt 1
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"nd air that will cause temperatures high enomgh for ultrogen to

se oalr In old stztionary burners, cembust. 'n usually occurred

. =UUL T EIOLT U IRMeLTio goint vhat e o alure was not high enough
to fix the -‘vogen from the air; thus, NO, was not a pelluticn problem. In New
furnaces t'  engineering is good encugh that the burnevrs will ¢ .rn near this ratio
«<h hot e gn that nitrogen dioxide will be formed. Now the black plume of soot
is replac by a brown plume of NO;. This nitrogen dioxide can react with certain
organic spounds to yield p -2yl aitrate, which may be responsible for
agricul 2 damage and eve = irritatdion.

BN

tbile sources, the high pressures give high temperatures and large
ame - the oxides of ‘ivogen. Car® urning on the rich side of ttoichiocnetry
yvie scf + amounts of carbon monoxife. aile turbines and diesels burning on the
lea .de give little CO, but much soo:.

The process wiiich occurs during combustion in- lves the complex organic
fuels being broken down into gaseous priwary fuels which are free radicals. This
step is endothermic. As the primary fuels recombine, there 1s an exothermice
reaction, and _his 1s the source of heat,

any combustion reaction the. . ~~a four importanct factors. They are time,
-emperature, turtlance, and oxygen. FEnough time and temperature are seeded to
~-reak down the complex fuels, then the Ooxygen as an oxidizer must be pres..t and
goct mixing 1s needed so the fuel and tha oxygen get tegetner. If any of thase
facvors are wrong, pollution may occur. ‘or instances, 1f time and te.gera.are
are wrong, diatillation c¢r rublimat. n wmav cccur and producs pollution. A good
general rule to control poellutien 1s to keep the temperature high, use an excess
of oxygen snd keep good mixing.

CHEM'STRY OF AIR POLLUTION

Albert Boekian, Alr Resourcee Board
State of California

ihis presentation ccntaine a number of points of view about the use of
chemfcal principles in air pollut. --zigation. I wish to diggussriﬂma of
the instruments that we use and : instruments are utilized so they can
be related to certain sublects y = 1ilready been talking about in the class~
room. I will also cover some ty; ~toblems we investigate and the gort of
chemical principles that apply.
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One instrument th:. vu veo 18 the atomic absorption spectrophotometer.
Baslcally, this ¢ a do w0 that usea & ated hollow cathode lamp of “he
pariieular element that .s belng soughr it i=2 used primarily for de -emining
metallic elements in the atmosphere. A sample i collected, treated aad then
atomized into a flame. The holliow cathode lamp is of the element you wish to
deternine = for example, lead. It emits a light with a characteristie speccra
and the lead in the atomized solution absorbs the light proportional to the
concentration of the lead.

The whele principle of u: vlon of compounds by gas chromatography depends
upon selectlve adsorptiom of th¢ « vmpounds. The selection, number and kinds of
columns to use in gas chromatographs, 1s usually related to what substance will
adsarb and felease the ehemigal zﬂmpaunds af interestp Alsa, in a gaa chramatas

many cases the Ramp]e is injeccpd into the FC as a liquiﬁ aﬂd *hen it £ vapﬁfized
in the instrament itselif.

in wanlyzing atmospheric samples for hydrocarbons, we must have sone knowledge
of reactivity and ctructure of the compound, since the gas chromatograph is not a
panacen and one or two overlapping peaks can occur. For example, you may find that
& Stralght chzim hydyocarbou w. L Lowme outb at “Le same place as a branched hydro-
carbon with one more or one less carbon atom depending on the specific materials,
the type of column substrate, etc. So all of these things are factors that we take
into consideration in cur analysis of atmohsph: sic materials.

Another instrument we use is the ultraviolet-vigible apectrophotometer. Here
we are concerned with electronic transitions. We use it for identificatdic-. of
compounds during a spectral span. The other thing where a knowledge of standard
chemical laboratory techniques might be very useful is in the preparation of
standard cu .s, where you are investigu: g one particular known material which
produces a colored commlex. Then vou can prepare a series of standards and make
a standara curve, etc.

