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Chenistry e 00 Twa- 0o Collen? s o wonel to the Slder Froccedings o f the Tvoo-Yewr Jolizpe Clianistry
Ty Areprpoc whert e re nbdishod cip Toner dusing the sictins The sFirst issue of CTYC, 1971, No. 1, was pul-
lisked in Mav and cus s the secone issue. she 1971 srucs aed sube 2queiie vonluics anil SLaduie mlptey ard
discussion s.mmMarties from the Conferences and other papers of special interest to the 2-year college chemistry
#acher. These 96-page 1naues will ferore sections devoted tn sencral chemistrv for svience majors, second-vear
chernistry ceurses, chemistiy rer non-science majors and other intreductory courses, chemical techunlogy pro-
grams, instructional methods, teacher dovelopment, spacial topics and administration of chentistry programs.

Al though not all sections may be included in cack issue, we intend to keep a balanced publication.

T e Two- Year College Chemistry Conterences are 2-day meetings of chemistry {aculty and acmin:strators
of the JSA and Canadian community colleges, junior colieges, technical institutes, university braiches or centers,
and po.*-secondarv vocational-technical schouls.

2YC; programs include Symposia on Speciai Topics 1 Chemical Education; Symposia on Innovatiois =a
the Teaching of Chemistry; keynote addresses and discussion cections for first-year science major chemastry
courses; second-year chemistry courses: chemistry courses for non-science majors, occupational groups, and
beginning students; chemical techrology programs; and Timely Topic Forums on specific problems and pro-
grams. Exhibits of textbooks, medels, instruments, charts, equipment, and filmed or taped media materials are
also included.

The four 1971 Conferences at Catonsville Community College in Maryland, Februery; Los Angeles Trade-
Technical College in California, March; Meramec Community College in Missouri, October; and San Antonio
Coliege in Texas. Decemter, were typical of the geographical and chronological distribution of our Conferences
but were the high points for program quality and attendance. The attendance totaled 694 for the 4 Conferences.
All Conferences were attenced by 155 or more, and Los Angeles, with 193, was the largest of the 28 confer-
ences to date,

Findings, reports on progress, papers, and discussions from the following subcommittees will appear in
future CTYC issues. The Recognition and Awards Subcommittee, chaired by Cecil Hammonds, Penn Valley
Community College, works with the Comumittee on Educational Activities of the Manufacturing Chemists
Association in recommending {ive finalists each vear for the Annual MCA Two-Year College Chemistry Teaching
Award, and in investigating additional ways in which recognition can be given outstanding individuals or collec-
tive achievements of the chemistry faculties of 2-year colleges. The Chemical Instrumentation for Two-Year

Colleges Subcommittee, initiated in 1970, has developed phase 1 of an extensive study of chemical instrumen-

Q 3

RIC

Aruitoxt provided by Eic:




O

T N ' Ch e R o e e e e b e v fe AR

! s i P e I T b L T | OO S (O SR PE KR S TR KN SO RN E S RA
. 1ok o ; LTI i b T L S o B T L CRA R TR SN U TR 11
o o . S T T T T L O R B T T I TR
I T i )ui ot [P B e B e e s o o d e e (RSN R

T L e A T L T S E N T NS PO S T P I TR T T campdiraz s il o
i [ L ' L L e P T N R L L O VI T BT STV ERL N RN TS [ CEE A TR T KN
T B A B L S L C L L S U [ ST PO (R FE O S T A VI ONS \Iu bN f';‘»i linlry
R R I s e e e e, i wofor T Year Coflepe Chiemisory
B L I O L PO I 11 SR T O R seactt e vl om0 ol youower formed o pde !|§ 1Y sipaifi-

S N O L T L S S LN EEO PO T FUA £ ORI LTI B TR TI fechingues: to 2n courage

sk L p o e EET e b o ach o b s os e of st - 620G
' )

cobonin Chie a o Do Dl e Tiae consvenad tie Rew et
o ddentifyving i ech -
B TR DO O m;x‘wﬁ%w? res o barend proprams, Phe newly- onaed Thigh Schoos ,1::11’.2i5'£r§,’
Too Ve el T e Tnderiooe Sl i, chaired by Cust Dhenan of Vineennes Unitepsity
o el g sty s of cooner tion hotween Zovear colleges and their feeder high schools
e oaned e B cich caoe aprons Tonn Baotnik, Coyabioga Comnaunity Colleze, Metropolitan campiss,
: R Lt B A R U R LA A T P A N E,EH‘-;J Collegos i the tdentitication and solution of
[Tl : woriiigr with the odd o of the Journa! of Chesnical

L T A (E I R C A S LR TN T ST prabje s i numivm' P

SANTRE TR BRI

“ gl opo e y f”(*xl"v Uider Kenocin Chapman’s
T T S RO I | ! Doy Bop OTYC and the DYy Wevsledner, The Chem-
IR TANEN N R N ¥ Sulcogenniticn Ve et e This year bes fasu"vu’,d he reaetivated paxt vear
i i i [ : Peosov Gpa Lt Cpetihe e
it TR P oy { R RN At d s v ae han boen underin ke by
RN T 'S PRI R THS B Bers bt Towondd L Toaw: owledpe

ang behn “dstehell, Chairmien o) the Regisnat Con-
Cotberne Yravagciod aud M, Milton, {r nhfcnu* Fuitors; Kﬁthc*n"
s s atice Do Mater, Tawrence Dalen, Ruldolph Heide
vl wrrrreoments Chaitiner Reon sia COheomne. Cammiittee l.(htnr‘. and Robert Burham,
' doscase Ol waledy sy cauises Aey w0 contrnibute muen time and

o ety e Fanh Reatnp e [hnimiosa

i wodn siene

okt v s el it
O othice cnoratgn
i 1 —vgsi s ik aow e snd cxores e appr civtiop far the financial and other sepport it
s reeeh ed From the Bacoutive Coneadoe o che Bivision of Chemical Education under the direction of Anna
Farrison, i'ima’nw:an K lna sponsaring oran ¢ oowvas augmented this veor fo. the fisst tisne by 44 industrial commer-
cial sponsors. 37 coddeve sporsor, and over 100 individual subscribers to Chemistry in the Two- Year College.
We anvite ald Z-vear ooliegs chemiitry departinents o become sponsors, al? facutty members and others inter -
ested to become subsoriers. and an commercies and industnal organizations interested in chemistry in the 2-
veur eollege 0 woome spapsors.
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> Lhienaastry 7 Moving around the courtry to attend the four

vt Ctalkirg shop ™ with chemistry facilties, and reviewing recent muail

:. 1 am led to behieve that the 1972 and subsequent problems and pro-
Fuculties will involve modules, mini-courses, models, education of the

- hu»« stmv i!‘(i en mnms:ﬂ* -- and the search for money to implement innovation. We invite you
to jom v ey boear 1t coesaeronde S as o s baeribor to CF emistry bi the Two-Year College.

“Villiam: T. Mooney, Jr., Chairman
Erratum

The scope of the Two-Year College Chemistry Conferences and the wide variety of means by wlich mate-
tial is cullected for publication assures that errors will be made from time to time. We particularly reeret the
misplucing of credits for pressnted material. Thus, we wir  to call your attenttion to an error in the 1968-196%
Two-Year College Chemistry Conference Proceedings, p. 24, William G. Dani¢! of Bluefield College, Bluefield,
Virginiz, should be credited with the article, ““Chemistry Laboratories for the Futire,” instead of G. Tvler
Miller of St. Andrews Presbyterian College, Laurinburg, North Carolina.

Kenneth Chapman, Editor
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Some twenty years avo the Gereral Chenistry course alinest abruptly changed from ann introduction

to oreanic and des riptive chemistry e e principles-oriented course. During the next several years, more
and more of what had been traditionally physical chemistry became part of the general course. Today, we
are experiencing a shift toward the inclusion of the deseription of chemistry within the context of chemical
orinciples. Pedagogically, the student can understand and use the principles better if there are more points
of contact with the real workd in terms of specific chemnical plenomena.  Furthermore, we have had to re-
discover that students without sufticient matnematical background cannot adequately master some of the
more advanced and guantitative aspects of chemical principles. It is anticipated that a more workable balance
bubween deseriptive and fundamental clhomistry will be developed in the future.

In the past few years we have witnessed an awakened ‘ntevest in the various meca of instructional aids.
in addition to the traditional projection systens, whole new systems such as television, the computer, and

PR v FEETEUE SUPTI ST T M Pl T e B dae s U it e o U thopy o bi‘;ﬂff

intensively nsed. But the results ore not decisive. Somchow, after we invest much time and money in these
ival of ar cléer sosmemn. we discover that the student is not necessarily “turned
on.” nor does it seem to favoral ly inffuerce the ermollment in our chemistry courses, What do we try next?
More snd nore we are hearing of “hands-on”™ chemistry, the kind of chemistry the student experiences
by performing a real-life experiment with his own hands, or in the classrcoms, witnesses a live demonstration
pertormed by his insirnerar, These activities seem to offer a refreshing alternative to instructional devices
The conven-

such as a fine motion picture or a precise computer printout of a reaction mechanism or such
. - . - - - . i, . TS 1 |
ience of canned material vs the labor of preparing lecture demonstrations mitigates against the ““hands-on

type of instruction. However, from the standpoint of student motivation and learning, there seems to be a
renewed interest in the classical type of lecture demonstration. Here again, we may find an effective balance
between the use of the more modern instructional media and the traditional, “first-person” demonstration
experiment.  After all, chemistry is blessed with more than its share of demonstrable topics, and we would
be failing to achicve the most effective instruction if we did not exploit these opportunities.
Summary of Discussion Following Professor Slabaugh’s Address

Sumunarized by 1. Smith Decker

Phoenix College, Phoenix, Arizona

1. How do you develop good demonstrations?

Dr. Slabaugn responded: A good method is to have a 3 x 5 card file in which you have demon-
strations tabulated with equipment and chemicals listed on the card. For example, under sulfur you would
have cards 1. 2, 3. 4, 5, etc., with the principle that is demonstrated by the demonstration and the equip-

ment needed. The equipment should be assembled and left in ready condition such that it can be taken

quickly from storage, demonstrated, and then returned again to storage.”
"2 Do demonstrations decrease drop -out rates? Do they really help to stimulate student learning,
or is general chemistry just becoming too difficult for the average student?
The answers were as follows: (1) There are a number of students who get into the course who have

not met the prerequisites of the course, which might be listed as: (a) some mathematical knowledge, (b)

a desire to form good habits of study, and (c) a desire to spend the time to really learn. (2) Schedule the

preparatory course and the engineering {general chemistry course) such that well-prepared students can go

ahead according to their abilities and so that poorly prepared students can drop back and still achieve the
goals they first desired.
3. Should we all teach the two types of courses: (1) for the major and (2) for the non-major type
of course?
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needs of present day students. The courses ure being pre ared by professors and students from a variety of

areas, such as industrial enginecring, chemistry, arts and political science.

An article entitled *Why are You in this Course”” irom Chemical Principles, a new, general chemistry
text by Dickerson, Gray and Haight, was distribuied and discussed.

A science course for non-science majors was offered at the North Carolina State University, by Henry
Bent. Students were graded on 6 outof 12 exams and the final exam. When asked their opinions, students
thought that this was the first time that they were treated as adults and they “blew it.”

Several problems of teaching chemistry to science majors were identified:

I. A tremendous expansion of knowledge.

2. The number of students vastly increased,

3. The upgrading of material in course, (This was justified by a few “eager, bright-cyed” students.

The average student needs simple instruction and drill.)
4. The best scholars are not liked. Turns even B students off. Can’t reach a student unless he likes

you.
5. The courses go too fast. Too many topics are introduced.
Some topics taught in a major’s chemistry course using titles based on the Westheimer Report are:
l. Structure
(a) Electronic
(b) Lewis
. Dynamics
{(a) Thermodynamics
Disliked by the average student. Shouldn’t be given in the first term. Don’t give an in-depth
study to freshmen. Make definitions useful.
(b) Equilibrium

Ik
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Presented to the First-Year Science Majors Chemistry Course Section,

35th Two-Year Coliepe Chemistry Tonfrrence, Catonsvilie, Fe

H

69 1 changed my freshman laboratory from the standard classical type, that
TR sty oo Al e the sames eyperiipent toon nevs method

Commenging with 1968
fourtecn stations, cach complete with all the equipment and chemicals necessary tor that ex-

ine these stations, [ am able to let o1l the stndents perform experitnents that otherwise
couldn’t be done ly using the old, classical approach. For instance, the Gas Phase Chromatography

expe. ment couldn’t be dane using the classical method because of the expense iwvolved.,  An cxperiment
requiring the use of the Corning pH meter would not be practical for 2 small college under the classical
lzharatery gustorm, sines everv stndent would require a meter.

The students are ¢ivided into groups of two and three. Thererore, each group ias a different experi-
me  during the same laboratory period. The groups are numbered and a list of all the experiments
corresponding .+ each group is placed on a bulletin board accessible to all. The student can tell in advance
what experii.: .. he or she will perform each week.

We use no laboratory book. At each station there are directions and information which will be helpful
for that particular experiment. Many of the experiments are written up “open ended” so that the student
can perform the experiment as long as time and motivation persist. The experiments are as follows: (five
types), Titration of Acids and Bases, The Spectronic 20, Analysis for Chioride, lieats of Reactions, Gas
Phase Chromatography, Distillation, Electrolysis, Titration Curves by pi  -ter, Finding Molecular Weirhts
(b.p. and f.p.), The Temperature Dependence of a Solubility Equilibrium, Crystallization and Microscopic
Work, Synthesis of Magnesium Oxide, and Oxygen in Air. The students are given two demonstrations:
Cottrell smoke precipitator and a method for obtaining the combining weight of zinc. These demonstrations
work out well because we have a Fall recess and a Thanksgiving recess which cut off the laboratory. period
for the latter part of those weeks. By doing demonstrations we not only use good teach’  aids, but are
also able to combine laboratories during a free period in the first part of the week and pruvent the classes
from being separated.

The laboratories are scheduled for three hours each on Mondays and Thursdays; however, they usually
run four hours instead of three. I have two laboratory assistants for each laboratory period. 1 monitor
four experiments closely while each of the assistants have five experiments. During the first fifteen minutes
of each laboratory period we go over the experiment with the group. After this we try to ask questions
and stimulate thinking on the part of the members in the group. After an experiment has been completed,
the group returns to the classroom and writes a report on the experiment for that day’s work along with
their data and answers to their unknowns if applicable. Then the group has a conference with the instruc-
tor and are asked questions to see if the members of the group have a proper understanding of the experi-
ment in question, 11

! now have
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Pahinh sothet appradivg ol fhe Fish o scheo” chemistr certaindy indi v es sotae
kind of a change in the freshman chemistry of the collegs fevel. 1 think there i apother squeeze from the
A4, and it ds in two forms. One 3 the pressure of time needed to put into

ether things. Also, there is a natural tendency to fnelude analyvtical instrvmentation and an analy tical ap-
mtoagl by

other side, that is the upper en

rranch in chemictry conrges

First, let me say that the ACS Committee on Professional Training does not demand that [ or anybody
else do what I recommend this morning. I'm on that committee, so | feel sensitive about this one point.
in my mind, qualitative analysis is not too applicable these davs to industrial problems or to much of re-
ssurch at zmy n,;vsl I thm‘*‘ there s a gcat (hf!muity in Eeaching ail of ths Equilibrium pfinciples That yOLn
Iﬂ uthcr word g, 1 thmk thdt IL.JL;LJHE y ‘41 is narder timn tLagllUlE qugnt I thmk 11 54 im hardc;r for ﬂlL
students because it’s 4 double dose. You car do a cookbook deal but, from the learning process, 1 think
it's harder.
also Delieve there 15 a general utiiity, {or a major i.uction of ail the students who take freshman
chemistry, of approaching the laboratory from the standpoint of simple instrumentation and quantitative
methods and techniques. A large fraction of that class will be pre-med, zeology majors, lab techs, etc,,
certainly other than chemistry majors. These people will probably find mor. & for analytical and quanti-
tative methods and techniques than they would for the qualitative.

There is also great difficulty in giving meaningful laboratory work related to lectures when initial em-
phasis is on atomic and molzcular structure. I don’t know what people do in the lab that’s related to dis-
cussion in the lecture, at least at the freshman level. There is a simplification that can be attained in course
scheduling by doing what I am recommending, that is, that therc be a one-year freshman course, a one-year
sophomore organic course (organic-analytical) and a third-year physical course. These are three core
courses. Along with the physical you could then combine courses of interest to the interdisciplinary student
or provide the straight chemistry program that different schools have. This simplifies the concurrent taking
of math, physics, language and other requirements that are usually needed to go along with the chemistry
program. It seems to me that for junior colleges there would be a simplification in transfer if they had to
include a full year of organic. [ know that there are many arguments going along these lines,

There are problems in giving a frechman course that integrates quantitative analysis: lecture organiza-

]
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tions, equipment problems, pnilosophy of experimentation. For the lab to be meaningful, the related prin-
ciples must be discussed proviously or concurrently, at the worst, in the lecture; otherwise, it’s only a black
box type of labostory, so youl've misscit the boat, You must get to aquitibrivin principles early in the
course. This is the Key point, It taks about six weeks to get to this point. You start out talking about
units, instrument s and reliability of m. .surements, including probability, dist-ibution, standard deviation,
etc., for the reliability, Then 1would summarize the composition of matte: - no great detail. Names and
formylae, stoichiometry and concepi of mole, that sort of thing. Properties of solution, but not colligative
properties, and concentrations. Gases: gas laws and vapor pressure. Weight-volume relations. Energy (thermo-
chemistry type of entergy) by vay of the calorimeter. Specific heat, entropy of transition, standard entropy
of reaction and formation. Then combine the energy concept with volume of gases; then to kinetic energies
of molecules, distributions and velocities, reversibility of reactions, activation energy for reaction, relation-
sthip between the equilibrium constant and entropy of the reaction, general development of equilibrium law
from kinetic considerations, Whe n you reach this point -- building on this and amplifying it in the course --
you can do a whole varietw of things. Meaningful discussions are possible: precipitation, purity of a pre-
cpitate; the analytical applications, K¢, problems; combine analytical and qualitative analysis; complex ions,
clectron transfer z quantitative aspécts,’galancing oxidation, reduction equations. Here is where you would
take up free energy. Collimtive properties. Nine weeks doing this sort of thing after equilibrium laws are
learned. Structure is not reptionaed yet.

The second semester is taker up by half with a detailed discussion of atomic, molecular, crystal struc-
ture. We have energy from first semester to build on. The other half of this semester includes problems
of synthesis, chemical kinetics and mechanisms, organic chemistry and nuclear. This is a very crude outline.

Problemsin the ladb -—one crucial thing is efficiency of student time, Don’t waste students’ time. For
example, we give pre-dsied, cooled and desiccator unknowns which they can pick up in the lab. We have
drying oven schedules and ovens with circulating air. Ome oven can be used for 20 minutes. By using a
series of ovens you have rapid drying and saving of time. Teflon stopclocks save time. There is no such
thing as under- or over~gregsing.  Consecutive time is important, We operate on one lab/week - four hours;
|- 5 pm, This is more usefyl than 2 two-hour labs. One of the most important points is expectation of
results. [ visited a mnid ~western college and talked to students who “bitched™ about their course. The level
of expectation was comypletely urareasonable. They had to do an experiment as many times as it took to
get results, too much time was spent, and they hated the course. Freshmen do not have a lot of experience
and perfection comes only by experience. Concurrent scheduling of experiments is necessary, especially
witha lrge number of students and expensive equipment. You don't have to have a gigantic investment
in equipment. We have handjed 130 students with 6 pH meters, 4 calorimeters, 6 colorimeters, 3 gas
chromalography units and 4 geiger counters. We have stations for things like desiccators. For example,
if you have a lab section of 25, you need only 25 desiccators. If they must keep samples in desiccators,
you can have a couple of desiccators for the retention of samples of everyhody.

J0PICAL OUTLINE FOR GENERAL CHEMISTRY
FOR SCIENCE MAJORS
Subcommittee on General Chemistry
Curtieyum Committee, Division of Chemical Education, Inc.
American Chemical Society
Brock Spencer, Chairman
Beloit College, Beloit, Wisconsin

Prepared as part of the Topical Outlines Project of
the Curriculum Committee, April 1971.

The following Topical Quitline for General Chemistry is intended to be an outline of topics commonly
tawsght in a fint- yeal geneml chermistry course at most colleges and universities, and is not intended to
specify cither a specific order for covering the topics, a necessarily preferred system of classification for
all of chemistry, or the ramge of “‘relevant™ applications which may be appropriate to illustrate a particular
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topic. Thus, for example, thermodynamics may precede or follow molecular structure and bonding in a
particular course: it mav or mav not include a molecular interpretation of the thermodynamic processes,
and may be illustrated by examples from biochemistry, geochemistry, environmental science, space science,
industry or cosmology. Although this Topical Outline is intended to be the basis for constructing behavioral
objectives for general chemistry, we recognize that the behaviora] objectives initially will be limited primarily
to recall and quantitative reasoning for the concepts covered. At this time we are not attempting to include
other types of objectives which are obviously part of any course, nor are we anticipating extensive use of
methods other than question-answer-calculation for demonstrating mastery of the behavioral objectives.
1. Atomic and Kinetic-Molecular Theory of Matter

A. Atoms, elements, compounds, symbols

B. Gas laws - ideal and real gases

C. Kinetic-molecular interpretation of gases - distributions, heat capacities

D. Liquids - properties and kinetic-molecular interpretation solutions

E. Solids - crystal structures and thermal properties

2. Stoichiometry
A. Molecular stoichiometry - atomic and molecular weights
B. Reaction stoichiometry - mass and volume relations in chemical reactions
C. Solution stoichiometry - concentrations
3. Thermodynamics
A. Definitions - system, state
B. First Law - energy, work, leat
C. Thermochemistry - heat co,acities, enthalpy, Hess’s Law
D. Second Law - criteria for spontaneous change - entropy, free energy
E. Temperature dependence of thermodynamic state functions
F. Colligative properties
4. Equilibrium
A. Phase equilibria
B. LeChatelier’s Piinciple
C. Equilibrium constants and equilibrium calculations

(1) Phase equilibria
(2) Homogeneous gas equijlibria
(3) Solution equilibria - acid base, redox, solubility, complexes
inetics and Mechanism
Empirical rate laws, radioactive decay
Elementary reactions and reaction mechanisms, nuclear reactions
Coliision and activated complex theories
Temperature effects on reaction rates
. Catalysis, enzymes
6. Structure of Atoms
Nuclear structure
Bohr theory of the hydrogen atom
Quantum theory of the hydrogen atom and many-electron atoms
Periodic properties of elements related to electronic structure

mMoOwW> R

COwE>

7. Molecules and Chemical Bonding

A. lonic bonding - 7
B. Covalent bonding - directed valence, molecular orbitals, electron pair repulsion, multiple bonds,
aromaticity
C. Molecular geometry, bond polarity, electronegativity
D. Stereochemistry .
14
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8. Structure and Reactivity

Functional groups

Acid-base theories - Bronsted, Lewis, Hard/Softr or other modern theories
Metals and non-metals - periodic properties

Oxidation-reduction

Medium effects

Transition metals and coordination compounds

mmoOE»

FUTURE TRENDS IN FRESHMAN COLLEGE CHEMISTRY
Charles E. Morxtimer
Muhlenberg College. Allentown, Pennsylvania
Presented at the First Year Chemistry Section at the 25th Two-
Year College Chemistry Conference, Baltimore, February 6, 1971.

The future of chemistry and instruction in chemistry depends not only upon intemal influences,
the developments within the science itself, but also upon external influences, which spring from the
culture and society in which the science exists, At the present time, external influences appear to
be of paramount importance.

The science of an age is an integral part of the culture of the age; the art, literature, social
compared the present period with the renaissance. and the similarities are striking. Both are periods
of great change that may be characterized partly by: a questioning of values, the development of
new art forms, the emergence of new tvpes of living patterns, the establishment of new educational
institutions, daring exploration, a growing secylarism and skepticism, religious upheaval, development
of technical expertise, a burgeoning growth (relative to the times) of knowledge and information, and
an increased emphasis on the individual.

History does not repeat itself but orie wonders whether the ultimate changes to our culture
deriving from the present period will be as deep seated as the changes resulting from the renaissance.
One thing is certain, we are now engaged iz a seirch for new values, and we appear to be ‘“zeroing
in” on the individual, on social consciousness. and on humanity itself. And this occurs at a time
when the study of science has been, in soric ways, radically “dehumanized.” 1 believe that all
academic disciplines, not only chemistry and the sciences, are going to become more centered on
man.

Dr. Donala F. Homig, in his address to the Snowmass Conference on Education in Chemistry,
describes the factors which led to a “golden age” of chemistry and the pressures that, in the late
1960’s have resulted in a retreat from this high point. Declines in the job market, research subsidy,
and the proportion of students entering studies leading to careers in science, have occurred and
probably will continue.*

What does all this add up to with respect to future trends in freshman college chemistry? |
believe that freshman chemistry must, and will, become more human centered. Science, in general,
appears to be “turning students off.” They are concerned about social action and want studies
directed toward the improverment of the human condition, The introductory chemistry that
they meet is a cold, demanding, abstract rigorous monster to which they do not wish to apprentice
themselves,

Chemistry was not always this way. The teacher of introductory chemistry in the past spent
time in demonstrating the relevance of the discipline to the needs of man and society, and we must
return to this practice. Perhaps the emphasis should be slightly different—less directed to the
importance of chemistry to industry and more centered on the ways chemistry helps to meet the more
fundamental needs of man.

*Homig, D. F.,J. Chem. Ed., 48, 30 (1971)
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We must communicate the worth of our subject not only i practical terms but also as an
intellectual adventure. We should demonstrate that science is as creative as art or music and that
the conepts of chemistry are the work of the mind of man and are changeabls, A science student
shouid be in a position to appreciate the close connection between science and philosophy.

Some of the post-sputnik innovations in teaching must be reevaluated. In the past decade,
the juality of instruction in high school and college has been raised by an impressive degree. For
good students and strongly motivated students, the accelerated and enriched programs have proven
to be very successful. For average students, howevey, our programs may have made unrealistic demands.
Furthermore, the programs have failed to attract a higher proportion of students to the study of
chemistry. I believe that we must become more realistic in respect to the needs, abilities, and level
of maturity of our students, and I think that there will be a modification in the trend toward ever
increasing rigor and sophistication.

In addition, the trend toward an increasing emphasis on theory to the neglect of descriptive
chemistry will probably be reversed. The descriptive aspects of chemistry are an important part
of the science; an introductory course is incomplete without some coverage of them. Furthermore,
theory itself is of meaning and value only insofar as it int=rprets descriptive fact.

Lastly, it is necessary that instruction in chemistry utilize techniques to handle the ever increasing
amount of chemical information. In addition to programmed instruction 2nd the other new instructional
aids, several techniques used in other disciplines seem appropriate, Paradig::itic teaching involves the
thorough study of an aspect of the subject in order that the student can independ::~tly apply what he
has learned in the study of the model, or paradigm, to similar problems. Furtheimore, in the past,

THE ONE-SEMESTER CHEMISTRY COURSE FOR ENGII'ZERS
Jean Scurlock
Longview Community College
Kansas City, Missori

Presented at the First Year Chemistry Sestion at the 2:Vth Two-
Year College Chemistry Conference, New Oxleans, December 8, 1970,

Some years ago, the engineering schools took a survey of engineers to find out which of their
college courses they considered to be most useful and which the least useful. Unfortunately for us,
chemistry did not fare very well in these surveys. So when the engineering schools decided to
trim the number of hours which an engineer needed for graduation, chemistry was considered a
prime target. However, happily for us, we did not get the ax, only the hatchet,

The Chemistry Department of Metropolitan Junior College was informed of the resulis of the
survey 4 or 5 years ago, However, nothing further occurred until we received the following
memorandum from the University of Missouri-Columbia dated February 20, 1969, on the subject,
“Transfer of Credit to the College of Engineering.”” This memorandum contained the following
statements:

“Beginning September, 1969, the College of Engineering will initiate 2
new and completely restructured 126 hour curriculum in all fields of
engineering. This is a reduction of ten hours from our old program...
Transfer credit cannot be given for some college level courses which may
have necessarily been taken but are not listed in our curriculum for credit
towards an engineering degree. Examples of this would be:
1. Trigonometry and college algebra
2. Introductory Chemistry—a one semester general education terminal
type course. Not part of a beginning sequence designed for
engineers of majors in physical science.

8




3. Introductory physics—a one semester general education terminal
type course. Not part of a beginning sequence designed for
engineers of majors in physical science.
4. The first course in freshman English I cannot be counted in a 126
hour program. A second course in freshman English will transfer
into engineering as credit for English 60, Exposition.”
In other words, the reduction in total hours by 10 is to be accomplished by assuming that the
students entering college are better prepared than was formerly the case. Sincc Introductory Physics
and Chemistry courses were never given credit even previously, the major changes were in Math
and English were the student is expected to be able to start his math with calculus and his English
with second semester English. Most of our students begin with calculus, but English is another story,
so even our best students will at the outset, have three cradit hours that are non-transferrable.
Then came the blockbuster for the Chemistry Department:

“Also effective, September 1969 (this memorandum was dated October

20, 1969) we recommend, except for Chemical Engineering, that no student
take more than one basic beginning professional level course in freshman
chemistry.”

On October 23 and 24, members of our engineering department visited the Columbia and
Rolla campuses and returned with the information that a special five credit-hour chemistry course
for engineers had been introduced at Columbia and I quote: “Their course, Chemistry 5, usually
taken after the first semester concurrently with calculus, does not have a chemistry prerequisite.”
The information from Rolla was: (and I quote) “The Calculus-Analytical Geomstry sequence has
been reduced to 14 hours, Chemistry to a single four hour course for most engineers and Physics
to two four liour courses.

Before I zontinue, I would like to touch on other matters, not the subject of this paper, but
also of corcem to us. At Columbia, chemical engineers take the regular 10 hours of General
Chemistry but Rolia follows the Engineering Chemistry 4-hour Quantitative Analysis course in the
sophomore year. (Columbia does not require Quantitative Analysis as such.) Eight hours of
Organic Cheinistry are then given at Rolla in the junior year while Columbia offers six hours in the
sophomore year. Since our General Chemistry sequence is 9 hours, the transfer student will be one
credit hour short at Columbia and one credit long for Rolla. We have made accomodation in
Quantitative Analysis for variable credit, all the way from 3 to 5. Chemistry majors need either
4 or § credits, Chemical Engineers at Columbia need 4 and our Pharmacy students need 3. All these
students get two lectures a week; the rest of the credit hinges upon the number and types of
experiments required, i.e. 1, 2 or 3 labs per week. We may have to do something similar for Organic
Chemistry since the requirements now range from 10 for majors to 6 for Columbia and we certainly
do not have enough students to offer three separate courses.

The crisis for the Chemistry Department came in the middle of the fall semester (1969) when
the Chemistry Department was informed of the developments at Columbia and Rolla, Our students
learned of this event at about the same time and suddenly came to the realization that only five
hours of the then required 9-hour Chemistry sequence for graduation at Longview would transfer. 7
I immediately wrote letters to the Engineering Deparments of Missouri-Rolla and University of Missouri-
Columbia informing them that we would conform to the new requirements and requesting that for
one year only, they accept our Chemistry 111 (the first course in our major sequence) as satisfying
the Chemistry requirement for the 1969—70 year only. I stressed the fact of non-communication
in the planning stage, making it impossible for us to have converted the same year that they converted.
They eventually conceded to my request. In the meanwhile, I informed the students that Chemistry
111 weuld transfer to satisfy the Chemistry requirement for engineers but stressed the fact that the
student would be deficient in chemical knowledge and a lvised them to take Chemistry 112 anyway

9
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if they wished to be as well prepared as their counterparts at Columbia and Rol'a, After examining
the list of sabjects to be covered at Columbia and upon being pressed by my students, I had to admit,
that the only subiects in which they would be deficient would be Thermodynamics, Chemical Kinetics,
Chemical Equilibrium, Radioactivity and Organic Chemistry (the latter they would not get anyway

as it is not covered in our Chemistry 112). Since these subject matters constitute roughly about
one-half of the subjects covered in Chemistry 112 and knowing that Thermodynamic and Kinetics

in general are covered in some of their other courses, I was hard put to insist, even weakly, that

they should take 112, though selfishly, I knew full well what this would do to my Chemistry 112
enrollment. (As it turned, students who felt they needed to get more chernical knowledge simply
enrolled in Chemictry 115, the Engineering Course, instead of the second semester General Chemistry
112)

The University of Missouri-Columbia uses Mortimer for its text, Schaum for its problem book
and Frantz and Malm for the laboratory. Probably the easiest way for me to show you how UM-C
solved its problem of teaching two semester of chemistry in one is to show you what was covered
and what was left out.

University of Missouri-Columbia

Martimé;i 71 939— ?0

Fall 1970

Introduction; Units; Math
Atomic Structure
Chemical Bonding and Nomenclature
Chemical Equations and Quantitative
Relationships
_Gases . - I
Liquids and Solids
Oxygen and Hydrogen ornit omit
Sclutions
Electrochemistry omit
~10. Nonmetals ) omit _
" 11. Chemical Thermodynamics
12. Chemical Kinetics and Chemical
Equilibrium
13. Acids and Bases omit omit
14. Yonmic Equilibrium omit
15, Metals ) o , omit
" 16. Complex Compounds omit | omit
17, Organic Chemistry
18. Nuclear Chemistry

S W

O 00 2 nfin

omit

The Laboratory Experiments used were the same each year.
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University of Missouri — Columbia

Laboratory Frantz and Malm
Exp. i: Weighing Operations and Gravimet:Zc Techrigues
10:  Group Relationships in the Periodic Table
11: Ionic and Covalent Compounds: lonic Reactions
Chemical Separation of a Mixture

Laboratory Frantz and Malm

Exp. 4- Formula of a Compound from Experimental Data
7: Gas Analysis Based on Molar Volume
23: Molecular Weight by Freezing Point Depression
24: Thermochemistry
25: Rate of Chemical Reactions
26: Reversible Reactions and Chemical Equilibrium
17: Chromium and Manganese
34: The Silver Group
---:  Organic Chemistry (Mineographed Notes)
---:  Check out and assernbly of molecular models

Exerpts from the letter 1 received from John Guyon concerning the success of thei; course at UM~C are:
a) We have about 150-200 students per semester.
b) The course is judged to be moderately successful.
1) Morale and attitude of students is not good -- they appear to consider the course a necessary evil.
2) Primarily due to lack of a textbook designed for chemistry for engineers, the material probably
does not seem relevant to the students.
¢) 85% of those who complete the course receive passing grades.
At Longview, the decision was made to divide the engineering students in half and teach Chemistry 115
hoth semesters. This meant that [ would get students fresh from high school. We made a study of our
regular Chemistry students for the Fall of 1969.

