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SYNTHETIC POLYMER CHEMISTRY I N  TWO DECADES 

C.  G.  Overberger  
U n i v e r s i t y  of Michigan 
Ann Arbor 

On b e h a l f  of a l l  of t h e  conference  p a r t i c i p a n t s ,  may I 

thank O t t o  Vogl, Rober t  Lenz and t h e  polymer s t a f f  h e r e  for 

a r r a n g i n g  t h i s  i n t e r e s t i n g  conference .  Arranging it i n  con- 

j u n c t i o n  w i t h  t h e  IUPAC Congress i n  Boston h a s  made it p o s s i b l e  

t o  b r i n g  t o g e t h e r  an i n t e r n a t i o n a l  group. And w e  a lso extend  t o  

D r .  Mortimer Apply, Dean of t h e  Graduate  School ,  o u r  thanks  f o r  

h i s  welcome and t h e  u t i l i z a t i o n  of t h e  f a c i l i t i e s  of t h e  Univer- 

s i t y  of Massachuse t t s .  It i s  o n l y  f a i r  t o  say  t h a t  Dean Apply 

graduated  from t h e  U n i v e r s i t y  of Michigan and a l though I might  

n o t  ho ld  w i t h  a l l  of t h e  t h i n g s  t h a t  he  has s a i d ,  he  must have 

a sound background. I w i l l  t r y  t o  keep my remarks  r a t h e r  l i g h t .  

When D r .  Vogl sugges ted  a l e c t u r e ,  I immediately s a i d ,  "What 

k i n d  of a s c i e n t i f i c  t a l k  do you want?" And he  immediately s a i d ,  

" W e l l ,  you are n o t  t o  g i v e  a s c i e n t i f i c  t a l k . "  T h i s  m a k e s  you 

t h i n k  immediately when somebody makes such a request t h a t  you 

are l a b e l e d  as an  o ld  t i m e r  no l o n g e r  c a r r y i n g  o u t  a creative 

research. My first i d e a  w a s  t o  g i v e  i n  45 minutes  a review of 

t h e  development of free r a d i c a l  p o l y m e r i z a t i o n  and c a t i o n i c  poly- 

mericat ior i .  I s p e n t  a S a t u r d a y  a f t e r n o o n  looking  up some rnate- 

r i a l  and p l a n n i n g  such a l e c t u r e ,  b u t  when t h e  l i s t  of people  
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tha t  w e r e  going t o  be here became available, I r e a l i z e d  it 

would be v i r t u a l l y  impossible  t o  do t h i s  i n  45 minutes and 

acknowledge a l l  t h e  c o n t r i b u t i o n s  of a l l  t h e  people  i n  t h i s  

audience. 

The other p o s s i b i l i t y  w a s  that  w e  might have some t a l k  

on pe r spec t ives  i n  polymer sc ience .  We've been overworking 

tha t  t o p i c  and I presume t h a t  some wisdom w i l l  come f o r t h  

today i n  t h i s  d i scuss ion .  Furthermore, I am n o t  so s u r e  t h a t  

anyone knows very  w e l l  w h a t  the  perspectives i n  polymer sc i ence  

are, because I d o n ' t  t h i n k  you r e a l l y  can p r e d i c t  creative ef- 

fort--what important  problems w i l l  arise i n  the  nex t  f e w  y e a r s  

which  w i l l  make it apparent  t h a t  some type  of new breakthrough 

i n  polymer sc i ence  has  been achieved. So, I r e t r e a t  t o  t h e  

p o s i t i o n  of making a f e w  gene ra l  remarks. 

I should say t o  Dean Apply t h a t  he sees here a manifesta-  

t i o n  of  g r e a t  i n t e r e s t  i n  macromolecular science--pure and 

applied--and throughout  t h e  world, n o t  j u s t  here i n  t h e  S t a t e s .  

O f  course,  as you have amply poin ted  o u t ,  t h i s  i s  an area where 

your u n i v e r s i t y  has  recognized t h i s  growth by the suppor t  of 

your P o l y m e r  Science Department. W e  hope t h a t  you cont inue  t o  

suppor t  t h i s  i n t e r d i s c i p l i n a r y  e f f o r t ,  It i s  a very  important  

e f f o r t  of a l a r g e  group of d i f f e r e n t  types  of s c i e n t i s t s  i n -  

terested i n  related t o p i c s ,  

A f e w  brief words about  macromolecular sc ience  i n  t h e  

world and t h e  States i n  s e v e r a l  d i f f e r e n t  ca t egor i e s .  