Wz are concerned with complex forme:zica that could be related- to ligands.
Sne " he analyses in air pollution wivl for oxides of nitrogen in the atmos-
phere. There is a reagent called the Saiizman reagent and this involves a color
complex formation. Aldehydes are usually determined colorimetrically in ihe
spectrophotometer. Ozone can .e determined colorimetrically by its reaciior with
an ldodide solution. All of these things ara done either in spectrophctumeters
or colorimeters

L

The infrared spectrophotometer is used for determining carbon monoxide in
Liie stmosphere and in automobile exhausts. This is done by non-dispersi-: infrared
.o simply seslect the appropriate .«velengtl from previous knowledge. ine
inztrument simply measures the veok height of one wavelength. We also have an
interesting and somewhat elahorate research project going on using the infrared
spectrophotometer sad here ... are in.erested in the identification of ~ < spr '
reaction products, ete. ‘ ‘ :

There are other instruments that can ba used in air palluti@n wark, but thess
are the four main ones. I am sure you are aware rhat whenever an 7 an
be used in one area, it eventually finds a use in othar.' ess. and ai; ﬁllutiﬂa in
no exception. .

Snma nr the typeg of ptablems :h t we investi at



as we know, there o 6o problem for ““e ~ducntion of =air pollution technicians.
Thus, we cnd up using cloctronle tec .dc. + or 2lecivical or mechanical people
vwho are interested in alr pollution. Theu we have to teach them all the chemistry
and physies they have to know.

The concept of the mole is involved in pollutlon of c¢ne sort or another,
partlcularly in gas space pollution whera people have to kncw how to go from moles
to parts per million to micrograms to cubic meter. Depeni’ng on the nature of the
material, various people are iInterested in expressing councuntracions in various
ways. The technician has to know how to go back and forth comfortably from one to
another.

. diffusion s important. We sanple hydrocarbons
wirgy dre 1.0C Lo a

The concept of permeabi1i“y S
e R e ;r:Li;,\L ug,gﬁ, il owm veis '_;;Juéu L e bkis dlay Seei LdaRelviods,
very small melecule. If Saran, Nylon or something of this nature ig used, .1 of
the material can leak out; therefore, permeability and diffusion become of :ome
importancs (¢ us. Atmospheric transport of poliutants in the outside or ambient
atmosphere 18 to some extent a diffusion process. To another and probably larger
extent, it is actually a meteorological transport problem. But there is diffusion

involved.

We are concerned with kinetics, pavilcularly gas phase kinetics and gas phase
reactions. What goes on in the atmosphere 1s a kinetic event. There is 2 lot going
ri?ht now with atmospheric modeling as people try to come up with a mathematical
moa:l that explains atmospheric reactions. There is a lot of kinetics Jnvolved in
acwospheric models. There is a lot of kinetics involved in reactivity studies, the

¥ sort of thing that I mentioned when I spoke about the infrared spéctraphgtameter,
' Hydrocarbons plus nitr:. oxide give all sorts of lovely products. So kinetics is
of considerable importai.:e in the field of ¢fir pollution.

¥ are concerned with molecular structure, particularly the size and shape of
mol ‘ules, We find a lot of aerosol formation and zome of our work indicates that
it 18 more the size and shape of rhe molecule than t“< chem’cal; functional group
which affects aerosol formaticn and light scattering inlecular structure is
invelved in reoactivity, particularly in terms of those icactants which produce eye
irritation. It is generally conceded that olefins are more reactant than aromatics
and aromatics are more reactent than paraffins. The Los Angeles Air Pclluiion
Control Diztrict Rule 65 recognizes this because they limit the amount of each
material that can be put inte the 2tmosphere.

We are concerned with oxidation-reductions. The usual practice to analyze
nicric oxide ie to oxidize it to NO; and determine that. We are concerned with
this reaction since this is the primary photochemical reaction in the atmosphere.
Fhotolysis of NO, under the action of the ultraviolet light will give you NO plus
an oxygen atom. The oxygen atom, presumably comb’ning with molecular oxygen, gives
czone. (xygen atoirs, of course, can combine with a number of things. Uzone will
then oxidize any number of things that it conta-is.

We are concernad with halofds 'n waveenle, Wa'vra concerned to scome extont
with free radicals. In writing a scheme for what mgy happen in the atmosphere and
trying to write an atmospheric model, free radicals have been hypotiieeized by a
number of people. While thia is somewhat more theoretical than what we get into
in our organization, nevertheles: free radicals are believed tn be ifmportant in
alr pollution work.

Bonding is important, of course. We deal with inorganic materials and i~organic
particulates. We deal with hydrocarbons and other organics. We are concerned with §
bonding and trying to explain the origin of certain materials and trying to explain - -
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for raoouiviny

ctions. We're concerned with electronic SiTucture as

their o i
: you have udd and even o loc-

and the fact that when you have something like NO whe
trons, it is difficult to satisfy the octet rule and wri ~ the nice usual struer
with eight electrons in the outer shell. There may be antial for bonding 1
you do not have otherwisa.

