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CONCLUDING REMARKS 

M .  Szwarc 
S t a t e  Univers i ty  of N e w  York 
Syracuse 

L e t  rr.e say  f i r s t  of a l l  t h a t  I a m  much less f o r t u n a t e  than  

Professor  Kennedy who w a s  p roper ly  coached and t o l d  what he has  

t o  say. Not on ly  t h a t  nobody coached m e  and t o l d  m e  what I 

should say i n  my f i n a l  remarks,  b u t  nobody t o l d  m e  even t h a t  I 

have t o  make these remarks. So, i n  despe ra t ion ,  I t r i e d  t o  make 

a few no te s  dur ing  t h e  meeting. I know t h a t  my s e c r e t a r y  can 

read  them, b u t  I d o n ' t  know i f  I can do it. 

L e t  m e  summarize t h e  high p o i n t s  of th)s meeting and say 

what I learned  and what I feel  should be done i n  t h e  f u t u r e  t o  

c l a r i f y  t h e  i s s u e s  which w e  d i scussed .  

W e  d e a l t  wi th  two t o p i c s :  Radica l  polymerizat ion and 

c a t i o n i c  polymerizat ion.  L e t ' s  s tar t  with r a d i c a l  polymeriza- 

t i o n .  What w e  heard and what i s  r e l a t i v e l y  new i s  t h a t  w e  are 

now i n  a p o s i t i o n  t o  observe d i r e c t l y  t h e  r a d i c a l s  i n  t h e  course 

of polymerizat ion.  

Such s t u d i e s  w e r e  pioneered by F i sche r  and are e l e g a n t l y  

continued by Professor  Ranby who presented  here  some of h i s  re- 

cen t  r e s u l t s .  W e  can now see free r a d i c a l s  by v i r t u e  of t h e i r  

ESR s p e c t r a ;  t h e r e f o r e ,  w e  can i d e n t i f y  them through t h e i r  pa t -  

t e r n  and determine t h e i r  concent ra t ion .  T h i s  i n  t u r n  permi ts  u s  

t o  c a l c u l a t e  t h e  abso lu te  r a t e  cons t an t s  of r a d i c a l  propagation. 

Moreover, t h e  propagat ing r a d i c a l s  may re -ar range  i n  t h e  course 

of polymerizat ion,  and P ro fes so r  Ranby's s t u d i e s  show u s  how 
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984 COICLUDING RENARKS 

w e  can l ea rn  about these re-arrangement processes. Undoubtedly, 

such s t u d i e s  w i l l  be continued and they should shed much l i g h t  

on the  f i n e  d e t a i l s  of r a d i c a l  polymerization. 

L e t  m e  remind you t h a t  t h i r t y  years  ago, when radical  

polymerization w a s  i n t ens ive ly  studied, w e  had no direct way 

t o  v e r i f y  t he i r  exis tence.  Nevertheless, w e  accepted, and cor- 

r e c t l y  accepted, t he  i n d i r e c t  evidence f o r  t h e i r  presence i n  

polymerizing systems. Now, D r .  Gaylord and o the r  speakers postu- 

late the  exis tence of t r a n s i e n t  intermediates  i n  polymerizations 

involving complexing agents. True, they cannot y e t  obtain a 

direct evidence f o r  their  presence, b u t  t h i s  d i f f i c u l t y  should 

not be regarded as evidence f o r  t h e i r  absence. 