Statistics Chem 111, Fall 1969
47 students enrolled C or better 66% (31)

D or better 77% (36)
* 7 students were improperly enrolled without either High School Chemistry or Preparatory Chemistry 107;
one received a W and the other a C—,
* 9 students had taken Chemistry 107
9 passed (5 B's, 4 C's) 100% success
Math Preparation
* 18 students with Calculus (or concurrent enrollment)
16 students with C or better, 1 C, 1 W 89% C or better
* 16 students with D or W (no F’s)
10 enrolled in College Algebra and/or Trigonometry 63%
2 not enrolled in any math course (and without calculus) ’
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SECOND AR COURSE CONTENT AND C¥IRRICULUM

Robert T .Morrison
Morristown, New Jersey

Presented as the Second-Year Chemistry Course Keynote Speech, 26th Two-
Year College Chemistry Conference, Los Angeles, March 27, 1971, (Also at the
23rd Conference, Chicago, September 12, 1970 and the 19th Conference, New
York City, September 6, 1969.)

The lecture system ror teaching college chemistry should be abolished. It is out of date and teaching
can be done better by other methods. In a lecture-type class, a teacher comes with old notes. The students
try to write down everything that the teacher says or writes on the board. The teacher effectively prevents
questions from students by lecturing sufficiently fast to prevent such an interrupiion, Textbooks are not
used in most classes today becau.e the teachers tell students what they must know and what they do not
need to know. This system of i :aching evolved when there were not enough books for each student. Now,
books are the cheapest thing in the student’s budget.

If learning is to take place, information must be transmitted. This can be done by the lecture sys-
tem or by the Guttenburg method—Bound Optimally Organized Knowledge—B.O.O.K. In the Guttenburg
methond. the initial transmission of knowledge is in the student’s room from-a well-organized, clearly
prir = . 'extbook. Then the classroom becomes an opportunity for discussion, corrections and questions.

It i i-efficient for a teacher to stand up and read old notes which students transcibe poorly. It is far
betier 1o use the teacher as a resource person to help the student.

There are some objections to tins approach, In some advanced classes a teacher may know more
than any text. If this is the case he should make use of mimeographed notes. Textbooks may go out of
date, but good ones do this slowly and it gives the teacher a chance to bring his students up to date. A
teacher must find a textbook that thinks like he does. If he cannot find such a textbook, he may have to
write his own text. Some feel that a lecture is stimulating; but the spoken word is not an efficient way
to teach. Class size may be a problem, however, the Gutenberg method has been successfully used in
classes up to 12Q siudents.

Summary of discussion in New York Second-Year Chemistry Section
Following Professor Morrison's Address (Summarized by Mary Guy,
Santa Fe Junior College, Gainesviile, Fla., Recorder).

Professor Dorald Scott of Drew University presented a brief critique of Professor Morrison’s
talk. He agreed with Professor Morrison’s concepts and “trends” in organic chemistry, but emphasized
the problem of determining trends based on a small sampling of friends and colleagues. If there is a
trend, it is to get away from the straight lecture, but the problem lies in involving the class. Professor
Scott suggested that a biannual publication of new and pertinent questions in organic chemistry be made
available.

A question and answer period followed with Professor Morrison providing most of the answers.
1. How can we get students to read material before lectures ?

It is largely a matter of study habits already developed. The professor must insist on it and
good students will comply, poor students may not. A concerned professor can work with the faculty
who teach the prerequisite chemistry courses and with school counselors to help develop good study
habits.

2. We are concerned about poor students who pick up minor points and miss the important points .

Emphasize the important points by the assignment of problems which utilize those points.

3. How can one make students do the problens ?
The Socratic method should be used. Get the class to solve the problems.

12
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4. Does the arrangement of the room affect student involvement ?

Anything that mzkes the group more intimate is better. The students and the teacher shou'd be
closer physically and ca & more equal basis.
5. The teacher has the responsibility of emphasizing what is important . Morrison & Boyd's text
stifles teacher individualism .

Supplementary notes are necessary but texts remove the tedium of organizing and presenting
everything.

6. Please make a comment on organic laboratory.

It is a problem to keep the laboratory work behind the material in a conventional lab. New
approaches and laboratory texts are being developed. A professor at NYU says that Fieser’s lab rnanual
is the only one which teaches technigue, the main purpose of laboratory. Only when more goou
teachers are available will labs be more diversified and improved.
7. How far do you go in your textbooks?

Everyone on the faculty goes to carboxylic acids, then each picks areas he wishes to emphasize.
There is too much in the text because of a lack of time available when writing the revision. We are
trying to write a smaller book with the same sequence for the second edition.
8. Are we handicapping students by using one text over another?

Don’t worry about it. If the student has been trained to be autonomous, disciplined and
responsible about study habits, use of references, etc., he won’t have any problem on transferring.

Summary of Discussion in Chicago Second-Year Chemistry Section
Following Professor Morrison's Address

1. What is your basic teaching methodology?

Abolish the lecture during which students just copy anyway. Prune unessentials away from the
course. Teach well, what you do teach. I may also present antifacts to stimulate thought. There is
no point in starting a project unless the project is done right.

2. What is your approach to the content of the course?

The fundamentals come first. Optional chapters follow primarily for good students and what
we do, we do well.

3. What new topics are to appear in the new edition of Morrison & Boyd!

Spectra—conformational analysis, carbenes, acids, orbital symmetry (photo-chemistry), and
biochemistry.

4. What do you feel should be in lab?

There are several new lab manuals. Use one that tends to bring the student closer to the
reality of situations in real life.

5. Some students are not sure if the course will transfer from a Junior College. How do you feel
about the content?

A terminal student would profit with an organic course, but primarily organic is for the
student who is going on; therefore, the two-year colleges should do what the four-year colleges are
doing.

6. The book is accepted so well, one might feel ill at ease throwing out material in the text.
Do you have an outline of essentials?

One can’t really say; it depends on the class. A person could cut material within a chapter.
The new third edition is cut down in size with uptional chapters. One would have to use his own
discretion according to his class,

7. How can one abolish lecture? What mechanics would be used? o

First, assign reading material ahead of class. Secondly, get the students to ask questions. The
lecturer can then pick difficult parts and explain them in depth. This should be followed by working
a problem.
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8. How do you handle questions from “nuts™?

THE LISE OF SPECTRA IN THE SECOND-YEAR COLLEGE CHEMISTRY COURSE
Irving Glover
Oak Ridge Associated Universities

Presented as the Second Year Chemistry Course Keynote Speech, 24th Two-Year
College Chemistry Conference, New Orleans, December 5, 1970.

The classical methods of qualitative organic analysis (boiling points, melting points, qualitative
tests for clements, chemical tests for functional groups, formation of derivatives, mixed melting points)
are excellent devices for teaching basic concepts in organic chemistry and laboratory skills. Modern
methods of analysis, however, have dwarfed the classical methods in research and industrial applications.
For example, 40 years were required for the structure elucidation of the hemin molecule by the
classical methods while modern techniques provided structure elucidation and synthesis of the complex
molecule reserpine in less than 4 years.

It may not be feasible or even desirable in the second year college chemistry course to provide
the elaborate and expensive equipment required to obtain spectra of organic compounds. On the other
hand, it is becoming increasingly easier to obtain and present the results of spectroscopic analyses.
Spectra and spectral data are readily available from such sources as the Varian catalogs (NMR)!,
Electronic Spectral Data?, and the Sadtler Collection (IR, UV, NMR)?. There is a wealth of self-
teaching materials such as the texts with instructional problem sets (R. Silverstein and G. Bassler®,

K. Nakanishi®, and R. H. Bible®) and work books (A. R. Gennaro”). Infrared, ultraviolet, nuclear
magnetic resonance and mass spectra can serve as useful teaching tools to supplement both lecture and
laboratory in organic chemistry. Furthermore, their use can be integrated into the second year course
without establishing a new unit of study concerning spectroscopic methods per se.

If spectra are to supplement lecture material, then spectral interpretation should follow naturally
with the development c f the organic course. The time to note that saturated C—H absorbs near
2900 c¢cmtin the infrazed is with the topic of alkanes, while intense ultraviolet absorption should be
discussed in conjunction with conjugated double bonds and aromatic compounds.

Consider the following example of the use of spectra to supplement the topic “Arenes.” The
popular text by Morrison and Boyd®describes the identification of isomeric xylenes by the classical
method of oxidation to the corresponding acids and differentiations on the basis of the melting points
of the acids.

The power and limitations of spectroscopic techniques are well illustrated at this point.
Comparison of the infrared spectra of the xylenes (Ref. 5, p. 126) provides an unequivocal choice
between the isomers without the necessity of oxidation to the corresponding acids. It should also

ultraviolet spectra (cf. Refs. 1 and 2). The situation presents an excellent time for a brief discussion
of the infrared absorption patterns of ortho, meta, and para disubstituted benzene derivatives.®

Spectra and spectral data for compounds studied and synthesized in the laboratory can be
posted in the laboratory or on the chemistry bulletin board with accompanying discussion, questions
and references. Discussion of the spectra may be required on the laboratory report or might be an
optional part of the laboratory program.

The popular laboratory experiments! ® concerning the nitration of benzene, the preparation
of aniline by reduction of nitrobenzene, and a study of the properties of aniline provide an example
of how to make use of infrared, ultraviolet and nuclear magnetic resonance spectra in the laboratory.
The ultraviolet data®in Table 1 show the wavelength shift and enhancement of intensity produced
by chromophoric substitution (NO, group) on the benzene ring, the corresponding shifts and
enhancement by auxochromic substitution (NH, group), and repression of the auxochromic effect
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(NH; " group).

Table I

Cﬁfﬁﬁmmd 7 - ﬁE-Bar{é”i

RBand

- Amax (c) Amax . (€) ‘Amax  (€)

Benzene 198 (8,000 | 255

Nitrobenzene | 252% __(10,000) | 289 _ (1,000 | 330 __(125)

Aniline T 7230 (8600) | 280 (1,430)

—Anilininm cation | 203 (7,500) | 254  (160) )

*Called K-Band for chromophoric substitution,

Comparison of the infrared spectra®’ shows the persistence of typical phenyl absorption

(3100 — 3000 cm™ and 1600 — 1500 cm™ ), characteristic absorption of the NO, group (1515 and
1350 cm™ ) and the NH, group (3500 — 3200 cm™). Using the o-methyl derivative of aniline
further illustrates aliphatic C—H (2900 cm™) and o-disubstitution of benzene (750 cm™).

The nuclear magnetic resonance spectrals® clearly show the downfield chemical shift of the

aromatic protons due to substitution by the NO, group, and the upfield chemical shift of the same
protons due to the NH, group.
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THE ANALYTICAL APPROACH FOR THE ORGANIC LABORATORY EXPERIENCE
IN THE SOPHOMORE YEAR-INSTRUMENTAL METHODS,OR . ..
ANALYSIS IS BETTER THAN SYNTHESIS
James A. Campbell
El Camino College, Torrance, California

Presented to the Second-Year Chemistry Course Section, 20th Two-Year College
Chemistry Conference, Fullerton, October 4, 1969.

Organic chemistry ought to be a second year course. The laboratory program should be developed
so that there is an integration of spectroscopy, both qualitative and quantitative aspects of organic
chemistry, and synthesis. At El Camino College we have a one-semester organic short course and a one-
year organic chemistry course similar to a course at USC which we call Chemistry 7A, 7B. For analytical
chemistry we offer Chemistry 5A, 5B. Second-year students at El Camino take Chemistry 7A, B and if
they so desire they may take 5A, 5B concurrently. Chemistry 5A is gravimetric and volumetric analysis
and 5B is instrumental methods. We also have Chemistry 3A, an introductory chemistry course. This is
for students who do not pass our rigorous chemistry placement test for general chemistry. From Chemistry
3A students can branch into either our general chemistry (1A, B) or they can go into 3B. ol

The textbook we use in Chemistry 3B is Conrow, which is deductive organic chemistry. In 7A, B
we use Morrison and Boyd. In the laboratory we use Boord and Bossart for some of the experiments and
for theoretical aspects we use Robertson and Jacobs and a multitude of handouts which I have prepared
and collected from various sources.

In the 3B program we have three hours of lecture and three hourse of laboratory a week. In our _
7A, B program we have three hours of lecture, one hour of discussion or pre-lab and five hours of laboratory
a week. We have two hours of laboratory one day and three hours on another day. Although it is too
difficult to program at this time, I think that if the students could stand it, the five hours of laboratory
would be even more valuable if we could put it in a block because so much more could be accomplished.

Articulation of 7A, B with four-year colleges is important. First, students are your best advertise-
ments. If they transfer and do well in upper division programs, there is no problem with articulation. We
have had no problems with articulation. It is up to the Dean of our division as the head of our department
to contact various people at the state colleges and universities to make sure that our course is acceptable. ‘
The single problem that we did have with a state college vanished after one of our students spent a year
there. The head of that department said, “Frankly, you are doing better than we are for our own students.
I mention this because it is very important. One of the things which has been invaluable is the feedback
information I receive from my former students. They often come back and tell me how they are doing,
how they measure up and what they are lacking that other students may have. You ought to get to know
your students so that when they finish your course they will give feedback information to you, We have had .
feedback from the following institutions: Los Angeles State, Long Beach State, Fresno State, UCLA, UC at -
Santa Barbara, UC at San Diego, Stanford, the University of Illinois and University of Southern California.

In addition to developing a rapport with your students, I recommend you become acquainted with
someone at each of the four-year institutions to which your students go. One faculty member will introduc
you to other faculty members who will get to know you and your program. When you want something
liks a couple of mass spectra, they can be most helpful in getting them for you. I now have actual mass
spectra that I can use to project and use as teaching aids. S

Next, don’t be afraid to experiment. We should get away from the idea that in the laboratory
every experiment works. When the student gets into upper division or graduate school, not every
experiment works. Nine out of ten experiments may be failures; one success out of ten tries may bea
very good ratio. I agree with the man who said that students often learn much more through an experimen
that is a failure. Explain why it is a failure. When you are talking about controversy in modern organic
chemistry, the possibility of side reactions, conditions that are not always the same or very difficult to
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duplicate, a student who has the idea that evervthing is going to be beautiful and successful in an
organic laboratory has been mislead.

What ought to be in the laboratory?

1. The attempt to teach elementary techniques. This must be taught regardless of whether we
are talking about one semester of lab for three hours a week, two semesters of two labs a week, or one
lab a week for a year. We must teach students elementary techniques. At times we lose sight of the
fact that the student coming into organic chemistry is encountering an entirely new area. He has
never before experienced the types of techniques that he has te use in laboratory. You cannot provide
a demonstration and expect him to go into the laboratory and follow suit. You have to be there;

him how to hold the separatory funnel correctly. We spend about five weeks on elementary techniques.
We prepare them for doing the types of experiments I want the 7A, B students to do. Teaching
techniques is ideal for the way that Morrison and Boyd is written. In 7A I tell the students that while
we are getting them oriented in the lecture part of the course to what’s coming, we will also get

themn oriented in the lab. There is no coordination now between the lecvure and the lab. We also do
this in 3B.

2. Both 7A, B and 3B take up chromatography. The difference is that in 7A, B we have more
time—we can do column chromatography, thin layer chromatography and paper chromatography. The
ideal experiment at this point uses green leaf pigments, something students are familiar with. In
addition, you can have every student in the class bring a green leaf because if you have twenty-eight
students, you’'ll get twenty-eight different columns or TLC’s and different separations. If you do this
in 3B the lab time is almost gone.

3. Next, we do some spectroscopy. By this time the students are far enough along in 3B
lecture to have covered the functional groups that are necessary for your IR and the different types
of protons that are necessary for NMR. You are ready to talk about elementary concepts of spectroscopy
even in 3B. We do the same in 7A, B only in more depth.

How do we handle spectroscopy? First, we use some CHEM Study films which are excellent
for an introduction at this point. For example, we use “The Vibration of Molecules,” *“The Shapes
and Polarity of Molecules” and ‘“Molecular Spectroscopy.”

Dr. Donald Hicks, Georgia State University, has a record called “Molecules-/. 50-Go.”” So I
stand up in lecture one day and say, “Who in here knows all of the modern dances?” I pick out a
couple and say, ‘“All right, I want to see you in my office.” I then play “Molecules-A-Go-Go™ for
them. There is an accompanying brochure which describes all of the necessary vibrational, translational
and rotational motions they should do with their body and arms to do the dance. They practice and
then demonstrate these motions for the class. This may look funny but it works. When they get done
they understand scissoring, for example, which they didn’t understand before. They know what the
molecules are doing and when you talk about IR they know what you are talking about. It isn’t some
distant concept.

4. At the very end of 3B the students do a couple of syntheses. When the student completes
3B, he knows the techniques that he will encounter in a lab; he knows something about spectroscopy;
and he can do a synthesis if he has to.

What do we have in 7A, B in the way of spectroscopy? We are fortunate at El Camiro in that
we have a UV and an IR and the students use them. We don’t just demonstrate them. We also use
the averhead projector to show spectra to the students. You cannot skip over this area lightly since
every chapter or every functional group discussion in a book like Morrison and Boyd has spectra. |
also recommend the Spectra Workbook developed by Sadtler Laboratories. They have three
volumes. The third one is the best. They also provide a key. These spectra volumes provide plenty
of problems. There are 110 compounds for which they give you the UV, IR and the NMR data and
spectra. During one semester you can assign 25 of these compounds. You don’t have to worry about
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the student copying. If he copies, he is the one that loses. He can’t do it on an hour exam.

Students are tested. For tests | either take spectra out of one of the other workbooks and have
it copied and stapled to the sxan: for int>rpretation or [ make out worksheets giving them the data,
so they learn how to interpret spectra.

When | talk about spectroscopy, I integrate the lab and the lecture. Students tell me that it is
one of the most valuable parts of the course; they really understand.

As far as the electronics of the instruments are concerned, we go no deeper than the
electronics that are given in Silverstein and Bassler, The Spectrometric Identification of Organic
Compounds. 1 tell the students, “My lectures are based on Silverstein and Bassler and there are
10 extra copies in the library on reserve. If you don’t understand me, go over and read the book.
you still don’t understand it, come sce me.” You should also have in your library for students o
review, copies of Dyer, Applications of Absorption Spectroscopy, and Nakanishi, Practical Infrared
Spectroscopy. Nakanishi is written from a practical standpoint for someone who knows very little
about IR and seems to give the students the riost problemns. It also has spectra in it for the students
to work with and gives the answers to the problems.

Bob Pecsok’s film is available on NMR and some excellent film strips by Gateway are available
on chromatography. There is also one available on electrophoxeises which | find valuable at the end
of 7B.

We cover all of Morrison and Boyd. In addition, 3 to 4 weeks of lab time are devoted to
biochemistry of carbohydrates and proteins.

5. After we have gotten through introductory techniques, chromatography, three types of
spectroscopy and related instrumentation, we consider gas chromatography. By this time students
have all of the tools that are necessary to do good lab work.

6. We then give them some elementary qualitative organic analysis (wet analysis).

7. We do some Gringnard reactions in which biphenyl is a bi-product. I take some of the
student’s samples (or some old ones) and run appropriate NMR spectra so thay can see the purity
of their products. I also have them do IR studies,

8. We do a Friedel-Crafts reaction so that they will have experience with a reduced pressure
distillation. By this time they have had simple distillation, fractional distillation, steam distillation
and reduced pressure distillation, This puts us about 3/4 of the way through our 7A lab.

9. We do rates of chemical reactions. We have an excellent experiment which one of my
students brought from UCLA. It complements the study of SN 1, SN 2, E 1 and E 2 phenomena, and
it permits a study of first and second order reactions. This is a first order reaction which wozks well.
Problems are given to test the student’s knowledge of the experiment. He must do a valuable
graphical interpretation. This experiment is popular with the students,

10. To wind up the lab for the first semester, we do analyscs of alcohols including not only the
classical work which differentiates alcohols, but also showing the appropriate spectra to tie things
together. We’re now through the first semester of lab and about half way through Morrison and Boyd.

11. In the second semester we utilize some of the techniques from the first semester and
introduce a sequence synthesis because this is what students must do if they are going on in chemistry.
Even if they are not, it still is a very good test of their technique. They must use the product of each
step in each succeeding step. We use a fourstep synthesis which takes about a month. Unfortunately,
at the end of the month some students have not made any progress, but this is something that they
have to accept. '

12. Next, we do a kinetics experiment irvolving thermal control of the reaction.

13. After this, they choose the next experiment that they will do. For example, they can do
the hydrolysis of nylon—although it may seem unimpoxtant, it can be very interesting to students because o
they realize that there are different types of nylong and they get different res...ts. Once these different
products are assembled, you can do some elementary analysis using spectroscopy. The students can then
see how they can use these tools to identify their products.
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14. We have three to four weeks of qualitative analysis. The students are given three unknowns;
the first one is easy, the second one is moderately difficult and the third one is quite difficult. They are
expected to devise their own scheme of analysis. They can use their own books and other references. If
they come to me, I can tell them whether or not what they want to do is feasible. I go over i Aith them
and tell them if we have the appropriate reagents, etc. I do not let them use spectroscopy o the st
unknown because that would immediately tell many of them what they had. When they bring their anal-
ysis to me, I approve it and then I will either give them the spectrum or possibly rerun the analysis. We
follow this procedure on to the third analysis. The third one is usually so difficult that I give them the
spectrum or the data immediately. You may wish to give only data since so much spectral information
is gvailable.

15. The remainder of the 7B laboratory is devoted to - »ohydrates, amino acids and proteins. We
include optical rotation in this section. We also use thin layer chromatography and el -‘rophoresis.

By tile tine ule Bl Laniio siudent coinpics 7 b, .o Las o ogosd ntro polorn 0.
lytical techniques; he has a good background in organic chemistry; and he is
upper division courses and doing well.

capable of transferring into

CHAMCING OF THE SECOND-YEAR CHIMISTRY CURRICULUM:
¢HYsICAL, ORGANIC-BIO, ANALY fiCAL OR COMPOSITE
Norman Juster
Pasadena City College, Pasadena, California

Year College Chemistry Conferznce, Fullerton, October 4, 1969

Historically, the second year course in two-year colleges was based on the type of training or edu-
cation that was in vogue for many years at four-year institutions for chemistry majors. Non-chemistry
majors, if they wanted a sccond year course in chemistry, had to sit through exactly thie same course
as majors. This was frequently an organic course or a year of quantitative analysis. Organic chemistry
was principally a memory job: nomenclature, hundreds or organic reactions, synthesis approach to
making compounds, and reactions to help determine structure. Analytical chemistry was traditionally
gravimetric and volumetric work done by following detailed procedures.

Community college second year chemistry students are not usually chemistry majors. Themistry
majors in the second year course vary from institution to institution, constituting 5 to 25% of the
chemistry students (average of 10%) throughout California. Pre-med students comprise form 20 to 40%
of the students with an average of 25% taking the second year organic course. The percentage of pre-
dental students ranges from 35 to 65%, with and average of about 50%. About 10 to 20% are in mis-
cellaneous programs related to health and life sciences. This means that if 10% are chemistry majors,
the other 90% of your chemistry students are pre-med, pre-dental and health and life science students.

When we talk about the type of course we are going to offer in the second year at the community
college, we must keep out clientele in mind. We have a transfer problem from two-year to four-year
colleges but with the number of people attending community colleges these days, perhaps we can
convince four-year colleges that a second year course designed to handle our clientele will also suit
their needs.

Quantitative analysis, a customary second year chemistry course, has evolved to become largely
instrumental and less traditional, Instrumental techniques are becoming more and more useful and
instruments are frequently semi-quantitative unless they are designed as an adjunct to a more exacting




technique.  In addition, we expect that some of the traditional wet quanii anatyses will fing
their way into all levels of courses. especially at the freshman level.

The first year course is also evolviag. We know that there is much physical chemistry in it
now and much of the descriptive chemizay has disappeared. Reaction theory, thermodynamics,
quantitative analysi: orinciples, equilibriumu winciples, kinetics and even some instrumentation
introductions are discussed.

Organic chemistry is also c}msa{;ing, Tite ml; of syn*hcrin, 1 think, has been recognized as
a t« -ic which has been given undue em»hnras. wiallr, the pHois of doing synth stic sequences
have limited use for 90% of our clientels. 1'n nut sure :5 is o. great use to the chemistry major.
In fact, if he "as « zo2d foundation in some of the prinziples of organic structure and chemical
dynamics, h“ can nsobably easily handle a course duuted solely fo synihctic procedures. As
faught at the introc: s ovnry . yert unpealictis Ttz s ormentnl
exercise divorceu izom such practicalities as conditions {ia&;a"@;miiu;cg aolvernts, QE&[EI}’SE‘:‘L side
products and isolation techniques. Students usually do scme of these things, but it i3 usually by
a cookbook technique.

Modern organic chemistry practice requires understandiug of reaction theory (o answer
questions concerning the role of the solvent, concepis of molecular engineerine, and things that are
sometimes barely mentioned fn the second year course (photochemistry, high pressure chemistry. etc.).
Soine synthesis, of course, s -mveful, but 1 ihink it should be tied in very strongiy and foilow u
good discussion of reactlon theory, chemical dynamics and the connection between molecular
structures and properties. There is room for the introduction of modern, snalvtical techniques and
instrumentation and increased emphasis on natural products in biochemistry. There is a tremendous
amount of exciting development going on at a very elemental level in biochemistry if it is connected
with molecular structure. NMany institutions require a year of chemistry before Biology 1. It is
useful to the modern biology student to concurrently take a second year chemistry course that
treats molecular structure whiie he is studying molzcular biology. It should be cxciting for a pre-
medical or pre-dental student to uncover interesting relationships between structural foatares and
physiological functions. The principles of genetic engineering, virus control, am:l chemical relationships
to physiological and biological functions are exciting. Furthermore, pre-medical students should be
aware that many malpractice suits have been based on the fact that insufficient knowledge of this
sort has lead to a misassignment of treatment for a particular patient.

A coursé in organic chemistry or quantitative analysis can always be flavored with natuial
pmducts to make 1t much more lmmedlate and relevant tD the student s mterests and needs It

tory levell svnthages and repet”

chemlstry and natural pmclua:tsg malgcular bmchemlcal apphcatmns and mstrumental analysns.
Maybe this is not really organic chemistry, but the traditional subdivisions are rapidly fading. We
have instituted a second-year course like this that is similar to UCLA’s course. Our enrollment
has nearly doubled in two years. This indicaies some student acceptance. Students that have
transferred have reported not only no difficulty, but good results z{ter taking the composite course.
Such a course is expensive; however, staggering experimcents helps to defray costs. There
are some rather expensive chemicais needed such as enzymes and DNA. We purchase one enzyme
that costs $1/microgram. Fortunately we do not need very much. Compared to the costs for
large quantities of more common materials for synthetic procedures, these expenses are not out of line.
C)ur Iecture scheﬂule is general!y unchanged. We begin primarily by discussing structure
We dlscuss the relatmnshgg betwgen structure and properties—the various related physical and
chemical properties, solubility, boeiling point, reacton theory, review of thermodynamics and types
of organic reactions. We spend another section on organic reactions and proceed into biochemistry.
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About one-fourth of our year is speni on biochemistry with a separate text, The auantitafive
work i3 in the lahnmtary course which also has a lahortory lostupe. We use Prof. Pecsok’s toxt
ind laboratory meoust Arother foaurth of our year i3 "~ on phase changes involving
separations and semi-quanfitative toensiaus s an additionat sourth deals with instumentation iike
spectroscopy and spectroscopic techuiques, and some aqueous and non-aqueous chemistry nvolving
titrations and *he uses of the pH meter. The last fourth of the one-year comise is roughly divided
into such topics as kinetics, radiochemistry and other special juartitative techniques that are just
beiny Goeveloped.

When the student takes i+ 14 hemistry part of the
in the lab aic used again and this emp..sizes the unifying pri
also very useful to the teacher because the student gets a secor

Tresdn P Mo igdiag marnraanre )

ourse, he finds the same principles
- {heonenout chemistry. its

FTING OUANTITATIVE .
Williin Vlueiiboy

University ol the Souih, Sewance. Tennessey

Il

It was felt that ciassical methods of analysis should be returned to the curriculum. Some of the
techniques may be icarned in freshman courses with the remainder being taught in the second year analytical
course.

From a ransm survey of eighty articles in Journal of American Chemical Society and Journal of
Inorganic chemistry, the frequency of analytical techniques used was tabulated:

Journal of & . 8. Journal of Inoreanic Chemistry

Total Pz, .. T 46
Spectrophotometiy b 31
NMR 11 13
Titrations 3 10
X-Rays 4 9
Mass Spectra 6 3

7 1

Gas Chromatography

Elemental analysis, ion exchange, pH meter and different types of chromatography are instruments
and techniques that must be learned by students.

Many colleges have abandoned teaching traditional quantitative 1nalysis. Many difficult technigues
and calculations may be mentioned in the freshman class, but can be taught effectively only at the
expense of many other topics.

INTRODUCTION OF A BASIC INSTRUMENTAL ANALYSIS COURSE
IN A SMALL, PRIVATE JUNIOR COLLEGE
F. Paul Inscho
Hiwassee College. Madisonville, Tennessee

Invited paper prepared for Chemistry in the Two-Year Colleges, 1969.

With the advent of the NSF Science Equipment Program and other programs of this type, both
large and small colleges have had the opportunity to increase their science equipment holdings. These
21
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mistry curriculum by both improving existing programs and also

mcreases have and should improve the oh
bersinning new ones. Ttis extremely imporianf that hefore any new program 15 begun. the existing programs
should be funciionmy well,

Hiwassee College offers two progranis i general chemis
approach and depth of material are different. The divisica o thcw prograns is made on the basis of
chemistry background and ACT test scores. The average number of students per year in these courses
is HO students out of y toftal corollmen: of 625 students, The organic cheistry course is a three quaticr
eral chemisity as a prorequisite, The gverage enrollment 18 fifteen studenis

cthe same text is voed vor both, but fhe

sequence with one year of
poograrter.
In 1964 Hiwasse: was awsrdod an NSF grant foi equipment purchases (o improve the pre-medical

hagee fram this ernt were made from 1964 10 1966,

nenecis of the oroeram, %"!!‘t“

il regueitedy 1 @ COCTilsiny coulses LoCng
short time. At the same umv new eguipment

i / aeeaims critical.
A FOVE our basic

Fost ol e Squinmdn o Jaulsed wWils being u

miej net he re

pined curriculum eh: lized in &

Corthing die, our neede s

woplics and cavmsient for o

it b dnseend S0 i 9
i -

Ui we did net apply (or an N3I
shoratory situation.
Today we are probably as well cquipped as most small, two-vear col

Car general chemistry

VoWl Ldida

PLowidtUnies e o miaiiiitiog U8 tee oy seliviviles por pariod. All scaacinds work idivideaily
QWI sware and equipment. Euch organic student has a ground glasswarc kit and support frames.
0 ents nse some mstrumcnts such as mcltmf? pomi apmrstus the analytical balance and an Abbe

1:fra We pian to purchase a UV-visible
S[ZGLIFOPhOtDmQtEF, a gas Lhromatograph a,nd an IR spcctroph@tometer. We feel that this would improve
our laboratory facilities very much.
reeling that the regular iaboratories and classes were adequately staffed and equipped, we felt
jusilﬁ;d in mfcrmp an lﬂthLIULtUI’} instrumental analysis course on a one qu:fEL basis. We had the
cauir rould gerve 2 student need. Weo had much

e conirse and also nli that ﬁ 31

members of the Teacher Training Dmsmn of the Oak Ridge Associated

Umvcrsmes,

Fundamentally we have a laboratory course designed to acquaint the student with the theory,
operation, limitations and uses of basic laboratory instruments. The course includes ¢xperiments in the
following areas:

. Separation Methods

A. Paper Chromatography
1. Separation of inks
2. Separation of sugars

B. Thin-Layer Chromatography
l. Selected experiments in thin-layer chromatography; quantitative, preparative, gi.alitative,

reaction kinetics, natural product separation, purification of organic materials
1. Optical Methods

A. Spectrophotometry—Lambert’s and Beer’s Laws

1. Determination cf absorption spectsum of Cr*** solution of known and unknown

concentrations
2. Simultaneous analysis of two-component mixture of Cr*** and Co™**
R Polarimetry

1. Determination of concentrations of optically active substances
ITI. Electrometric Methods
A. Conductrometric
Titrations of HCl and HOAc with NaOH to determine Ka for acetic acid using the conduc-
tance bridge
Potentiometric Method
pH titration of H;PO, mixtures for deterinination of K, using pH meter

22

30



" Radioch: ~ical Meti .3
Ao Operation aod characteristios of Goleer-Maciies Toba
I, Platem
7, Background
B. Alpha, beta and ganmma radiationr
¢ Halfvalue Iaver
2 dalf-ife of tous @ 121
The course is on the sophomore level »ith the prerequisites of one year of genc
one year of intermediate mathematics. Last —car fwelve studenis enrolled in the course over the ihree
emarters 2 we were ased with the resuns both in student progress and the.r sttitude toward the course.
We plan to expand the program in the future as time and money permit and offer more expericices for

1ol chemistyy and

our studenis

Invited paper prepared tor Chomisiey in the Two-Yenr Colivers, May 2, 1971

The cher v denotmen: at Chipola Junior College has been engaged in a variety of community
service activities »..ce 1964, ‘These include thiee non-credit short courscs, a threc-semester-hour instruimental
analysis course, four equipment demonstrations and two seminars presented by prominent chemists. All
programs have been scheduled as evening evenis and, with the exception of the seminars, were designe !
primarily for community service. The participation of area industrial personnel, science teachers and govern-
ment employees has been excellent and plans are being .nade for similar activities for the next school year.