We are, of course, concerned with photochemistry. The entire Los A&pn:o-ies smog
problem is a photochemical problem and T repeat again, the primery reaction of
photolysis of NG, gives nitric oxide plus an oxygen atcm.

I think this ties in rather nicely with the importance of ambient :nvirgin.nms
but I think students in 2 classroom are not aware of the inflvence of light. W.uk
phatnchemical smoe we have a very vice example of the fact that something in the

: SUmeCILINgE LHa. We LOKE .07 graniéc, Iy De il AUROULvE Whe.

DULS LR Y TIRERS AR

) Ty
happening im our test tubes.

We are concerned with trar jient effects in the ambient
electrical discharges and aukcmgblis engines srarving n12ar An 8erOET)
These cause eilfects that can't be related to auy other atmospazric b
the prasenre of hvdracasrhore or oxides of aitraegsen,

samplicg 1S -
rameter liks

What are some of the activities :hat air pollution agenct®zs pursue? They run
source spectra through many sourcen, swokestacks, production piants, refineries,

znd test the emissions and the l.ntg. Another activity is compliance testing.
By law, automobile emissions - Tow a certain level. We have a rather large
vehicle emission testing lab .8 autos to see if they do comply. And in
either of these, since you ar- with millions if not billions of dollars,
accurate sample is a necessity , ~pod laboratory technique is essential., The

Air Pollution Control District in i.>s Angeles has the auhtority to shut down a
plant which is pollutingz the atmosphere. We in the State of Caiifornia have the
authority to reject automobiles which do not meet state standards, and therefore,
people must know that the results are arcurate. Frequently there are court
appearances by the chemists and the techniecians.

[iie ambient atmosphere is vontinually being monitored and sampled. We have
the cuistion, "Is the ssmple representative of the area that it is supposed to
repracort?'"  There are roughly eight or ter afr monitoring stations in the I=2s
Angrles lagin and thelr pooled rasulis are supposed to represent the entire Los
Ange oo Basin.  Sc T think we can ask ourselves the same question there that we
asked in the chemistry laboratory, "Iz the gsample selected representative .- :he
rutire populacion or all the material?”

Finally, an accivity we pursuz 18 research and development. We have to know
tie answars for 1275, 1987 and 985 and we have to start discussing them now.
Kknowitnyg the answers for 1971 and 197% is great, but eventually there is more to
atmospheric management than knowing a year or two ahead. For people who are
interested in this type of work, prtience, meticulosity, and a willingness to
repeat analysce are necessary. These -vain are laboratory skills which people

rz elze thay ..t dn not zet them at gll.,

Toave ko oget dn onlleze

Comment

Daniel Eidelson, Fullerton College
Fullerton, California

I think that air pollution is a topic that can certainly help toincrease student
interest. When I talk to my students with respect to looking at the planets, we
notice that we are rare indeed to have this unique thin skin of atmosphere and that
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are 1ist9d by Lhe Ait Reanurccq ECGL n the Unived Statés. Thig can VPTy affectively
be converted to other units such as parts per million and miiligrams per cubic meter
or even to the moles of carbon monoxilde that are emitted in the LA Basin. This

comaesg o about 16,000 tonsg a day.

=ty
|

Some of the ~aner T hinye had Fees oarndaars oo g3t o lnow
in the field. Where is r rr;ng? How

tive1v bé used in a

Some of thelr reactions
I think they ecan quite eife&tiv%lv +:oistrate common

ve found a of materisas thit could be applied in the
B N & - L P M, 7 i~ Ll . ... - - ‘F - ]
- . PR LR I AR N A Rab= R L s

James s nelius, State Department of Public Health
San Fr- ~isco, California

cture in our mind of San Franciscoe. 7 believe it 1is one of
rlaes dn the world a=’ Taally leve it. However, there is another
~Fran. T am sure yo1 have rvead about

We all have =2
the most beautiful
view of San T-ancisns ot vou don't gee ;
San Francisco s ,lld waste dilsposal prDblEm. No tour of Northern California would
be complete wichout taking a lock at San Francisco Bay. We have done a lot cf
sampling on different sites surrounding San Francisco Bay. At some sites, the only
thing separating the Bay from the rubbish is a fence. The fence does a good job of
keeping the rubbish out but it dcesn't do such a good job of keeping t..2 chemicals
from leaking out into th:. 3Hav.

From a public heai. viewpoint, we are very concerned about the disposal dikes
which have contact with bay waters because we know that these sites have many df fferent
things geing into them such as pathogenic wastes from hospitals. So public health ie
certainly concerned about these conditions.