We have t h i s  ques t ion  of t h e  growth of t he  educa t iona l  

endeavor i n  macromolecular sc ience  i n  u n i v e r s i t y  l i f e  which 
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SnrrHETIC POLYMER CWISTRY IN TWO DECADES 857 

i s  worldwide, which i s  n o t  a sys temat ic  one, b u t  one which i s  

r e a l .  Thus, hea l thy  and d i f f e r e n t  educat ion p a t t e r n s  w i l l  work 

i f  p roper ly  i n t e r e s t e d  people  p a r t i c i p a t e  and g ive  leadersh ip .  

W e  see a l s o  t h e  very  high i n t e r e s t  i n  macromolecular s c i ence  i n  

the  n a t i o n a l  chemical o rgan iza t ions  of t h e  world. W e  see t h e  

f a n t a s t i c  growth of t h e  l i t e r a t u r e  i n  macromolecular s c i ence  

which has  occurred i n  t h e  l a s t  20 years .  Any of t h e s e  t o p i c s  

can t ake  much t i m e  if developed, and would provide t h e  b a s i s  

of an address ,  and I d o n ' t  propose t o  do t h a t  today. I merely 

want t o  remind us  of t h e s e  f a c t s .  

Now, l e t  m e  make a f e w  loose  observa t ions .  T h e  knowledge 

t h a t  macromolecules may have unique p r o p e r t i e s  i n  s o l u t i o n ,  

inc luding  biopolymers--and i n  t h e  s o l i d  s t a t e  has  compelled 

s c i e n t i s t s  t o  work i n  t h i s  area. 

Most men r e a l l y  need an o u t l e t  f o r  se l f -express ion  and 

r ecogn i t ion  f o r  themselves and t h e i r  work, an i d e n t i f i c a t i o n  

of some type i n  a group. By  and l a r g e ,  t h i s  kind of process  

r e s u l t s  i n  enthusiasm--spontaniety and worthwhile d i v e r s i f i c a t i o n .  

If t h e  choice  has n o t  been based on some real  need f o r  i n t e l l e c -  

t u a l  express ion ,  the group w i l l  change o r  modify or slowly drop 

from t h e  s c i e n t i f i c  p u b l i c  view. W e  see t h i s  i n  many manifes- 

t a t i o n s  bes ides  sc ience .  W e  see it  i n  t h e  many d i v i s i o n s  of 

t h e  American Chemical Society--we see it i n  t h e  p r o l i f e r a t i o n  

of t h e  Gordon Conferences . 
Macromolecular s c i ence  is a n a t u r a l  f o r  c l a s s i f i c a t i o n  a s  

an i n t e r d i s c i p l i n a r y  a rea .  Anyone who has r e a d  the  program of 

t h i s  w e e k ' s  I U P A C  meeting, recognized t h e  enormous i n p u t  of 
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858 C. G. OVERBERGER 

s c i e n t i f i c  con t r ibu t ions  across  a very w i d e  scope of chemistry, 

physics and biochemistry. The acceptance of an a r b i t r a r y  classi- 

f i c a t i o n  of science and technology, whether l o g i c a l  o r  i l l o g i c a l - -  

and man.or c i v i l i z a t i o n  does not  progress by logic--has been by 

a group obtaining new i n t e r e s t i n g  r e s u l t s  both of q u a l i t y  and 

quant i ty .  But l e t  m e  emphasize the t e r m ,  qua l i t y .  Le t  u s  no t  

f o r g e t ,  however, t h a t  what you do i s  important and no t  how you 

c l a s s i f y  it. As long as major areas of new research involve 

problems unique t o  macromolecules--and I m a k e  t h i s  assumption 

w i t h  some assurance--significant contr ibut ions w i l l  be made t o  

t h e  whole of science and technology. We should remember t h a t  

any defensive a t t i t u d e  on our parochialism i s  u s e l e s s  and 

sterile. A p o s i t i v e  a t t i t u d e ,  namely tha t  t h e r e  i s  a vigorous 

heal thy po in t  of view t o  which people are o r i en ted  t o  a t t ack  

major problems i n  science and technology, i s  t h e  one t o  maintain. 

I might say a very l i t t l e  about IUPAC and t h e  macromolecular 

d iv i s ion .  Some of you here are very much acquainted w i t h  the or- 

ganizat ion;  o the r s  may no t  be so w e l l  acquainted. A s  you may re- 

m e m b e r ,  four years ago the  Macromolecular Division of IUPAC w a s  

founded. There are s i x  d i v i s i o n s  of IUPAC--Organic, Inorganic,  

Analyt ical ,  Physical ,  Macromolecular and Applied. When t h e  

macromolecular group w a s  a commission--that's a temporary group 

set  up by a division--of t he  physical  d iv i s ion  of IUPAC, it w a s  

an extremely loose aglomerate of vigorous people. And w e  had 

symposia--we had interchange--of a rather major magnitude. It 

w a s  q u i t e  apparent t h a t  here w a s  a group i n t e r e s t e d  i n  science.  