The most extensive expericnce with community service programs in chemistry at Chipola has been
with non-credit short courses. A short course on Inirared Soectroscopy was offered during the fall semcster
1968. A second short course on Gas Chromatography and Visible Spectroscopy was offered the spring
seinester, 1969, and a third program on Eieciroanal, ical Chemisiry was give © during the spring scuster,
1970. In each rourse the method of instruction was an infarmal lecture-discussion. The enrollments wern
12, 26 and 20 students respectively.

Each course consisted of twelve and one-half honrs of instruction during five cessions over a period
of either two and one-half weeks or five weeks No written or oral examinations were given. Of the
58 participants, 45% were industrial chemists or industrial laboratory technicians from Panama City or
Port St. Joe, [lorida, or Cedar Springs, Georgia. Thirty-five percent of the participants were science
teachers. None of the group were full-time Chipola students. The total cost of all three courses including
instructor salaries was less than $700.

The Infrared Spectroscopy course was structured around the American Chemical Society’s filmed
short course prepared by Norman B. Colthup. The film was prefaced by two lectures on the fundamental
principles of spectroscopy and followed by a demonstration of the Perkin-Eliner Model 700 Infrared
Spectrophotometer. No textbook was required for the course but Gordon Barrow’s! book, The Structure
of Molecules, was recommended reading.

The second short course consisted of two lectures on the fundamental principles of gas chroma-
tography and two lectures on the fundamental principles of visible spectroscopy followed by a demonstra-
tion of the Coleman Model 21 Flame Photometer, the Coleman Model 14 Spectrophotometer, the Perkin-
Elmer Model 390B Atomic Absorption Spectrophotometer and the Carle Model 6500 Basic Gas Chromato-
graph. More inan 150 transpaiencies were used for the lecture and laboratory presentations. No texthooks
were required for the course but Instrumental Methods of Analysis by Willard, Merritt and Dean? was a
recommended reference.

The third short course consisted of five lectures on the fundamental principles of electroanalytical
chemistry which included a consideration of the applications and limitations of more than fifteen analytical
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L vie, o operated simultancously wnd more tha
n-[(,) texathook was required oo the cousrsn, but severs
ane’s® book, Efe troenalyviical Chemistrv,
written - Cpation of the shorf courses was obtained in February, 1971, Forty percent

Gioohe oaup completed and returned an evaluston toim. Sixty-nine perceni of thosc responding indicated
cooi ey would recommend the course(s) to o friend. Eighty-eight percent indicated that almost all of
©: class time was well spent. Twenty-four percent indicated that the material should have been presented
e slnwiy A nuinber of other helpful Sugrcstmns were included in the responses. Of the 58 partici-
isin the three short con . 26 individuals attended only one course, 13 persons atfended two of
Uie courmes a3 Two peenlo wled all three courses,
The nisd aeute prablom encountered in offering short courses was ¢ iamunicating with potential
participants. & computeiized mailing list was esiz~lished befween the second and thir: course. It has

nterd nnd extended neriedically and nsed (—‘%:Zt:n:‘-.iifél}f in =hsennent progrars. Official college

Free IRSIRELA!
icws releases and a current inailing Hist have solved the communicaiions problem.

Bxperience with short courses suggested 4 need for a Jnmmufmv service introductory instrumental
A survey was conducted in May, 1970 jfhere was suif~iznt Interest to proceed with a
o cotivae,  Che college curriculuin commiiiee had ic: approved du couise 1o be offered on demand
srogrom during rhe fall semester, 1970. The catalog description of t'ie course

DHYRE RN

as & oprrt o of fhe cvening
is as {ollrs:

s 290, Modern Methods of Analysis.

A course designed for science teachers, clinic.: technologists, chemists and others who
fceu an introduction to snodern analyiical methods in the sciences, especial, Viims-;f of
separntion, spectrometric methods for the study of molecular structure, and eles*jo
chemical and radiochemical methods, Prerequisite: at least six =~mester hours “n fi e
natural science area, including genersl chemistry. Three semester hours cradit,
The course wnst closely resembles the lecture portion of a junior or senior levs/ instrumeutal analysis
course in most mumstry clegna programs. [t was designed to emphasize the usefulne;s oi analy tical
2 other than chemistry. The course was nof designed "o he the equivalent
uf any nther cours: in any cumculum Chipola freshmen and.sophomore science majors were not peimitted
to enroll in thc course. For these reasc.s it was entitl~d Natural Science 290.
Nire persons enrolled in the course. This included ane of our facuity, three area science teachers,

-
=

an industrial chemist, a medical technologist, two science instructors from a neighboring junior college
and a ‘ecent computer science graduate. Two of the nine students elected *o audit the voursc.

Classes met three hours a week for fi.teen weeks. The course was taught with the aid of cemon-
strations, slides, transparencies, film loops and films No examinations were given. Instead, problems and
questions were prepared for participants to complate between sessions with the use of an:' reference books
available. The major topics of the course are listed below:

i. ‘1reatment of Analytical Data

1, Separations Based on Phase Changes
Extractions

Chromatography

Thermal Analysis

Nuclear Magnetic Resorance Spectroscopy
7 Infrared Spectroscopy

3. Uliraviolet Spectroscopy

41 A nrs Cepmtemps sy
B sranamd ifiieaidkd \:lu-df!

10 Atomic Absorption Spectroscopy
11. Electrochemical Measurements
12. Radiochemical Methods 32
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ughfiphis of oo voors acluded the demonstrat.on of tour analytical ins tm&zarntzﬁ. {n regucst,

the Perkin-Elmer Corveoation demonstrated their Model 090 Gas Chuomatograph, + Instruoments

demonstrated their el 1*’14 Visible-Ultraviolet Spectvophotometer, and Scientific Pmduu% demonstrated

the Bavsch and Lomb & U2-20 Atomic Absorptio. Sputmphwfmmtgr in addition, a Sargent Model XVI

Polaropraph was recerrec on loan from Sargent-Welch Scieni'” Cempany {or demonstration. Each of

the programs was »nnounced well in advance and interested persons in the area wers invited to attend.
Brochures anc other materials of educatinnal valur, were oL ained on request from several companies.

This proved to be un abundant source of useful matesals for tne course. Beckman Instruments Bulletin

205-13 on speetrophotometry and 7079-A on electroanalysis ar: just two examples. 7he Varian NMR

A il;D n‘ntdm d on reque;sf 1t ne cost.

s the o v 0 was the recent publication Undergraduate Instrumental

Yoot wes most vseful to students with *he 1oast experience in analytical

TR ashe e e A fferad asain &8 demr o7 pext all Spveral soitable

f’itzmjlxin‘ oy fames W Robin

Riariaspn Riatkh

Vhese wil mnciude the #Hobnson”
n? text. None of these inciude all

BRH RN IFTer smdu 5 Lo b whi
f“frut, and .

for (e couss
and Ehi

nssed as HQT;‘% are prepores

Thcn; was 110 formal eviieadon of e cour y studeinis o qﬂnplﬂynb of students. However, an
serfect attensdance record and informal conversations with students indicate that the course was
v.f’;n’ih‘.a’ni\s.
i 1O
Chipola «

vy i the

—o uiv Cuwisy luviuding the instructor’s salary was less th . 3609.
i a Magural Science Division Seminar Series for the first time last school year.
‘ praerams wcre evening programs it chemistry. The speakers were asked to direct their remarks
to freshman science students. The public was invited to attend. The two programs, ““Metal Contaminants
in the Environment” and “Lictals and Enzymes)’ were well attended by students and area residents.

The development of community service programs and courses provide  refreshing escape from the
rules and traditions that discourags inpovation in transfer programs of comniunity colleges. Let us hope
that “‘articulatios"" will have no counterpart in emerging community services.

'Barrow, Gordon M. The Structure of Molecules. New Yc.k: W. A. Benjamin, Inc., 1964,
3Will;1rd Habaft H Mcfrit Lynne L Jr and Dezn, John A Instrumental Methods of Ana’vsis. 4th

3Lingane, Jarﬂes 1. Elcgtraanalytical C}zemistry. an n;clititmg New York: Interscience Publishers, Inc., 1958,
4 Robinson, James W. Undergraauate Instrumental Analysis. Newv York: Marcel Dekker, 1970.

. Robert L. and Shields, T 1d 5. Moern Methods of < mical Analvsis. New York: John

Wiley and Sons. 1968,
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ORY COURS. . CONTENT /

MHE CHALLENGE OF CHEMIBTRY
" AHRE ﬁEST‘{Y TCP T‘-iF MOM-SCIEMNCE MAIDR

i w the Peginning £
n”ﬂl’; Chemistry Conferer

or, the chemistry professor and the research o ting
ey challenge,  Leaming, corrciniine and appiying new facts is fascinating and ewarding for
e people. On the other h'md chemistry m:nts a different kind of Lhdlleng, wihien we consider the

Tt f'f: +1 k‘if!!!! & r"f

v the chemistry o

HITG Lo

weme o ee s geisy Takine S ofn accoun

Tl e ener stud«;—nm tewad SCiEHCE courses in genera' it is truly a chal]em,c io teach them chemistry.
weonsld Hke to nre ent several facets of this topic as follows:
{a) Is it important for the non-science major to have an understan-ling of science, in general,
or cheistry, in particular?
(b) Acknowledging the importance of chemistry for the non-science major, how should
it e presented?
{c) Who should teach such a course?
(d) Mv pcrsonal experiences with this course @ Zoutlern Connecticut State College.
Lo & it important?
i don’t believe that therc -var has been more public atiention {ocused on scientific matter.
Evervoiie 1s concernad about pollution, dr ford additives, smog, carcinogens, radioactive waste
and nuclesr eoomoy, Certainly these topics nany related ones should be of deep concern tc s
all We, throu; .. our elected and appointed ?rfisentatwes must make wise decisions that affect us
and will affect our children for generations, ;Jnkss the publu understands the scientist and his

it R B P
tations of the facts chat arc prosenica.  Lonsequcniay e

work, it caniic: siahe 1o sonable i
public will not be able to make wise decisions on scientific matters.

This problem is not unique with science and the non-scientist. A major in any f{ield should have
a basic understanding of the other fields of knowledge. A person who takes courses in a very narrow
area will someday regret not knowing a little about another + wortant area. I remember taking an
£conomics course, which was one of my general requiremenis, The instructor and the course were
extremely dull and uninterestirg. All I can recall is that supply and demand have an inverse relation-
ship. Some time later J operated a chemical business which did not turn out well. The products we
sold were excellent, but the business acumen was not there. Perhaps a more lively and relevant
economics course might have made the difference. This is an example of a scientist with a poor under-
standing of another important field.

As for the non-science major, some training in science is, I believe, a “‘must.” A school may
require one semester, two or even more. The confext may be in physical or biological sciences or
both. As for choosing a biological or physical science, I personally feel that as long as the course chosen
is suitable for non-science majors, is interesting and relevant, it really does not matter which area is
selected. The physical science course is usually chemistry, physics or a combination of both. The
general student is often more frightened of physics than chemistry and if faced with a choice will
generally pick chemistry. Recent changes in the approach to teaching physics will no doubt have an
cffect on this attitude. Howover, [ think that since there con be consideszble coverage of the
principles of physics in the chemistry survey course then the choice should definitely be chemistry.

2. How should it be presented?

I have already mentioned student “attitude” toward chemistry and physics courses. It is this
attitude, this mental block, so to speak, that we have to overcome. The average student has a fear
of chemistry with its strange symbols, equations and particularly its mathematical operations. If we
can overcome this fearful attitude we will be better able to communicate with the students that come
to us, 26
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D wo bBave to teach zeneral chemistry 1o these non-science students? CTrenural chemistry is a
foundation course that contains the basic principles and f{acts on which to build « targer stvacture Gl
chemical xnowiedee. It is desizned not as a survey of chemisiry in general, but as a beginning cousse
which runt 0 ndded to in order for the student =+ act a complete picture. The chemistry major
cannot fuily appreciate all be hos had to learn in general chemistry until it is applied and amplified
in upper level courses in Jrganic, physical and inorganic chemistry. Conscquently, does it make sense
to give the general chemistey course or an abbyviation of a general chemistry course to a non-science
major? [ think manv college educators are agrecing now that a truly differert approach is required.

Wiat approach makes sense? Although there is probably more than one answer to this 1 will
rresent what 1 think is a reasonable one. The swuident should learn, in as non-mathematical a way
as possible, the basic principles of chemist . He should undersi: «d the structure of the atom, how
bonding takes place. how elements are classified, what a chemical reaction is and how and what th~
chemist studies m ure @ooralony, ric - OWla D¢ made aware of uic scieiniic aisdiude, WIE Ly pes Ui
research being performed and the varic. oroblems involved. He will be anxious to examine many
of the applied areas where chemistry plays sucn an important role. Which areas and how many is up
to the particular instrucior. While coveriig these relevant areas, basic principles and facts can he
expanded in a rather painless manner, Thus the non-science student will learn chemical facts ¢ns
principles, what the chemisi is doing and what role chemistry is ptaying in the world about us.

As for the scheduling ! the course itsclf, i* whay bo Y lecture or ieciurs with laborator;,
have observed that laboratory exercises which are designe. for this appre=ch are well-liked by the
students, Further the lab work allows great latitude in supplementing lecture material. In particular
simple mathematical oper:tions can be presenied more easily in a laboratory atmosphere than in
lecture.

3. Who should teach ::?

Teaching a non-major survey course has long been a problem in every area. Professors often
refer to these as the “baby” courses and 4 that they would rather teach higher level courses to
their own major students. As a result, the preparation and delivery of these courses have often been
careless and substandard. The students detect this attitude and are ‘“turned off.” In chemistry, in
particular, instructors have been known to walk into class each day with a piece of chalk and present
one problem after another. This keeps the class quite busy, confused and uninterested. Recently,
however, students are speaking up and are demanding better courses and more flexibility in
choosing the courses that thev must take. At the same time many instructors who have recognized
the need for improvement ir tie non-science major chem course are doing something about it.

Who then should teach the course? Certainly any chemistry instructor who believes it is worthwhile
to communicate chemistry to the non-science major. If he feels that this is an important mission
rather than an assigned chore he should teach the course and he will do a good job.

4. My own experiences with a non-science major chemistry course at Southern Connecticut
State College.

When 1 was first assigned to this class I followed the course outline and recognized right away
that something was wrong. It was like a one semester course in general chemistry. The students were
terrified and most went away dissatisfied. This past semester I had an opportunity to teach the
course in a new way. I had 94 students. We met for two one hour lecture periods and one two hour
lab period. The course proceeded as I have already suggested. We had some lively lecture discussions
and the class seemed to enjoy specially designed laboratory exercises. Each student wrote a term
paper on something that was chemistry related and of interest to himself. I received some excellent
papers! Obviously the students were anxious to get involved in certain topics. Finally, I must tell
you that although there were 94 students in the course this semester I have 544 signed up for the
spring semester. I can only think that we must be doing something right.
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A SUGGESTED CHEMISTRY COURSE FOR
INHALATION THERAPY STUDENTS
Allan B, Saposnick
Community College of Philadelphia, Philadelphia, Pennsylvania

Presented at the Chemistry for Health Yrofessions Section at the 25t
Twa Year College Chemistry Conference, gdaltimore, February 6, 1971.

r conducting

Today there is something approaching one hundred or so community or junior colleges e th
a complete curiiculum in inhalation therapy or providing college level courses for inhalation thorapy students
from hospital-oriented schozis. Since imanv of you are not familiar with the relatively new aliicd medical
specialty of inhalation thicrapy, I should like to begin by briefiy descril:ing what an irhalation therapist and
an mh.jlat'nn therapy technician d» and dl‘anuss for yuur ‘“dthELlDﬂ the hackgmund and training of most

s comipg e ol s cheptietrr o 3 A% .
inhalatmn therapy is an allied health ap::cmlty in thL trgatment rnanagﬁment control and care of
patients with deficiencies and abnormalities associated with the processes of breathing., The iahalation ther-
apy seecialist, which includes both inhzi»tion therapists and inhalation therapy tecliicians, must be expert

in the therapentic uses of such aids to the breathing process as medical gases, oxygen administering apparatis,
humidification, aercsols, positive pressure ventilation, chest physiotherapy, cardiopuimonary resuscitation,

and mechanical aiiwavs.

Inhalation therapy 1s used primarily in the ireatment of heart and lung ailmenis, such as cardiac failure,
asthma, pulmonary =dema, emphysema, cerebrai thrombosis, drowning, hemorrhage, and shock.

Also, inhalation therapy cinploys a variety of testing techniques o assist in diagnoses ind medical re-
search.

What specifically are the duties aad responsibilities of the inhalation therapy personnel? The inhalation
therapy specialist serves the patient, following specific instructions from the physician. To do this effectively,
he must understand tlic physical and psychological needs of the patieiit, the doctor’s goal i using inhalation
therapy, aud just where and how a specialist’s equipment and know-how fit into the treat: it picture. He
deals direcily with patients and their families, as well as doctors, nurses, and other liospital s.<ff. He must
be thoroughly familiar with the technical operation of his equipment in the application of the various inhala-
tion therapy techniques to specific patients. He is given the responsibility to teach patients, nurses, interns
and others, especially at the bedside, as questions arise regarding techniques and equipment.

Hospitals are the largest employers of inhalation therapy personnel. Inhalation therapy departments are
considered necessary at gceneral hospitals and medical authorities now advise their establishment at hospitals
as small as fifty beds. Many of the larger, more progressive departments have in excess of fifty inhalation
therapy personnel. The rapid growth of inhalation therapy training programs at hospitals, vocational-tecknical
schools, junior and community colleges, and other college programs are opening new jobs for those who wish
to teach. Qualified inhalation therapy personnel are in demand throughout the world as workers and teachers.

The rapid increase in the technical complexity and variety of inhalation therapy used in patient care has
resulted in two general classifications of specialists -- inhalation therapists and inhalation therapy *echnicians.

Bmh spe;ia]ists must be fully capable urlder medical supewisian af administering to patients the thera=

therapy equlpmenti Based on hj,s advam;ed educatlgnaj background, the mhalatmn therapzst is glven greater
responsibility in patient care, teaching, research, and department supervision in the development of the field
of inhalation therapy. The therapist has more opportunity for immediate advancement and is in a higher
salary bracket,

In order to be eligible to sit for the Natinnal Repistry Exams for inhalation therapists, one must have an
associate degree or the minimum of two years of college, and be a graduate of an AMA school of inhalation
therapy. Most therapist training rrograins are now college-based, affiliated with one or more hospitals for
bedside clinical experience, and provide the student with classes in the biological and physical sciences as
well as in general education background. The therapist ie taught not only how to do it, but much emphasis
is placed on the theory of what he is doing. 36
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The technician. on the other hend, receives his training for the most part in an on-the-job tyne fetting
in programs conducied within inhalation therapy departments in a hospital. Most technician training pro-
grams are of one year’s duration and do not grant m., college credit. The emphasis in a technician training
program is on how to do it and to prepare an individual to be able to perform the basic and routine types
of inhalation therapy effectively and safely, but wiih only 2lementary undersiandii:g of why he is doing so.

Now, what are the chemistry nnuds of students in two-year associate degree inhalation therapy pfo-
grains? First of all, it must be kept in mind that most of these students may not have had any chemistry
or physics in high school and that most are not going on to further chemistry courses or to education be-
yend the associate degree. Although I am not a chemistry teacher, I should like to attempt to outline for
veu what 1 feel would be a chemistry course for inhalation therapy students. This course would be conduc-
ted over a fifteen-week semester with three hours of lecture and a two-hour lab each week. The course
should be cesigned as a surver in the fundamental jaws and theories of chemistry, but be of a practical
and app.ied nature rather than wwith heavy vmphasis on theory such as is commonly found in freshman
chemistry courses for chemistry majors or even for pre-med or similar type students.

e el - Hiaae i

LIe Girs LLCE WECKS UF elle Cutise suuliiu bl auyUiel 10 Deste cunlop s whil venniiti0ha, 2810 Gin
could start off with a discussion of the history of chemistry and the various divisions of the chemical sci-

hen brielly present and discuss the following areas: metric system, mass, weight, cle-
menty, symbols, comi . mixtures and formulae. This would be followed by a discussion of the atom
and its composition. atamic weight, periodic classification, the molecule, molecular weight, and Avogadro’s
Law. States of matter, physical and chemical changes, equations, types of chemical reactions, laws of
conservation of mess o 2nerpy, laws of deninition composition rnd multiple proportions would complete
the first three-woek bicci., Obviously, the above 1aaterial might provide enough meat for a full semester’s
course. However, I must again emphasize that the primary purpose for this chemistry course for inhalation
therapy students is to provide taem with a fundamental background and with basic knowledge and defini-
tions which they may be able to apply to their inhalation therapy subjects later in their training. This is
strictly a survey course and the instructors must realize that much material will be left uncovered and much
must be left unsaid in a course intended to be as broad as this one.

The lab associated with the first three weeks of the course might include an introduction to basic labora-
tory techniques and the scientific method and perhaps some elementary experiments in such things as physi-
cal and chemical changes and types of chemical reactions as well as practice in formula writing and equation
balancing.

The next three-week block would be devoted to looking at two elements -- hydrogen and oxygen.

One week might be devoted to the element hydrogen and such things as its occurrence, preparation, physical |,
properties, chemical behavior, wouid be discussed. The second week would be devoted to oxygen and the
same things as above would be discussed with the addition of a discussion of oxygen’s relation to biological
systems. The third week could be spent on oxidation and reduction.

It would then seem logical to move into a four-week block covering the following subjects. The first
week would be water and the following topics could be covered: composition, electrolysis, physical rop-
erties, chemicai behavior, hydrolysis. The next week could be devoted to solutions and cover difiusion,
dialysis, and osmosis. The third week would logically seem to be a discussion of electrolytes and ionization.
Again, [ would emphasize at this point that in discussing these topics, ure could easily relate the chemistry
to biological systems and bring up such things as isotonic, hypotonic and hypertonisity, blood plasma, elec-
trolyte balance, water balance in the body, etc. The fourth week of this block could be devoted to acids,
bases, salts, pH, buffers, molar and normal solutions, and again, all of this could be related to human and _
biological systems. )

-

ences, One might ¢

ig

The next week could be spent on gas laws and should include brief discussions of Boyle’s, Charles’,
Gay-Lussac’s, and the combined gas laws. Also, properties of gases at extreme temperatures and pressures,
-silical temperature and pressure, and iriple poinis shouid be mentioned. The following week should be
spent on the halogen family and in a brief discussion of some of the important metals such as sodium,
potassium, calcium, iron, mercury, etc. The following week would be continued with some of the important
non-metals such as nitrogen, ammonia, sulphur, etc., and with the inorganic carbon compounds of carbon
dioxide and carbon monoxide.

37

29

Q

Aruitoxt provided by Eic:



E

Q

RIC

The last two weeks of the ceurse could be devoted to organic chemistry and woulst only generally
-ations of orzanic compounds ana organic chemistry

touch on such things as seneral princires and class
as applied to bodil» functions, such as enzymes, digestions, mersoolism, etc.

1 am sure thae o the professional chemistry caucator tue above outline secems like an impossible task
to complete in one semester, [ believe, however, that it can be done if one carefully consiriers the aims and
objectives of this course and structures it accordingly. 1 do believe, however, that the sel=ction of a texthnok
and perhaps a laboratory manual for this course is most important and would sugg.st a book wiich 1 feel
is at about the right level for inhalation therapy students and would fit well into a course in chemistry
such as I have outlined. The book is entitled Principles of Chepnistry, by Joseph Ree. published by C. V.,
Mosby. I might a'so mention that it may be most he'oful to the chemistry instructor to confer with the
inhalation therapy instrictor and perhaps to make usc of the student’s inhalation therapy texts for some
of the chemistry course reading and problem solving. We have found this to be quite usef i in showing the
si-dent now the chemistry directly relates to his inbalation therapy. One of the inhalation therapy texts
vedely used is entitled Fundamentals of fnhalation Therepy, by Donald Egan, published by C. V. Maosby.

This haol containg o hroe continn an cherictey B inkalotion fhemane and i oan ba aed far snsslamenta?

reading ad also for some probizm solving,

ALLIED S Al vH CHEMISTRY — NO SUCH THING!
Howard Taub

AiBed Heslth Profeesinns Proiect. Tlniversity of Califprnin nt Fae #pantse

Presented as the Chemistry fcr Non-Science Majors Keynote Speech,
26th Two-Year Callege Chemuatmy Conference, Los Angeles, March 27, 1875,

From 1950 to 1966 the total work force increhsed by 29%.

From 19G6 10 1475, a 407 additionai increase is predicted — that means one million more individuals,
most of college age. are now in the process of entering a health field.

I addition, secondary school systems such as the State Board of Education in Oregon and the Los
Angeles City School District are exposing students to the health occupations by setting up allied health
clusters in their curricula.

How are all of these pressures going to affect community colleges, especially their science departments?
One thing is certain: the faculties involved will have the responsibility for training and educating increasing
numbers of allied health workers because trade schools and on-the-job training programs will not be able
to keep up with the demand for more and better health services.

The question to be d«:cussed here asks, “How is an allied health course set up and what chemistry
should be included in it?”

One approach to setting up a new course is to do what others are doing. An example of this occurred
at a local community college. Half of the students were flunking the physiology course for nurses during
the first year because they didn’t know the fundamentals of human anatomy, These fundamentals are
supposed to be taught in a prerequisite, general anatomy course for all students which requires the dissec-
tion of a cat. Consequently, although the students knew all about the location of the nerves, muscles and
bones of a cat, they knew nothing about human anatomy! The instructor’s justification for using this
method instead of one which teaches human anatom:, 1s the fact that “everyone dissects cats in anatomy
classes.”

In the same way, chemistry courses which cover difficult, abstract chemistry principles designed for
allied health students . suld result in the failure of these students. Let us look at the chemistry courses
listed by a couple of community colleges.

An Eastern community college bulletin schedules the following two beginning courses.
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Chemn 1L Princicios of Chemistry I (3 ¢lass houn per week)

For students not majoring i phe . seieice of CAZINCENng science, Modern
concepis of atomic and moleci wture and periadicity, chemical bonding:

stoichiometry: selutions; states of maticr; introduction to chemical equilibriuim,

3 credits.
Chem 100 General Chemistry 1 (3 class hours per week)

A study of tle fundamental principles and laws concerning the structure ind
tehavior of matter. 3 credits,

Whnich one is intended for allied health workers? Is it the top one for non-majors? Some of the concepts
it of the etudents whe have poor science and math backerounds. The one listed

1z

at the bottom is the regular chemistry course for science majors.

Faot's ook ot a West Coast commuatity college offering.

WEST COAST COMMUNITY CGLLEGE
Chem 1 General Chemistry  (5)

Lecture 3 hours; laboratory and quiz G hours, Prerequisite is one year of
high schael chemistry or Chemistry 3. Deals with the principles and laws of
chemistry as related to the struciure of maiter.

Chem 3 Introductory Chemistry (5)

Introduces chemical concepts and the prop rties of matter,

Chem -~ Basic Chemistry (33

Presents a descriptive survey of ! 1 more important chemical concepts.

Here are three courses. Note the first course listr” “as a prerequisite calling for either high school
chemistry or Chemistry 3. If Chemistry 3 (Introduciory Chemistry) is equivalent to high school chem-
istry, to what is Chemistry 4 (Basic Chemistry) equivalent?

Which of the three is best for allied health student:: the science major course, the high school make-
up course, or the course for “non-readers”? Confusing? Yes, it is to the student as well as to the instiuc-
tor who is asked to set up a chemistry course for allied health students.

A second approach to determining chemistry needs is to consult with the professionals in the ailied
health field. These are the individuals who have worked in one or more allied health fields, have advanced
to the top level (usnally acquiring an advanced degree along the way) and have taught at a college or
other educational facility. At our Allied Health Professions Project this type of individual serves as an
associate director with specialties in one or more of the allied health fields. It is interesting to point out
that the kind of information I received when I questioned these experts depended on how the question
was phrased.

First Question - “What chemistry should a nurse (dental technician, laboratory technician, etc.) take?

The immediate response in aii cases was: “'Qualitative chemisiry, quantitative chiemistry, organic
chemistrv and perhaps biochemistry.”

Second Question - “What chemistry should an entry-level person in your field take?”
There was always a brief delay, and the answers were then almost all unanimous ~ “NONE.” There
is nothing contradictory about these two answers although they may seem to be in conflict. To both
| 39
. A 31

Aruitoxt provided by Eic:

RRIRTRE



Q

ERIC

Aruitoxt provided by Eic:

respondents the terimn - hemistiy” meant the clag. st seicnce major ceurse,  Tn answering the fiv,t question,
the experts had in mind students who were goise on 1o (. a v e-year depreer in the second cuse they
were thinking of the beginning aide ov assistant.

Both kinds of students will be envolled in the “typical” communiiy college allied nealih class since
mosi students are undecided about their major at this Jevel. However, if the Los Angeles Times article
of March 9, 1971, headlined “College System Flunking Test of Relevancy, Educators Warn” is correct
when it quotes a government-appointed task force that states *“‘of the million students who enter coliege
cach year, only half wi'l complete two years of study and only a third will complete four years,” then
50% of your students will be terminal. The majority of the allied health studer*s will become entry-
fevel workers in the health field.

All I've said here so far is thai a horde of allied health students will be stampeding the college; that
the present science major course is fine for the baccalaureate students, but for most of the allied health
siudents no chemistry course is needed.

Not only will these statements rof be well received, bul 11 COULd DG AOWNIIEIH “UdLECIOUS (U S8y
them to college chemisiry teachers who might be thinking thes if there are no allied heaith chemistry
courses. no chemistry teachers are needed! This would certainly not be the case when a third approach
's considered to determine chemistry needs for allicd health workers besides “‘doing what others are doing”
or “seeking advice from professional workers.”

A rephrased question needs to be asked.

AL

Rephrased Question - “What chemical concepts does an entry-level health worker need?
The third approach is aimed at actually finding out what allied health workers do, then pulling out
chemistry content from their tasks in an effort to derive basic concepts tc formulate instructional units.
During the first year of operation, our Project conducted a nati-nal survey on 20 of the more than
100 allied health occupations. More than 4,000 individual tasks were included. Of these, 1 selected four
tasks that were performed by a high percentage of workers in almost all of the allied health fields. The
tasks, chemical content and basic concepts are shown in Table 1.

Table 1
Tasks and (oncepts for Allied Hzalth Workers

T Tac‘,\ié - 7 7 Ché:'mzc‘al C‘cmtent ) chg szcepts B
I. Clean and/or sterilizc areas, - Chermstry of cleaning materials Chemical asepsis
supplies or equipment. — Chemical reaction rates
- b ChEI’nlCS] StEﬂllZatIDn - i
2. Handle, distribute and dispose — Chemistry of acids and bases Chemicals and chemical
of materials containing cor- — Laboratory safety and first aid reactions
rosive chemicals or preserva- — Chemical symbels and formula
tives.
3. Prepéfré materials, saluii’réns: | — Chemical symbt}lé and formula
media, etc, — Properties of solutes and sol-
vents
— Concentration of solutions
— nght/volume messurements o
4 Gwe emergenﬁy care or - Chem;cal balance Qf bady Homeostasis
attend to a patient. systems - 7
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(See Appendix 1 for an expanded listing of tasks and chemical concepts included in selected allied
health fields.) For each basic concept there is an expanded content listing shown in Table 2. This in-
formation resulted from an analysis of tasks and chemical concepts for various allied health occupations
as shown in Table 3.

Table 2
Sample of the Expanded Content Listing

Chemical Asepsis - Elimination of infectious agents through
the use of chemical application,

1. Classification of chemicals used in asepsis

B. Disinfectants - Names, formulas, properties
2. Chemical reactions
3. Reaction rates
4. Chemical safety and first aid

Chemicals and Chemical Reactions
1. Classes of chemicals: Acids, bases, and salts — their
properties = exothermic reactions
2. Solutions: Solutes, solvents, concentrations
3. Weight and volume measurements
4, Kinetics
5. Reaction rates

Homeostasis - “‘Static like”” - A tendency toward stability in
the normal body state.

. Equilibrium and steady state processes in the body

. Acid/base balance: Hydrogen ion, carbonic acid, pH

. Electrolyte balance: Sodium, potassium chloride ions

. Glucose/insulin balance: Acetone

. Chemistry of foods that affect homeostasis: Solubility
equilibria

. Colligative property: Osmotic pressure and homeostasis

[V R

)

Table 3
Tasks and Chemical Concepts
Included in Selected Allied Health Fields

Ché;ﬁiggil Content'

Tasks

Nurses
Carry out aseptic technique. — chemical asepsis 7
Prepare and give between-meal — chemical elements related to

nourishment. health and illness

, — homeostasis o

Observe, measure and record — metric measurements of weight

food and fluid intake. and volume

Use soaps and solutions in caring ~ chemical symbols and formulas | -

for patients. - — alkalis and their reactions
' — concentrations and ditutions of

— — —_ (cont.)




Table 3 (cont.)

Tasks C‘hemzcal C‘anrem 77:;7:

Handle and dispose of contamina-
ted materials.
Obtain and deliver supplies and

equipment.
Test urine samples for nonchemical
content.

~ chemical asepsis

— chemical safety

= acids/bases

— chemical nomenclature

— chemical reactions involving
their rates

Dental Assistants
Wash instruments.

Prepare fillings.
Handle chemicals.