One of the conditions we are concerned about is the disposal cf chemical wastes.
Disposal of chemicals henpens frequently in San Francisco Bay. While taking somc
pictures, I came upon g.ntleman unloading something from = truck. .. had a biy
rubbur suit on and '.l¢h .thbter gloves on, so he was being cautlcus for some reazon.
The reason wvas that #: . 7 <he material he was dumping was very toxic. A lot !

drainage came out of t.. iwterial. This drainage ran into a pond adjacent to San
Francisco Bay. The Health pepartment is very concerned about conditicns llke this.
For cxample, 4f {n 2 sitoiw i Jor some ocher reason that daa should break, we wsnl,

hdve a severa pollutant floating into San Francisco Bay.

Another problem is the open refuse disposal sites and these are scurces of air
pcllution for many reasons., They have odors and could have toxic tumes from the
open burning of 2,4.D 'ontginers or other containers. Some substances released are
very toxic to plants,

Two or three years ago I was on my way to Fresno to a confervnce .ad saw an
enormous tower of hlack smcke going up. T detcured about 40 miles out uf my way
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becausz 1
pile orf i
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Area snd in the Loz Appo

suspilcious
burnings.

~he Air P ) Districes in the San Franoct’

Chemical waste hps boen -llowed to be dumped at nany waste di=posal sites.
There are many reasons to be concerned about this. The operator who> mixes the
material is exposed to cxtreme hazards. Truck drivers bringing in chemical wastes
=ither do not kneow or will not tell you what they are dumping.

i)

>

4

i

tion problem, pesticides. This is z2lso a
we find pesticide containers. Supposedly

We have another type of soil pollu
health problem. In many disposal sites
EMPLy CONLEALDEIE ol nw. Hlbayoe wipey s

The State Department of Ful
atudy, gathered information from all types of industrial wastes and domestic wastes.
One of the categories of waste was chemical wastes. In 1967, something like 11.2
million tons of chemical wastes were produced in the United States. Here in
Palifrrnia we oanlv have about 500.000 tons, not a very high percentage of the total.
We wanted to put in perspective what the different types of waste are. TFirst we
have our municipal wastes. These are frou homes and the stores. 1t weighs about
50.5 pounds per czpita per day. Ther we have the agriecultural waste. That is 9.8
npounds per capita per day. Industrial vastes add up to about 3.9 pounds per capita
per day.

aleh, as o portion of our statewlde planning

1A L 1T
S U A E;\;--,:_éxanx, S it

Bacause of the soil pollution aspect, we are particularly concernad about
chemical wastes. Tuaase chemical and petroleum industries are concentrated in two
counties in California, Contra Costa County and Los Angeles County. The amount

of chemical waste in either of these two counties is ten times higher than in any
other county in the state.

There are two gases that we are concerned zbout. One is carbon dioxide
and the other is methane. Methane gas presents one of the gafety nrcblems and
hazards that must be considered in "z design and operation of a lan~ fill. We
are also concernad about carbon dioxide because of the potential of increasing
the mineral content of the ground water through ckemical reactions.

We do have the possibility of enriching soil with solid wastes. There is a
demonstration compost in Johns- o City, Tennessee. The potentlial of composts is
something that we do not want to overlook in our determining the proper methods
of disposal. Composting has nct t.ad very much success in California. Primarily
it ccmes down to an economical evaluation because composting is more expensive
than the cost of land fill. However, I think many of our leaders, environmental
engineers and psople concerned about environment will reach the point where we
decide to pay that little extra. Then, instead of causing pollution we can build
a soil supplement.

The composting plant starts with garbage and rubbish. It 1s put through a
mechanical treatment, ground and some sewage sludge is added to it. All the
sewage from Johnson City is mixed with it because sewage sludge has two things,
nutrients (nitrogen) and moisture which 18 needed for composting. The material is
then placed in piles seven feet wide and five feet high. A machine turns the
compost to keep it "going" because the bacteria must become aerated so that they
keep working properly. They have a number of chemists and biologists doing research
there, trying to determine exactly what iz happening so that they can nake a complete
evaluation of the composting process. 92
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CHEMISTRY OF SOIL POLLFTION

e ey A2 e e Fhyamnmmys : g o Ty men
Tom Sendizon, Burcau of §~1id Fastes

Cincinnari, Ohico

While scil p@llufion is poorly defined both practically and technically, »
workabie defin "an unclean condition of earth that impairs or interferes
wizh 1ts natira se''. A'r, water, and soll pollution cannot be separated. Uncl=an
s0il will yigéd both alr and water pollution. As an example, the spreading of
animal waste can rapidiy become a source of both air and water uollution as well
ag soil pollution. Other erxamples include despoiled strip mines, auto junk vards,
laﬁd contaminated wjth pesticides and a littered countryside. A natural pollutien

= =4 3 =
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results from man's depositing unwanted waste in cv on the soil.

