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w HILE THERE IS substantial interest in 
polymers in academic circles today, it is a 

matter of history that early major breakthroughs 
in polymer chemistry came from the industrial 
laboratory. Most noteworthy is the classical work 
of Carothers (1) at DuPont in the late 20's and 
early 30's which put Staudinger's earlier macro­
molecular hypothesis (2) on firm footing. Ca­
rothers' work opened the way for the rapid de­
velopment of the polymer industry, but academic 

A noteworthy strong point of 
the polymer course selection is the 
Polymer Science Laboratory. This course 
has developed out of the recognition that, 
for polymers in particular, there is 
no substitute for first-hand experience. 

chemistry departments did not immediately re­
spond to the challenge offered by the new tech­
nology. The polymer industry thus found it neces­
sary for many years to provide "on the job" train­
ing for its personnel in specific aspects of polymer 
chemistry. Recent pressures (3) on academic in­
stitutions to increase their emphasis on polymer 
chemistry have received more than casual atten­
tion due to the long awaited award of the Nobel 
Prize for Chemistry to Professor Paul J. Flory, 
whose own distinguished career began in an in­
dustrial environment ( 4). 

The MIT Chemical Engineering Department 
was one of the early academic institutions to 
grasp the wide ranging importance of polymer 
chemistry. In fact, as the MIT Department of 
ChE evolved out of the Chemistry Department, a 
significant part of its early research was in the 
area of what would now be called polymer proc­
essing. Professor Warren K. Lewis, around 1920, 
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was working with his student Charles Almy on 
the plasticization of cellulose by zinc chloride to 
make a remarkably tough durable product com­
monly called "vulcanized fiber", and Lewis also 
was involved in extensive research on the proc­
essing of leather, a classic example of chemical 
conversion of natural polymers. The general spirit 
of his work, and the insight of Lewis and his col­
leagues, are well represented by the book, Indus­
trial Chemistry of Amorphous and Colloidal Ma­
terials, Warren K. Lewis, Geoffrey Broughton & 
Lombard Squires (MacMillan, 1942). Professor 
Edwin R. Gilliland, one time head of the Depart­
ment, co-directed the synthetic rubber program of 
the United States during World War II, a pro­
gram that called for the establishment of emul­
sion polymerization of styrene-butadiene on a vast 
scale. Other members of the ChE Department such 
as Herman P. Meissner, Lamott-duPont Professor 
Emeritus of ChE, carried out early work on ad­
hesion of polymers and properties of thin films of 
polymeric substances. 

Since approximately 1935 a course on polymers 
or polymer technology has been among the list of 
offering of the graduate program. In the late 
1950s and early 1960s the polymer program took 
another major step forward when the teaching 
was reorganized so as to give three independent 
subjects : Physical Chemistry of Polymers, Syn­
thesis of Polymers and Structure-Properties Re­
lationships. These have evolved into the present 
core courses offered today. 

Thus the program outlined in the following 
paragraphs reflects long standing activity in poly­
mers in the MIT ChE Department and a continu­
ing firm commitment to the subject of polymer 
chemistry in the future. This commitment arises 
from a conviction that ChE graduates will con­
tinue to contribute strongly in the polymer indus­
try. 

COURSE AND DEGREE OFFERINGS 

STUDENTS CAN FIND a wide range of poly­
mer-related subjects in the MIT ChE cur-
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riculum (see Table 1). Courses are offered over 
the full range of academic levels, from the fresh­
man course in Polymer Chemistry to advanced 
graduate seminars or such special topic courses 
as Polymer Viscoelasticity, Anionic Polymeriza­
tion Techniques, etc. Those courses marked with 
an asterisk are offered in parallel each fall semes­
ter and constitute the core structure of a highly 
intensive M.S. program in polymer chemistry 
which is discussed separately below. Other courses 
marked with a dagger are integral parts of the 
undergraduate or graduate ChE curriculum and 
are offered on a regular·yearly basis. The remain­
ing courses are offered routinely on a semiannual 
basis or more often if there is sufficient student 
demand. 