So t h e  d iv i s ion  w a s  created through the e f f o r t s  p a r t i c u l a r l y  

of S i r  Harry Melvi l le ,  Professor S m e t s  and Professor Wichterl. 
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SYNTHETIC POLYMER CHEMISTRY IN !TWO DECADES 859 

And w e  have had t h i s  week a very  clear i n d i c a t i o n  of t h i s  i n -  

t e n s e  i n t e r e s t .  

Now a few r e m a r k s  about  t he  growth of educat ion i n  t h e  

f i e l d  of macromolecular s c i ence  and technology. It is  ve ry  

apparent  he re  a t  t h e  Un ive r s i ty  of Massachusetts.  There are 

o the r  i n t e r e s t i n g  programs t h a t  have been s t a r t e d ,  a l l  formu- 

l a t e d  i n  a d i f f e r e n t  way wi th in  t h e  academic framework of ,a 

p a r t i c u l a r  u n i v e r s i t y  i n  t h e  S t a t e s  and abroad. I d o n ’ t  t h ink  

i t  would be u s e f u l  t o  l i s t  t h e  u n i v e r s i t i e s  here  i n  t h e  S t a t e s  

and desc r ibe  t h e  s u b t l e  d i f f e r e n c e s  of how groups r e p o r t  t o  t h e  

admin i s t r a t ion ,  or how t h e i r  degree s t r u c t u r e s  work and e x a c t l y  

what t he  in t e rdepa r tmen ta l  e f f o r t  i s ,  b u t  it i s  a rather in -  

t e r e s t i n g  t o p i c  t o  probe. I urge  any of you from abroad who 

are i n t e r e s t e d  i n  t h i s  a spec t  of t h e  problem, which i s  r e a l l y  

a technique problem, t o  t a l k  w i t h  people  i n  t h e  S t a t e s .  I 

th ink  w e  see i n  t h e  Japanese s i t u a t i o n  a very  t h r i v i n g ,  hea l thy  

academic pos tu re  i n  macromolecular science--mechanisms which 

have been made a v a i l a b l e  by u t i l i z i n g  d i f f e r e n t  departments i n  

f a c u l t i e s  of s c i ence  and f a c u l t i e s  of engineer ing.  T h a t  i s  no t  

t o  say t h a t  t h e r e  i s  n o t  growth i n  o t h e r  areas of t h e  world; I 

a m  j u s t  emphasizing these two. To r e p e a t ,  i n t e r d i s c i p l i n a r y  , 

research e f f o r t s  ought t o  be  s t r u c t u r e d  according t o  the way 

t h a t  best f i t s  t h a t  p a r t i c u l a r  count ry  and tha t  p a r t i c u l a r  in -  

s t i t u t i o n ,  t o  provide some v i s i b i l i t y  and some balance of a l l  

t h e  s c i e n t i f i c  d i s c i p l i n e s  u t i l i z e d .  

I have mentioned a l s o  t h e  i n t e n s e  i n t e r e s t  of n a t i o n a l  

o rgan iza t ions  i n  macromolecular sc ience .  T h i s  s t e m s  from t h e  

f ac t  t h a t  no t  only i s  t h e  academic community involved,  b u t  a l s o  
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860 C. C. OVERBERGER 

because t h e  i n d u s t r i a l  component i s  a v e r y  hea l thy  one. The 

combination of t h e  two, which are u s u a l l y  r e spons ib l e  f o r  

n a t i o n a l  s o c i e t i e s ,  r e g a r d l e s s  of what t ype  of governmental 

system i s  used ,  provides  t h e  reason  f o r  t h e  i d e n t i f i c a t i o n  of 

macromolecular sc ience .  

The growth of t h e  l i t e r a t u r e  is a phenomenal one--1 see no 

reason  t o  list a l l  of t h e  j o u r n a l s  which pub l i sh  material i n  

macromolecular s c i ence - - i t ' s  a formidable  l i s t .  What w e  see 

i s  a hea l thy  growth of j o u r n a l s  pub l i sh ing  macromolecular 

sc ience .  W e  see, a l s o ,  an extremely hea l thy  growth of tex tbooks  

i n  macromolecular s c i ence  i n  t h e  l as t  t e n  years .  A rough f i g u r e  

of an i n c r e a s e  of 90% for t h e  l a s t  f ive  y e a r s  has  been r epor t ed .  