Solid waste maunagement is a major problem in urban areas where the solid waoste
oroduct is abour one ton per pers.on per day. This figure is expected to double ‘n
aboutr fifteen vears. Other rhan personal wastes, there are demolition waste,

agricultural waste and ~-  more sources. Y~gardless of the source, water must be
3 gzad or. b snz by incineray. v ond conversilon to gas, which potentially
.-ag atr pollu ‘- .. Hsaally about 25% of -+~ solid becomnes ash that must be removed
.+ positing it in cr 'n the land. About " »f total waste may be salvaged for reuse
sz composted. Incinsration 13 used te = of about 15% of waste and the remainder

c1h gees into a land 7

The hest way to Jicpose of waste , 5 with a sanitary land f£111.
Thie is best defined as a method of d: : on land without causing
nuisance or hazards to public health I uis method employs principles

g to .umpact refuse to ths cractleal velume and teo cover

of Flsﬁag g
it with a layer of earth at tl= conclusioc. .. :ach-day or operation.

If all land waste disposal would follow this method, pollution would be
reduced to a minimum. Few land fills operate following these guidelines and
instead become open dumps. Ornly about 5Z of all land fills qualify as sanitary
land fills. To qualify as a sanitary land fill, the follewing criteria wus e
met: (1) no burning at the site; (2) packed refuse must be covered daily: anc
(3) no detection of surface or ground water pollution.

Water pollution 1s certainly possible from land fills, but it is not a neces-
sary byproduct. The following must be .done to have groiind water degradation [rom
land disposal: (1) dispusal site must be over, adjacent to or on a water aquilfer;
(2) there must be movement of water into and through the filll from percolation of
precipitation and surface run off or from direct contact with ground water; xncd
(3) a lechate must be producedl wihich is capablz of entering the surface.

To obtain maximum prote...rn we must cognize and understand these conditions
and be able to avoid or prevei clem from oo rring. This becom~s very difficult
in metropolitan areas. There a'e r spy things that control whethel a aite may
cause poliution. Guidelines ar: available from suveral sources which hase their
suggestions on possible types of contaminants, types of earth m;tgfiaia, and.
distance to the points where water will ke used.

Potential pollutants are limitlaas. Certain pollutants nus; be uept out of
land fills, oilers must be detoxified before belng placed in the land fills. L
Another more ggneral problem is caused by the products of- daeampaiitién and leachs
ing after the waste's placement. These produeta are a fun:tinn of the specific
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fi11's physical naturs 4 plaocensan, ﬁ?ﬁ%lﬂﬁﬁ can be deteeted by analyses such
ag B.0.D., alkslinitv, bioleogical analyvsis, and gas products fvom zergbic or

anarobic vespiratiou.

Many »f +° o~roblems can bBe ~ontrollrs by correct rlacpvaE of the iland fi1l
-

and by naiura LDowpueifdent long wu L o 07 we bhecomes neture duat have
help

al 5 4, - = E
ot

Gorden Williams, Montersy Peninsula College
Monteo vy, Jnid ffrni?

directed to - wx achool abeout not teaching a specific course
: have contonded that ocur peslition is that the sclences

ver pollutica Iin slmest a subliwinal type of way and that we can s211 that
1 2 D o - [ T U Bt mide e e weme e @ ne mahe sk :A ,,,: o r_'_u [
i T A=, :epgrt frem the Corolites on

. It wau
covers . .€ oalv solid pollution, but also air
fde pollution. Tt is probably well worth
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CHEMICAL ASPECTS OF POLLUTION AND 50CIAL INTERACTION

National Laboratory
linois

Philip Gustafson, Arg
Argonne, 11

As technology has been shivped to v lerdeveloped countries, both agriculture
and health techniques have been improved. However, people are still hungry. As
techn~logy has increased in the United States, Armciicans have developed a hunger
for more material things. When these are produced, a great deal of waste is also
producad. This waste becomes pollution. 1t takes a great deal of power to produce

! nse material chings.