A noteworthy strong point of the polymer 
course selection is Polymer Science Laboratory. 
This course has developed out of the recognition 
that, for polymers in particular, there is no sub­
stitute for first-hand experience in the laboratory 
even though a large array of lecture courses may 

TABLE 1. Polymer Course Selection 

COURSE TITLE 
Intro. to Polymer Chem. 

Structure and Prop. of 
Matter 
Macromol. Hydrodynamics 
Surface and Colloid Chem. 
Structure and Prop. of 
Polym. 

Viscoelasticity of Polym. 

Polym. Science Lab. 

Phys. Chem. of Polymers 

Special Topics in Polym. 

Principles of Polym. 
Synthesis 
Advanced Topics in Polym. 
Synthesis 
Network Formation in 
Polym. 

Compounding and 
Processing of Polym. 

Seminar in Polym. Chem. 

BS Thesis 

MS Thesis 

PhD Thesis 

WINTER 1976 

TYPICAL TEXT 
\Villiams, "Polymer 
Science" 
DeBenedetto "Structure 
and Prop. of Materials" 
NOTES 
NOTES 
Meares, "Polymers, 
Structure and Bulk 
Properties" 
Ferry, "Viscoelastic 
Prop. of Polymers" 
Colins, Bares, Billmeyer, 
"Experiments in Polymer 
Science" 
Flory, "Princip. of 
Polymer Chemistry 
Flory, "Stat. Mech. of 
Chain Molecules 
Flory, "Princip. of 
Polymer Chemistry" 
NOTES 

NOTES 

NOTES 

Robert E. Cohen joined the faculty in 1973, after completing a 

year's residence at Oxford University's De partment of Engineering 

Science as an ICI Research Fellow. He is currently a recipient of a 

DuPont Young Faculty Award and is using the grant to further his 

research inte rests in the area of elastomer structure-property relation­

ships. His teaching interests have focused on the development and 

implementation of laboratory instruction in the polymer area as well 

as lecturing on the various aspects of polymer properties . (left) 

Edward W. Merrill is involved in numerous areas of polymer teach­

ing and research since 1948. His polymer research has resulted in more 

than 100 publications and has evolved from early work on the rhe­

ology of synthetic polymers to increasing efforts in the area of blood 

and biorheology, and currently concentrates on the subject of bio­

compatible polymers. The continuing evolution of the ChE polymer 

program has been a large part of his teaching focus and the present 

organization of the graduate curriculum reflects his efforts. He is cur­

rently the holder of the Carbon Dubbs Professorship. (right) 

be available to stress underlying theory. The lab­
oratory acquaints students with a selection of 
techniques employed in the synthesis and char­
acterization of polymeric materials. The experi­
ments have been chosen for their practical im­
portance and instructional value. Continuing em­
phasis is placed on the long-chain nature of the 
polymer molecule and the influence of this mole­
cular feature on experimental procedures and re­
sults. A selection of experiments for the polymer 
lab is shown on Table 2 and are described ade­
quately in the required text (Collins, Bares and 
Billmeyer, Experiments in Polymer Science, 
Wiley, 1973). Extensive notes have been prepared 
to describe those experiments which do not appear 
in the text. Several of the standard commercial 
instruments used in the lab are indicated in 
Table 2. Exposure to such widely used devices is 
an important aspect of the course content. 

Any of the courses listed in Table 1 may be 
taken, with proper prerequisites, as technical elec­
tives by students who are pursuing a Bachelors 
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or Masters Degree in ChE. Such students often 
elect to fulfill their BS or MS thesis requirements 
by conducting a research project under the di­
rection of one of the ChE faculty with polymer 
research interests. Upon successful completion of 
the thesis the student then receives a BS or MS 
degree with specification in ChE. A separate route 
to a polymer intensive Masters degree without 
specification in ChE is described below. The PhD 
or ScD degree requires no formal participation in 
polymer course work. However, graduate students 
who intend to pursue a doctoral degree in a poly­
mer related area are strongly encouraged to select 
courses which will assist in their research effort 
and also to broaden their view of the polymer 
field. 