— chemistry of cleaning solutions
— asepsis

— properties of metals {Ag, Hg)
— laboratory safety

— acids/bases

Identify drugs,

Observe drugs for spoilage or
decomposition.

Medical Laboratory Assistants
Prepare solutions and media. — chemical symbols and formulas
— solutes/solvents
— concentrations (molar and percent,
- weight/volume measurements
Use preservatives. — acids/bases
— laboratory safety
Inhalation Therapists
Run blood gas and pH tests on — homeostasis
patients. — acids/bases
Observe for acidous/alkalous. — acid/base reactions
Inject radioisotopes. — reaction rates
— concentration of solutions
— metric weight/volume measure-
ments
— identify chemical symbols and
formulas
M:d!cal Aglgtants
Use chemical disinfectants. — asepsis
— reactions of chemicals
Make dilutions. — concentrations of solutions =
- welghtlvalume mc,trlc mﬁasm
ments :
Handle sp¢ cimens with preserva- - r;hemistijr of preservatwes
tives. - amd/base sgfsty
Pharmacy Technicians I
Add drugs to prepare 1V solutions. — asepsis

- caneenmﬁons af salutmns
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Tasks Chemical Content
Laundry and Linen Workers
Use caustic chemicals. — acid/base safety
Clean and sterilize materials. — asepsis

Housekeepers
Use chemical solutions for cleaning. — asepsis

— chemical reactions

— alkalis/acids

Food Service Dieticians
Prepare menu for various pre- — chemical elements related to
scribed patient diets. health and illness
— homeostasis '
Sanitation Engineers
Check for pollution of food, — asepsis
water and sewage. — chemical pollutants
In a similar manner additional basic concepts could probably be developed to provide enough content

for a semester course called “Chemical Concepts in Allied Health,” but not “Allied Health Chemistry.”
The latter name will only compound the confusion caused by the many types of chemistry courses presently
in existence.

It is suggested that each chemical principle be applied or related to tasks performed by allied health
workers and should not be taught as an abstraction. For example, if percent concentration is the subject,
use an example of a nurse who prior to giving an injection is required to prepare 5Scc of a 2% saline solu-
tion from a 5% stock solution.

In summary, there appear to be three approaches that you or your department can use to handle the
chemistry needs of the many allied health workers who are now or will shortly be in your schools.

1. One, of course, is to leave things as they are in many schools where the allied health students

are required to take one of the regular or watered-down chemistry offerings. As the number

of failures continues to increase, as it surely will, you can rationalize that these students should
not be taking chemistry and ought to change to another non-science major. Many will do just
that, while others will drop out of college - with the result that some good allied health person-
nel will be lost,

2. A second approach is to give lip-service to the need for meaningful courses for allied health
workers, but let the health faculty handle everything. There should then be no complaints
when the instructor with little up-to-date chemistry knowledge teaches that an atom is a small
electron ball moving in a circular orbit around a large nuclear ball, and his students come away
thinking that this miniature solar system is held together with a wooden stick.

3. Whether you teach the course or not, the third and only vital approach is for you to become an
active participant by assuring that each chemical concept included in the course will be accurate, .
up-to-date, and relevant to student needs. Then whatever chemical knowledge the student ac-
quires will be equivalent in essence, if not in depth, to the content in the regular chemistry
course. This will lay a good foundation for any further work in science the student will under-
take.

I hope you will choose the last approach.




CHEMISTRY FOR NURSES:
A REAFPRAISAL OF THE COURSE CONTENT

Leonard F, Druding Arthur Lurie
Rutgers University County College of Morris
Newark, N.J. Dover, N.J.

Invited paper prepared for Chemistry in the Two- Year Colleges, March 1971

During a two week workshop in the summer of 1970, a group of chemical educators in New Jersey
developed a series of guidelines for the role of chemistry in the education of nurses, This workshop, part
of a series, was sponsored by a grani from the National Science Foundation to Rutgers University under
the NSF College Science Improvement Program (COSIP) for two-year colleges. Participating in the work-
shop, entitled “Chemistry for Nurses,” were educators from nine of the fourteen two-year county col-
leges of New Jersey, four of the six New Jersey four-year colleges and universities which offer a bacca-
laureate in Nursing, and eight hospital schools of nursing. Speakers included representatives from the
Diploma Schaals Assm:iate Degree Pragams, and Baccalaureate ngams as well as fmm the Natlonai

Connectxcut State De;;artment Qf Health The fQIIGng recammandatmns were develaped in thns warkshop

1. That a one semester course, following the general outline to be described, be considered essential
for the Associate Degree and Diploma Programs.

2. That high school chemistry or its equivalent be made a requirement for admission to the Associate
Degree or Diploma Programs.

3. That nursing departments of the community college be advised of the primary importance of
chemistry as a basis for other science courses towards a greater understanding of the body in
health and disease, and that this course takes precedence over physics or physical science if only
a one semester course is scheduled to cover these areas.

4. That an advisory body be established to maintain a permanent communication between the
nursing and science departments cf the ccnmmunity cal]eges and tc: act as lialsan between the

cunSISt cf dedlcated and mgtlvated tsachers of nurs;mg fcprcsentmg equally the hﬂspltal and
academic institutions,

These recommendations were made to improve the quality of the Associate Degree Programs offered

by the two-year colleges in view of the following:

1. limitations of time.

2. the varied educational and motivational background of the students.

3. the need for quality in the teaching process and student responsibilities.

4. communication between teaching staff and nursing pgrsnrmel

5. prerequisites for entering the nursing program.

6. a syllabus that would be realistic and cover those items of significance in educating the student
both from a humanistic and practical point of view,

1. A One Semester Course is Considered Essential for the Associate Degree and Diplama Programs.

Chemistry is necessary in the nursing curriculum because it provides the knnwledge essential for safe
and effective nursing that is not ordinarily obtained in other science courses within ‘a: nursing curﬁculm_;
From a study of chemistry, nursing students will have a greater understanding of- the 'subject matter
taught in other science courses such as anatomy and physiology, microbiology, etc, “Better laboratory
techniques are developed. The interpretation and writing of reports, wnth referem:g tﬁ lnhﬂratafy tests ’
in particular, become more meaningful.

The trend taday is tnward utxhzmg commumty c:ulleges as a tmmng gmund far smdgnts whu w:sh .
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Federal subsidies, their operating cost is becoming too expensive for hospitals to operate. When a nursing
program must be completed within two academic years, it becomes necessary to be highly selective in
what is taught throughout the curriculum. Not only must the State Nursing Board requirements be ful-
filled, but also the requirements of the Board of Higher Education relative to obtaining a degree. Thus,
in a cutriculum crowded not only with courses, but also with clinical practice, a course in chemistry must
be limited to a single semester. In the Baccalaureate Programs, where a future nurse is obtaining a
broader educational background, there is room for more extensive and thorough training in not only chem-
istry, but some of the other basic sciences. Therefore, this workshop sharply focused on the chemical
knowledge that a nurse must have; it discussed course content to meet these needs of the students.

Chemistry is itself an abstract and complex science. Since chemistry students, for example, cannot
hold or see a single atom, ion or molecule, this concept must be accepted on faith. Because of this
problem, sophisticated strategies must be implemented in order for the student to gain an understanding
in chemistry. To teach a relevant course in chemistry within the time limit of one semester becomes a
challenge. To best meet this challenge, much effort should be expended in developing “learning packages”
by using audio-visual-tutorial media. That is not to suggest that the traditional lectures, seminars, and
laboratories be abandoned, but that these learning packages supplement and reinforce the other methods of
teaching. This instructional concept allows the student to learn at his own pace.

The development of learning objectives for this chemistry course would be an invaluable aid to both
the student and the instructor. By showing the student what he is responsible for on the first day of
class, he will be better able to budget his time in accomplishing his objectives. The student can proceed at
his own pace. This has the added advantage of allowing the better student to proceed at a faster rate
(usually on independent study).

The consensus that developed on the topics to be treated and considered essential in a chemistry
course for nurses placed slightly more emphasis on inorganic and organic chemistry than on biological
chemistry. While the nursing educators express a preference for greater emphasis on biological chemistry,
the chemical educators felt that, because of the limited time for teaching this course, it was necessary to
spend more time on inorganic and organic chemistry for purposes of review and to give the student a
broader foundation before tackling biological chemistry. With the active cooperatioﬂ of the other teachers
in the nursing program, the applications of biological chemistry can be shown in the other science cours:s.
However, when examining the topics themselves in relation to a one-semester course specifically aimed at
what a nurse needs to know, there are a number of traditional topics in organic and inorganic chemistry
that could be eliminated or very drastically reduced in their discussion, as for example the modern theories
of chemical bonding or the exhaustive analysis of the reactions of each of the organic functional groups.
Indeed, this latter topic can be very effectively interwoven in the discussion of biological chemistry.

Some concern was expressed about the transferability of such a course, should a student choose to
subsequently enroll in a baccalaureate program. Transferability is granted only by the institution to which
a student applies and is usually judged in the overall context of the student’s performance in all courses,
as well as past experiences with graduates of that two-year college. It does appear that there are four-
year colleges that would accept such a course as proposed herein, The emphasis in planning this course
should be on the knowledge needs of the students and not on whether or not the course will be trans-
ferable for the small percentage of students which elects to do so. Some descriptive as well as relev:nt
material must be retained to prevent this course from becoming a dull recitation’ of abstract theories.

The depth of presentation of material was a very important matter of discussion. . Most textbooks,
even those for students of the health sciences, seem to have been constructed with the traditional, t-vo-
semester course in mind. Of course, the four-year programs, where greater dEpth is exp@ctezl of the stu- o
dents, could afford to teach this subject matter in two semesters.” AR

2. High School Chemistry or its Equivalent be a Requirement for Adnuslan to a Nursing Progmm R

Prior to the recent development of extensive networks of two-year aammmﬁty colleges, registered -
nurses received their basic education in traditional, four-year institutions or in hospital schoois of
nursing. In both cases, the background of the students was reasonably homogeneous - recent high
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school graduates whose prerequisites for admission included one or more sciences and mathematics
through algebra. With the advent of the community colleges, the background of those entering nursing
became more varied than before. Students may come directly from high school or they may be under-
enuployed LPN’s, or they may be housewives who have not been to school for ten or more years. Such

a heterogeneous group cannot be brought together and taught in the same manner with the same results
expected. The educational background of those entering from high school is also varied, as the underlying
philosophy of the community colleges is to accept all those with high school diplomas or the equivalent.

That a mir imum of entrance requirements exists for admission to a community college does not pre-
clude the establishment of specific prerequisites for admission to specific programs within the community
college, It was therefore strongly urged that, in order for the science courses for nurses to have any
meaning, minimum prerequisites of a high school biology and a high school chemistry course be set, and
that entering students should also have completed high school algebra. Without prior acquaintance with
the sciences, the students will have much difficulty understanding the concepts and language of chemistry,
especially when taught in a one-semester course.

If the student does not meet this entering criteria, he should be enrolled in a pre-nursing program, .
possibly offered in the summer session preceding the usual fall enroliment. The chemistry in this pre-
nursing program should include an introduction to inorganic, organic, and *‘life’’ chemistry with emphasis
on the language and conceptual developments. '

The use of pre-test placement of all students should be encouraged. There are many older students
who technically meet the prerequisites but have been away from school for some length of time. A pre-
test properly iﬁterpreted can measure the student’s ability to succeed in a specific subject area regardless
of his “on paper” qualifications,

While much has been said about properly preparing a nursing student for this course, and many stmng
suggestions were made on the use of learning aids to assist the student in his comprehension of chemistry,
one should not equate this with the premise that all who enter the course must pass - and neither should
the student be passed “just because she would make a good nurse.” Poor performance in chemistry may
not affect her ability to be a “good nurse” but it would have a very grave effect on her ability to function
as a safe nurse, Chemistry in this course is too fundamental in application to the other sciences for it to
be passed over lightly.

3. That Chemistry Take Precedence Over Physics or Physical Science in the Nursing Curriculum.

Chemistry is a study of the interactions and alterations of matter and, as such, forms the basis for
understanding the other natural sciences. At its most elementary level, life is nothing more than a series
of carefully programmed and highly intricate chemical reactions. The understanding of chemistry pro-
vides the background for understanding the body in health and disease. Therefore, it is essential that a
nurse be taught chemistry in preference to the other sciences if there is a time factor. Further, the
chemistry must be taught in the first year, preferably in the first semester, so that it can be applied to
other science courses and to the nurse’s clinical practice.

Questions have arisen on the inclusion of physics in the one-term course in chemistry. This would
result in a general education, physical science course which would have both advantages and disadvantages.
There is usually sufficient physics in the form of the gas laws and thermo-chemistry to satisfy the needs -
of the nursing student. Other topics such as levers, internal combustion engines, center of gravity, etc.,
can be treated in a simple, descriptive manner.

Within limits, there will be an overlapping of subject matter of certain areas in chemlstl? wnth the
content of such courses as anatomy and physiology, microbiology, nutrition, etc. Not only does the
see these concepts from a different viewpoint - but this will also provide reinforcement of the previous .~ -
learning. It will also illustrate the practical application of the often-abstract ideas of chemistry. g
4. Creation of an Advisory Board,

Chemistry is a dynamic subject, constantly undergoing change not only in content but in manner of |
presentation. An advisory board to act between the chemistry department and the nursing department
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at the academic level is necessary fur a number of reasons: first, to advise the nursing educators, as well
as the other science teachers, of changes in course content particularly as our knowledge expands. Second,
the advisory board helps the chemist in providing vital communication as to what the nurse needs to know
in order to do a more effective and safer job. The board could also audit courses and recommend changes,
acdiiions, etc., in the application of chemistry to nursing. This is particularly important as a new chemist
is assigned to teach the coursc. The professional training of chemists normally concentrates on the broad
principles from an almost theoretical and abstract point of view, while the course designed for community
colleges is subject-oriented towards particular applications. Therefore, the faculty member assigned to
the course must be made aware of the needs of his students and how his material will fit into subsequent
courses in the nursing curriculum as well as into the nurse’s professional activities.

At higher levels the advisory board can function in much the same manner: to serve as a means of

teaching chemistry, as well as to learn how the chenistry already taught is being applied (or misapplied).
This board could also unify the quality of the chemistry offering of the various colleges involved in the
education of nurses by suggesting certain guidelines or syllabus that might be followed.

5.  Future Plans.

Of immediate interest is the development of a fairly general syllabus that a one-semester course in
chemistry for nurses should include. It is natural that individual instructors would want considerable
freedom in tailoring their course to their own interests, so the syllabus should allow the individual to
choose his own text and pace the course acrording to the background of his students. Accompanying
the syllabus should be a guide to audio-visual-tutorial materials that could be used to supplement the
textual and lecture presentations. A number of these already exist, but their sources are frequently so
diverse that the individual teacher, especially one at a smaller school, does not have access to all of them.

Mildred Johnson
City College of San Francisco, San Francisco, California

Presented at the Beginning Chemistry Course Section, 20th Two-Year
College Chemistry Conference, Fullerton, October 4, 1969,

Let me give you some of the background about the “problem solving”” approach we use at the City
College of San Francisco. We have 20,000 students with an extremely broad spectrum of ability. Some
have a very low native intelligence. Some very intelligent students have very poor backgrounds. We also
get some extraordinarily good students; for example, in one chemistry majors organic class, I had a lab
section in which half the class have gone on to study for Ph.D.’s.

To screen students for Chem 1A, City College uses Parts 2 and 4 of the SCAT test, which supposedly
measure quantitative thinking. If the student scores 5 or more (which is about the 60th percentile and up),
he gets into Chem 1A. We have had good results with this screening.

Other good students are placed in a course called Chemistry G17 that is not chemistry at all, but a
problem solving course. It might be called remedial but it'is remedial only in the sense that it fills in
what they should have gotten earlier. It is not remedial in the sense of being for students who are low in
native ability. We do not drill on arithmetic of any sort. If the student needs to learn to do decimals and
things of that sort, he belongs in an arithmetic class. And if he hasn’t had algebra, he belongs in an algebra
class. A student who has forgotten how to divide decimal numbers picks it up quickly while working with
problems starting out with something called “comparison and correction.” For example, we might ask,
“What’s the volume of X quantity of gas at Y and Z conditions?” He might answer, or start answering,

“1 over 250 liters,” or something. We then guide him by questioning, “What are you looking for? If
you are looking for volume, operate on volume.” He then starts getting the sense of whatever it is that
is going to change this. In other words, use a base element in a correcting factor method. Studgnts seem
to enjoy this approach aind they seem to profit from it. It is something that can be used in traditional
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chemistry calculations such as moles, gas law problems, colligative properties problems, etc.

We try to stress finding the nature of relationships so that they know how things change -- and the
effect of changes -- never to think about multiplying or dividing, but rather what the effect is. These
students’ chief problem is that they are weak in mathematics so they are reluctant to discard methods
they already have memorized how to use. We have made up problems that are completely unreal, absurd
and unreasonable. An example is asking how long it will take a student to learn X words if the rate of

uses the method we are trying to teach him. Sometimes we have a teacher who would like to use chem-
istry problems or science problems. This might be very good, but using a science problem or a chemistry
problem means simultaneously coping with two problems: the problem solving and the subject matter of
the chemistry. The teacher’s energy is concentrated if he uses non-science problems and, especially if they
are unreal ones, the business of using memorized methods is avoided and embroilment in physical facts is
prevented. '

We then undertake to do problem solving by analogy. A student who can cope with problems in feet
and inches is stuck with centimeters and angstroms. We do a number of problems with British gallons and -
bushels and things of this sort. We go from one unit to another to another using something he has not
seen so that he must reason it out. Then he can use his knowledge that 1 foot equals 12 inches as an
analogy. For an unknown reason, students seem to think this is not a good method to use. We also stress
looking for the sense of operation and whether an increase or a decrease should be expected. This is the
kind of thing we have done and we have had success with it,

We stress careful reading of problems. We start with simple, directly-worded problems and then go on
to problems which are expressed in a complex fashion, or are worded deliberately in poor fashion or are
filled with excess, irrelevant information because this is the kind of thing they are going to have to sort out
and find out what they would use in something like 1A.

We stress “dimensional analysis.” We have had much trouble getting the student to always use units
and to sense where the unit is. Students must measure the density of a piece of aluminum as an exercise
in Chem G17. Some may end up with an answer with units of g2ml. They go through many operations
and end up with a grand mess.

We stress getting the students to ask questions; to ask questions and tear problems apart and go on.

After we have done the “‘comparison, correction and analogy” and “sense of operations and unit
analysis,” we work in things like powers of ten, logarithms and things of this sort to give them working
tools.

After these things have been done, I particularly like taking a section on algebra, that is not algebraic
mechanics. Instead, I give them a problem to put into symbolic form. The problem is not solving the
equation once they get it; the problem is putting it into symbol form. Students have trouble putting things
into algebraic symbolism and that is the most basic kind of symbolism. 1 like to go through all sorts of
algebra arrangements with no thought of really solving the problem when we get through. Once they get
the equation, they can solve it.

After this work, we go through the standard things expected of students going into Chemistry 1A
after having had high school chemistry. We use the concept, a little thermochemistry, equilibrium and
some other similar topics as time permits.

We have been testing the results of this approach. Four years ago, two instructors had this course all
to themselves, myself and another instructor who had been teaching for a number of years. We did very
much the same thing and we found that our students that went into Chem 1A had very little chance of .-
getfing an A or a B and very little chance of getting a D, F or a Drop. They were solidly ‘C.” Even though
they were screened, 40% of our regular students dropped out or got a D or an F.

We made a study at the end of a spring semester. When there were a total of § instructors teaching
the course, 3 of whom were brand new to the school and two of whom had never taught before, we found
that our results worsened, We found that we still did not get A’s and B’s. The percentage of D’s and F’s
was the same as for the regular students in Chem 1A. There was still a lower percentage of Drops, and a
much higher percentage of C’s than the regular Chem 1A.
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CHEMICAL TECHNOLOGY COURSES CONTENT AND CURRICULA

CHEMISTRY FOR TECHNICIANS AT LOS ANGELES VALLEY COLLEGE
Joseph Nordmann
Los Angeles Valley College, Van Nuys, California

Presented to the Chemical Technology Programs Section, 20th Two-Year College
Chemistry Conference, Fullerton, October 4, 1969.

In my limited experience of teaching chemistry for technicians, I think we have learned what some of the
problems are in recruiiing iecinology students. The students that we get in our course are really in electronics
Chemistry of Materials. We try to bring in such things as electroplating and chemistry of metals. Electronics
technology graduates have no trouble getting jobs—in fact we often have several companies bidding for
one graduate. Despite the fact that we have industries that will take anybody that we can graduate from
the two-year program, we have great difficulty in recruiting students for technology.

1 hate to tell you how we get technology students. When you have a large liberal arts program and
almost 20,000 students registered at your college, you have a huge catalog of courses and a regular smorgas-
bord selection results, With the exception of surf casting and skin diving, the course offerings are nearly
unlimited. With this sort of situation, nobody is interested in technology. You can promise them jobs; you
Bachelor’s Degree; and you can point out the money lost in two years of studying. They will still go into
the liberal arts courses.

Every student takes an entrance exam of a general intelligence type and the scores are recorded on
IBM cards along with his preference of program. If someone does poorly on this entrance exam and yet
he says that he wants to do anything whatsoever in engineering or physical science, his card is sorted out
and a counselor talks to him. Typical advice is of the sort, “‘Now, look. You want to get into physical
science, engineering, or something related and the entrance exam says that you can’t make it. We're going
to recommend that you get into technology.” And you hear everything but arms and legs snapping in
those counseling offices as counselors try to convince these people that they should be technologists because
they can’t possibly make it in engineering, They say, *“Take the technology course and if you can work
your way out by virtue of getting high grades, maybe taking one other outside academic course like
English 1, and showing that you are one of these late bloomers or that you’ve been under a rock waiting to
be discovered, then we will put you into the regular engineering course or physics major or whatever you
thought you wanted to study.” This is the kind of person that we are getting in technology. Well,
the person comes in with a sumewhat bad attitude and now you have to reorient him and show him that
technology is a good deal. They do quite a good job in electronics technology and we have tried to support
that program. But as soon as we try to get theoretical in chemistry—and you just can’t teach chemistry on
an empirical basis —a glaze settles over the eyes of the class. You all know what it is. You simply are not
getting that material through. You lose them immediately. Therefore, you have to have some real experi-
ences to relate to the course. You've got to show the students that this material’s meaningful every step of
the way, that it is related to what they are going to do. This is particularly true in the laboratory.

I have been around the country and talked to people teaching technology courses and to technicians
in industry, and nobody has the answer on how to recruit technology students. After having thought about
this for several years, I am convinced that there are tv-» ways to recruit technology students. One way is
to have a school system in which technology is the only thing that is offered; there are some places like
that in the country. However, California has a junior college practically within walking distance of everyone
who wants to go to school and these colleges have great liberal arts programs. That completely defeats L
technology. With this situation students are not going to enter techriology. In the East where education is
not nearly as cheap, some places may have two or three schools in a fairly large city. One of them is a
Catholic university, another is a state university with high standards and the other is a technical junior
college. There you can fill up technical programs,
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The other way that technologists can be recruited (and 1 think this should be the policy all over the
United States) is for the industries in a given area to get together and say, *“We want some technologists,”
and then do something about it. There are then several large industries who together can employ some
ten or more technologists. They can survey their plants and see who's working on the loading dock with
a dolly and shoving boxes into a box cart; they’re apt to find a guy who looks brighter than his plain
manual job, who shows some ambition and yet is forced to work because of a wife and children, Industnes
can offer to pay these ambitious people to go to school for a few hours a day; or they can pay them to
take an evening course. Industry can coordinate its program with local junior colleges, give the school some. ,f
used equipment or even send over an instructor at night and help set up a college chem tech program. These
students are people who are working and are feeling the economic press; these are the best people that you- i
can get. I've had personnel in industry tell me this: the best technician that you can possibly get is a man
with an 1.Q. of 110 who is trying to buy a home, some furniture, an automobile and he’s married and has
a child. Here’s a person who is bright enough te do the job, he’s got economic pressure on him and he’s
got to work. He can’t goof around in school changing majors. He can’t waste time. Industries are looking - .
for this type of person; they already have this type of person working in the plant. The person is motiva-
ted and he has already shown that he wants to work. If industry would send us these people, we would
have a terrific technology class, not because they would be the brightest students, but because they are
motivated. People who simply want to be rewarded for doing the job are the greatest technology students.
Industries which send employees to schovl can say, “We've helped the college plan these courses and we'll -
give you a raise in pay if you complete the program. In fact, we will give you a raise while you are studymg
and showing progress. This will give you the opportunity to work in the laboratory and move up in the
company.” You have outlined a career in technology for this man. ,

In the experience of Valley College and various other schools I have talked to, you cannot drag pegple 7'
off the asphalt and say, “Now look. We would like to see you be a technologist, Here is the program that - g
we have outlined.” That’s doing the thing backwards. It’s a long sales job and many of the people will m:t
stay with the program. Industry must provide the students,

Once you have the students, the problem is keeping them. I would like to mention something we
didn’t do in our planning for the Chemical Technician’s Curriculum Project last summer (1969). We said
that our first objective was to teach lab techniques and that the program would be heavily lab-oriented.

But what we put down on paper was an outline for a series of textbooks. We have to integrate those text- -
books so that they are textbook lab manuals. We really didn’t say what “laboratory” consisted of. I am 7
a strong believer in samples and experiments in the laboratory which have relevancy to what technicians- . -
are doing. In my experience you havz to sell students every day on the need to be a technician and the ;
use of technicians in industry. That means applying all the lecture material and at least once during the
hour saying, “Here’s where this applies.” Most teachers have limited knowledge of the chemical industry
so the problem comes up of trying to put real experiments in the laboratory. How do you do this? I
don’t think that you can put in the regular academic experiments. The student simply does not see any
relevancy in those. He may not know anything about chemistry, but he feels instinctively that that just .
isn’t real, that it doesn’t apply to what he is going to do, if a teacher can draw from experience, that 5
fine; but if he can’t, he needs to do something else to come up with these experiments.

I think that the person teaching technology needs to know the industries amund him. and know some:
of the chemists and technicians as well, He may have former students working in such positions. But
if he’s a new teacher, he has to work up these contacts. He has to find out what technicians are dmng,
he has to talk to laboratory technicians and learn some of their laboratory methods. Most industries are
very receptive. Let them know you want to help them and that you need their help Get copies of their
laboratory experiments. There aren’t many laboratory techniques that are trade secrets. 1've found great
cooperation and acquired a file full of material in this manner. One laboratory sent me a baok of thejr -
laboratory methods that normally costs $75. Build up personal friendships, and mdustry will bend over
backwards to help you, They love to have teachers view their laboratories. :

Samgtimes you will be amazed at just what these laboratories are doing. Some’ pecple think ggs
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chromatography is cver the heads of these technicians, but gas chromatography is one of the techniques
that a technician simply has to have. Shell Chemical has a laboratory with 26 gas chromatographs; they
have three shifts of technicians and those gas chromatographs are running 24 hours a day. You simply
have to teach the principles of gas chromatography; you simply have to have a gas chromatograph in the
laboratory so that students get some experience using it. Find out the techniques of local industries and
adapt them to your laboratory. Some techniques are beyond what your technicians might be doing or the
samples used might be specific to a certain industry, but you can find in their experiments the principles
that are important. )

There are a variety of samples that can be used in the laboratory which are very interesting and rele-
vant to these students. I've used some of the same samples and some of the same techniques in quantitatiy
analysis as those used in industry. This semester I am teaching a course in quantitative analysis. One of th
things that you usually do if you are teaching quantitative analysis is a precipitation titration, often titrating
fluoride with silver. 1 have people who think they are going to be oceanographers; so I have them bring in-
sea water to analyze for chloride. It takes no time at all. Take several 5 milliliter samples of sea water,
dilute them and titrate them with silver. For students with a biological orientation, I have them titrate th
chloride in their own urine. The sample’s already in solution so that they can just take a 10 milliliter or 5.
milliliter sample.

As I view it, there are two basic problems if you are just starting a chemical technology course. The
first is recruiting technology students. Industry must be made to send employees for training and offer
other assistance. The second is that the laboratory must be made relevant. Using industrial samples and
techniques whenever you can is a step in this direction.’

ADVANCED EDUCATION IN CHEMICAL TECHNOLOGY
G. William Lawless
University of Dayton, Dayton, Ohio

Presented at the Chemical Technology Section at the 22nd Two-Year
College Chemistry Conference, Columbus, June 8, 1970.

Post- Associate Degree education is becoming more widely available. The University of Dayton began
offering a Bachelor of Technology Degree in 1965 which is open to graduates of the Associate Degree
programs. In Dayton’s case, the additional time may be used to broaden an individual’s technical back-
ground as well as provide additional education in chemistry and/or chemical engineering.

The requirements for the B.T. Degree (after the Associate Degree has been earned) are much more
flexible than for the Associate Degree program. The following tables demonstrate the flexibility by des-
cribing the requirements for both the Associate Degree and the Bachelor of Technology Degree at the
University of Dayton.

Associate Degree in Chemical Technology

First Year
Class Lab
, Hours Hours
First Quarter
General Chemistry CTI 122 3 3
Technical Institute Mathematics STI 105 3 C
English: Language and Thought Eng 101 3
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Class Lab Credit

First Quarter (cont.) Hours Hours Hours
Philosophy: Basic Problems in Phl1 106 3 0 3
Introduction to Engincering Technology 5TI 150 i 0 1
Theology or Elective Thi 112 3 0 0
16 3 17
Second Quarter
Inorganic Chemistry CTI 125 3 3 4
Technical Institute Mathematics STI 106 3 0 3
Technical Drawing MTI 103L 0 6 2
Physics: Mechanics STI 114 2 2 2-%
Effective Speaking ST1 134 2 0 2
Industrial Organization and Production ITT 101 3 0 3
13 i1 16-%
Second Year
First Term
Quantitative Analysis CTl 202 3 6 ‘5
Organic Chemistry CT1 208 3 3 4
Elements of Supervisior ITI 203 2 0 2
Physics: Heat, Light & Sound STI 214 2 2 2-%
Theology or Elective Thi === 3 0 3
13 1t 16-14
Second Term
Organic Chemistry CT1 209 3 3 4
Instrumentation CT1 206 3 0 3
PlLysical Chemistry CT1 203 3 3 4
Physics: Electricity STI 213 2 2 2-%
American Political Ideas STI 252 3 0 3
14 8 16-%
Third Year
First Term
Chemical Engineering Technology Calculations CTI 309 3 0 3
Chemical Engineering Technology CTI 308 2 3 3
Materials Science CTI 305 3 0 3
Philosophy: Basic Problems in Phl 206 3 0 3
Report Writing STI 234 2 0 2
Economics of Industry STI 251 3 0 3
16 3 17
Second Term

Can continue to Bachelor of Technology
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Bachelor of Technology Degree
4 Years, 128 Credit Hours, University of Dayton

Academic Requirements

Prerequisite: Associate Degree (Based upon the 2-)% year program at
University of Dayton)

6 Credit hours English

3 Credit hours Mathematics

1 Credit hour Seminar

3 Credit hours Psychology

3 Credit hours General Electives

9 Credit hours Humanistics-Social Electives

(e.g., English, Economics, Philosophy,
History, etc.)

21 Credit hours Technical Electives
(selected from such areas as electronic
industrial and mechanical engineering
technologies, chemistry computer science,
biology, geology, mathematics, etc.)

46 Credit hours - total
Credit Hours and Subject Area Comparison of
B. T. Degree with B. S. in Science or Engineering

Subject Area

Bachelor of Science Degree Bachelor of Technology

Chemistry Chemical Engineering (Typical for Chemical)
Chemistry 51 23 31
Chemical Engineering --- 33 12
Math and Physics 27 27 17
Add. Tech. --- 19 23
Non-Tech, 48 29 45
Total Hours 126 131 128

Gerald Lea Chemical Technologist
Education: 2 year associate degree from University of Akron.
Fifteen years of laboratory experience.
Would like to take four-year program in technology using present credits in chemical -
technology as part of his dggee
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Suggested that chem.cal technology programs be advertised to people already

in the field.
Criticized the two-year chemical technology program as inadequate because

too much emphasis is put on theory and not enough on practical applications.
Suggested that industriai chemists should help write textbooks.

Richard Henricksen Chemical Technologist

Graduate of Cleveland Technical School (2-year course)

Criticized the advertising on the chemical technology program and felt
that it should be wider than just high school students.

Was undertrained in practice, overtrained in theory and criticized the
textbooks used,

Criticized colleges for not accepting technology courses for credit in four-
year degrees. Will be learning chemical technology field for business
administration.

William Bissinger Chemist

Believes that the two-year chemical technologist should be a specialist to make the
most of the program.

Does not see underprivileged people taking advantage of chemical technology program.

Urged better attitudes from chemical technology people new in the field.

Suggested schools use industrial chemists to lecture to chemical technology students.

Suggested that we would work for improved status for chemical technologists in the
scientific community.

Robert Imhoff Personnel Officer
There is still a great need for graduates from chemical technology programs, Many of
their jobs are filled from people hired off the street.
Tuition refunds are offered chemical technologists who desire to continue education,
They like the two-year chemical technology program and then continued education
after working a period of time.
General Conclusions:
1. Chemical Technology students would like longer (4-year) programs which would go more into
practical aspects of chemical technology.
2. Industry is generally satisfied with the two-year program, mainly because there seems to be a
shortage of trained technicians.
3. The role of the chemical technology graduate in the industrial and scientific scene is nebulous.
He is often in competition for jobs with B. S. graduates. It is difficult to reward him when he is
valuable as an engineer.
4, Everyone seems to agree that specialization is good for the chemical technology graduate, but it
is difficult to know what to specialize in in a two-year program, and generally the specialties are
not defined.
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£ USE OF A SMALL

i< THE BEGINNING CHEMISTRY L ADCRATT
William T. Mooney, ir.