The growth rate in the nation as a whole f9 about the same ags in the Chicago
area. The combined effect of immigration and inureased birth rates caures the
nopulation to double in 46 to 50 years. Gencistion papacity of electricity has a
doubling time of 8 to 10 years and the amount «i .owey available par person has a
doubling time of about twelve years. Power cuvtjpul 1§ increasing more rapidly than
the population. Tn an expanding econony an Ifncreas: in pollutionis unavoidable.
Nature cannot absorb all of our pollution. It can clean itself, but It =anneot
stand the present rate that society is dumping wast+s into it. We need to eniorce
laws on books and legislate new ones as the need -r-s=s. Better still we need to
minimli=e processes which cause umwarranted polluiisr: howevir, this must be done
without causing teo much disruption in soclety. ‘= axample is the building of
nuclear povered electric plantsz as Commonwealth-t . i.:»n did. Conger atian and
2iti=zen groipe are generally well informed about eﬁg w-"avalities of pollutien,
and their p wev and knowledge must be respacted by ".¢ .. Cawcawealth-Edison
has been cri*i:ized for their major concribution of » . .o uxiu n the Chicago
area and with the building of the nuclear power plant (i . 4re cricicized (»r the
nuciear and chermal polliution {rum this "clean piunt'.

There are plans to use iake Michigan as a cogling source for slectrical
+ generations. ihe effect that the heat 7ill have un the l-ke 18 unknown, of course,
but it is being challenged by conservationists, Those * ., uave studied the problem
at Argonne feel that the lake as a whole can endure the %ait; but individusl sroes
may be dameged. Many parameters are appliczbie, such as agricultural ehyieau
and other forms of pollutants, and ic will be difficult to sttribute damage to wamm

wvater.
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A clieruative is to put o mov .
anvioonment has the capabilitv to absorb

can so-lety stand this change? The
certaln amouvnt of polluvion safely and wificiently. 1o is eur rvesponsibiiit;
iearn what this limit is and then to iive ~“thin it, and not shut down ale fade iy
oy hlatsnitldy add unlimi+ond wases into the easvironment.

CHENMTCAL ASPECTS OF THE POLLUTION - HUMAN INTERACTION

Wheeler J. North, California Institute of Technology
Pasadena, California

0f all the physical, chem.cal and biological! kinds of poilution that we have
managed to cantziv;, chemical pollution problems 1re usually the hardest to cowb.t
= todze thors the “o3lukent attacke moan divaecitiy.
An @ucstanding exampls 1s amag Pa:ﬂap; we dg not 1ay . smog as bad > pesople in
Southern Califoyuia. I undev lastances whera a1 deaths have
occurred from itt, but cernainly it is %zd enaugh tn cause severe ey> Loritatic . and

atracks us direciuy

B T W meap Theran

AR

Scmzu ‘ chemifal pclluticn faquifes an in. wdiate agent bufore it affects
M, vy rnenli o vhe sieovy of the harmless fon, uitveile, whicn appears in wotevs
as a rasuit Qf fertilization of scil. The drainage has nitrate in it, it gets into

drinking water, and intestinal bacteria convert nitrate to nitrite which in turn
reacts with the hemoglobin in the bloodstream and is injurious t~ man.

We cope with these forms of pollution and have various degrees of guccess. We
are able to recognize them rather early, because they attack us. However, the more
insidious forms are those that attack our environment. We do ncot recognize
these untll we have suffered ser;uus ecanamit 1ase or thg nﬂvi “onment haﬁ received

4 e e=ans vy :

E e thgLubJ £ Ui @b-ﬂi =
forms today. We hear abaut de and haw it is Eanﬂentrating iﬂ many mariﬁe farn
perhaps affecting the reproductive cycle in many marine birds. Detergents we:

mentioned earlizer.,

The pesticides and the detergents are harmful substances, but perhaps we are
just beginning to be aware of the most insidious of ali substances. These are the
substances that are not harmful in the ordinary sense of the word. 1In fact, iIn
proper amounts, they are required by the organisms that share this planet with
us. I am involved in the research of such a situation and would like to make
that the principle part of my talk today and tell you a little bit about it. In
this case the insidious substance is very vital to all these iittle creatures.
They are amino acids and the assoclated ¢-ganic ucids that occur in wastes such
28 gewage,