I t a l k  perhaps too much i n  t h i s  meeting about t hese  var ious 

complexes. Molecular complexes exist  and there are numerous books 

and papers descr ibing t h e i r  propert ies .  However, what w e  wish t o  

know is  t h e  i d e n t i t y  of these complexes formed i n  polymerizing 

systems and t h e i r  t r u e  r o l e  i n  polymerization. To achieve t h i s  

goal w e  have t o  look f o r  simple systems. Consider, e.g., a system 

composed of some i n i t i a t o r ,  say peroxide, two o r  three monomers 

which  copolymerize and s o m e  complexing agent. One may f i n d  that 

the polymerization i s  f a s t e r  i n  the presence of the complexing 

agent than i n  i t s  absence, t h a t  t h e  composition of t h e  polymer 

and i t s  molecular weight are g r e a t l y  changed, etc. These f ind ings  

may be extremely i n t e r e s t i n g  and of g r e a t  p r a c t i c a l  value,  but  t o  

unravel such a system and t o  pin down t h e  act ion of t h e  complexing 

agent w i l l  be a t  least d i f f i c u l t ,  i f  not impossible. 

The complexing agent could affect the decomposition of 

t h e  i n i t i a t o r  which generates radicals; it could affect the 

primary radical and/or t h e  propagating r a d i c a l ;  o r  it could 
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CONCLUDING REMARI(s 985 

complex wi th  t h e  monomer. A l l  t hese  r e a c t i o n s  may proceed 

s imultaneously and by changing t h e  cond i t ions ,  w e  could a f f e c t  

t h e i r  r e l a t i v e  con t r ibu t ions  t o  a d i f f e r e n t  degree.  It is  no t  

s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e  rate of r e a c t i o n ,  o r  some o t h e r  

p rope r ty  of t h e  system t h a t  measures t h e  changes r e s u l t i n g  from 

t h e  process ,  may t u r n  o u t  t o  be a complex func t ion  of concentra- 

t i o n ,  o r  o t h e r  v a r i a b l e s  determining the  s ta te  of the  system. 

Therefore ,  va r ious  curves  with maxima or minima presented  i n  

t h i s  meeting d o n ' t  s u r p r i s e  m e ,  b u t  I doubt whether any un- 

equivocal  conclus ions  can be  drawn from s t u d i e s  of such systems 

i f  s impler  systems ( c a l l  it model systems)  were n o t  i nves t iga t ed .  

Sure ly ,  t h e s e  s t u d i e s  w i l l  be cont inued,  b u t  it i s  h igh ly  de- 

sirable t o  s tudy  t h e  llcomponentll systems. 

Another f a s c i n a t i n g  problem r a i s e d  i n  t h i s  meeting i s  t h e  

problem of s p a c i a l  o rgan iza t ion  of t h e  monomer p r i o r  t o  i ts  

polymerizat ion.  O f  course ,  monomer i s  organized i n  c r y s t a l  

la t t ice  whenever polymerized i n  c r y s t a l l i n i c  phase and such a 

" s o l i d  state" polymerizat ion w a s  i n t e n s i v e l y  s t u d i e d  al though 

n o t  d i scussed  here .  The ques t ion  arises whether some organiza-  

t i o n  can be achieved i n  l i q u i d  phase,  e.g., due t o  t h e  adsorp t ion  

on cha ins  of polymers d i s so lved  i n  the  polymerizing medium, o r  

due t o  t h e  presence  of o t h e r  t ype  of "matrix".  T h i s  problem w a s  

discussed  here  by D r .  GayEord and, i n  fact ,  I r a i s e d  t h i s  problem 

about 1 6  y e a r s  ago i n  my paper on " r e p l i c a "  polymerizat ion.  A 

s i m i l a r  problem was d iscussed  by D r .  Bamford when he suggested 

l l t a i l l l  effect  i n  polymerizat ion of Leuchls  anhydrides.  I f e e l  

t h a t  w e  do n o t  have y e t  any unambiguous evidence for such a 

phenomenon, b u t  I believe t h a t  one day it w i l l  be c l e a r l y  

demonstrated.  
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9 86 CONCLUDING REMARKS 

F i n a l l y ,  t h e  problem of photochemically f'excited" monomers 

w a s  mentioned by one of t he  speakers .  If I understood h i m  cor-  

r e c t l y ,  he p o s t u l a t e s  p a r t i c i p a t i o n  of an e x c i t e d  s i n g l e t .  T h i s  

is h ighly  u n l i k e l y ,  s i n c e  t h e  l i fe t ime of an e x c i t e d  s i n g l e t  i s  

i n  the  range 10'' - loe8 sec. Even less probable  is the  p a r t i -  

c i p a t i o n  of v i b r a t i o n a l l y  e x c i t e d  monomer (also discussed  here) .  