TABLE 2. Polymer Science Laboratory 

POLYMER SYNTHESIS 

*1. Free radical polymerization of lauryl methacrylate, fol­
lowing the kinetics by direct weighing techniques. 

2. Condensation polymerization of w-aminoundecanoic 
acid, following the kinetics by end group analysis and 
by bulk viscosity measurements. 

3. lnterfacial polymerization of ny:on 6,6. 

POLYMER CHARACTERIZATION 

* 1. Light scattering determination of molecular weight; 
Sofica Whippler Photometer. 

*2. Dilute solution (intrinsic viscosity) determination of 
molecular weight. 

*3. Gel Permeation Chromatography determination of 
molecular weight and molecular weight distribution; 
Waters, In c. Model 200 GPC. 

*4. Equilibrium swelling of cross-linked networks. 
*5. Nuclear magnetic resonance determination of copoly­

mer composition (in cooperation with Chemistry De­
partment). Hitachi-Perkin Elmer R-20B. 

6. Wide angle X-ray scattering-morphology of crystal­
line polymers. 

*7. Differential scanning calorimetry-analysis of melting 
points and glass transition temperatures. P erkin­
Elmer DSC 1B. 

8. Differential Thermal Analysis, DuPont DT A and TMA 
Model 900. 

9. Transmission Electron Microscopy-Phillips EM200. 

POLYMER PROPERTIES 

*1. Tensile stress-strain and stress relaxation, Instr on 
T ensile T ester. 

2. Dynamic Mechanical Properties-Rheovibr on DDV­
II-C. 

3. Tensile and shear creep and recovery. 
4. Gas diffusion through polymers. 

*Required experiments, others are optional. 
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MASTERS DEGREE 

THIS PART OF THE overall polymer program 
is especially suited for students who as under­

graduates have had a strong training in chem­
istry. Such training may form part of the require­
ments for a BS degree in ChE and in certain 
other disciplines. The degree of BA or BS in 
Chemistry would virtually insure an appropriate 
background. In any case, physical chemistry in­
cluding thermodynamics and a first course in or­
ganic chemistry should be part of the background. 
Women graduating with any of the above degrees, 
including those with no engineering background, 
such as chemistry majors in liberal arts colleges, 
are encouraged to consider applying for admission 
to the program. 

Beginning in the fall term, the first half of the 
program provides intensive and coordinated in­
struction leading to a comprehensive view of poly­
mers, showing how the areas of specialization re­
late to one another - for example, how macro­
scopic properties are influenced by molecular 
"microstructure" which in turn is influenced by 
method of synthesis. Parallel with the basic sub­
jects of instruction the students have extensive 
laboratory work in the principal techniques for 
synthesis, analysis, and testing of polymers. Dur­
ing the fall term the student participates in a 
weekly seminar. Several of these (see Table 3) 
are devoted to discussions by visitors from indus­
try and other universities; other meetings are de­
voted to joint discussions led by the regular teach­
ing staff. Through the seminar the student gains 
an additional perspective on polymers that will 
assist him in selecting a topic for the research 
that forms his MS thesis. 

In the month of January, ordinarily a period 
of Independent Activities at MIT, the student can 
devote a major part of the time to the MS thesis, 
preparing the literature review, acquiring the ap­
paratus and instrumentation appropriate to the 
task, and beginning his work, which continues 
through the Spring Term. The three summer 
months are entirely open for research effort on 
the MS thesis, thus virtually assuring completion 
of the degree in one calendar year. 