Fi Camino College, Tormnce. Califemis

Presented at the Symposium on Innovations at the 2Cth
Two-Year College Confergnee, Fullerton, October 3, 1959,

This is a report on experiences in developing a program for the utilizetion of o amall desk -top computer
in the laboratory portion of the beginning chenistry courses at El Camino College.

The question has been posed, “Why shouid one use a desk-top computer in a buplming chemisity
laboratory program?” [ answer such questioners by pointing out that the inclusion of such a technique can
bring about four significant improvements:

1. The improvement of student performance on quantitative experiments.

2. The improvement of the instructor’s evaluziion of sivdent laboratory work.
3. The improvement of laboratcry procedures and unknowns.

The improvement of student lcg’ * in the sclution of problems.

To better understand the chemistry laboratory as an instructional process and to better explain the
gy i el B che cameufer hos beerm utitized, a four-staps input-ontpnt mode! has been developad. Al
input-output moedels have four major characteristics. (1) Input which includes ail that which flows into the
main processing unit: (2) the processor, which converts the input into output; ¢3) output, which includes all
that which flo 7« out of the processor; and (4) feedback, or the output which is used directly or in a slightly
altered version as input for the next cycle through the processing unit.

Students  Procedures Materials
A G ——
) i( }I e | - A w a7
; : [ EXPERIMENTAL PROCEDURES | : Stage 1
: R i |
Data ]
=3 | A | )
| [ CALCULATIONS | : Stage 2
Lo-—-——T1 !
: Calculated Results |
b= = e e = e 2= e = I - i
[ ANALYSIS AND INGLi #RETATION | | Stage 3
hi - o
Report I
|
S —e | -
[ INSTRUCTOR EVALUATION | | Swge 4
MR L . L
Grade .'
======== |

Figure 1: Input-Output Model of a Chemistry Laboratory Experirnant

Input-Output Model of a Chemistry Laboratory Experiment

The stage 1 input includes students, procedures and materials. The processor involves the student
performing the experiment using the input materials according tc the procedures suggested to him, The
output is the student-recorded data, which might be either quantitative measurements or simple observa-
tions.

Since the four stages of the overall model are arranged in series, the output of the first stage, the
data, is in reality one of the inputs of the second stage.

The feedback takes off from the output flow line and loops back into the experimental procedures
block as an input flow line. This represents the evaluation which the student and instructor, conferring
about his results, make on his first trial of a given experiment before he starts his second trial. Hopefully
this provides new information which will influence the work of the student on subsequent trials; therefore,
it represents input for his later runs through the experiment.
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experiment (8 o utpur.

The studerst reports bewore the inpnt into the fourth stage in which the instrucior evaluates the reports
LN assignss gid e the oupet, Do this stadent’s jaboratory work.,  An adgditional output of the instructor’s
cvpfuatiprn of thre jadividewl reports i his analvsis of all the reports he receives wlierein he mav generate
sipmiflicanT mew Inforrmati op about the experiment and student performance. This can be fed inte the experi-
raerital procedure process (ke rzex ttirne he has a group of students doing the same experiment. This could
be shat afternocn, theneyt dazserthe nexe term. This new input may improve the experimental work of
the latear zroup.

Iz oo Deginping chuagistey ja te Iy clusses, the computer has been utitized as a method of getting
guickly fromth e completion o f e prrocess in the first stage, experimen tal procedures, to the output of
the secopd e salesileoet tesnil s sons oemeth se thet swe have sjeni Seant fead beels for the student doring

filgy Iaborzto. y peried 0 onflueniee lis werk on later trials,

It is ntmy inlention “o deserib e, in getzil, the compuler, how it is programmed, how it operates, iis
pProdrann fanguase, or any o ler defils of it as a computer. Apvene sufficiently interested in the application
of the ecomputer in ar instructional i tyation may find the answers to questions in such areas in information
supplied by the manuficoyrer, It does not take much time to go through these materials and Jcarn how to

vise such A compui=r i i 2w %‘inipigl nrodes of L}pm;iiiuu_
Taers wrt several chanp-lesisig of the Olivetd Frogramma Pi0id wblm we use which make 16 wseiui
iry laboratory program. Those found to be most useful include

for our application in the begiring chemis

t e fu!m v

- The ability to stoxe a 120 step program on a magnctic card which is merely inserted into the
machine to puta program frem your program library into storage for immediate use.

2. The miper £ape print out ot all input data and of any output which you have programmed for

printout.

3. The com pactn s, portability and ability to operate in any reasonable environment.

4. The simplicity of program:nh

5. The directness of data input which is entered directly or the keyboard and does not require the
preparatiaﬁ of cards or tapes.

. The direct]v pyogrammable mathematical operations of addition, subtraction, multiplication,
division .ma square root,

I mgstalo mention sorzie of the limitazions and unfavorable characteristics
with the Progrimama. This ist includes those items which prevent us from doing
to d@ or that have “‘bupge ¢ us about Programma.

. There is no alphab etic capability, only numeric, thus requiring the use of many numeric codes
for identification, etc.

2, The processor unit truncates numbers in performing various mathematical operations which
Teqpuires one to carty through several additional decimal places in calculations. This also causes
small deviarions from student calculated data, generally in the last significant figure, or the
estimated digit, which would nat be so if the computer were capable of “rounding uff’ numbers
rather than truncating them.

3. The michine is noisy when it operates. The noise is of a continual backgiound type rather
than of such character as to interfere with discussion with the student. There is available a
silencer for the machine but we have not felt the cost of the silencer was low enough to justify
it for our operation, Recent models have corrected this.

which have been found
something we would like
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2. Density oi @ colid
3. Percentage of watzer in an unknown hydrate
. Percentage of oxygen in potassivm chlorate, recovery of the manganese dioxvide catalyst, and
he moial volume of exygen
5. Weight of | equivalent of
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7. Heat of neuiralization.
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These p?‘(;ﬁf'ﬂﬂ; acvsed teoperferm the strden carcalptinps hrmedintels afrer be has completed taking
dar4, and b fore he has proceaded to additic I .. This procedure gives the
student im e;diatt;e Teadh aid” abous tus rosulis ue,, high, lew, or dLLLtJtd)!t} $0 hot he may wnprove hig
technique f,c:)r '

The programs tave also been usedd to check caicuintions. on at feasi one iriul of the experinent, belore
the student leaves the laboratory. ‘ihis is done to give the student immediate feedback about s cainula-
tions so that he will know if be is on the right track and where his errors are and what Xind of eirors they
are,

The third use is to check all student caiculations when grading the experiments. This is done because
beginning chemistry students are prone to make mary mathematical errors. This allows an evaluation of
the laboratory work and their calculations. Note thzt this allows the instructor to evaluate the laboratory
work separately from the calculations if he so desizes.

The final use has been to summarize student perforimance on the experiments and unknowns in terms
of average class or unknown values and deviations from the accepted values. This allows us to cevaluate
the adequacy of the experimental procedures and the modifications we make from time to time. 1t is also
done to determine “‘norms” for evaluating student performance on a given experiment or unknown,

In addition to these laboratory programs additional programs have been developed for the mathematical
solution of certain general or specific types of chemical problems, assuming a certain logic to be followed
for such soiutions. Among programs of this type the following have been developed:

1. Chemical calculations problems utilizing the unit conversion or factor-label method. This

includes calculations from chemical equations, measurement conversions, mass or volume
determination of a sample, amount of solute in a sample, etc.

2. Dilution problems.

3. Determination of the formula from experimental data.

Additional programs have been developed for making the various types of computaticns and calculations
associated with grading and evaluation of laboratory reports, quizzes, tests and overall student work, These
include the foliowing:

1. The percentage of total possible points.

2. The percentage of total possible points when absences are involved.

3. The deviation o performance on one test from course performance and the evaluation of a

suggested scalirg factor,
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FNTRODUCTORY CHEMISTRY AT ST, PETERSBUR
IUNIOR COLLEGE: AN INDEPENDENT STUDY COUII.SE
Arthur W, Gay
. Petersburz Junior College, St. Petersburg, Fiorwia

&

Inwited paper preparuid for Chemistr in she Twe-Fear Colleze,

'« - - T F e e sy
f R R it T SRR T CRE B T

1. Tiae threo nurproses of this course
A, This cox preparas stucents for enrollment in €% 755 Themical Caleutations.
B.  This course serves to meet chiemisity requirements for those enrolled in haalth-r
£ This course serves to meel, in part, the general cdication. requirements in science.

i1, Whatis expected of the student
The stadert is to demonstrate his readiness for CY 155 by mak ing acceptable performance scores
on qualifying tests covering selected terms, chemical procadures, chemical principies, and sirnplitied
theories of the structure of matter.

dated programs,

General Instructions
This course allows each student to proceed through the program of activities at his own rate; well-
prepared and highly interested students may even complete an advanced program during this session;
others may find it necessary to complete sonie of the basic work after the end uf the session, The final
grade will depend not upon the time spent but upon the student’s mecting designated performance levels.
The assigned activities of this course inciude the use of texis, classroom imturb demonstrations,
-eininars, tzped lectures (both audio and video), films, laboratory experiments, student-teacher conferences
dﬂd a sequence of tests which the student must complete by demonstrating a specified level of proficiency

on each test,
Required Tests and Maierials
Arthur W. Gay, Study Guide for CY 150-151 Introductory Chemistry (St. Petersburg Junior College,
§t. Petersburg, Fla., 1971).
Virginia Powell, Programmed Unit in Chemistry (5 volumes), Chemical Symbols, Chemical Formulas
artd Narnes, Molecudar Weight Calculations, Wei hr arfd Volume Calculations, Balancing Cheinical

Equations (Prentice-Hall, Inc., Englewood Cliffs, N. 1., 1965).
For Dental Hygiene students only:
Jack E. Fernandez, Modern Chemical Scienice (The MacMillan Company, New York, 1971),

For all other students:
Russell H. Johnson and Emest Grunwald, Arors, Molecules and Chemical Change (Prentice-Hall,

[rc., l:ngle;wcrcsd Cliffs, N. J1,, 1971)

* Mmt of these 1terns rnay be pur;has&d at the BQD]{SIDI‘E.
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we student participation, Lec-
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auditorizm

Leininars
As

this time each student will have an opportunity to orally meet selected performance objectives reiative to

week, Scores assigned will

orule students will meet once veelr seek i grouns of ten for a twenty-five minute period. At

laboratory work or lecture demonstration materiz] covered in ihe previous

consider attendance, quality of performance, and contributions to the seminar discussion. Members of

the Chemistry Faculty will conduct the seminars,

Taped Lectures

Audio tapes cover introductory material and sclected concepts, Cas e
be checked from the Independent Study Materials Center for use in the laboratory carrels. Copies of these
tapes will also be available at the College Library. Guides to tapes are supplied in the Study Guide for
CY 150-151 Introductory Chemistry with Laboratory.

Video tapes covering these topics are being prepared. Showing of these tapes will be arranged on a
schedule litting with that of the Television Department. The Television Department may be able to meet

a lunited number of requests by individuals or groups for special shewing

tes for the several topics may

.

Film Loops

A library of over 100 film loop titles dealing with practice and theory of physics and chemistry is
located in the Independent Study Materials Center. The student may check these film loops for use in
the laboratory carrels equipped with super-8 nojeciers. The student is expected to view all titles listed as
part of his program; however, he need not limi¢ iis viewing to these titles; he is welcome to supplement
his program with any of the titles he believes to be helpful.

When available, duplicates of the assigned titles will be available in the College Library.

Laboratery

The laboratory, Sc. 107, consists of 18 stations each equipped with a laboratory Lench and a study
carrel. A hood and a bench for specia® experiments is located on the north wall. The aisle along the win-
dow wall is furnished with a small library of chemistry texts and serves as a browsing and study area. The
southern portion of the room is used for testing, seminars, and student-instructor conferences.

Although the laboratory will be open at all times for use of unassigned carrels and other study areas,
students will not be allowed to conduct experiments except when the laboratory is staffed by a member of
the Chemistry Faculty.

Al the northwest corner of the kboratory is the Independent Study Materials Center from which
various learning materials may be obtained. Normal library rules are followed, The center is staffed by
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scores with the instructors, In the light of a student’s scores, an instructor may recommend a modifica-

tion of the student’s pre
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aram and whether or ne he receives a grade, Note the following.

I

9.

To receive a grade of € or better, a student is expected to complete the entire program,

A minimuin grade of O will be assured those siudents making satisfuctory scores on all qualifying

tosts,

. Grades of B or 4 will be assigned to students having a record of higi-level performance in the

CULL s,

. Students who have completed 607 but less than 100% of the program will be assigned “'incomplete,”

or I. These students are expected to complete their program during the next session; failure to
compicte the work will result in a grade ot £+

_Students who do not cemplete 60% of the program will be requested to change to “audit.” or N/

failure to make this change will result in a grade of £ These students are expected to enroll in
('Y 150-151 for the next session so that they may complete their program; they will not be re-
quired to repeat work which they have completed.

. Progress reports will be made according to the following:

Aand B Maintains work schedule with outstanding performance.
C Meets 70% of work schedule,

Fails to meet 70% of work scheduled but completes at least 50%.
Fails to complete 50% of work schedule. (These students should change to “‘audit”
or withdraw from the course.)

“Tﬂ‘“\q

. For cach test, except the pretests, the student will be given a set of performance objectives stating

what he is expected to be able to do on the test.

. Before being assigned a qualifying test, the student must present evidence of his preparation for

taking the test.
Qualifying tests over any given set of material may be taken repeatedly until a satisfactory score
is made; however, there must be evidence of remedial work done between each attempt.
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Laby cotory section 3.0 hours
Seiinar 3 hour

Tex bre arreuad 1.5 hours

Attendzace and time spent are recorded on time cords. This information is periodically summarized

DY COMpULcT.
As o rule the studens s expected 1o spend cight hours per week of study above the six hours scheduled.
When space permits, the student is welcome to spend some of these hours in the program facilities.

AN EXPERISENT I AUTOMATED INSTRUCTION: COLLEGE CHEMISTRY I
C. W, Clavy
Sacramento ity Coliege. Sacramento, California

ard reprinted here with the permission of

The introductory chemistry course for professionals @t Sacramento City College is unfortunately
s presentations. An explanation fre-

ir habifs

dreumatic, A high Jrop-out rate (407 up) characterizes even the by
e b e onedivied anede et e Tl o

=, Tacl sehele

Lo op Iy ool B il
SR - s bRty
necessary for conventional chemistry instruction.

The Approach

instructional technology has developed to the point where it is possible to offer automated, and yet
highly individualized instruction to large classes. It is technologically possible, for instance, to present an
entire course to cach and every member of a class of one hundred students without the usual “‘lock step™
requircment (all do the same lesson on a given day). Systems are available in which each student may
nroceed through lessons appropriate for him at a rate commensurate with his or her capabilities. Exams
are frequent and may be retaken until an acceptable performance is achieved.

Are such systems necessary or even desirable at this college? Recently, I gave a Chemistry 1 examina-
tion that produced a few grades in the nineties, a class average of 55 and a low of 21. The standard de-
viation was quite large ( = 17). This exam score distribution is typical of student performance in many
community colleges. Often the grade distribution will show four or five distinct maxima instead of one.
Obviously the concept of the “class™ as a group of students that may be taught collectively is hardly
applicable to such situations.

The Technology

Chemistry teaching, like any other presentation, breaks down into specific knowledges, skills, atti-
tudes, understandings and appreciations. Each of these five areas of learning demands its own instructional
approach and evaluative procedure.

Manual laboratory skills, for instance, are usually taught by the instructor demonstrating to the student
the position of the hands, the movements, etc. Very often the student is unable to see the demonstration
adequately because the point of visual emphasis is small compared to the visual field. Also, the time of
the demonstration may not coincide with the learning priorities the student has established for himself.
(The teacher sets up the demonstration and presents it-but half or more of the students turn it off because

they are not quite ready.)
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xperiment during the spring of 1970,
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math and natural science scores were available for about half the students in each section. These showed

savisbis Lo bnislpila il GO ST T O T wded [l

plinned for the course. Adl subject mitier would be preseated by films, programmed instruction or as
answers to specific guestions dirceted to the mstructor, The instructor was available for questions during
the afternoon class neriods.

A multiple choice, computer-graded exam riafion was given about every <4th or Sth session. Any stu-
dent who made a grade of 60% or below was pernctted to retake the sanic exam as many times as neces-

sary until a score of 70% or petier was achieveu.

The programmed instruction was specific s
Structure & Bonding.*  Additional short prograsns: (handouts) were written by the author for (a) sequences
unavailable in the two main programmed books or {b) available sequences judged to be inadequate,

The films were both 16 mm reel and regular and super 8 mm cartridges. Most of the 8 mm cartridges
were sound cartridges using the Fairchild Mark 1V rear screen sound projector.

The instructional procedure in the control section consisted of 3 hours per week of lecture and 6 hours
per week of conventionai handspanked laboratory in which the students emphasized the first five letters of
Laboratory and the instructor emphasized the last seven. The behavioral goals for the two classes were
identical. The control section was presented with the same material as the experimental section except
that no media were used.

suences from Numbers and Units for Science,! and Atomic

Data
Entering ACT Scores (Averages)

Experimental Section Control Section
Natural Science 25.5% 23.0%
Mathematics 21.3% 21.7%
Drop Out Rates
Experimental Section Control Sect’n

(30 enrolled) {33 enrolied)
25% 45%

G2
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Giscussion
It is dangerous to base judgments of instructonal efficacy ou results invoivioe only 63 students. Even
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The datz showing that student scores in the experimental section were not much better than
dindow an immoertant fact: they weren’t any worse, One is

1
L

in the control wection ma over
tempted to conclude that formal lectures may largely be wasted effort, especially when the
subject matter is of a terse, highly technical nature. This material csn be presenied more
effectively with a repeatable printed visual format than with a one shot audio (lecturej. Of
conree there will always he nrohlem areas in a suhject and there will be nroblem students.

But these situations should be dealt with on a one-to-one teacher—learner basis, time for

which is made available through the automation of the more routine part of the presentation.
The experimentaf section retained 75% of the enrofices. The control section retained only 55%.
. The experimental section generated a more homogeneous product ( = 7.2) than the control
weerion (= 8.8). This may seem a small matter, but quality control is an important factor
zeneraily ignored by many teachers and institutions. If the input is less variable, should not
che sutpat also be more consistent? Is not consistency of instructional output at each point

(]

approach™ totally irrelevant in higher education? {all it as you v
fortable about a class in which the standard devistion is not inordinately high.

4. In laboratory, for which the cartridged films were mo-t specifically designed, grades in the exper-
imental scction were 107% higher than in the control . ectio:.

1. Harris, Frank, Numbers and Units for Science
Addison Wesiey, Mass., 1963.

2. Dawson, Charles R. et al., Atoinic Structure & Bonding
Apoleton Century Crofts, Chicago, 1962,
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e Introduciion to ihe Symposiam
Wiltiom 7. Meoney
Cheirman, Committee on Chemisiry in the Two-Year Colle

! methods for ob-

in recent years iere has been incressed atlention given to tie use of msirumen
taining infomiation wbout chemical systems and to the development of instrumentation hardware for use
in college chumistry programs. Unfortunately, the development of instructional materials of software
suitable for use in coniemporary college chemistry classes has not kept pace with the hardware or equip-
ment developments. Lagging even further behind the software development has been the establishment of
accessible and cffective programs to inform chemistry facuity members about such instruments and their
applications and to train the faculty in the instrument utilization. There also needs to be established an
eifective communications network for evaivting and disseminating information about the hardware, the
software, and the use of these in instructi . il programs.

Two sisnificant instrumental developments in recent years are the appearance of low cost, student-
Prood, rondie InsiUaCnes dnd pie Lit:vu‘u g U HHORIL E OSTLEIICHERLIUI 5Y 5Ldkits,

The Two-Year College Chemisiry Confus. uce has a role to play in bringing to the chemistry faculty
oif the two-year colleges information about and demonstrations utilizing new instructional equipment and
materials suitable for use in college chemistry. The Conference alse has a role in encouraging chemists in
these colleges with ideas and interests in utilizing such equipment to develop materials suitable for use in
the chemistry programs of tie two~year colleges. To fulfill these roles symposia on Innovations in Chem-
isiry Teaching are soheduled as ¢ part of the Confercive piogisms,

The Syposiumn on Modular Instrumentation includes presentations of instruments and their utiliza-
tion in such a way that two-year college chemistry faculty should be informed and stimulated to go home
and develop plans for the improvement of their instructional programs through the use of these or similar
instruments. It also makes a contribution by presenting to the conference attendees both the potential
contribution to instructiona! improvement and the problems associated with the introduction of any of
the instruments or techniques presented at the Conference.

TLIE®

WhY CONSIDER THD USE OF INSTRUMENTZ IN THE LOWER
DIVISION OR TWO-YEAR COLLEGE?
Robert Pecsok

University of California, Los Angeles, California and Chemical Technology Curriculum Project

Presented as the Keynote Address st the Symposium on Modular and Low-
Cost Instrumentation, 26th Two-Year College Chemistry Conference, Los
Angeles, March 26, 1971,

Let us begin this discussion of why we should consider using instruments in lower division chemistry
courses by first examining the situation regarding instrumentation in the early 1940’s. The most intricate
equipment used at that time was the two-pan balance, The most valuable laboratory apparatus was a
set of gold-plat: | weights. The equipment that was available in significant quantity consisted only of
beakers, burets, flasks, funnels and, above all, the rubber policeman. To judge the viewpoi;  of some of
my contemporaries, they must still have this view of analytical chemistry. They hated the subject when
they were students and they still hate it as a course requiring tedious and uninteresting procedures.

The ability of chemistry departments to purchase instrumentation has certainly vastly improved
in recent years. It has often been easier to order a $50,000 or $100,000 instrument than to get a type-
writer. To a large degree the image of the chemistry department has denended upon the amount of money
available to be spent on instrumentation. By itself this is not a good reason’for using instruments in
elementary classes. The important justification of the use of instrumentation in these classes is that it
holds student interest while much more accurately reflecting what modern chemistry really is.
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tor radium. Paper chiromatography s still unknown: the nuclear magnetic resonance spectroimeter was
unknown: and there were only 2+ 5 few mass spectrometers in physics laboratories.

All of these instrume e now accepted as requirements for conducting chemistry, The availability
has drastically changed the real and practical pature of analytical
chemistry. It is no longer adequate just to determine composition; organic chemists want to know the
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of these instruments and proce:

moleculur structne of compounds in great detail. 1o semiconductor work determination ot traces of
contaminants is much more important than determining the purity of the bulk elements present. It may

be nice to know the purity is 99,970 or 92,997 but what is really important is the parts per miilion and

s long, long time: however, it
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of trace metals and where they Yeund, Mercury hos boey

wis 1ot coioldered 1o b problee @ piet eadl oiethiods s develnped that permitted determining the
merenry content onee it exceeded 0.5 parts per oillon, Archeology und art history have beeoine com-

‘hniques that we now have, For use in

pletely different subjects with the sophisticated uraiyticaf e

these ficlds, the technique must be nondestructive; afterall we can’t very well titrate the Mona Lisa. We

Brovey e Insirisieonlaios shich copmaits ne o oannlvee o o cven whils thoy ore an the moen oed
we have made a start on the analysis of the atmosphere of planets. It would seem possible that we could
send an analytical chemist to ihe moon with a suitcase full of beakers, burets and standard reagents, but
somchow it just docsn’t scemn right to titrate the moon, Modern industry could not exist without an
arsenal of rapid. dependable, precise, automatic instrumental methods for process ceatrol. There are mar,
situations that exist which simply do not permit the time to be used to make an extraction and filier a pre-
cipitate, requiring a minimum of two or three hours of digestion and drying iime.

The teasons for including instrumentation in lower division chemistry courses should seem obvious.

The question is how do we get the instruments into the classrocm. The rescarch quality instruments are much
too expensive to buy and maintain for use in undergraduate laboratories. They require torr much space and
take 109 much time for students o leain how to operate thein. Fhey frequently remain “black boxes” and
thus lose a major aspect of their instructional potential. However, there are some research quality instru-
ments that can serve the dual purpose of instructional instruments as well as a research insirament.

In the last couple of years, low cost educational models have appeared in maost instrumental areas with
sulficient quality so that they can be practically used. Many of them are now rugged, dependable and accur-
ate but are not necessarily sensitive or have the wide range versatility demanded for research instruments. In-
strument companies have become interested in this particular market even though they may have been interested
only in the most sophisticeted high-priced units when money was much more plentiful. Many of the instru-
ments are now available with visible access to the operational featurcs of the instrument. This approach per-
mits the students to sce the nlumbing and wiring that go together to make a workable instrument. Even in
the area of mass spectrometry and NMFE, the spectrophotometers are now available at moderately low costs
and can be expected to see use in lower division chemistry cowrses in the near future.

The modular approach to instrumentation sounds good but ii has many pitfalls. In general, modular in-
strumentation has not advanced or become as acceptable as many people thought it would. This approach
seems satisfactory if students are being taught how to build instruments rather that how or why to use them.
It appears that many teachers believe the do-it-yourself approach is best suited for individual projects where
time is of less concern.
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i1 sland Junior Co

insﬁr-;mmtutioﬂ in the area of chemical analysis has became the rule rather than the exception. This
proliferation of instrumentaiion demands that it B intyoduced very soon in a chiemisiry course. At

Rhode island Junior College instrumentation is i oduced within the first three weeks of the freshman
vear to the chemical technology students, For tiwe sa kc of educational expediency on the part of the
instructor and a meaningful expericnce on the part of the student, the choice of instruments must be care-
fully investipated.

in the area of gas chromatography, a standard instrument muy be so complicated that the opportuni-
iios for mistakes by the student in preparing the chromatographs for usage are increased and achievieg

meaningful results during a laboratory period are decreased. There are a number of gas chromatographs
available that are fairly simnle to operate vet produce readable and meaningful chromatograms.

in the devergpient oi whe Lhem iel Froject maierals, div cOnscusus o OPLiivn Wwas dind al sl
simifar to the Lurle @is chromategraph instrument would besi suit ﬁfi{: course. The instrument is introduced
hy showing a film developed by the Cheri¥ol Project for this purpose. The film is 12 minutes long and
is foliowed by the instructor’s demonstration of the nstrument.

After the students rre introduced to the instro aent, they get the feel of it by running samples of
pure solvents which are used (o measurs retentior. ;imes. These chromatograms are wsed later to identify

coliponenis i comniercial products such . cieomng dhnds, shwrshaving iotiens, fingernatl polish renovers
and other such products

At this point the studenis should be ablze to follor e courses of = fairly sophisticated chemical
recntion using the Carle gas chromatograph  Tive reaction chosen. an ester exchange, illustrates that all
chemical reactions do not necessarily go to completion.

The !aboratory gronp can be divided into two sections allowing the forward and reverse reaction to
be investigated simuitaneously. After standard chromatograms of ethyl acetate, methyl acetate, methyl
and f;th\fl alcchol. (the «;mnpm‘nents of the system) arc obtained, Group [ may prepare reauﬁon (

ETAC & MEOH —=~ products while Group 1l may prepare the reaction (2) MEAC & ETC
ducts.

After chromatograms of the reactants in Reactions (1) and (2) are obtained, a chromatogram of thc
reaction mixture is run. Using a water ha*h stabilized at 45°C, the reaction is allowed to proceed. After
fificen minute intervals, four 1.0 ul samp! s irom the reaction flask are injected into the gas chromatograph .
Chromatograms of the reaction arz run i the end of the iaboratory period. The reaction flask is then
stored tightly stoppered until the next laboratory period at which time a final chromatogram is obtained.

Some interesting conclusicns can be drawn from the exercise:

1. Products are formed on heating the reaction mixture ard from this an equation can be written.
2. The products ot Reaction (1) seem to be the same as the reactants of Reaction (2) and vice
versa, This is seen by comparing the retention times of all peaks ir both reactions with each other
and with the standard samples.

3. The chromatograms from the end of the experiment and those run on the same mixture during
the following iaboratory period show that for both mixtures the reactions have apparently stopped.
That is, within experimental error relative peak heights have not changed.

4. It is apparent that Reaction 2 proceeded at a slower rate than Reaction L
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experiment thai is one part of & continuing series. st ihe
inary mixture of unknown composition, rvin

1.

iments using @ bi

fraciional distillation. The pre
Roberts. Gilbert, Rodewald, and Wingrove. However, instead of u
suggested in the manual, we have them use an unknown mixture.
unknowns are the isomeric butyl alcohols. We use a mixiure of 2-butanol {(b.p. 99.5°C) and I-butanol
(b.p. N7.5°C). After completing the fractionni distiliztion, the students save their recovered fractions for

edure followed 1

sing the benzene-toluene mixture
Very suitable subsiances to be used for

future o0 5 by pas chromatograpiiy.

Following the distillation experiments we go into a study of methc of separation based upon

phase distribution. We start first with a simple extractior cxperiment, then go into paper chromatograpry,
then vas chromatography. showingin each case how the v technique corresponds to those previously

studicd,

We first consider the general physical system that &
diagram showing the essential parts of the instrument by tracing tie carriey ger oM e oyhinder shoough
all parts of the instrument until it finally vents into ihe air. This serves to acquaint the student with the
sequence involved. We then turn our attention to a detailed consideration of two parts of the pas chroma-
tograph: the detector and the column.

i considering how the detector works, we have found thal the studenis v rupidly sgain a fecl
for how a wheatstone bridge circuit works, even if they have had little electrical theory.

Having ~reviously stucied paper cnromatography, the functions of the carrier gas and of the com-
ponents of the column rapidly become clear. They see the carrier gas as the mobile phase, correspon-
ding to the eluting solvent in paper chromatography; the solid support corresponds to the cchulose
fibers of the paper; and the stationary liquid phase coating the solid particles in the column corresponds
to the adsorbed water on the cellulose fibers. At all times we strive for a “molecular awareness’’ so

.+ the students can visualize in their “mind’s eye” the progress of their samples through the chromato-

1o ges chromatograph., We Adevelop o flow

graph.
Following the preliminary discussion the students inject their own samples into the system. This
must be done under careful instructor supervision because of the extreme case with which the syringe

can be damaged. We use a 10 ul syringe equipped with a guide mechanism because of the verv small
samples used. The average sample sizes run from 0.5 to 1.5 ul.

The real satisfacticn from this experiment comes when the students see their chromatograms coming
off the recorder, It is cifficult to convince a student that his fractional distillation is not 100% effi-
cient, but when he sees two peaks instead of just one on the chromatogram, he is forced to accept the
fact that the distillation is not perfect.

Sometimes (indeed, rather frequentiy) an extra peal. is observed that the student can’t account for.
It invariably appears between the air peak and the first component peak and can readily be identified as
acetone. A very valuable point can be made here regarding the common practice of using acetone to aid
in drying glassware. The purity of their samples is then calculated in percent, utilizing the integrator
trace.

Following this the students then turn their attention to phase three of this continuing experiment by
cenning the same samples on the infrared spectrophotometer. This completes the sequence by enabling
e stodents to identify the components of the mixture they started with back in the distillation experi:

ment. 7
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GAS CHROMATOGRAPHY IN INSTRUMENTAL ANALYSIS AT
QUEENS COLLEGE USING A GOV -MAC INSTRUMENT
David C. Locke
Queens Uoliege, City University of New York, New York

Presenied at the Symposium on Modular and Low-Cost Instrumentation
25th Two-Year College Chemistry Confererce, Los Angele., Mareh 26, 19

-~

e el e ekl s i e amfonotis wle e b dlieily bweeli dites UG D iLea Y
mnd semosier p} sical chemistry. Ten laboratory experiments and a
special project of the studoat’s choosing and development are performed, covering separztions, clectro-

rtical Lhemgstry and analytical spectrophotometry. Two lectures and one six-hour lab period are sched-
aer week, Usually buaus;@ of equipment limitations, stucents work in pairs. Molecular characteriza-

iﬁﬂ! umuib neously \v-th g

LilCU
tion by IR, N’vik <le.. is treaded ip “inalitative Qrganic Analys's and conseauently is not covered in Instru-

A =
[S A ;A! Jnrul‘
.

Emphdﬁl: is ‘?ld\ el on gaining familiarity with using instruments rather than on high quantitative
accuracy. Monetheless, the quantitative resuli{s tend to be rather good considering the difficulty even the
most experienced have in successfuliyy execufing a procedure the first time through, Sophisticated instru-
mentation is really unnecessary and even undesirable at this level. In any case, we arc in no position to fie
up expensive “research” equipment for use only once a week.

The gas chromatography experiments described here have worked out very well, being trouble-free
and eacily comprehended by students, We have had very good experience with the GOW-MAC gas chroma-
tograph. Having long been satisfied with GOW-MAC thermal conductivity detectors in homemade and com-
mercial GC’s, 1 was delighted to sec their Model 69-106 Educational Gas Chromatograph introduced. In-
deed, 1 managed to get serial number 1, They have maintained their standards and we have since purchased
two more units and intend to obtain two more nex{t year,

Other GOW-MAC G1’s are being used at Queens College for undergraduate and graduate research.
While CUNY is not yet able to supply one GC per student, the availability of low cost inst nentation aliows
us to place at feast one GU in each lab.

Description of the Instrument

The GOW-MAC Model 69-100 is a convection-heated, isorhermal. fuai column, two-fLament, therins
conductivity instrument. A diagram is shown in Figure 1. It comes in o sections, one seotior convains
the electronics and controls, and the other, the upper part, is tlie gas chromatogapn itse.f. *aca the two
sections are separated for use, about two square feet of bench top are occupied.

Two different columns may be installed. More than 16 feet of %-inc™: tubing can be placed in the
oven. Columns of different polaritics, for example, can ihus be used successively on the - e mixture to
demonstrate the effect of stationary phase polarity on selectivity. The oven is heater anvection from
the block containing the two injec:ticm ports and detectors. Column temperatures "C and injector-
detector temperatures to 280° C can be reached. With the cover off, the instrument can be operated
at ambient conditions.
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The thermal conductivity detectors use the new gold-sheathed tungsten filaments which are more
resistant (though not absolutely immune) to air oxidation than WX filaments and thus last longer. The
power supply is all solid state. Sensitivity is entirely adequate for all our purposes.