Recent s t u d i e s  of Rentzepis  demonstrate  t h a t  t h e  v i b r a t i o n a l  re- 

l a x a t i o n  i n  s o l u t i o n  occurs  wi th in  loe1* sec, 

L e t  m e  t u r n  now t o  t h e  c a t i o n i c  polymerizat ion.  Here, w e  

w e r e  faced  wi th  r e p o r t s  d e s c r i b i n g  m o s t  unorthodox phenomena. 

I cannot  resist t h e  tempta t ion  of t e l l i n g  you a t rue s to ry .  One 

of our  co l leagues  suggested t o  h i s  s tuden t  t o  i n v e s t i g a t e  the  

k i n e t i c s  of polymerizat ion i n i t i a t e d  by T i C 1 4  and some organo- 

aluminum compound. The r e a c t i o n  w a s  followed d i l a t o m e t r i c a l l y ,  

and t h e  s tuden t  d i l i g e n t l y  measured t h e  movement of t h e  meniscus 

i n  t h e  c a p i l l a r y  of  h i s  d i l a tome te r .  A f t e r  a f e w  weeks of 

s t u d i e s  he went t o  h i s  p ro fes so r  and s a i d ,  "It i s  a most unusual  

r eac t ion .  Whenever I go home t h e  polymerizat ion s tops .  How 

does t h e  polymerizat ion know t h a t  I went home?" O f  course ,  h i s  

observa t ion  w a s  correct  and he t o l d  t h e  t r u t h ,  b u t  n o t  t he  w h o l e  

t r u t h .  H e  d i d n ' t  add t h a t  t h e  d i l a tome te r  w a s  i l l umina ted  by a 

b r i g h t  lamp t o  permit  h i m  t o  observe the  p o s i t i o n  of t h e  meniscus 

and whenever he went home, he switched t h e  l i g h t  o f f .  T h e  r e a c t i o n  

turned  o u t  t o  be photochemically i n i t i a t e d  and t h u s  t h e  mystery 

was solved.  

Now, I t o l d  you t h i s  s t o r y  because I am asking the  same 

ques t ion .  Sure,  some o f  you described a most puzz l ing  phenomena. 

All t h a t  has been r epor t ed  is t r u e .  But, have w e  been t o l d  t h e  

whole t r u t h  and I wonder what w a s  l e f t  n o t  r e p o r t e d  i n  t h e  
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CONCLUDING RENARK2 987 

d e s c r i p t i o n  of t hese  experiments.  I l i k e d ,  t h e r e f o r e ,  t h e  remark 

of Professor  Plesch about t h e  r e a c t i o n  of RH with ha l ides .  This  

type of observa t ion  may be important  and have t o  be kep t  i n  mind. 

It is  a l s o  important  to stress t h a t  w e  are c l e a r l y  a i s t i n -  

gu ish ing  now i n  c a t i o n i c  poiymerizat ion between t h e  r e a c t i o n s  of 

f r e e  ions  and ion-pa i rs .  And aga in ,  Professor  Schleyer ,  when w e  

t a l k  about ion-pa i rs  w e  d i s t i n g u i s h  them from f ree  carbonium ions .  

Whether you wish t o  c a l l  t h e  c a t i o n  of such a p a i r  carbonium-ion 

o r  t o  g ive  it another  name i s  of l i t t l e  importance. What ma t t e r s  

i s  t h a t  t h e  p a i r  i s  d i f f e r e n t  from t h e  free ion  i n  i ts  chemical 

behavior  and, t he re f  o re ,  a l s o  i n  propagat ion.  