Our story carries us into the ocean, and I would lika to talk about & specific
portion of the ocean., This is the very . ch, off-shore kelp beds that occur in
Sovthern Crlifornia. A kelp bad has brown patches and flosis through use of litrle
gas bladders. Kelp forms a forest-like environment. It is vexy much like a land
forest and many animals are attractaed to it, T'z produ~tivity of the vegetation
feede many snimals. Meny other animals seek shelter in the ..uevicas [ormed by the
plants. Still others find a nice &o0lid placa to sattle. A wolid space is at a
premium in the ocean and sn uverage kelp forest offere fourtean times as much solid
surface for settling as the ocean fleoor. Thus, fourteen times as many animals can
be packed into a given epace, As & result, the kelp beds are the richest aress of
our coast. Uging statistics from the Department of Fiah and Game, 1t hae been shown
that thay are worth about §3,000,000 a aquare mile t¢' the lucky communisy that they
gre near., They contribute much to the regional econemy. Thare are roughly 100
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gquare miles of kelp bed in Southera California, seo this is $300,000,000 a vyear that
Southern Callifornia recelves from being blessed with these submarine forests.

Many animals eat kelp and occasionally we get «n imbalance >f a rather spiny
creature called the =sea urchin. It appears in huge numbers. Armies of them congre-
gate and they like kelp more than anything else. When they reach a kolp plant, they
cluster In the lower portion, take a few bites, destroy the anchorage & < the main
part of the plant drifts away and is los:t. So it is a rarer destructive form of
grazing. Nature has a way of controlling this upset in "-i.nce. Thers used to be
an animal that ate sea urchines in great quantities, the sea otter. It looks a
little like a panda bear, and among other things it eats great quantiiiles of sea
urchius.

nia uged to have tEﬂE ai th@usanda of sea otters. Thay were
huovts & Anrn pwvl ; sdr vl £ feowhia 37¢R. 18rh oand 180+h aapouvien.
Witheut this natural cont ﬁ-, moe v v o Wiy bee’ and then all th=
other snlmal life. With . ;115 left to ea t, the vrehins ~ o ve to death and

eventually the kelp comes back. This is a cycle that lasts snywhere from five tc
twenty years.

Southera Callifor

dreed ey

In Southern Cajifornia seme of the kelp beds near our largest cities have
disappeared completoly. Ststistics for the San Diego area shoy that as the sewagsa
increased, the kelp bed dwindisd. ‘The part that disappeared first was the part
that was nearesf where ths sewazye came out of the Bay and the disappearance spread
northward. Looking down at ¢t ired, we found that the bed was being destroyed by
sea urchins. We suspected thut they would die from starvation, but they Jdidn't.

They just persisted year after yezy. In the laboratory an urchin starves to death

in an squarium in about three montha. These urchins just persisted in concentrations
of 100 or 200 per square meter. Nothing could grow or settle there without being
eaten.

The urchins are very efficlent absorbers of organic substances, such as amino
acids, in ract, the amino acids in sewage. We have unfortunately prevented the
starvation of the urchins by keeping aiive the unwanted prey of the predator. The
end result is that we have injured ourselves economically by preventing the return
of the kelp heds.

The vemedy to this problem is to use the chemical, quicklime, which is very
effroetive for killing the urchin. It is good because 1t combines rapidly with
wzier and carbon dioxide .o form harmless calcium carbonate and it is not a toxic
peison lasting for weeks or months. We spread a number of tons of quicklime all
over the urchin populations. Witrh the urchins gone, the kelp returna. After a
1&@ éf several ?éafs, the abalaﬂes, f;sh ?fd the waﬂderfu; cammunity that aEBﬁéiEEEB

Jerry Flook, Gavilan College
Gilrov, Celifornia

T don'r think that we can Just lecture two daym a ver~ and gay, "Now we're
going to talk about environmental pallu;inn conditions fou cha. naxt - tWO tuys. or
the next ti.-ee days or evén a week." 1f we are to do the jnb. ve p1 1.3 . ;
going to have to incorporate pollution problems into the Ptiﬁéiplll: p:
throughout the Yhemistry program. There are many excallent ‘exsmpl
We c¢sn put problems in our weskly or dally problem sheets which
problems which deal with conditions of thg gnvirnnmeneﬁ :