Flow rates in the two columns can be individually controlled by means of Nupro valves. Injection
is by syringe. We have had considerable loss of syringes through bending of the plunger and, therefore,
use $12 Glenco syringes rather than $18 Hamiltons.

A ome, five or ten mv recorder may be used. Larger s r..:les are,cf co.icse,required witl less sensitive
recorders. We have used the inexpensive Heath recorder (10 mv), the 1 myv Sargent, ani ne 1 xv Varian
recorder {which has a pen that works'),and all of them have their problems.

Components and operation of the GOW-MAC Gas Chromatograph are made clear simply by removing
the cover. Like Fords built before 1957, it’s all there to see.

The three experiments described here illustrate general principles of GC, quantitative analysis by GC
and application of GC to a chemical problem. All use ‘“‘real” samples (without making too big a thing
about it) as opposed to completely synthetic mixtures. Normally, two of the three experiments would
be done per semester.

Experiment ! : Introduction to Gas Chrematography

Some fundamental chromatographic variables are the subject of this experiment. The separation of
multicomponent mixtures of very similar compounds is also clearly demonstrated. The analysis is one of
considerable importance to the petroleum industry. The use of four blends as samples allows retention
times to be measured unambiguously. Other combinations are possible and higher homologs can also be
included at this temperature.

In practice, nice, straight lines are obtained for the plots of log V vs carbon number, boiling point
and 1/T. With care, a typical van Deemter plot can be drawn from the hexane data. The importance of
correcting for the carrier gas compressibility is also readily seen.

The experiment can be extended or expanded (or contracted, for that matter) to include quantitative
analysis of unknown blends, lighter fluid samples (which have Cy’s and higher boiling materials in themn),
petroleumn ether, etc. Slight modification allows usz of the experiment in physical chemistry lab: if the pre-
cise weight of squalene on the column is known, the specific retention volumes of all constituents can
be calculated and from these the infinite dilution activi.y coefficients. It is the nonideality of the squalene-
hydrocarbon solutions that renders the GC separation possible. Other thermodynamic quantities can be
derived from the termperature dependence of the activity coefficients.

(Details of the experiment can be obtained by writing to the Editor of these Proceedings.)

Experimcnt 2;  Analysis of Xylenes by GC and b IR

Quantitative analysis of the same sample by two different techniques simultaneously offers immediate
comparison in terms of time, technique required, ease of sample handling, calibrations required, data inter-
pretation, etc. The experiment on IR analysis in Ewing’s Instrumental Methods of Chemica! Analysis has
been used by us previously by itself; the GC part was introduced this semester. The GC results have been
far better than the IR results.

It is possible to demonstrate trapping and peak identification by a simple extension of this experi-
ment. By using larger (50 ul) samples containing these compounds and possibly some higher aromatic
homologs, peaks can be trapped at the exit port of the chromatograph in a small, bent, glass U-tube placed

in a dry ice-acetone bath. The GOW-MAC can be placed on top of the recorder or on a small box. The
glass tubes can be rinsed out in a small volume of cyclohexane and identified by IR or another spectroscop =
ic technique. Repetitive injections may be necessary to obtain sufficient sample for IR.

Experiment 3: Kinetics of Methanolysis.
This experiment requires some background in chemical kinetics but serves as a good example of
the use of GC for obtaining kinetic information. This experiment shows the separation of a reaction mix-
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ture quenched after 40 min. ; the peaks are methanol (solvent), ethanol, and the three acetals. Note that
the GOW-MA.C GC will hold both a0 ft. and a 6 ft. column at the same time; if necessary,one could
perform both experiments on the same day without changing a column.

~ Typicl student results for peak area vs. time are shown in Figure 2 and the log plot in Figure 3. The
resilts obtained at Queens College agree well with those reported by Johnson.

Figure 2: Student Data for Peak Areavs Time  Figure 3: AlLog Flai af Figure 2 for Diethyl Acetal

T %
(.3
35F——TT e ?23
. 30 7 Mathyl-athyl ™ |
;n‘lgn AE acetal 3 1.0
25{ § S S §1
< d .ﬂ+ 8 _t
20w R — < o8t
6 < Ethanot W [
“Inject 15| o /‘ s = — g 04}
1’@% A Dimethy! v |
0 89 — acetal I oo
) / ~N AR W 02
05 |hl— e Diethy
Figure 1: Gas Flow System / ) F*“'" ""“-aa.;,_iﬁl;tfi
= = — - — 01
0 10 20 30 40 60 60 70 8D 0

TIME, minutes

ENFRA RED SPEC‘TROSCOPY AT PH()E;NI;CDLLEGE
3. . Srmth Decker
Phoenix College, Phoenix, Arizona

Presented at the Symposium on Modular and Low-Cost Instrumentation,
26th Two-Year College Chemistry Conference, Los Argeles, March 26, 1271,

The Beckman Microspec instrument has many applications. With the Wilks Minipress you can run IR
spectra on any solid sample if a simple procedure is followed. Be sure that you: 1) use dry Harshaw
grade KBr, 2) keep samples as dry as possible and 3) grind the sample well. To keep the instrument in
good operation, the thermocouple must be kept dry. This can be accomplished by installing a light which
will keep the termperature of the instrument high enough to dry the thermocouple or by buying the heating
unit furnished by the company. The Wilks Mini-cell makes the instrument very usable in inexperienced
(student) hinds,

The Microspec produces spectra of acceptable quality. In a comparison of the spectrum of anthran-
ilic acid from a Perkin- Eimer instrument with the spectrum given by the Microspec, the same peaks appear,
However, the Micospec does not give as good resolution as the more expensive instrument. Similar com-
parisons made with ethapol on the two instruments give similar results. A comparisci of the Microspec’s ;
spectra of two samples of bemzyl alcohol (one sample prepared by a student in an organic class, the second  ©
sample taken from the stockroom) shows the presence of benzaldehyde in the stockroom sample.

The Microspec has drawbacks in addition to roorer peak resolution than more expensive instruments.
As with all [R spectrophotorneters, it is all too easy to graphically illustrate to students that water is an
impurity and must be kept away from windows, The salt windows are difficult to keep transparent,and
grinding the windows is a tedious process.

Among advantsges, the Microspec provides a usable, cheap approach to teaching students about mfn—
red spectroscopy. Many good spectra are available for comparison. (Spectra of common liquids can be ob-
tained from Rod O’Cormner at the Unjversity of Arizona.) Such spectra help 1o give the student confidence.
When a student has confidence in his instrument, he can tlien realize how it can be used as an analytical
tool to find the purity of sarmples. .
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INFRARED SPECTROPHOTOMETRY AT SANTA ROSA JUNIOR COLLEGE
USING A PERKIN-ELMER MODEL 700 IR INSTRUMENT
Courtenay Anderson and Robert Medley
Santa Rosa Junior College, Santa Rosa, California

Presented at the Symposium on Modular and Low-Cost Instrumentation,
26th Two-Year College Chemistry Conference, Los Angeles, March 26, 1971,

The Santa Rosa Junior College chemistry department purchased a Perkin-Elmer Model 700 infrared
spectrophotometer. In addition to the initial purchase of the instrument. itseif, we also purchased:

1) two demountable holders and six NaCl prisms, 2) two AgCl windows, 3) two fixed-pathlength NaCi
cells, 4) one gas cell, 5) one Perkin-Elmer KBr pellet die, 6) one pellet holder, 7) additional recorder pens
and chart paper. During the past three years of operation, the following additional items have also been
purchased: 1) one large and two small desiccators, 2) one vacuum pump, 3) one pellet die press, 4) one
small agate mortar and pestle, 5) one modified Wiggle-Bug, 6) one set of window refinishing materials
(home-grown), 7) one hot air blower.

Maintenance of the instrument and the accessory equipment has not been a very large problem. The
Model 700 has required no maintenance other than adjustment of the gain and slit by our staff, The instru-
ment is always covered when not in opetation and the power cord is unplugged to prevent the instrument’s
being accidentally energized. The NaCl windows occasionally require refinismng, This nas oeen mini-
mized by insuring that all samples are dry and that all windows are washed with benzene dried over sodium
immediately after they are used. The cells are then stored in a desiccator. Fixed cells are r'nsed with dry
benzene and then aspirated through a calcium chloride tube immediately after use,

During the two-year program we expect the student to become familiar with this instrument and begin
using it routinely. In Chemistry 1A-1B we use this instrument for: 1) infrared absorption correlations with
bonding, utilizing student-sy nthesized sulfur oxyanions and 2) the verification and effect of complzxation
upon chelate stretching vibrations. (Our present laboratory text ic Experimental General Chemistry by
Lippincott, Meck and Verhoek.) I Chemistry 2A -2B we expect the student to use the instrument for
identification o. functicnal groups by verifications in the fingerprint region. The present laboratory text
is The Elemeiit : of Chemistry ir rhe Laboratory by Lawrence P. Eblin and Introduction to Laboratory
Chemistry: Urg: vic ans Kiochemistry by Williams, Richardson, DeBey, Kelley and Lien, In Chemistry 8
we use thi nstrume ot for verification and identification of synthesized products in six experiments with
which we supplement the basic laboratory manual. (The present laboratory text is Organic Experiments by
Linctrombers and Baumgarten,) For Chemistry 12A-12B we use the instrument extensively for identifica-
tinn v verifization of molecular structure. The instrument is used in conjunction with refractometry,
1i¥.visible spectrophotometry, gas chromatorgraphy and meltirg and boiling point determinations using the
Mettl:r TP- 1. (The present laboratory text is Organic Experiments by Linstromberg and Baumgarten with
suppk ments and Experirnental Organic Chemistry by Marjorie C. Caserio.)

By rotating the experiments assigned to be done on the instrument, one can adequately get along with
a minimum of accessorics. We have found the following list to be adequate: 1) NaCl demcuntable cells
with appropriate gaskets for fixed pathlengths, 2) two mini-dies with torque wrench, 3) one vacuum
pump, 4) a few desiccators, 5) a few agate mortars and pestles, 6) some NaCl windows, 7) a refinishing
kit for the windows.

A MODEL FOR TEACHING SPECTROSCOPY
Jeff C. Davis, Jr.
University of South Florida, Tampa, Florida

Presented at the Symposium on Innovations in The Teaching of Chemistry,
24th Two-Year College Chemistry Conference, New Orleans, December 4, 1970.

Spectroscopy represents an extremely important topic in chemistry instruction, even for elementary
introductory courses, for a variety of reasons. Spectroscopic techniques are valuable tools in rescarch and
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analysis for the identification of elements and compounds and for the elucidation of their structure. They
are basic methods for quantitative analysis as well as in such diversified areas as pure research, industrial
control laboratories, medical clinical laboratories, waste and pollution control monitoring, drug analysis,
and so on. Spectroscopy has proven also to be a fundamental route to knowledge of molecular structure
and properties bearing on chemical and physical behavior.

Although certain spectroscopic topics are mentioned and illustrated frequently in elemeiitary textbooks,
there are a number of problems associated with communicating these important concepis effectively As
generally presented topics dealing with spectroscopy are presented in such a piecemeal fashion, most of the
studenis do not even sense the underlying common features or appreciat~ their fundamental nature. By and
large, students in elementary courses do not understand

(1) what a spectrum is.

(2) what is involved experimentally in obtaining spectra.

(3) the quantities used to describe spectral features and
spectral information (such as frequency, wavelength,
energy, intensity, etc.)

In addition, students lack practical laboratory experience with these concepts,

Although few, if any, textbooks present spectroscopic concepts in a unified way, this deficiency can
be remedied easily in the classroom and in the laboratory. Itisimportant to maximize understanding of
basic concepts by discussing them in a general, unified way and to be sure that fundamental ideas have
been adequately illustrated. The following steps illustrate this theme.

1. The general concept of a SPECTRUM should be clarified. Any spectrum is essentially an ordered
display of the components of some system. A siinple example is the performance ¢ stidents in a class
as evidenced by their grades on an examination. If the grades scored are arranged sv:iematically,
starting with the highest and proceeding on through the lowest, then one has presen. -4 a spectrum of
the grades scored. If, in addition, the number of students scoring each grade is also lJisplayed graphi-
cally, one has a spectrum containing quantitative information as well. This i« wiiilogous to the spectrum
of visibie light in which the varic  .inds of light in a beam of light are sorted apar: and arranged syste-
matically in terms of their wavelength or frequency (which also correspond in visible light to a physio-
logical perception of colors). If we plot also the intensity of the light of each wavelength or frequency,
we have all the ingredients of a quantitative spectrum as usually presented graphically in a textbook. All
a sample is plotted as intensity vs frequency, or mass spectra in which the sorting parameter is iz
mass/charge ratio of the ions formed in the spectrometer from a molecrile and the spect-uin is & ploi -
of the number of ions of each type vs the mass/charge ratio of the ions formed in the spectrometer froin
a molecule.

These concepts can be illustrated easily in the classroom via demonstrations and films. A slit in the
slide carriage of a 35 mm or lantern slide projector and an inexpensive diffraction grating outside the
projector lens pr-vide large, clear spectra with which properties of diffraction, color, absorption and
similar effects cw» be shown. '

2. The functioning of SPECTROMETERS (devices used to obtain and wmeasure spectra) should be
discussed In general terms. Despite seemingly different operating components and arrangements of these
components, all spectroscopic techniques—using the idea of a spectrum as a basis—can be put into a
common mold. For example, all spectrometers begin with a SOURCE of radiation or of particles such
as ions or radioactive emissions. In some cases the material to be studied produces these, in which case
we have an emission technique. In other methods radiation or particles are produced by a lamp, a dis-

then, is absorption spectroscopy. The means uses '« provide the radiation or particles depends on
whether one is dealing with visible radiation, infrared radiation, radiofiequency radiation, molecular

ions, etc,
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The radiation or particles are next separated in an orderly way in any spectroscopic tecanique. Such
a device might be termed the ANALYZER. In most forms of spectroscopy involving electromagnetic
radiation, a prism or diffractior: grating is used for this purpose. In a mass spectrometer the molecular
ions are separated by means of eicctric and/or magnetic fields. Similarly, mechanisms can be identified
for any spectroscopic method that performs this separation function.

Next, the radiation or particies coming from the ANALYZER are counted by means of a DETECTOR.
Again differen: radiation may require different devices— a phctographic plate, the eye itself, photoelectric
cells of various kinds, etc. Finally, the response of this detector must be shown to the experimenter in
some kind of DISPLAY. Typically this might be a needle on a meter or in some permanently recorded
form. As the ANALYZER progressively selects various components of the original radiation, the
DISPLAY shows the intensity of the radiation for each component (similarly for particles). This, then,
is a SPECTRUM.

Again these ideas can be illustrated with actual instruments and with simple demonstrations as well
as with films.

3. The properties of radiation and of particles and the parameters used to describe them must be
understood. A student can hardly be expected to understand what a spectrum is all about unless he
understands the terms used to describe the components that are displayed. All too often elementary
chemistry texts assume that the beginning student already is an expert in physics.

Particles involved in spectroscopy generally are described by parameters such as mass, charge, velocity,
momentum and energy. Some of these may well require review. If magnetic resonance is to be discussed,
the idea of spin angular momentum also is required. Radiation is described by parameters such as wave-
lenth and frequency. These are seldom understood by the student. Fortunately, it is simple to illustrate
these concepts in some detail via demonstrations and films using water waves as a starting point. After
all. interference and diffraction patterns are the basic way of determining the wavelength of light and
therefore provide a natural bridge to wave phenomena, such as water waves, that the student actually
can see. Once these ideas are clarified and the numerical values associated with visible light are examined,

the eye, is easy. The energy content of radiation and the photon concept also can be illustrated in simple
ways.

4. It is important that the student have contact with these concepts directly in the laboratory.
Simple slits, diffraction gratings and color filters are inexpensive and provide a means for students to
examine properties of light and the effects of 2 grating (ANALYZER) on light. Although complex spectro-
photometers are expensive, simple filter photometers and simple spectrophotometers are weil within the range
of most budgets. These instruments provide an opportunity to examine such things as the intensity of light ,
from a source as a function of its frcquency or wavelength, the effect ¢f having an absorbing m=dium ( a color
filter or a colored solution) in the beam (quantitatively as well as qualitatively, and varicus ways of plutting -
intensity vs. wavelength information. In addition, such simple instruments provide direct cbservation of the
operating components uncluttered by confusing refinements, and actual mean ngiul anzlyses can be performed
similar to those that would be cartied out in a medical, industrial or governmer. - 'aborzgtory.

Fortunately, not only are many of these concepts amenable to a more logical trcatment tihan found in lexts
and to simple and effective demonstration in the classroom, a great deal can be done vis self-instructional me-
dia and in the laboratory. Many of the early physics projects such as PSSC and IPS prod.i<r§ vsefiil filrs and
film loops on color, diffraction, wave motion, etc. More recently, films in this area aimed at chemistry iustruc-
tion, such as the Spectroscopy Series produced by Holt,-Rinehart and Winston, have appeared and provide a
means for students to study these concepts o his own as Jong and as frequently as necessary. Visual illustra-
tion and actual contact with the techniques are the only way in which some of the abstract concepts can fa:rn
effectively in the beginning student’s experience.
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SPECIAL TOPICS--SCIENCE AND SOCIETY

SCIENCE TEACHING IN MODERN SOCIETY
Robert L. Wolke
University of Pittsburgh, Pittsburgh, Pennsylvania

Presented at the Symposium on the Interrelationship of Chemistry and our
Society, 26th Two-Year College Chemistry Conference, Los Angeles, March
26, 1271

This is a discussion of the scientific and technological problems society currently faces such as air
pollution, water pollution, food additives, radioactive contamination, drugs, pesticides and waste disposal.
I'd like to propose a definitive solution to each one.

I choose three ‘“‘age’ cliches to suit my purposes. First, we are living in the Age of Communication.
With several communications satellites in orbit over our heads at this very moment we needn’t belabor
that point. Second, these times have also been characterized as an Age of Technology. Behind the
technology is science, so we’ll call it the Age of Science. And finally as the song tells us, we are living
in the Age of Aquarius, by which is meant the Age of Youth.

In a real sense we, the teachers of the scientists and technologists, are right in the middle of all the
action in today’s society. In the Age of Communication, Science and Youth, we are in the business of
communicating science to youth. In the vernacular, we're right where it[s at. I'm going to puncture
the bubble of self-importance by asserting that in at least one important respect we've been botching the
job. :

Just as it is fashionabie to talk about society as an Age of Something, it is also quite fashionable
these days to talk about gaps. As a matter of fact there is a pap associated with each of the Age charac-
terizations [’ve chosen for present-day society. e who communicate science to youth are faced with
having to bridge all three of these gaps. Associated with communication is the Communication Gap.
This gap has always existed whenever two people have gotten toge:iier in the same room and the class-
room is by no means an exception. Second is the Generation Gap. [t too has always been present in
the classroom: the person standing up in front has almost always been over thirty while the people in
the seats have been under thirty.

Trying to close the Communication Gap and the Generation Gap is simply the business of teaching.
There is a third gap associated with the Age of Science. This one has been with us for over thirty
years, but was first formally docuronted about twelve years ago by C. P. Snow. It is the Two-culture
Gap: the gulf, the mutual lack of understanding which exists between scientists and what might be called
the rest of society. The point I want to make is that we who teach science seem not to realize that we
should be working to bridge that gap as well as the others.

Consider some recent trends which might be attributed in part to the widening of this Two-culture
Gap. The government has been drastically cutting its support of scientific investigation; industry is
trimming away fat; significant numbers of Ph.D. chemists and physicists are unemployed; young people
are not going into scientific careers? and there is a feeling on the part of many your people that technol-
ogy has polluted our society and is “inhuman.”

Today then, the two culture confrontation is no longer an academically interesting impasse as it
was when Snow first wrote about it. It has become Them against Us. And we’re losing.

Why am I rubbing salt in our wounds by pointing out that what we teach is no longer considered
to be as important as it has been? I do so because I feel that it is partly our own fault. i do so because v
| feel that we have an opportunity and even an obligation to nibble away at some of the misunderstandings
upon which this gap is based. We have an obligation to try to counteract, o at least to slow down, our '
society’s disenchantment with science—for its own ultimate good.

Whenever there is danger of misunderstanding, there is a teaching job to he done. Yet as teachers
we have permitted these larger misunderstandings to persist while thinking only about how best to convey
an understanding of the chemical bond. Teaching chemistry as well as we can is no longer enough.

If we continue to spend all our time debating the relative pedagogical subtleties of one approach versus
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another, we are going to waks up to find that there is nobady to teach—unless, in addition to teaching
the chemistry, we start eaching also about chemistry, about science and about scientists and what parts
they play in society. Unless we start teaching some music along with the words, the misunderstanding
will continue to flourish, the gap will become a trench, science will fall much too low in priority and our
society will have made a costly mistake.

What are these misunderstandings and what can college chemistry teachers do about them? First,
let us realize that most of the people in our chemistry classrooms are not going to become professional
scientists. They are the future engineers, physicians, lawyers and thousand of other unclassifiable non-
profession.!s who will not be earning their livings by science. They are the ““other culture.” They are
the very people who, by their own actions as future leaders or at least via the representatives they will
elect, can either accelerate the ferment of disenchantment with science or temper it with an understanding
of the true nature of the scientist and what he does in and for society. '

This, then, is the first of the two jobs we now have to do besides teaching chemistry: we must
shatter the c¢istorted stereotypes of science and scientists which have been fed io and swallowed by a
shockingly targe fraction of our citizenry. You know the garbage we were all brought up on: the scientist
is a sort of god in a white coat, devoting his life to the sclfl~ss quest for truth, forsaking all worldly
temptations, and so on. The young person hearing o: reading inese things is supposed to think, “My,
how wonderful!”, but he really thinks, “My, wnat out!” Or, as one of my students wrote in a revealingly
unsuccessful attempt at understatement, “The scieniot is different from your run-of-the-mill homo
sapien.”

Even some of us run-of-the-mill homo sapiens who became scientists because we tought “My, how
wonderful!” instead of “My, what a nut!” discover upon growing up that we don't live up to the
stereotype, and we secretly feel inadequate.

If people are led to believe that scientists are alien, unfeeling being with impenetrable motivations
and superhuman inteiicctual abilities, they are just being challenged to watch for a chink in the armor.

At the first sign of *uman fallibility, they pounce upon it much too hard. The result is suspicion of
scientists, mistrust of science, and overkill of scientific research budgets. If people are led to believe
through the wrong kinds of science courses that science is some kind of magical priesthood wrapped up

in an unintelligible little world of its own, they’ll abandon their intelligence and their citizenship whenever
a technical issue of social importance arises. They will decide they are incapable of participating in its
solution, and society again loses one of its important resources.

Paradoxically then, we can do both science and society a great service by using our classrooms to
puncture the awe of science. Yank out the pedestal. Shatter the stereotype. Show our students both
“good science™ and “bad science” so they’ll be able to recognize the good. Admit that there are some
scientists with pet theories and inflated egos. Show scientists competing, disagreeing, making an honest
and shameless mistake. Show how to evaluate the conflicting pronouncements of “experts.”” Show
scientists being hired and fired, raising families, skiing, skin-diving and being liberal and conservative, Our
students and other citizens must come to appreciate the importance of science in spite of its fallibility.
Only by flaunting the fallibility of science as a badge of humanity can we expect our society’s investment
in science to come to rest at a level which is based upon an unemotional, realistic evaluation of science’s
importance; this will be iower than the undeservedly high level of the past 25 years, but certainly above
the punitive level which befits a fallen angel. : -

I said earlier that we must teach these things in addition to teaching chemistry. Teaching about
science without teaching the science itself is a worthless gesture. But the second new job we chemistry
teachers have to tackle is to change the flavor of the chemistry we do teach. Since time is short I won't
belabor the issue of relevance, which already has many other apostles. But it should be clear that the
people in our classrooms today are those who will be expected to form opinions on such things as air
pollution, Alaskan pipelines, oil spills, the disposal of nerve gases, and on the dangers of enzymes, radio-
activity, phosphates, mercury, marijuana, the Pill and mind-modifying drugs. Should we spend all our .
time teaching them about molecular orbitals, or should we be giving them the applicable yet solid chemistry .
behind present and future technological issues? :

Finally, what specific, positive actions can we take?
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I Teach separate and distinct couvrses for those who are preparing themselves to join the two
different cultures. Current practice appears to be either to offer the same first-year chemistry course to
everyone or to prepare a I12-molar course for the chemistry majors and to dilute it to 0.1 molar for the
nonmajors. But watered-down major chemistry isn’t what’s needed by the “other culture.” What is
needed is a course which combines applicable chemistry with realistic material about chemistry. Both of
these must be present in the same course which, for lack of a better name, we might call “Chemistry
and Society.”

As such solid courses replace the 0.1 molar nonmajor courses, why not open them up also to the

Most of them, actually, are going into engineering or medicine which, in our context, belong to the
“other culture.” And why deny even the budding professional chemist an honest and realistic look at
his intended profession?

2. Assign readings from books and periodicals on ‘“science and society” besides assigning chapters from
the chemistry text in these courses. A book report in a chemistry course, for example, is not as far-fetched
in these times as it may seem.

3. Invite real, live scientists to come and tell the class what they think they're doing in the world.

4. Discuss current news developments which have chemical overtones.

5. Analyze pseudoscientific arguments in advertising.

6. Teach applicable chemistry.

Note that in this last item I avoid the word *“‘relevant”, which connotes ecessive immediacy. Appli-
cable chemistry is not this-afternoon’s-headline chemistry. Nor is it watered-down chemistry or pseudo-
sociological hot air. It is the good, solid chemistry which is needed by every thinking citizen in today’s
and tomaorrow’s societies to help him make decisions.

And if we don't deeply believe that chemistry can be applicable and /s .ceded, we should take Harry

CHEMISTRY: ITS EFFECTS ON OUR SOCIETY

G. H. Miller
University of California at Santa Barbara, Santa Barbara, California

Presented at the Symposium on the Interrelationship of Chemistry and our Society,
25th Two-Year College Chemistry Conference, Los Angeles, March 26, 1971.

“It is an extraordinary era in which we live . . . remarkable for scientific research into the heavens, the
earth ; and perhaps more remarkable still is the applications of this scientific research to the pursuit of life . . .
The progress of the age has almost outstripped human belief.”

These words were spoken by Daniel Webster in 1847, 124 years ago, but they remarkably describe
today’s world. The applications of chemical research have improved the quality of life to such a high degree
that we are living in what can be called a golden ag::--never before has man been able to devote so many
leisure hours to the pursuit of culture, understanding, knowledge and pleasure. All of this is brought to you by
the courtesy of chemistry. The beneficial effects of modern chemical developments are everywhere evident—
we never had it so good. Chemistry is the chief source of all that is good in this world; better things for better
living though chemistry. These statements reflect only one side of the picture; however, they are typical of
only one segment of our society —the optimists.

Let me present another quotation.

**And I brought you into a plentiful country, to eat its fruit, and its goodness, but when ye entered
ye defiled my land, and made my heritage an abomination.” This quotation from Jeremiah 2:7 expresses
very well the opinions of another large group of people concerning the effects of chemistry on our society.
They view society as a group of doomed people, living on a polluted globe, breathing suffocating and obnoxious
gases, wallowing in man-made filth—ugliness everywhere. Again, all of this is brought to you by the courtesy
of chemistry. These are the opinions of the pessimists.

Which of these groups has the true faith? Are our decendants going to enjoy the benefits chemistry
has wrought for society or will they be doomed—where lies the truth? What effect has chemistry really had
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on our society? Has it all be for the good or the bad? In my opinion the truth lies somewhere in between.

I would like to consider several chemical compounds and comment on the effects these compounds
have had on our society, both the good and the bad, mention a few things that are being done and then
draw a few conclusions.

Some of the bad guys are DDT, Dieldrin and 2,4-D. They represent a group of approximately 300
compounds known as pesticides. The term “pesticides” is a generic term covering fungicides, herbicides,
insecticides, fumigants and rodenticicides. They are being produced in the United States at the rate of over
a billion pounds per year, The biosphere now contains several million tons. They have produced quite an
effect on our society. They can be credited with the saving of miliions of human lives but they are also
responsible for the pollution of much of our environment.

Historically the use of pesticides is not new. Consider the herbicides as an example. Herbicides were
invented many years ago, probably by a female—a female of the species odontotermes redemanni, a termite.
These social insects cultivate fungus gardens in their nests where the growth is limitca to one species,
xylaria nigripes. If one removes the termites from the fungus garden, other species of fungus soon make their
appearance. The xylaria fungus is not itself responsible for the selective growth. The termites use a herbicide.
The exudate from the anus of the queen termite contains caprylic acid; this is incorporated into the garden
when worker termites cement the soil after licking the queen. Selective weed killers were used thousands
of years before man ever got the idea, and there was no pollution of the environment.

The impact which pesticides have had on society, however, occurred following the discovery and
massive use of DDT after World War [I. Thanks to DDT it is estimated that one billion people have been
freed of the insect-spread disease malaria.

James Wright, the Chief of Vector Biology for the World Health Organization, states that a major
disaster would result from any action limiting the use of DDT for the control of malaria in developing
countries (I5 percent of the total production). He points out that the safety record for man has been out-
standing; millions of lives have been saved and no toxic effects have been reported in the past 20 years among
200,000 spraymen employed in malaria campaigns nor among the 600,000 to one million people who live in
repeatedly sprayed houses. The only known cases of DDT poisoning are those where people accidentally ate
the stuff.

Now the bad side of the picture. DDT and related chlorinated compounds are ciocides. They are
toxic to crabs, shrimp, fish, birds and mammals—in fact to all organisms which have a nervous system. Its
immediate effect on org.inisms is to trigger spontaneous firing of nerve axons which results in acute convulsions
and death. At sub-lethal dousages it leads to hyperactivity, nervousness and atypical behavior.

Recently it has been discovered that DDT also acts though hepatic enzyme induction. Itinduces the
liver to produce enzymes; one of the activites of these enzymes is the hydroxylation of the steroid sex hormones.
The resultant hormonal inbalance creates profound and unpredictable results, Estroger, for example, controls
calcium metabolism. The California brown pelican failed to breed in 1969 because its egg, shells w >r2 so thin
they collapsed when the birds tried to incubate them—DDT had disrupted their calcium metabolism,

The unfortt.aate thing about chlorinated pesticides is that they become concentrated in our environ-
ment. DDT is soluble in water in amounts of only 1.2 parts per billion. It is very soluble, however, in fats?
thus DDT in the soil, rivers or oceans attaches itself to the nearest biological material or rapidly becomes
adsorbed on particulate matter. Some California water contains 78 ppin DDT, 100,000 times the dissolved
concentration.

Once DDT is dissolved in living material it passes up the food chain. Concentrations of 100 to 1,000
ppm cause death in birds and lesser amounts are fatal to invertebrates. Brine shrimp are killed by concentrations
of 107 ppm. Probubly the most endangered species are the birds of prey—the falcons, eagles and hawks. The
case against DDT is well documented.

The classic example of movement and concentration of DDT in.food chains is Clear Lake, California.
After the lake was sprayed to remove insect pests, the DDT become concentrated in plankton. Small fish
eating the plankton accumulated greater amounts of DDT. Finally, the Western grebe—a loon-like bird—
ate the small fish. The results were disasterous to the reproductive cycie 1 the grebes.

This brief, partial resume of the DDT story illustrates the overall effect chemistry has produced on
society. We now enjoy the benefits—no malaria, longer life expectancy, adequate food supplies, etc. In the
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process of getting these benefits. however, we became afflicted with the serious problem of environmental
deterioration-—contaminated water, contaminated food, destruction of our wild life, etc. Let me comment
briefly on several specific effects.

l. The first is the great public awareness of the effecis of unlimited use of chemiccls on our environment.
This has changed the role of chemists in society. Using the DDT story as our example, we find that many
laws have been passed to regulate its use. Some states such as Arizona and Michigan have banned its use
completely; the federal government has passed laws establishing maximum allowable DDT contents in our
foods. What role have chemists played in the formulation of these laws? Consider the unknown chemist
working in come analytical laboratory who decided that 0.7 ppm is the maximum concentration of DDT that
were used as the basis for Federal regulations. When made aware of these regulations, the governments of
Ausiralia and New Zealand had to enact legislation restricting the widespread use of DDT in their countries.
This was necessary so that the meat producers could meet the 0.7 ppm standard required for meat importation
into the U.S. Their balance of trade depended on 0.7 ppm. This might not be the best example, but [ am sure
you get the point. Never before has it been so important for chemists to be aware of the implications of their
work on society.

The public now demands action on the part of chemists to clean up pellution. Chemists are no longer
a group of dedicated people working in isolated laboratories completely oblivous to society; we are aow

2. The second development is the new awareness of society concerning the effect of chemicals on their
health. People are now seriously concerned with the dangerous concentrations of DDT and other chemicals in
their foods. Many want to return to the good-old-days when people ate natural unadulterated foods--ihe days
when the average lifespan was 40 years and mosquitoes, flies and lice lived to ripe old ages. If DDT is danger-
ous to mammals, how about those approximately 400 chemicals that are mixed with our foods: mold irhikitors,
coloring agents, bleaches, moisturizers, antioxidants, thickeners, thinners, emulsifiers and preservatives. - -
we entering an era of antichemical McCarthyism?

Here is a list of a few interesting compounds. The first is 5-vinyl-2-thiooxazolidone-l. It is toxic to
humans. It is found in rutabaga, turnip, kale, brussels sprouts, cauliflower and broccoli. The second is
3,4-dihydroxyphenylalanine, dopa. It causes a form of toxicity called favism. It is found in certain beans.
Phytic acid is injurious to health because it interferes with the assimilation of iron and calcium. It is found in
whole wheat, oatmeal and other cereal grains. Throbromine and caffeine are considered dangerous prescription
drugs, but ve consume them in our cocoa and coffee,

What things should be investigated? It took us 20 years to get the information on DDT (and this isn’t
complete); can we wait until every chemical is thoroughly checked until we use it? According to Patrick
McCurdy, *What is needed is a liberal dose of balance and perspective along with a shot of just plain common
sense.