A principal objective of the undesignated MS 
program is to prepare students to take up an im­
mediate professional career involving polymers 
in a variety of industrial areas, including chem­
ical, textile, food, mechanical, electrical, pharma­
ceutical and aeronautical/space industries. Pres-
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ent indications are that the student who has re­
ceived the MS following this program will find a 
wide and ever increasing range of offers of em­
ployment, at levels of starting salary significantly 
above that for the graduate with the BS degree. 

Alternatively, a student in the program has 
the option of preparing for advanced study on 
polymers leading to a doctorate in ChE. The stu­
dent who decides to continue an advanced pro­
gram of study beyond the MS degree can modify 
the program to include one or more subjects 
drawn from the core courses of the ChE depart­
ment in order to prepare for the doctoral qualify­
ing examinations. 

POLYMER RESEARCH 

The MIT ChE faculty carry on a vigorous and 
wide ranging research program in numerous 
areas of polymer science. There are adequate on­
going research projects, both experimental and 
theoretical in nature, to suit the tastes and inter­
ests of nearly anyone interested in conducting a 
thesis project in the polymer area. The considera­
ble facilities and specialized equipment for poly­
mer research are readily available to students 
within the ChE department and there are num­
erous avenues available for cooperation within 
the MIT community. 

At present the ChE Department, owing to a 
lack of adequate space, must conduct many of its 
research projects, polymers included, in a number 
of widely separated laboratories around the MIT 
campus. However, in January of 1976, the depart­
ment will move into its new building the construc­
tion of which is now nearly complete. Nearly two 
thousand square feet of laboratory space have 
been set aside for polymer research and consid­
erable new research apparatus are being acquired. 
This unification and improvement of the physical 
facilities will serve to strengthen the existing re­
search effort in the polymer area, and will allow 
for an expanded polymer research program in the 
future. 

A special aspect of the program is liaison 
with the Center for Macromolecular Research 
( CMR) in Strasbourg, which is affiliated with but 
operates independently from the University of 
Strasbourg under the Centre National de la 
Recherche Scientifique of France. Visiting Pro­
fessor Paul Rempp is a director of research at 
this center and has had a long history of associa­
tion with MIT dating back to his post-doctoral 
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TABLE 3. Visiting Seminar Speakers (Fall 1974) 

SPEAKER & AFFILIATION 

Dr. R. J. Roe, Bell 
Telephone Labs 

Prof. R. Stein, University 
of Massachusetts 

Dr. D. J. Meier, Midland 
Macromolecular Institute 

Prof. W.R. Krigbaum, 
Duke University 

Dr. T. Alfrey, 

Dow Chemical Co. 

TOPIC 

Interfaces in Polymers 

X-Ray and Light 
Scattering Studies of 
Multiphase Polymers 

Block Copolymers 

Polymer Interfaces 

Mechanical Properties of 

Polymers 

fellowship with Walter Stockmayer in 1958. It is 
planned to develop a continuing collaboration 
with the Strasbourg group involving the exchange 
of graduate students and post-doctoral fellows. 

In the spring 1975 term, Dr. Rempp will offer 
the subject Advanced Polymerization Processes 
and will participate in the instruction of Network 
Formation in Polymers. Dr. Philip Gramain, re­
nowned for his work combining synthesis of poly­
mers and physical characterizations will be Visit­
ing Research Associate in the Department. Pro­
fessor Henri Benoit, General Director of the 
CMR, will be in residence for three weeks in the 
spring of 1975 as speaker in the Polymer Sem­
inar. 

SUMMARY 

J N THE ABOVE paragraphs we have outlined 
the polymer teaching and research program in 

MIT's ChE department. The program is, and we 
believe will continue to be, a valuable component 
of the overall ChE curriculum. The department's 
long standing interest in polymers has evolved 
into the present coordinated effort which provides 
diversity and flexibility in subject and degree of­
ferings. This program will continue to evolve to 
keep abreast of the changing aims and goals of 
education in the polymer field and will continue 
to be responsive to the ever increasing needs of 
the polymer-related industry. • 
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