What of t h e  f u t u r e ?  I t ' s  a s tandard  remark t h a t  many people  

make a number of t i m e s  i n  any sc ience .  But we've a l l  had f r i e n d s  

t e l l  u s ,  and we've also thought  it our se lves  from t i m e  t o  t i m e ,  

t h a t  t h e  real  impact of macromolecular s c i ence  is  over .  I can 

remember a good f r i e n d  of mine making t h i s  s ta tement  i n  1950. I 

am p e r f e c t l y  w i l l i n g  t o  l i s t e n  t o  t h i s  argument, b u t  am an e t e r n a l  

o p t i m i s t  and r e f u s e  t o  b e l i e v e  t h i s  pessimism. I do n o t  propose 

t o  "second guess" c r e a t i v e  i n v e s t i g a t i o n .  I believe t h a t  spec i -  

f i c  molecular knowledge of s t r u c t u r e  w i l l  be a l l - impor t an t  be- 

cause the conf igu ra t ion  and conformation of macromolecules i n  

s o l u t i o n  o r  i n  t h e  s o l i d  s t a t e  i s  t h e  basis f o r  t h e i r  u l t i m a t e  

r e a c t i v i t y  and der ived  p r o p e r t i e s .  And new polymers w i l l  appear 

and new p r o p e r t i e s  from t h e s e  polymers w i l l  be made a v a i l a b l e .  

S p e c i f i c i t y  of r e a c t i o n s  i n  s y n t h e t i c  macromolecules has ,  a s  y e t ,  

n o t  been probed very deeply.  
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SYNTIlETIC POLYMER CHBfISTRY IN TWO DECADES 861 

F i n a l l y ,  I want t o  touch on a p o i n t ,  and t h a t  i s  the u s e  

of t h e  word, r e f i n e m e n t .  I r e g a r d  t h i s  as a te r r ib le  work which 

should b e  used w i t h  r e s e r v a t i o n .  W e  have always t h i s  s i t u a t i o n  

i n  d e a l i n g  w i t h  a f i e l d  as we see it advancing as t o  whether w e  

c a l l  a new development a r e f i n e m e n t .  On t h e  b a s i s  of the  f ac t  

t h a t  f ree  r a d i c a l  p o l y m e r i z a t i o n  of  the c o n v e n t i o n a l  t y p e  pre-  

sumably means a c l e a n  f r ee  r a d i c a l  i n  s o l u t i o n ,  any advance 

b u i l t  on t h i s  c l a s s i f i c a t i o n  might be c a l l e d  a r e f i n e m e n t .  

Sc ience  advances by “ r e f i n e m e n t ”  and d u r i n g  t h e  p r o c e s s  w e  do 

much more t h a n  r e f i n e  i n  our  own l i t t l e  way f o r  whatever  c o n t r i -  

b u t i o n  t h a t  i s  made. I t h i n k  t h i s  is  an impor tan t  a s p e c t  t o  

remember. W e  are a p t  t o  f o r g e t  t h a t  new tools--new methods-- 

new technology-- is  d i s c o v e r e d .  T h i s  is  n o t  r e f i n e m e n t .  C a r -  

bonium i o n  t h e o r y ,  f o r  example, i s  a v e r y t y p i c a l  area where you 

w i l l  h e a r  numerous people  s u g g e s t i n g  Ynat no one has Seen i n -  

volved i n  new concepts  f o r  t h e  las t  t e n  y e a r s .  T h i s  i s  u n f a i r .  

We d o n ’ t  want t o  f a l l  “ i n t o  t h e  t r a p ”  of assuming t h a t  because 

someone c o n t i n u e s  t o  work i n  some a s p e c t  of  f ree  r a d i c a l  poly-  

m e r i z a t i o n  o r  a n i o n i c  p o l y m e r i z a t i o n  o r  any of what w e  might 

c a l l  major c l a s s i f i c a t i o n s  t h a t  these r e p r e s e n t  re f inements - -  

t h e y ’ r e  n o t  a t  a l l ;  t h e y  r e p r e s e n t  growth. Y o u r  chairman has 

i n d i c a t e d  s i g n i f i c a n t  growth i n  f ree  r a d i c a l  and c a t i o n i c  

c a t a l y z e d  p o l y m e r i z a t i o n s .  It i s  one r e a s o n ,  I am sure, t h a t  

t h e  conference  committee dec ided  t h a t  t h e y  would have a st imu- 

l a t i n g  program on t h e s e  two s u b j e c t s .  I hope t o  p a r t i c i p a t e  

and I thank you for your B t t e n t i o n .  
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