Now, I b e l i e v e  t h a t  t h e  s t u d i e s  r epor t ed  here  by Professor  

Williams g ive  u s  re l iable  r a t e  cons t an t s  of propagat ion of f r e e  

carbonium ions  i n  hydrocarbon media; namely, va lues 'w i th in  a 

range lo6 - lo8 M - l  sec-l. 

by o t h e r s  l ed  t o  propagat ion cons t an t  of about l o 4  M - l  sec -' 
when t h e  r e a c t i o n  has  been performed i n  d ich loroe thane .  If t h i s  

polymerizat ion again involves  f r e e  ions ,  t hen  t h e  r e s u l t s  i nd i -  

cate enormous effect of so lva t ion .  One expec ts  formation of a 

so lva t ion  s h e l l  around an ion  i n  polar so lven t s ;  a l s o ,  one ex- 

p e c t s  t h a t  t h e  formation of such a so lva t ion  s h e l l  should reduce 

t h e  r e a c t i v i t y  of an ion ,  b u t  t h e  effect seems t o  be r a t h e r  

l a r g e  (lo2 - 10 1. 

The i n t e r e s t i n g  p h o t o l y t i c  s t u d i e s  

4 

I n t e r e s t i n g  block-polymers w e r e  descr ibed  by Professor  

Saegusa. T h e i r  formation provides  a clear evidence f o r  l i v i n g  

c a t i o n i c a l l y  propagat ing  polymers. It i s  worth s t r e s s i n g  t h e  

d i f f e r e n c e  between t h i s  technique  and a s i m i l a r  one b r i e f l y  

mentioned here  by D r .  Goldberg. The convent iona l  l i v i n g  polymer 

technique of producing block polymers r e q u i r e s  consecut ive  addi- 
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988 CONCLUDING REHARKS 

t i o n  of monomers--each a d d i t i o n  producing a block. D r .  Goldberg 

descr ibed  a technique ,  o r i g i n a l l y  suggested by Dr. Levy, i n  

which c a t i o n i c a l l y  grown l i v i n g  polymer endowed wi th  two ends 

w a s  added t o  a n i o n i c a l l y  grown l i v i n g  polymer a l s o  endowed wi th  

two ends. The i r  combination produces a poly-block. 

F i n a l l y ,  I would l i k e  t o  summarize what w e  l earned  about  

s e l f - i o n i z a t i o n .  S e l f - i o n i z a t i o n  can produce ions  i n  s o l v e n t s  

l i k e  T i C 1 4 ,  SbC15, etc., e.g., 2SbCl52  SbC14+ + SbC16 . 
i ons  could ,  i n  p r i n c i p l e ,  i n i t i a t e  polymerizat ion.  However, t h i s  

i s  n o t  t h e  only  mode of i n i t i a t i o n  p o s s i b l e  i n  such systems. 

For example, w e  have shown t h a t  polymerizat ion can be  i n i t i a t e d  

by transfer of C1' t o  t h e  monomer, e.g., 2SbC15 + C=C -P SbC16 

Cl.C-C+ + SbClg. 

- 
These 

- + 

I n  conclus ion ,  I wish t o  thank,  and I presume t h a t  I can do 

it i n  your name, the  organiz ing  committee, D r .  Vogl, D r .  Len2 

and a l l  t h e  o t h e r  people  who so grac ious ly  looked a f te r  u s ,  f o r  

o rgan iz ing  t h i s  meeting so e f f i c i e n t l y ,  p l e a s a n t l y  and in-  

s t r u c t i v e l y .  Thank you very  much. 

m: Thank you, Professor  Szwarc, for your concluding remarks.  

I wish t o  thank t h e  speakers ,  members of t h e  pane l s  and t h e  

o t h e r  a t t e n d e e s  f o r  p a r t i c i p a t i n g  i n  t h i s  Symposium. W e  are 

e s p e c i a l l y  g r a t e f u l  t o  t h e  companies wi thout  whose f i n a n c i a l  

suppor t  t h i s  Colloquium would n o t  have been poss ib l e .  
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