3. The third effect of chemistry on our society has been the creation of a need for more chemistry. In
particular, [ am referring to the ever increasing need for more research, both fundamental and applied. Since

pesticide problem. 1 will give only two chemical examples.

Marvin Beasley, a chemist, was trying to make the iron salt of benzoic acid: what he got was a black
sticky mess. A typical organic chemist might have discarded the gunk and proceeded to another synthetic
method, but not Dr. Beasley. On further investigation he found that the black stuff was actually a polymer
formed from the carboxylic acid and the iron, catalyzed by an aldehyde impurity. Further investigation
disclosed the fact that the polymer would degrade slowly when in contact with water with the release of
the original acid and hydrous ferric oside; the rate of degradation depending on the degree of polymenzation.
These polymers can be prepared from practically any carboxylic acid compound including 2,4-D, 2,4-T, etc.
The controlled release of these herbicides is now possible; these polymers act as chemical metering pumps.

Probably the biggest cause of pesticide pollution is due to overuse of these chemicals and the necessity
of constant reuse due to the removal of the pesticides by rain waters. Polymers can solve both these problems.
A single application of 1 Ib or 2,4-D per acred has effectively controlled weeds on Kansas grazing land for over
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to an unmeasurable level too low to be harmful to grazing animals.

Gravel coated with a herbicidal polymer and placed in a stream released the herbicide slowly but in
quantities sufficient to control selected plants without affecting fish or wildlife. A polymer herbicide coating
around soluble fertilizers can contro! both the release of the fertilizer and the herbicide. Water pollution is
prevented since there is no run-off during rains.

Another possible solution to the pesticide problem is found in garlic. Some people eat nothing but
organically grown, natural foods. Fortuantely, gaslic is an important part of some of these diets. Extracts
prepared from garlic possess a high pesticide activity. Not only that, garlic has antibacterial, antihelminthic
and antiprctozoal properties. It also inhibits the growth-of various tumors, acts as a diuretic and carminative
agent; it shows a broad spzctrum of activity against gram positive, gram nagative, acid-fast bacilli and fungi
pathogens.

The major problems which chemistry has given to society can be solved. More chemistry is one
answer. What is required is the complete cooperation of all industrial firms, government, unlimited Jfinancing
and a major emphasis con the education of all people on the importance of science.

Let me conclude by quoting Philip Handler, National Academy of Science president. “Alarmed voices
advocate retreat from our technological civilization as if life had been better in some bygone age when our
ancestors lived closer to nature than do we, desiring a return to good old days that never were. For my part,
I much prefer that we attempt to manage our technological civilization yet more successfully, remedying the
errors of the past, building the glorious world that only science-based technology can make possible.”

ENVIRONMENTAL ASPECTS IN CHEMISTRY COURSES
Lawrence Wasserman
Northern Branch, Delaware Technical & Community College, Wilmington, Delaware

Presented to the Chemical Technology Programs Section, 25th Two-Year College
Chemistry Conference, Catonsville Community College, February 6, 1971,

Pollution of man’s environment has become a common corcern of young and old alike. It has been
found that using applications of this theme in the teaching of chemistry can enhance the instructional program.
The main objectives of this are to:

Increase student motivation, enthusiasm and involvement.

Make chemistry more relevant to the everyday world and to the needs of the studert.

Teach the importance of sampling technique and taking a representative sample.

Teach basic analytical techniques using environmental examples,

Teach basic facts about the composition of the world around us, i.e. air and water.

Make students aware of a current and pressing problem that will face them on the job and as
citizens.

Dk W -

A program involving environmental aspects may be implemented in several ways. Some of these are:

A. Presenting extensive material about environmental problems during the chemistry class.
B. Making laboratory assigniments related to environmental studies.

C. Having students choose environmental topics for special reports and projects.

D. Having the entire class work on a large environmental project related to a particular course.

Each of these methods has been attempted in my classroom at Delaware Technical and Community ..
College. The results were as follows: '

1. Method A was the least effective in motivating students. The approach may be too acadermic.
2. Method B was found to be relatively effective and helped make the lab work in analy tical

courses more interesting.
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3. Method C was effective in getting the students to work independently on assigned tcpics. It
was lound that the students would put in a considerabie amount of time in the lab aside from
the assigned times. One student presented a paper on such a topic at the 6th Middle Atlantic
Regional Meeting.

4. Method D was probably it «nost rewarding of the above methods. A class in instrumental
analysis did a comprehensive studv of the water quality of a nearby river. As a result of this
rtudy several potential dropouts received the motivation to centinue their studies and the stu-
dents and college received considerable publicity from the local news media. This publicity was
instrumental in obtaining jobs for two of the students.

It can be concluded that environmental aspects, it properly implemented, can be an asset to any
chemistry course and to a chemical technology program in particular. The benefits are quite extensive
and range from student motivation to job placement.

A brief description of aur study of water "t~ ‘n the Brandywine River follows,

Introduction

Fifteen sam.ples wure taken alcag tiie i uywine River from Chadds Ford, Pennsylvania, to the
junction of the Brandywine an the (P rictiana Rivers.

The sampling was done o “Earth Day,” April 22, 1970 at about 10:00 a.m. The purpose of the
study was to determine the chemical quality of the water by checking pH, nitrate. fluoride, cyanide,
chloride an<. phosphate content.

Sampling Technique

The fifteen samples were assigned numbers in a random fashion. Each sample was taken in a 150 ml
glass bottle. The samples were taken about five feet off shore at a depth of 1 to 2 feet.

Location of Samples

The location of each sample taken is giver: below. The sample numbers are arranged in geographic
order from Chadds Ford to Wilmington.

Sample No. Location
10 Junction of Route 1 and Brandywine River
8 Smith’s Bridge
' Thompson's Bridge
1 Below waterfall at Doeskin
11 Bridge at Doeskin
2 100 years past Doeskin Bridge
4 Tyler-McConnel} Bridge
14 Rising Sun Road Cross-over
9 Rockford Tower
3 200 years downstream from Rockford Tower
13 200 yeards upstrzam from Bancroft
12 Augustine Bridge
5 Brown Technical High School
6 Just before 12th and Dure Streets
i5 150 yeards before Junction of Brandywine and Christiana
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Chemical Tests
The chemical tests wcre performed as follows:

Fluoride, Cyanide, Chloride—Orion solid .cate ion selective electrodes with an Orion 401 meter.

Nitrare—Orion liquid ion exchange ion selective electrodes with Orion 401 meter.

Phosphate—Colorimetric determinadion using ammonium vanadate and ammonium molybdate reagents
with a B & L Spectronic 20.

pH-Orion 401, pH meter.

Results

, T sumple Number
Chemical Test | 1018 |7 |1 j11]2 14 11419 |3 [13]|12]5 |6 |15

PH | 6691671|7.09]7.19|7.0016.78]7.12] 6.686.5016.90 |6.75 |6.70 | 6.60/6.79 | 7.4C
Nirrate ppm | 49.3]28.1]21.342,5]23.8134.0]42.5/70.6 |28.1|34.0 134.0 [42.5 |39.139.139.1

Fluoride ppm | .185|.135|.138|.135].135|>.1 |.250|.100].100|.135 |.135 |.100|.135 | .135 | ~
Cyanide ppm | .29 [2.88]3.10{.68 (42 |>.1 |>.1].61 |.104!45 129 |39 |>.1 |32 |29
Chloride ppm | 70.1142.2142.2133,0(28.5|31.2|39.3|58.4 |42.2 |45.0 |21.0 [37.6 |31.2|28.5 141.0
Phosphate ppm |~ [155| ~ |5.20] ~ |88 [124] — ]10.0] -~ |13.0]10.0{10.7]11.0|16.8

Note: The results above in parts per million were measured in concentration using concentration standards.
Pollution Equipment References

1. LaMotte Chemical Products
Chestertown, Maryland 21620—~Complete water testing kits

[

Milliport Corporation
Bedford, Massachusetts 01720—Environmental Pollution Analysis System

3. Hach Chemical Company
Box 907, Ames, lowa 50010—Test kits for Ecology/Pollution studies

4. Soiltest Inc.
2205 Lee Street, Evanston, Illinois 60202—Instruments for detecting and preventing water pollution

5. Research Appliance Company
Allison Park, Pennsylvania 15101 ~Instruments for pollution detection

6. Lovibond of American, l.:ic.
870 Willis Ave., New York, New York 11507—~Colorimetric testing equipment and chemicals

7. Scott Scientific Inc.
P.0. Box 2121, Fort Collins, Colorado 80521—Chemical water pollution test kit

8. Pollution Equipment News
P.O. Box 2121, Philadelphia, Pennsylvania 19141—Free subscriptions available
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CHEMISTRY AND THE FUTURE OF OUR SOCIETY
Owen W, Garrigan
Seton Hall University, East Orange, New Jersey

Presented at the Symposium on the Interrelationship of Chemistry and Our
Society, 26th Two-Year College Chemistry Conference, Los Angeles, March
26, 1971,

Cities are at once the centers of good and bad, of progress and pollution, of human inventiveness
and smog. Urban centers like New York City and Los Angeles are at once the focus cf society’s hope
and the focus of society’s fears. Chemistry plays an izaportant role in both the hope and the fears.

Before we look at “chemistry and the future,’”” let us look briefly at chemistry and the past.

Ther: are three features of chemistry in the past that I should like to select for your attention.

1. Chemistry extends back to the beginnings of time on our planet, 5 x 10° years ago. Chemistry
began to exert its influence on man long before there was man. Chemistry worked alon~ to experiment
with new elements and compounds without the aid of chemists. When man finally camv, hie w"s innocent
of the world of chemistry. Compared to the billions of years of chemistry, chemists, eve  )lay, are
young. On the cosmic calendar chemists are newcomers. They do their thing with youthful exuberance
in a world of ancient chemiistry.

2. The second feature of age-old chemistry to which I call your attention is this: there is 2
certain “‘givenness” about chemistry. Hydrogen, for example, the simplest atom, has a built-in “given”
chemical potential to become more complex. Hydrogen has the “given” chemical potential to become
helium and helium has the “given” chemical potential to become carbon and nitrogen and oxygen. Hydro-
gen has the “‘given” chemical potential to become eventually all the elements that are known to exist.

Moreover, on the primitive earth, hydrogen, methane, ammonia and water had the “given”
chemical potential to become amino acids and sugars. Since the Miller and Urey experiments in 1953,
many other clues have been collected pointing to the abiogenic origin of organic compounds.

3. A third noteworthy feature of chemistry in the past is this: the givenness of chemistry gave
rise to life. Inorganic and organic chemicals in the primiive oceans gave rise to self-reproducing systems
that we recognize as living forms. The givenness of chemistry resuited in biochemistry. The complexity of
biochemistry led to better life; it achieved the critical mass and size that lead to the consciousness and
freedom and responsibility found in man.

With such a past, what of the future of chemistry? Now that man is taking his place as a chemist in
the chemical system in which he lives, now that he is learning to manipulate and control the chemistry
of his environment anu even the chemistry of his own body, will man live up to the promise made by
chemistry when it was alone without human chemists? Chemistry gave rise to life; will chemists produce
a better life?

In 1965 Charles Price, then President of the American Chemical Society, challenged the chemists,
and indeed the whole pcpulation of the U.S.A., to accept as a nationa! goal the chemical synthesis of
life. This goal, he argued, may well be as close to us now as atomic energy was in the 1920's or as moon
walks were in the 1940’s, Dr. Price quite naturally concludes that chemists should produce life, just as
chemiistry in the past did. When decisions for the future are made, chemists should be on the side of life.

Some people tend to face the future with a pessimistic outlook. For some, time is an arrow pointing
downward. In the Greek view of history, time is cyclic; history is like a circle: it does little more than -
repeat itself. Progress is a delusion. In the current recession in the chemical industry it is easy tobe a
pessimist. Moreover, we have come to appreciate more and more how man encumbers his planet by living
here. In 1969 the ACS issued a report, Cleaning Our Environment: The Chemical Basis for Action. This
report gives details about problems in the pollution of air and water, in the disposal of solid wastes and in
the use of pesticides. S

Rather than dwell on the pessimistic side, I believe there is a basis for optimism. On the one hand
we have the “givenness” of chemistry. Chemistry is old, but it is still here; it is predictable. Its predictable
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“oivenness” makes for human security. On the other hand we have chemiste vith the exnberar o and
enthusiasm of youth. They have the ability to take advantage of the predictability of ¢l
One of the leading optimist. T this century, Pierre Teiltzrd de Chardin, viewsd tine #e:
arrow pointing downward nor as a circle pointing 1. “vhere in a senseless repetitinn of formar fody,
but as a spiral pointing upward that converges at a pu.:t where science and socicey sre brought together in
an unprecedented oneness. In this vision of the fi..ire, urbanization is a natu:al aind necessary develop - 2ni.
Ti growth of cities brings together a concentration of human genius that can achiieve the critical me
needed to solve human probiems. Chemists -ust play a role in the unifying of mankiiic.
There are a number of ways in which nists figure in the future of « v society. Closest at

St AE tioebile Thees 7 o st e the
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ing Our Environment. 'Vhis supplement lists 26 nriority recommendations as « chemical brrs I
: smmendations sz worthy o he affeniion o

imy-oving the quality ! - ¢ environ
society, b»:! especially of us as chemists, The first recommendation, for example, is that “An iniensive
study should be made of air pollution i 2 single city in all its ramificzations—chemical mcteorologies and
biological. . ctudy should be made in an integrated fashion; if 1t is done piecemeal, the vuiue of the dals
IS L A . :

JUREE IS N L

s tha neeeennr infarmsting will ke far more.”

~ s B e
. g

i the pellution field, complete success, will require the strenuous effort of many. Uneinisis
can . __uaie to the unity of man by tzckling such great projects. It is essential to understand that there 15
a value 2 worth in the human e“fort w hmprove ihe quality of life, just because the effort is humui.

The qu~" - of our chemical endeavor contributes in proportion to its excellence to the unfinished task
of “buit...g the earth.,”

Chemists also contribuie io the unity of mis iwough chemic:! education. There is something
abcut truth that necessarily brings about unity. Thz teaching of cheuistry takes its place among the
I'berating experiences tah, draw men togetl-er. Anything iess than excellenc: in chemistry tezching is a
disservice to mankind.

Th 12 is yet another important way in which chemists can contribute mprov:  ~nt and
eventual unity of mankind: by the chemical improvement of his own body, th man bod.. Thisis a
topic of special interest to me. It is discussed at some length in a book of misic published in 1967
(Man’s Intervention in Nature, Hawthorn Books, Inc.. New York). Chemists and bicchemists can and will
have an impact on medical care and on the genetic fulure of mankind. The imprevcmaent of the environment
is called “euthenics”; the improvement of medicine is called *“‘euphenics’; and the " provement of the
inherited traits of man’. progeny is called “engenics.” Ali three of these. euthenics, euphenics and
eugenics, are open to the influence of chemsts.

The moral implications and consequences of such applications of chemistry are enormous. On one
extreme there arc those who unsel an “anything goes” approach in changing the nature of man. Skinner,
a Harvard psychologist, thinks that we must change the biological basis of pleasure. At present man gets
pleasure from things calculated to help him survive in a jungle: food. sex and hurting his fellowman. In
a city, Skinner argues, man needs to get pleasure from other pursuits—and therefore the biological and
chemical mechanisms that result in pleasure must be understood and changed to help man survive in the
city. On the other extreme are those who feel that nothing—nothing at all-may be changed in the inheritance

" of man. Such things are outside man’s competance,

There is a less extreme approach that foresees and welco:  ome intervention in the chemistry
oi man's body, for exampie, the curing of inlciiicd discases. The -..oroach of critical openness to
change is preferable. Although there is the danger of Huxley’s Brave New World type of society, when
the day comes that enough chemistry is known to predict with some precision the effect of “genetic surgery,”
it will be mora'ly permissible with proper safeguards to improve the gene-pool of the human race in this
way. To rid mankind of inherited disease will be an instance of chemists using the “givenness” and pre-
dictability of chemistry to improve the quality of life, to eliminate the burden of deleterious genes from
future generations and thus to allow man to be more at one with himself and with his fellowman.
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% COURSE FOR TEACHERS

%EGEHEI‘VHST"’“’
Daniel E. Atkinse
Department of Chemistry, Umver&rt s of California
Los Angeles, Califorma

Pragented as a short course 1o the annual Asilomar Confercnce of the Calif-
ornig Assocviaiion of Chemistry Teachess, Asilomar, California, August, 1971,
Abliaough missing the impocimt discussions that Tollowed the lecture, it is

howvad ihese lectures will sinnulate 1mprovement of biochemisiry discussions

in chiemiay classes,

sty of Laving :

18 o reases to doubt that oo o
POT

s nik cheristry apply to living
fe is cu. wistent with the principles
cted fiom
¢ of the chemistry nf Sving

Rl g very

=m nrincivies.

Cthis course 18 T §1irvey Some aspesg watems. To sninnly a
wiii be devotad 1o consideration of the s

“om non-living chemical systems.

Ehpet YENYY 0o

Dasis yor dse.s cee Esion, this lectu. are of living systems. and
some of the wayvs in whis 1ey differ !
The most apparen)  Lwmdedd propecty of living systems is coiple.. . Yach cell, which usuaiiy
heoo w:)lum E ctwee: EI) 6 and 1072 ml, contains several thousand metaboiic intermediates and several

HluwwahiGoprotein cataiysts (enzymes). Sonwe of the compounds are themsclves extremzly complex in
siructure.

A more striking property is order. Anyv on-living mixture of several thousand reactanis snd several
thousand catalysts wouid rapidly degenerate into a useless mess. A living organism maintains itse’ . grows,
ai3d repiocuces. The correlation and controi that muine this pessibie is one of the most inieresting as-
pects of the chemistry of life. A living cell is a system of very low entropy und very high free energy and
in physicai—chemical terms is a very unlikely sysiem; yet it is strongly stabilized.

in studying any aspect of nature, we must use not onl, ppropriate methods, but also appropriate
ideas. There is no function or coordination in the non- lmn world (except in devic. s made by living
organisms), and so the ideas of furiciiori and purpose have no place in general phy - and chemistry.
Unfertunately, some textbooks generalize too far, and say that “why” questions or ideas of function
have no place in science. That is not a valid generalization; it applies only to the areas of science that
dcal with inanimate objects. In biclogy, cverything is functional and many of the most important
questions are “‘why™' questions. We must consider this fundamental difference, and the reasons for it,
before discussing the cherical processes themselves.

We should first repeat that all o the principles of ¢ iinary chemistry apply also to living systems.

Life does not have its own special type of chemistry ¢ “farent set of chemical laws—it merely is
ordinary chemical process arranged in a highly ordere ‘iized way. As an analogy, tbustion
chemistry is essentially identical whether gasoline is - n open dish or under cont : condi-
tions in an automobile engine, yet one is controlled ai.. at function, whereas the o .~ = wtrolled

and functional. The reiation between these two ways of vurning gasoline: not a differen.c in u, Jer-
lying chemistry, but a difference in the way that chemical processss are coupled tc other chemical or
physical proczsses.

In studying or descr.bing living systems, we cannot separate the biological aspects from the chemical.
That is a false distinction, based on the way that science happened to develop historically. *All of the
properties of an organism are clusely integrated: the chemical processes are correlated to serve biological
functions and the biolcpical processes are based on chemistry.

All biological function is the result of evolutionary design. The greatest generalization in biology is
the realization that all organisms have change throughout their history, and are still chenging, as a result
of mutation and selectic. Random mutation, with survival of any changes that work better, is a trial-
and-error process much like engineering design. The products of evolution (living organisms) are as func- |
tional as anything designed by man. o
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Compare the snzpe of a coaiineni with the shape of an organisin. I s ccicntite o wsn

were iire geological processes that led to the formation = °
meaningless to ask about the funciions of these appe - uuge: in contrast, the le
terfly are obviously totally functional. They have ac :clope. by wav of a long series of small wadvesia-
zeous changes, selected from amoiig a much larger nuinber of hasmful shanges, Any componeny of an
organism should be considered, like a spark-plug or o fan belt, with it function in mind. If we siudy
it merely as an objeci (or study a biclogical reaction merely as a reaction) we will miss most of its sig-
nificance.

Much time has been wasied by some hiologists and philosophers ~n meaningless questions such as
“Is the whole greater than it of its ro.is 77 Tiis is sometimes < seC as the great plifosophicai

“arida or Baja California,

@ oand wings

s e B
ST Apdeit : FENR LN S TR E NS ARED o Wailwa betoo

gremin of biola, . i e 0 napie phbL

clear answer, ui nothing eith:  siysierious of specifically biological is invulved. Ts water greater ihan
the sum of H,0 and (3.7 it is certainly differcnt from « mixiure cf the two pases. 1o @ bus greater
than a pile of the parts (hat &' up 2 bus? Is o organis. . greater than the sum of the compounds
th-t make it . 57 Your answei rmust be the same os your znswer fo the bus/parts question. Whether
it is “yes” or “nu

no saientific or

vour interpretation of tiic words—the guestion has
other vedl irarive: of i
to function. The pile of parts or the random mixture of compounds has o organization, no correla-
tion. no control, and no function. In both cases function has been added as a consequence of functional
organization. The chemical composition of the organismi .5 far more complex than that of the tus and
its functional capaci:'=s are far greater, but the principle is idenucal. To return to our first paragraph,
all of the properties of the bus or the organism are fully consistent with the chemical properties of the
component varis, but one could not predic: the bus from the properties of various ores and organic
precursors ar+ wore than ~ o could predict an amoeba or a daisy or a man from the properties of C, H,
N, aud O.

el sy LT S S | SR
Rt A S R LT S IR R AT Ay n

NC b

Negdal Organcarion

Not only are the components of a cell, such as enzymes, highly specialized to serve particular func-
tions, but they are often organized into functional subsystems, or organelles, within the cell. Here we
can ¢ - “er only a few types of organelles.

The aucleus contains the hereditary materiz. DNA. It may be thought of as the library of the
cell, containing the blueprints for all of the celi’s machinery, as well as Xerox machines inat allow it
i:- ~opy individual blueprints to ser~ out for production of individual machines (proteins} and also to
cojy the wheoo JFrary when the cell divides.

Mitochornidria contain the enzymes for the ¢zidation o! pyruvate or acetate, which are proiiuced in
the -~top’sm from carbohydrates and fats. The electrone from these oxidations are transferred to D,
and . - the way pass through a series of reactions in which adenosme triphosphate (ATT) is regenerated.
ATP .« used in almost every encrgy-requiring process in an organism. m synthesis of intermediates and
proteins to muscle contraction z.id puinpin, OmMpoun:s L.yUss membranes. Thus the mitochondria ae
often called the powerhouses of the cell. Bacteria do not have nuclei or mitochondria. The DNA i
paked in the cytoplasm, and the enzymes that would be i the mitochondria of other cells are associated
with the membrane that surrounds the cytoplasm,

Ribosomies are involved in prutein sys:hesis. They may be thought of as general-purpose machine
shops, able to turr out any kind oi ma.hine i1 suppiied with the appropriate biueprint (messenger RN 0.
DNA. RNA, and the synthesis of proteins will be considered later.

Chloroplasts, in photosynthetic org:iiems, contain chlorophyl, whics: zbsorbs sunlight, and all of
the machinery needed to use this capiur.. .uergy in the synthesis of sugar from CO, and H;0. They
are essentially complex synthetic latoratz:12; run by solar batteries,

There are many other specializc: 2:zunelles in cells of different types.

The parts of higher organisms are, of ccurse, highly specialized on a larger ~ale. The specialized func--
tions of external parts like legs, wings, and teeth aré obvious; 10 are those of major internal organs such as. .
heart, brain, stomach, or intestines. Many organs, large and small, are specialized for purely chemical
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alur o5 cihings, The oot SUmes oo

s thyroie, e wine, es that participate inoregu,

amd pontrol
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Sl Uready Stare

The vone af life ds ordered coalpio ity cobostatic, but dynanw.. The rates of chem-

ical reuctions in i ing colls are high, Thuos Pis not ..it ar near equilibrivm, but in a dynamic
steady ﬂ'!'ﬁ’ = Altheough there are anm;z" 5 iy states L the nen-living world, such as flowing streams

or candie 1'ames, they are nldtwdy rare. The siream is at a steady 'it;HE‘ Qniv because water 1E entering it

R e et T I Tt T e L IR S U NN SO S S

of 5t

sy by oy YL r}!;

contrasi, is higoy rege BTV IR 07T mlldlll‘~ its blological steady stale or #omeostasis even

A dlving 1
‘;{3 dr lsan:#! V.
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Lecin 1 ruetabolic Fun Cane Meiooie Couping

Lik . siher compley functional ecianism, 2 living cell can be considered in termq of fun: - unal
DIOCKS. wae . 05 Provided DY U6 Qaauaeuil b 1000s (Ui L, oad 10 aKGOWE i 3 SHACTOLIC orpan-
isms), s« i in biosvnihesis, mechanical work, pumping materi..  across mc mbranes he like. These

et

diagram

Hionaly, and inomae strncturs® e distinet. Figure 1 is a simpli f;,:d ¢

«f some of these ‘unctional sequences.,

Figu 2 1: atic represantation of :ome metabelic process.:, The sketeh is 1ot

Sugav e; {o; example, the nucleus is much larger than a mitorbandrion.
=at l. P
- 7
| oot g o7 faming acids
; - nucleotides
‘ f* \ N & ""; /‘ e b
e e ome et et g o H =zlad

Gitf%té\ J ATP . ATPJ\ . il TS
rele ) . A -= - ,,,,,__g B
(5l IR o= e

I e A [SE -)
A, ~ADPa-ADF \\ synthesis '

‘ 2 4 En:{ym S .
B"*—a_.m . jm;w_!fﬁ"f jateamertiais synthesis \{”‘-«"T.i_:ﬁé
Mitachondrior ucleus
s typeal geryic organism,  car sy <o helbh o rne i crmediates for biosynthiese of the cell’s othber
conngonenls 1 {b} pyruvate, i st eod O visld tie energy for the sooather . Analogously, a

petrochemical | "ant mav make 2 © coe o eraducts from petroleum, while busing some of the po-
trol=um to get er fﬁy‘ te un the plant.

The crversion: of sugar to pyruvate and cf fat to 2n activated de.avative .7 acetic acid, acetyl coen-
zyme A, are carnﬁ:ﬁ aut in the cytoplasm, which is the general semi-iquid matrix surrounding the nucleus
anc. mitochondria. Pyruvate and ace | coenzyme A are oxidized to CD, in the initochondria, aind as
gach pair of “‘ertrens is trensforred to O, 3 moles o7 ADP are converted to ATP. Provision of ATP is
the primary fuiction of ths < xidation of foods, since ATP is used to power nearlv every energy-requiring
process in the ceil.

Tl & roh’y (ﬁ\lf“"r?

The cyclic series of reactions by which acetyl coenzyme A is oxidized is cailed the Krebs cy:le or
citrate cycle. This cy<le also produces some of the starting materials nceded ¢-r biosyntheses. ATP and
these intermediates move into the cytoplasm where they are used, along with intermediates made there,
in the biosynthesis of nearly all of the cell’s constituents. Nucleotides move into the nucleus, where they
are used in the synthesis of many types of messenger RNA, each copied from a specific part of the DNA,
and each containing the infoiination for synthesis of one or more specific proteins. The messenger RNA - -
moves to the corresponding proteins (most of which are enzymes; from amino acids. Each of the many :
steps in the biosynthesis of amino acids and nucieotides, as well as every other chemical rea>tion in the cell,
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is catalyzed by o spocific enzyme. Thus Miotogical cheristi wyelic on many levels, As one examnie,
enzymes are needed to make amino acids, but amino acids are needed in the syn*"sis of snzymes, Al
enzymes are needed to make nucleotides, which arc needed to make messenges A, somie of which
carry the information needeu for production of the enzymes needed to mak. 1ewcotides.

Mucleic =rids and the synthesis of proteins will be discussed later. For the present, we will con-
sider metabo',. ©  _tion, and coupling between chemical sequences, in gane- | terms

The lvin. .. has often been discussed in terms of an economic anzioyy. In these iocrms, it is
clear that the coll uses a currency system rather than a barter system. The advantages similar to

~esoan sconemics -oad the main advantage is flexibility. A shoemaker who sells shoes for money can

then buy what he wishes; he need not v+ time looking for someone who can supply bread or leather,

[lAR salatol s T ?!1;§‘{' ‘J“

-,

T T L LE TR eo o g
P H N B ERRL T

energy-requiring processes can be linked io a1l energy-releasing processes. s0 that energy can be oblained
where zvzilable ! where needed. e 18 y the sumber of enzymes 7e0iiT
ATE is the universal currency of the ceil. al terms, that statement means
that ATP stoichi=metrically couples all mictabe! - reaction sequences. In a few cases, the coupli- ;15 in-
direct, but in mos  cses ATP is a direct coupling agent. (Mnat of the excertions inicive synthesis of

rapram s laealae A

1l e
1 iU

y o greaf g

Some texth s spoik of oxidative reactions releasing energy - . diive other reactious, Suci stafe-
ments are obvic v chemically meaningless. A reaction or reaction sejquence drive another only if
the are chen v linked by specific sioichiometric ok ! reactions. This sisichiometric coupling
is the metabc  function of ATP. As in any price sysicni, we may speak of the cost of an intermediate
or the cost : -arrying out a conversioni. We will use molecules or moles of ATP, rather than dolla- in

our piicine . hus, the complete oxid: -1ole of glucos: to €O, causes the production of 3@
moles ¢ * from ADP. Each mole -. enzyine A that is ¢ :'dized in thz Krebs cycle leads to
the pr n of 12 moles of ATP. Siii..z:iy, every metabolic sequence involves the productic  or
consu of a fixed amouni « = ATP.

: o--dation of glucose to CO,, 12 pare  electrons are lost. Ten of these are transferred to

nicotii...ride acenine dinucleotide (NADY, then to a flavoprotein, then probably to a quinone, and then
through a series of iron-containing proteins (cytochromes) to O, . At three steps in this series, the elec-
tron transfer reaciion is coupled obligaiely and stoichiometricall ‘o the production of ATP from ADP.
This overall process is termed oxidative phosphoryliiion or electron transfer phosphorylation. (The
other two pairs of .lectrons are transferred directly to a flavoprotein, bypassing NAD. They also par-
ticipate in electron iransfer phosphoryiation}

N, % also called diphosphopyridine ni . eniide (DPNY), is a rather large molecule. The groun that
nndergoes oxidation a- reduction (a pyridine ring) is at one end. The other end is an AMP group,
which is apparently concerned mainly with specificity of binding to the right enzymes. The cytochromes
contain iron in a heme asoup as in the bloed pigment, hemoglobin. However, the associated :-cieins
change the properties of the heme so that in hemogbin, iron (II) binds an O, molecule reversibly and
resists nxidation, while the iron of ine cytoch omes is readily interconverted between the 1won (1II) and
iron (J{) states and has little tendency to bind O,.

Many biosynthetic sequences contain steps in which the substrate is reduced. In nearly every case,
the reducing agent is nicodnamide adenine dinucleotide phosphate (NADP), also named triphosphopyridine
(TPN,. This compound differs from iv.A> only in the presence of an additional phosphate group in the
enzvorc-coding v & of the iolecule. Nearly all of the cnzymes thot vee thage electron carriers are com-
plet.., specific, us g either NAD or NADP, but not both.

The distincii i between the metabolic roles of NAD and NADP is a very striking illustraticn of evo-
lusionavy design. NAD is involved in reactions in which substrates are oxidized, and NADP in reactions

in which substrates are reduced. In the i " WNAD exists largely in the oxidized state, while NAD?

is largely reduced. This obviously facili’ _netabolic functions. This differentiation is possible

only because the enzymes are designed " ish between the two compounds. The mechanisms by

which NADP is kept highly reduced are .. rully understood, but the biological advantages are obvious.
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Vs cleay fhii edol s ocarmier compon o like NAD and NADP also serve  stoichiometric coupling
agents, and supplement the primary coupiing by ATF.

cture HE.  (etabolic Reguiation

ion can also be carried out in the opposite direction. Thus, CO, and

Neariy everv metabolic cory

i1, C -aoinsynthesis) and sugar can be oxidized to CQ, and H,O (respiration).
Fats mmbn!m :l tn acety! couns yme A, but fats are also sythesized from acetyl coenzyme A. If the

. were nged in both e tons, such a conversion would necessarily pass through equilibrium each
tion changed. and metabolic sequences could Fe¢ expected to hover sluggishly near equilibrium.
< thiz is far from the case. Metabolic reactions are ¢ sable of very high velocities, and metabolic

ot (OBL, B WYSY, O w3 k{iLu; DIHI“I

nathiyy, ‘1 L‘m‘*h d;f&;“éﬁﬁﬂ At lc:iz*:t 28 fs‘r‘,, and frﬂ;"’ 1 . Ceinate in ihe

oy e 4 dditeolion are nat involved in the reverse. For example, 8 moles of acetyi cocnizyme A can be
g emné‘ni 1«;; one mu s C 16 dLlH mimltale a common constituent Gf fats; conversely, a mole of
punniiaie cun kb Guin virie A, Bui o of the intermediates, and
hence all of t‘fw rca;tmns dncl i Df the.: enzymes, mvnlw? in the synthesis are different from those in
the breakdowr: Perhans the most surprising chemical feature of this situation is that both the synthesis
of calmitate from acetyl coenzyme A and its brec: ‘own t¢ ucetyl coenzyme A are simultaneously thermo-
dynemically favarable. One of the most important features of the universal coupling of reaction sequences
by ATP is that the stoichiometry of ATP coupling is adjusted to make nearly every metabolic sequence uni-
dirceiional in the living ce!l. Because more ATPs (or equivalents) are needed tor the ynthesis of palmitate
and acetyl coenzyme A, the equilibrium of the degradative sequence will lie in the direction of breakdown.