ul?&lﬂﬁiﬂg- Ptajiggi ef various lengthi Eln be ffu':
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i, William 7. Foouoy, Jz., 51 C : Collegs, Vi Torvranoe, o 5080n
SELELEQF“ Robert Bukhgﬁ hfaﬂg View CBI1FE§, Deg H-ipes, Ta 50316
Fditor, K~ weth Chapmen, Chemical Technician Curriculum Ifﬁjﬁftg Berkelor., Ca 94730
Wes&ar; States ;
ARMETRONG, dabel K,, Lane Community College, Bugenc, Ur 94703
BACKART, Eent E., Palomar Collegs, San Marcos, La 91069
BIEVER, Keith J;, Bellevue Comaunity “ollsgze, Balizvee. Vi 93004
BRYCE, C. Herbert, Seattle Cencral Community Collego, Scattle, Wa QR322
CHAPMAN, Artell G., Ricks Colleze, Rexburg, 1d 83440
DECKER, J. Smith, Phoenix College, Phoenix, az 85013
FOHN, Edward C., Green River Communiry College, Auburn, ia 95002
HUBBS, Robert R,, De Anza College, (upertino, Ca 95014
LUNGSTROM, Richard A., American River College, Jacramentn, Ca 95841
MARCY, Eugene, Central Oregon Commuaity College, Rend, Or 97701
HcWHINNIE, Campbell H,, Casper College, Casper, Wy 52601
STEBNER, Wanda, Cerritos College, Noivalk, Cs 90650
WILLIAMS, .Gordon H., Monterey Peninsula Collugz, Monterey, fa 93240
WYATT, William H., £l Pase Community Collige, Colorsdo Sorings, Co 80902
SﬁutthD States
ALLISON, Harrison, Marion Institute, Marlon, Al 36736
CHEEK, wf17iaﬁ E., fontral Pledyont Community College, Charlotte, WG 28204
DUNCAN, Hovi D., Laaterﬂ Oxlahoua Stace College, Wiiburton, UK sauso
EDGAR, James H,, Navarrvo Junloi College, Coxeicana, Tx 73114
GREFﬁIN William W., Hinds Junier Collage, Raymend, Ma 39154
HUSA, Willdam J., Hiddlh Ceorgla College, Cochran, Ga 31014
INSCHO, F. Pavl, Hivassse Coliege, Madimonville, Tm 37354
MILTON, N¥ina, §t. Petersburg Junior College, St. Petersburg, F1 33731
MITCHELL, John, Northeast Campus, Tarrant County Junior College, Hurst, Tx 76053
PONDER, Wade H., Clemson University, Clemson, S5C 29631
RINGER, Robert, Chipola Junioer Coilsge, Marianaa, Fl 32446
SINK, W.C., Davidson County Community College, Lexlagton, KC 27292
STEARNS, Anne F., Columbus College, Columbus, Ga 31957
WALTERS, Bobby, Paris Junior College, Paris, Tx 75460
Midwestern States
BLOUGH, Alvin, Hesston College, Hesston, Ks 67062
CARAWAY, Kathryn P., Genessee Commumity Ggllege, Flint, Mi 48503
CLOUSER, Joseph L., Wm Rainey Harper College, Falatine, 11 60067
COOPER, Milton, Wright College, Chicage City College, Chicago, I1 60634
DHONAU, Curtis A., Vincennes University Junior College, Vincennea, In 47591
EVENSTAD, Earl, Normandale State Junior College, Bloomington, HMn 55431
FREYMILLER, Hemn F., Madison Area Techniral College, Madiseon, Wi 53703
HAMMONDS, Cecil N., Penn Valley Commnity College, Kansas City, Mo 64111
HEIDER, Eudglph L., Meramec Commumity Coll.ge, Kirkwood, Mo 62122
HOFFHINE, Charles, Lozain County Community College, Elyria, Ok'n 44035
KOTNIK, Louis, Metropolitan Campus, Cuyshoga Communitv College, Clevaland, Chio 441153
LAUGHLIN, Ethel Western Campus, Cuyahogs Commmity ! silege, Paima, Jhie 44136 :
O'LEARY, Vincent, Black Enwk College, Moline, I1 612063 :
TRAYAGLINI Catherine, Parkland College, Chgngaigﬁ, 11 61820
RBastern Stataa
EE!, Howard A., Pranklin Institute of Boston, Beston, Ma 0211.6
BROHDANNA, Mother, Manor Junior College, Jemkintown, Px 19046
BREEDLOVE, C.H., Rockville Campus, Montgomery College, xnckvilll, HH ZBBSD
BROWH, James L., Corning Commmity College, Corning, NY 14830 o
CUCCI, Myron W., Monroe Community College, Rochester, WY 14623 -
HAJIAN, Havry G,, bhode laland Junior College, Providemce, RIL DZS}OB
JEANES, Opey D., John Tvler Comaunity Callgga, Chester, Va 23831 o
RAKLE, Irmagard F,, Ulster Courity Comsunity College, Stone | gz. H* 12434-
MARTINS, George, Newton High School, Newtonvilla, Ma. Dzliﬂ B
Miﬂo Plnl J., Harford .Tmiaf Colle g8 Bal Ad
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