17 same reactions were used in both directions, a single equilibrium constant would apply, and the

seques.  could be reversed only by drifting .cross equilibrium. Reaction rates in the vicinity of equilibrium
must be relatively sow. Also the concentrations of reactants and products would necessarily be quite ¢f -
f. vent during synthesis than during breakdown. This would work against chemical stability, or homeostasis.
7oik of these difficuities are overcome by :it. use of separate oppositely-directed unidirectional reaction

mences, Such sequences are relativelv “ar f:om equilibrium at all times, and can be turned on and off

the needs of the cells change. Thus meizbolic response can be extremely flexible.

In the absence of effective control mechanisms, each pair of oppositely-direct= sequences would con-

stitute what has been called a “futile cycle’—a short-circuit of the cell’s metabolic irergy. To illustrate
again with the paimivate-acetyl coenzyme A conversion, the equations for the {wo piocesses are:

8 acivl CoA + 7 ATP + 14 NADPH + 14 H ————%=
palmityl CoA + 7 ADP + 7P, + 14 NADP" + 7 CoA K>1

palmity! Co.. »~ 7 NAD" + 7 F-Prot + 7 CoA —————-i»=
8 acetyl oA + 7 NADH + 7 FProtH, + 7H' K>1
(P, is orthophosphate; F-Prot and F-Prot-H, are the oxidized and reduced fors of 4 i...oprotein

g1eciTon Carricr. j

Since both sequences are thermodynamically possiblc, and the cell contains enzymes to catalyze all of the
reactions of both, in the absence of regulation both would proceed, and the net reactin:: would be

7 ATP + 14 NADPH + 7 H' + 7 NAD' + 7 F-Prot
7 ADP + 7 P, - 14 NAD® + 7 FProtH, K>> 1
80
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1 of the cell’s energy.  Less obviously,

it is obvious that the ivdioizei o8 ATP 0 AL w7 75 a diredt we
the oxidation of NAD¥I by NAD and liavoprotein represents an equally serjous drain.  Svidently, these

two sequences must not be sllowed to occur at the same time. Similar considerations apply te almost every
metaboli. sequence in the cell. Thus unidirectional sequences make sensitive and flexible control both pos-
sible and essential.

Since the main function of breakdown or degradative metabolism s the regeneration of ATP from ADP
and AMP, whereas ATP is converted to ADP or AMP in all synthetic or « iner energy-consuming processes. it
is evident that metabolic regulation must respend to-the balance among AMP, ADP, and ATP. The adenylate
system is closely analorous to a storage battery - it accepts stores, and releases chemical energy Thus we
may speak of the charge of the adenvlate system in » living cell just as we speak of the charge of a storage
battery. In a lcad storage cell, the reaction proceeds to the right when the cell is

Cepr

stupplics
Lo S TP LD
. MRS
This overall cell reaction is actually the sum of tvwo separate processes but that does not affect the equi-

librium or thermodynamic consideralions.

2ADP + 2P, = 2ATP + 2 H,0

1

AMP + ATP = 2 ADP

rge e measur 4 by the con-

T e fead cell, wil 3 oxi 1S :
sentratic 1 of H,SO,, which is estimated from the density of the electrolyte. li: contrast, ail of the compo-
nen  of the adenylate “cell” are soluble, so that we must use the concentrations of AMP, ADP. and ATP
themselves in estimating charge. From the equation for the ader:’ate system, it is evideni thai in a simple
mixture of AMP and ATP the charge would ke proportional to & - - :»le fraction of ATP. From the inst
equuiion above. owever, i fullows that 2 invics of ADP can seppiy © of ATP. Thus, ADP must enics into
the expression for charge »f the adenylate “call.” The appropriate function is

P T - T N P I
{I0n 5L4T0% O i uic insoiuble 56

ATP + 1/2 ADP

ATP + ADP + AMP

Eneray chorog

This function is directly proportional to the amount of megubolically available energy stored in the aden -
ylate system, and tiwus is closely analogous to the charge of a storage hattery.

From many analyses of cells and tissues of a variety of types, we find that the energy charge in
living cells is nearly always in the - -nge between 0.8 and 0.9. That is, the adenylate battery is kept at
about 80 to 90% of full charge. The constancy of this valuc is striking, especially since the total ainount
of AP, ADP, and AMP in a living cell is so small that thc hattery would be fully discharged in about 1
to 2 seconds if charging were to stop suddenlv «w:ile ATP-utilizing processes continued at a normal rate.
1t e ovident that the charge can be o finel, coutrolled only if there is what amounts to 5 very sengitive
and effective voltage regilator. Unlike the voltage regulator in an automobile, the biological regulator
must control the rate of discharge as well as tife rate of charge of the battery.

Since all metabolic sequences eithc  :se or regenerate ATP, they must all be regulated by the charge
of the adenylate “battery,” if the charge of that battery is to be maintained at a nearly constant value.

We must expect effects of the kind shown in Figure 2, where R indicates sequences in which AT? is regen-
erated. and U represents sequences that utilize ATP. I is evident that if enzymes respond in this way,
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the enzvme- that 5. no 7 respons2s were obtained wisen 1 was t;\de d. vice varsa. Thus, theie pio-
perties of individual eney ies are entirely consistent with the observed stability of the energy charge In

intact cells. In fact. a stable charge « about 0.85 was predicted or the basis of the enzymic studies be-

fore the analytical values were coanpiled.

Metubolic control by * > and AMP appeass to be general, probably applying to all metabolic
sequences. In addition, e regulated on the basis of its individual metabolic function. For
example, the first sfep of _tic sequence is inhibited by the end product of the sequence.
This is roughly analogous ¢ -2l regulating device. 1f the concentration of the product falls

sh,g_,htly m]ﬁb;tmn Ql thc. cllfg,n .alyzing the first reaction leading fo its synthesis will be relaxed, and
; .. I the product concentration tend. fo rise, the rate of synthesis will

decreasc. Thnﬂ the mngentrat ions of these products w111 be stabilized.

In effect. the rate of production of each product is determined by two criteria: how necessary is the
synthesis (what is the concentration of *hc product) and how easily can we afford to carry it out (w what is

the encrgy charpe of the adenvlate systemn).

Lecture IV. Properties of Enzymes

M:}il?i of the intermediate compounlds in motabolism are rather reactive, capable of thousands of
b »side those that are used in ordered metabolic sequences. How are v desirable side reactions
It appears that the main answer is: by simple dilution. Only a very small number of metabolites,
wich as ATP, occur in the living cell at conc.ntrations approaching 107 M. A larger number, but still a
emall fraction (such as some of the intermediates in major pathways like the oxidation of sugar) are found
at concentiations arcund 10 M. The concentrations of most intermediates are below 10® M. and those
of highly reactive compounds, like keto acids, are in the 107 to 107 M range.
Consider a reaction between % and B. This may be relatively rapid under standard conditions (with
cach reactant at 1 M), If it is a _.inple rirst-order reaction with regard to each reactant, v = k(A)(B).
on veloeity would he 10710 times that at standard conditions. Hence

Rabaas 133

Thus, if cach s at 1€ B4, the reac
an amount of reaction that wouls occ:  .n one second under standard conditions would require a little
over 316 years at biological concentrations. It is clear thai dilution is a very effective protection against
undesirable reaction. It is equally clear that very good catalysts are required if desired reactions are to
proceed rapidly at biological concent:ations.

All biological reactions are catalyzed by -nzymes, which are protei's. Like any catalyst, ain enzyme
affects the rate of a chemical conversion by supplying an alternate path wiih a lower energy barrier, as
shown schematically in Figure 3. The vertical scale indicates the energy content per molecule, and the
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heigi:l of the barricr i the eotivation energy (B} e is sauired to permit the

Fiqure 3: Energy profile for the uncatalyzad {zohid
tine) and catalyzed convorsion of Ata O

A e
Since the distribution of energy among molecules is exponen‘ial, the proportion of molecules having suf-

on chaﬁges greatly with relatively small changes in E;. At room temperature, a
' able of reaction by

i the

of 10 kcal/mole will correspond to an increase by a factor of about 17 million. Thus,

i supplied a reaction path with an E_ of 15 kcal/mole, while E, for the un.. talyzed reaction was

\ole, this 40% decrease in aciivation energy coulu cause the reaction to {7 million times as
yncatalyzed reaction. Acceleruidon factors for enzymes are commonly ‘.. 108 to 10

ifwen oo Juree factors: as we have seen, 10'" seconds is about 316 years.

A ratalyst, of course, cannot affeci e direction of a chemical conversion, ;' can only caus¢ more
rapid progress in the thermodynamically favorable direction—toward e~uilibrium. But enzymes can and do
direct metabolic sequences by selecting from among the thermodynamically possible reactions for each
intermediate. If a com, .und has 10 poscible reactions and one of them is accelerated by a factor of
around 10'? by an enzyme, the others beco = totally insignificant. Thus, the highly specific pathways of
metabolism are produced by diluting the intermediates to the point where all uncatalyzed reactions are
slow and then selectively accclerating just these reactions that fit into an integrated pattern.

ctegr, A decre

Enzyme Catalysi-

Four commen patterns «f reaction velocity as a function of reactant concentrations are shown in

Figure 4.
v 7 /j/ \Y / \Y
a b c d

Figure 4: Pattarns of reaction velocity as o function of substrate {reactent} concentration,

Curve a represents an ordinar first-order reaction, with velocity proportional to reactent concentration.
It was noticed about 80 ' casx 720 that enzyme reactions typically give patteris like ¢, »ith velocity ap-
proaching a maximal valu: ,, = “:an increasing indefinitely as in a. Since (he maximal rate depen:;: on
the concentration of the ¢ii- .- ., curves of type ¢ imply that an enzyme contains a imited numbe- of
reactant sites; when they become saturated, no further increase in reaction velocity is possible. Recog-
nition of thiz featurc of enzymic caf.lysis l2d to what ic termed the MichaeYie treatment of enzrme kine-

E

tics,
A iypical enzyme-catalyzed reaction may be viritten as
kl k? ka
A+ Em—"FA=——"=" EB=——=E + B
k4 k*a kg
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and DA and LB are comple:

s in which /‘& o B 15 bound

St ol the basis of cusves like ¢ ¢of ihat the
tin the le‘tswn%éi ‘%‘%*"} !f ' nd EA will be

Tearly at ¢ e inc equilibrium

for the first step. The enoyme is partitioned between free enzyme and the FA
[(E)y ~ (EAYI(A)

(£4)
It the second step s rate-limitine a8 we asmed in order 1o explain curve ¢ of Figure 4, e velocity of the
averall reaction depends on this ciep, anc v = ko (EA). When the enzyme is saturaiced with A, {FA) = (E)y.

expression K, =

compley, so we assume that <E)T = (I3 AY. Th %{A =

dv
>

S G o V= W(A)
wey ¥ =k By swwhero YV e thp mneiciol velaeity . Sodetitatine theon yatiog e phenin B o= ool L
T . . O VL P PR ey W
antd rearranponica. sonds [0 e vitchaels equation,
57 '
Yim
3 41 R i - = i FF R ToarT,o RoaAn G 1 P S T 1., - P T LR TS
Lt v <;A FRRI} TRy i-\ ~ DR LA o Lot [SOED RAUES BN S AN edin bl it Ll,'!'.%i’_‘.’li. PEOL IxIFY S L o 1R 1 R ELN
ik =

unugmmtlnn of reactant at \‘Vhth v=1/2V,
Returning vo Figure 4, b is the curve for a rcaction of second or higher order; it indicates that the reaction
velocity depends on the square or higher power of reactant concentration. It is ciear that curve d combines the
features of both b and ¢; that is, it corresponds to an enzymic reaction, with saturation of enzymic reaction,
with saturation ¢ +nzyme catalytic sites, but one in which reaction velocity is proportional to the resctant
concentration raiscd to a power higher than 1. Such a curve implies that more than one molecule of the reac-

tant affects the rate of the reaction. Although a curve of this type was first described and discussed -+~ a3
1956, this is now recognized to be a fairly common response, and to bhe characteristic of many resu! .« . =
ZYIMes,

Metabolic control of the type discussed ealier must depend on the properties of enzyines. ion

on the basis of the adenylate energv charge or the concentration of an end product is obtained by dire .. re-
sponse of an enzyme to the concentration of effectors or modifiers—the small ~ompounds (such as AMP,
ADP. ATP. or a biosynthetic end oduct) that serve as regulatory signals. A: enzyme is a protein catalyst,
but it is much more. Many enzymios are highly sophisticated control element., capable of sensing the con-
centration of from one to six compounds, integrating them in a complex non-linear way, and changing conforma-
tions so as to produce the appropriate change in catalytic properties. The concentration of a modifier is
sensed by means of a rcgulatm-y site at which the modifier binds. Such sites are presumably similar to catalytic
sites. However, when a react -t binds it is activaied for rcaction; when a modifier binds, it causes changes in
the conformation of the enzyme molecule that affect the properties of catalytic sites located some distance
away on the enzyme surface. F ; most regulatory enzymes reactants also serve as modifiers: that is, when a
reactant molecule binds at a ca'alytic site it is activated, and simultaneously the conformation of the enzyme
at other catalytic sites is changcd in such a way as to facilitate the further binding of reactant. This is the
cause of curves of type d in Figure 4,

Ficure 5 illustrates typical behavior of a regulatory enzyme.

Figure 5: Velocity of a reaction cetalyzed by
- ) a regulatory enzyme a3 a function o substrate
concentration;




sect of a0 chabvate on off catalytic sites s repoansible for the SJike shupe of the curves.
absence of the modifiem (curve ¢) is changed on the addition of mod-
hie affinits th= enzyme for the substrate. and thus allows

The response of 9. azyme in il
ifiers. A positive modifier (curve +) increases
it to compete more favorably with other enzymes using the same substia negative modifier {curve =)
has the opposite effect. The S-shape  ‘pmoid shape) of the cusve aliows e rate to respond about equally
sharply to changes in concentration of reactant whether a modifier is present or not.

Metabolic ~»gulation appears to depend mairly on partitioning of intermediates between compefiny
nihways. Changes of the kind shown in Figure 5 affect this branch-point partitioning, and thus dofeninine
how much of the cell’s :waifable material is used in cach metabolic sequence.

Figure 5 is similar to the characteristic curves of a 1adio tube. The .eactivn velocity corresponds to
the tube current, the concentration (chemical potential} of the reactant corresponds to the plate voliage,

ren tretian of the madifies carsaannde tn the voltaen on s confrol orid, Varicusg enzvime

e 2l
SRk a.

“circuits™in a living cell are analogous in function to such unaitar electronic circuits as constant-vos
N

regulators, voltage amyiifiers. cuprent or cutput amplifiers, and .~ on.

fecture V. Biological Macromolecinis

Proteing

The operatio . ..:ticity of living systems depr i35 on proteins. Since nearly every property of a
i, cell—dynamic comple. 'y, stability, regulators <. s0 on—depends on a very high degree of opere-
;.8 specificity, proteins arc responsible for the v and effective functioning of organisms.

As we saw earlier, pr~ .5 are almost incre- - in function and behavior. [t is difficult
te: believe that such sophist: ited mechanisms ., ad from 20 relatively simple crganic com-
scunds (amino acids), all connected by the sar. ge (the peptide bond). Some enzymes or
other functional proteins contain chemically b . .ids that are necessary for function, but
aven in such cases, there seems no doubt that . icture on which function is based is supplied

by the protein.

The number of possible sequences of amino acid residucs in a protein is incomprehensibly large;
thus, enzymes have been selected from an essentially infinite number of potential protein molecules.
About 300 amino zcid residues may be taken as the lower limit of length observed for functional poly-
peptides. There are 203 possible linear arrangements of 300 amino acids of 20 kinds. This number ,
equivalent to 10, is much larger than any physically meaningful number, including estimat - »f the
number of protons and neutrons in the known universe. The number of possibilities increases 2xponentially
with length of the chain, of course, and the polypeptide chains in most enzymes are considerably longer
than 300 residues.

The functional properties of proteins must depend on the steric relationships of functional groups; that
is, on how the residues are arranged in 3-dimensional space. Al of our present evidznce indicates that this
3-dimensional arrangement depends in turn only on the primary sequence of amino acids; there seem not
to be any shaping or molding steps in protein synthesis. Once the amino acid sequence is produced by
mechanisms that we will discuss later, the chain apparently assumes its functional shape spontaneously.
Although these shapes are very com lex, each molec:le of a given protein finds the same finz! configuration.

Various types of chemical att - dnons are resp  ible for swability of the 3-dimensional conformatiors
of proteins. Parts of many polypcp 7 c.ains are & .2v»ed in the o-helix, in which each amino acid is
hydrogen-bonded to the third residue . ‘op * the cahin. Such H-bcading is impor it also in stabilizing
other arrangements in space besides t* ¢ nelix. The properties oi the side chiains Ghie groups attached to
the a-carbon atoms of the amino acids) are also involved. As especially importaat type of interactivn be-
tween side chains is iydrophobic interaction, an example of polar/nonpolar (or oil/water) mutual exclusion.
Regions of a peptide chain containing mainly hydrocar! ' side chains tend to com: ‘ogether in such a way
as to exclude water. Indeed, the centers of many proteins are made up exclusively of hydrophobic resi-
dues, and there is very little if any internal water,

Many enzymes are made up of subunits. (Each subunit is a separate polypeptide chain; thus, in
classical terms it is a 1aolecule anid the enzyme is an aggregate of molecules. However, because of its
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ctocuiey, The subundts may be identing

or Hemaoglobi:, Vaubuniiz, 2 ocach of two sligh -y different types. Regu-
latory e especially, oo = e f subunits, and conshinations of many different tvoes are

Ynown, roong bem D oto L sticar sabunits, wnd from 1 to & cach of two types of subunits. The sub-
~+ e functional enzyme, but no covalent bonding is involved,

e

units are arranged i oa highly specific we
Much in* rmation about the types of attraciion that are important in stabilizing protein structures
v oof denaturation the Tuss of structure. In denaturing, a protein loses its biolog-

fcal activitv, and chonges inoseen chomsed! ora s as which functional groups arc available {or reaction
with anee, wai oeenis, as well as baiids are broken
in denaturation-~the change is 1o 2. wrdered and specific arranzement ot polypeptide chains to a random
sitnzod one. This ilastrates again the generalization that biological functien, and thus, life itself,
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cre. the nuclessde, coniaing one base, one sugal molecuie, and one phosphate.

i'he two types of nucleic acid, deoxyriboni ‘eic acid or DNA and ribonucleic acid or RNA, differ
very slightly in composiiion and primary siia.use, but greaily in function. In RNA the sugar is ribose
and the bases are adenine, guzning, uracil, -nd cytosine. In DNA the sugar, 2-deoxyribose, differs from
ribose only in having one atom less of oxvzen, and uracil is replaced by 5-methyvi uracil, which is named
thyiine. RNA molccules aic very large vy ordinary standards, with molecular weights up to a few million.
Most DNA molecules, however, are much larger stiil, containing millions of nucleotides and having molecular
weights in the billions,

The double helical structure of DNA, and the A-T and (-C base pairing on which it depends, must
be “familiar” to any high school student whose reading has gone beyond comic books. Two polynucleo-
tide chains can coil together, taking approximately the positions in space of two strands of a 3-stranded
rope, if the order of their vases is exactly compleinentary. This means that, reading from chemically op-
positc ends of the two chains, there must be a & in one corresponding to every € in the other, and a T
in one corresponding to every A in the other.  [he chensival basis for this douoie nelix is that A and T
contain functional groups allowing the formaticn o+ o hydrogen bonds; similarly, G and C can form
three hydrogen bonds. It is extremely important thut the distarce across a base pair (between the two
points of ¢ oxyribose attachment) is almost exactly the same for G-C and A-T pairs. Thus, the disiance
between the —sugar—P—sugar—P--sucar—P backbones =f the polynucleotide chains is constant, and a regu-
lar and ordered structure is possible.

As in the case of proteins, nucleic acids may b ’...:lured. losing their biological function and chan-
ging greatly in physical properties. No covalent boris o . broken, but the double helical structure ic lost
by opening of the hydrogzn bonds and dissociaticn 7 ine base pairs that stabilized the helix. Because many
kinds of attractive forces are involved in maintainin. .~ =. ucture of a , :icin, its denaturation has no spe-
cific ‘haracteristic temperature. In DNA, orly the base = = . sions arr < <rupted. Since tney are all nearly
identi.~.. the denaturation of DNA is a sharp function - :-..tie. ~o:ost like a phase change. For this
reason it is usually called “melting,” although there is no #.' :v.emblence to actuel melting. The great
speciiicity of atiraction beiwcer polynucicotide chains with complemeniary sequences is demonstrated by
iiwe fact that denaturation of pieces of DNA with molecular weights in the hundreds cf thousands or mil-
liuns is reversible; during very slow cooling the dissociated pairs find each other and reform a double helix.

The main biological function of nucleic acids is w:formation storage and transfer, and the sequence of
bases in DNA is the primary determinant of the aminc acid sc. . ¢..ces of proteins, and hence of all the struc-
tural and functional order of organisms.

i




Lecture VI,  Replicstion of Nucleic Acid and Synthe s f Frotein
P k

The cell’s DNA is its library of master plans, containi - all of the information needed for synibos o
the cell’s components. Thus, the * NA must be processed in two ways: it mus be copled, = hud
each with a full library of information, can be made, and portions of it must be transcribed, giving 10 o
prints for production of individual proteins.

Work of the last two decades on these processes has been widely publicized, and by now everys.i must
know that specific A-T and G-C base pairing is the basis for copying of DNA and also for the produciion of
messenger RNA, which carries the recipes for making protein. It is aiso general knowledge that these recipes
are written in a language in which each of th 20 amino acids is specified by one or more three-nuclectide
“words.”

Firet. it should be ampshasized that, contrary 1o statements in some textbooks, there are no self-repiicafy
molecules in biclogy (or, presurnably, anywere else). The replication < IINA, iike all ov 1 piciogical pro-
cesses, depends on the catalytic action of specific enzymes. Little i~ known for certain z > of the details
oi this process. Several enzyme systems capable of copying DNA have been studied, but the piysiole: -ual
function of at least some oi them seems to be repaii [ damaged IPNA, rather than synthes's of new DNA.

It is well establish~! that nucleoside triphosphates are used in syn  ¢: s, with the terminai two phosphates
being split off as i .itic pyrophosphate when the nucleotide (nuvi.oside monophosphate) is added to the
growing polynucleotide chain.

In bacteria, where the DNA is in the form of a single circle naked in the cytoplasm, it has been possibie
to establish that the copying mechanism moves linearly along the DNA chain, with two DNA chains trailing
behind. The DNA of more complex cells is in chromosomes in the nucleus. Chromosomes contain more
protein than DNA, and the DNA cannot be directly visualized. There are several to many chromosomes
in a nucleus, and little is known of the physical arrangement of DNA in each. Thus, our belief that the
copying of DNA in nuclei is similar to that in bacteria rests mainly on the fact that this seems reasonable
by analogy and there is no conflicting evidencc.

Since the amoun. of DNA in cells of a given crganism is constant, it is clear that DNA is copied exactly
once per cell division. In an adult higher animal like ourselves, there is relatively little cell division, anc ..~.ce

relatively little DNA replication, it most tissues. This does not mean, however, that our DNA is inact.
function of DNA, as far as an individual cell is concerned, is not to be copied, but to supply the info.. .. a

for protein synthesis.

An enzyme system, DNA-directed RNA sythase, catalyzes the prodnction of messenger RNA molecuies that
are complementary to short sections of one of the DNA strands. Surprisingly, the strand used is not always
the same; that is, the information for production of messenger RNA may be in strand A in one region of the
DNA and in strand B in another region. We do not yet understand how the enzyme system is prevented from

copying the wrong strand, or how it finds the correct starting poini. Each m-RNA molecule contains infor-
mation for the synthesis of at least one, and often several, protzins.

Protein synthesis
Protein synthesis requires ribosomes, transfer RNA’s, (t-RNA’s), amino acid activating enzymes, and
several other protein factors.

Ribosomes are the particles on or in which actual p:_!ein syntiesis (the formation of new peptide bonds)
occurs. T.e ribosor.ie moves along the m-RNA molecule, synthesizing the pelypeptide chain specified by the
nucleotide sequence of the m—RNA. Ribosomes of bacteria have a sedimentation coefficient of 7GS, and are

“made up of two parts of unequal size, 505 and 30S. These parts apparently are combined only during actu:i
synthesis of g protein; the 30S particle first binds the m-RNA, and then the 502 paciicle adds. Ribusomes
of nucleated cells are larger, having a sedimentation coefficient of 805 (particle weignt of about 4 x 198),

- and contain subunits of about 60S and 40S. In both cases, each type of subunit containe both protein and

“RNA, which is called r-RNA (for ribosomal RNA). There are sevesal r-RNA molecules of differeat kinds in

. each ribosome. 05
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: for BMA molecule containg the anti-codon triplet complenir fary to the m-RNA codon for
ific aminc acid. t-RMNA serves as an adapter., carryine a specific amino aci! to the point of peptide
chain  eloagation when that amine acid i specified by the code of tiw m-RNA the! is being read. There is
soine A-UJ and G-C base pairing in (-BNAs, and the resulting configt raticn is something like a clover leaf or
the playing-card symbol for clubs. The aminé acid is attached at 7 .= end of this structure (the stem) and
the anticodon is at the other end (on the middle leafiet). Althouy . --RNA molecules of different types
differ slightly in molecular weighi (they contain from 70 to 95 nucleotides), they appear all to be the same
lerigth from the anticodon to the point of amino weid attachment. This uniformity of length scems to be
esseatin! to the function of t-RNA, which s to position the right amino acid at the right place at the right
into protein.
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Fut 7 another way, they cimv oul wane waosaipe aeid language. Each amino
s aetivating enzyme o ooz and bhind one with ery high apecificity, recognizz
and bind an approprigie -RMA molecule, and catalyze the attachment of the amino acid to the stem end of
the t-RNA, One melecuie of ATP is used in this process.

The synthesis of protein in bacteria may be bricfly summarized as follows: A 308 ribosome subunit
hirds ta an initiatron point on g molecnic of m-RNA. A t-RNA carrving formyl-methionine is aitached
(all bacterial proteins avparenily hesin with fermyl-methionine when they are synthesized, but this end residue
is often hydrolyzed off before ti:. ;:rotein begins its functional life}). A 508 particle attaches. Molecules of
“charged” t-RNA  (molecuics Lo b, attached®amino acid residues) approach the synthetic site, presuraably
by interaction between specific wooups on the ribosome and groups on one or both of the side leaflets of the
t-RNA. but a r-RNA molecule can fit fully into the site only if its anticodon is complementary to the next
triplet codon of the m-RNA. When u properly-fitting t-RNA is attached. its amino acid residue is automatically
positioned for reaction with the formyl-methionine already in palce. Each subsequent amino acid residue is

ind of gmino oo

The actual bond-forming step in protein synthesis is displacement of the t-RNA to which the peptide chai
is attached by the free amino group of the residue to be incorporated. Thus. the growing chain is transferred
from the t-RNA to which it had been bound and attached to the new amino acid (which is still bound, of
course, to its own t-RNA).

The t-RNA from wiich the pp .ypepiide chain was wansferred theu dissociates f. n the iibosome and
is recharsed with the appropriat: amino acid by the corresponding specific amino acid activating enzyme. Tue
ribosome somehow moves along the r-RNA chain the distance of 3 nucleotides, placing the t-RNA to which
iie growing peptide is atta.hed in the donor o, peptidys site and positicning the next nucleotide triplet in the
recognition site. When the correspording charged t-RNA finds its way to this site, the process is repeated.

As the ribosome moves aown the m-RNA molecule, the initiztion site is uncovered, and another ribosoms
piay attach. A m-RNA molecule may be read simultancously by many ribosomes. The resulting structure of
one m-RNA with the associated rih~ omies, which in eieciyon mic-ograpis resembles beads in a string, is called
a polyribosome, or polysanie,

The end ol the sp ification :or each protein is indicated by a terminztion codon—a triplet that does not
¢ for any amino aciu, but causes the polypeptide chain to be released into the cytoplasm by hydrolysis
from the -RNA that had carried the last amino acid residue. Additional protein factors involved in initiation
and t>rmination have been discovered, and it is clear that much remains to be learned about the details of pro-

tain syntl

Control of ‘rotein synthesis

Each of the many hundred, or few thousand, enzymes in a cell must be maintained at an appropriate
level; thus, there clearly is some overall regulatory system by which the rate of synthesis of each enzyme is
kept in balance with the rate at which it is wearing out or being destroyed. (Most proteins are constantly
being replaced, but their turnover rates vary considerably). In addition, cells of higher organist.is have a related
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and more complex problem. Each cell of cur bodies contains all of the information (all of the DNA)
needed fo specify everything about us, but each individual cell uses only a very small amount of that
information. It is obvious that the brain do=s not make muscle fibers, the pancreas does not make lens
protein, the retina does not make pancreatic enzymes, and so on. It is less obvious, but true, that even
the “‘same” enzyme from different tissues of the same animal (that is, enzymes that catalyze the same
reaction) are frequently found to be different in amino acid sequence. Somehow each cell at any instant
makes only the proteins that are appropriate for that cell at that stage in its development, and at that
stage in the development of the whole organism. The question of how this comes about is the molecular
aspect of the enormous problem of biological differentiation. Therc can be little doubt that the study of
differentiation will be onie of the most active and most importa.it areas of biology and biochemistry during
the next scientific generation. At present, we have much information as to some of the things that happen,
but very little understanding of how they happen.

One special aspect of the problem of regulation of protein synthesis has been much studied and is be-
ginning to be understood in vague outline. Bacteria, being single-celled, are not differentiated in the same
sense as higher organisms, They can, however, adjust the production of some of their enzymes to fit their
immediate needs. This control is called repression and induction (or derepression.) There are two main
types, with many modifications in individual cases.

Biosynthetic repression

1ne end product of a biosynthetic sequence (such as an amino acid), in addition to exerting kinetic
control on the first enzyme in the sequence as we have seen, often represses the synthesis of all of the
enzymes in the sequence. That is, the rate of synthesis of all of these enzymes is greatly decreased when
they are not needed. In some cases, all of the enzymes of a synthetic sequence are specified by a single
large m-RNA molecule, and repression of all of them apparently results from inhibition of production of
that m-RNA. Other cases are more complex, and involve several kinds of m-RNA.

Induction and catabolite rcpression

Bacteria typically contain genetic information in their DNA for the synthesis of enzymes that allow
the use of a wide variety of compounds as sources of carbon and energy. Most of these enzymes are not
made under normal conditions. Their production is controlled by a rather complex regulatory system that
senses, firstly, the need for an alternate source of energy, and secondly, what source, if any, is available.
Glucose is the best energy source for most species. When adequate glucose is present, the enzymes
for metabolism of unusual or secondary energy sources are not made. These enzymes are said to be re-
pressed. Because glucose is so effective, such repression was at first termed glucose repression, but it is
now known that varying degrees of repression can b caused by other substrates that support rapid growth,
and the phenomenon is now termed catabolite repression. If the supply of glucose is exhausted, the resulting
energy shortage, in some way not yet understood, causes the pro uction of 3', 5'-cyclic AMP (an isomer
of ordinary AMP). Each inducible/repressible enzyme can be n. .de only if both cyclic AMP and an inducer,
specific for each, is present. The inducer is typically the alternative carbon source itself. Thus A-galactosi-
dase, the first enzyme needed for utilization of lactose, is not made when both glucose and lactose are pre-
sent because the level of cyclic AMP is too low; it is not made if both are absent because induction by
lactose (or a closely related molecule) is necessary. It is, of course, not made when glucoss is present and
lactose absent. It is made only when glucose is absent and lactose present, and this is precisely the only
time that it is needed. . 7
There are many such inducible and repressible enzymes. Although not all of them have been studied
in detail, it seems likely at present that all are repressed when the level of cyclic AMP is low, whether or
not the corresponding substrate is present, and that when the level of cyclic AMP rises each can be indivi-
dually induced, but only by the presence of the substrate. This kind of control eyidently allows the cell
to economize in the very expensive process of protein synthesis by not making unneeded enzymes. There
is good evidence that, in at least some cases, the inducer is recognized by a specific protein (caille_d, unfor-
tunately, the repressor protein). This protein interacts with a specific point on the cell’s DNA to prevent .
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synthesis of the m-RNA corresponding o the inducible enzyme, but when it binds ihe inducing substrate
it changes conformation so as not to inferact with DNA; m-RNA aid enzyme can ihies be made.

Many mamrmalian enzymes, especially in the liver, are similarly synthesized at rate: depending on
metabolic needs. It scems likelyv that similar regulatory mechanisms are involved. alif.ough there is as

underlies differentiation is at all similar to repression/induction.

CHEMISTRY MAGAZINE

Labh Bench experiments in Chemistry

In response to the recent demand for new material of interest to general chemistry students and teachess,
the American Chemical Society has made available a new manual entitled Lab Bench Experimenis in
Chemtistry.

The book contains 160 pages of reprints covering 50 different experiments that appecred in Chemistry
during 1964 through 1969. The articles represent a wide range, from refatively simple projects to those
more complex. As a whole, the book is designed so that experimenters in gencral chemisiry, regardless
of individual interests, can find challenging and rewarding projects to purcue, both individuully and in
£roups.

The experiments were selected by Harold W. Ferguson ana Joseph 5. Schmuckler, both Conant Awirc
winners and both former members of Chemistry’s editorial advisory board Ferguson is chairman of the
science department, Harriton High School, Lower Merion, Pa., ansl Schmuckler is now a inember of the
science education department, Temple University, in Philadelphia.

Price of Lab Bench Experiments in Chemistry is $2.00 for a singlc copy. Bulk rates are §1.50 for two
to nine copies; and $1.25 each for 10 or more copies, plus shipping. To place an order, write to:

Reprint Department
American Chemical Socisty
1155 Sixteenth Street, N.W,
Washington, D.C. 20036
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