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The c r i t i c a l  concent ra t ion  C c co r re spond ing  to format ion  of a continuous s t ruc tu ra l  network 
was  de t e rmined  as  a m e a s u r e  of "e las t i c  r eco i l "  in p o l y m e r  solut ions .  It was  shown that  C c 
is  not r e l a t ed  to de format ion  p a r a m e t e r s  but r e f l e c t s  the t r ans i t ion  f rom one m o l e c u l a r -  
k ine t ic  s ta te  to another  in the m a t e r i a l  under inves t iga t ion .  

Highly e l a s t i c  de fo rmat ions  in po lyme r  solut ions ,  which a re  m e a s u r e d  f rom the "e las t i c  r e c o i l "  [1], 
a r e  a s s o c i a t e d  with s t r uc tu r a l  de fo rmat ions ,  which a re  a s s um e d  to have the fo rm of continuous t h r e e -  
d imens iona l  s t r u c t u r e s  cons i s t ing  of m a c r o m o l e c u l e s  o r  groups  of m a c r o m o l e c u l e s .  Action of an ex te rna l  
mechanica l  fac tor  l eads  to a conformat ional  change in the s t r u c t u r e - f o r m i n g  m a c r o m o l e c u l e s  and to pa r t i a l  
or  complete  des t ruc t ion  of the s t ruc tu re .  This  i s  r e f l ec t ed  p r i m a r i l y  in the h i g h - e l a s t i c i t y  p a r a m e t e r s  of 
po lymer  s y s t e m s  and i s  r e ad i l y  picked up by measu r ing  the "e las t i c  r e c o i l "  7e" 

That  the e l a s t i c i t y  of changes in the shape of a po l ym e r  solution r e s u l t s  f rom format ion  of a cont in-  
uous s t r uc tu r a l  network fol lows f rom m e a s u r e m e n t s  of the "e las t i c  r e c o i l "  as  a function of concen t ra t ion  
for  va r ious  p o l y m e r  solut ions.  We m e a s u r e d  this  quanti ty in solut ions of po lys ty rene  in benzene and 
polyvinyltoluoul  in n-xylo l ,  using an e l a s t o v i s c o s i m e t e r  [2], which p e r m i t s  de t e rmina t ion  of the "e las t i c  
r e c o i l . "  We did not de tec t  "e la s t i c  r e co i l "  dur ing shea r  de format ion  in the solut ions  inves t iga ted  until the 
concent ra t ion  C reached  a c e r t a i n  c r i t i c a l  level  C c (Fig.  l a  and b). In this  case ,  the m a c r o m o l e c u l e s  o r  
m a c r o m o l e c u l a r  a s s o c i a t e s  apparen t ly  do not fo rm a continuous s t r uc t u r a l  network,  while the s epa ra t e  
m a c r o m o l e c u l e s  and agg rega t e s ,  which a re  t hemse lves  e l a s t i c ,  cannot cause  e l a s t i c i t y  of changes in shape 
for  the solution as  a whole a f t e r  appl ica t ion  of ex te rna l  force  c e a s e s .  Actual ly ,  the individual  m a c r o m o l e -  
eu les  and agg rega t e s  undergo an e l a s t i c  change in shape,  but the i r  c e n t e r s  of s y m m e t r y  r e m a i n  s t a t iona ry  
if  Brownian motion i s  not taken into account.  In this  case ,  solvent  flows develop around the m a c r o m o l e -  
cu les ,  but these cancel  one another  because  of the enormous  number  of maoromoleou l e s  and agg rega t e s  
p r e s e n t  and the i r  effect  in a l t e r i ng  the shape of even a m i c r o s c o p i c  volume i s  abso lu te ly  nil .  At a definite 
concent ra t ion  C o (Fig.  1), the densi ty  of m a c r o m o l e c u l e s  r e a c h e s  a level  that  p e r m i t s  ex is tence  of s t r u c -  
t u r e s  that  a r e  continuous and extend throughout the solution volume.  Since they a r e  t hemse lves  e l a s t i c ,  
these  s t r u c t u r e s  provide  e l a s t i c i t y  for changes in the shape of the solution as  a whole.  "E las t i c  r e c o i l "  
is  obse rved  at  concent ra t ions  above a ce r t a in  c r i t i c a l  C c. Graphs  r e p r e s e n t i n g  the "e las t i c  r e c o i l "  de -  
t e r m i n e d  under a s t e a d y - s t a t e  flow r eg ime  as  a function of the l oga r i t hm of the solut ion concent ra t ion  

TABLE 1. Compar i son  of Cr i t i ca l  Concentra t ions  C c 

Polymer 

Polystyrene 
Polystyrene 
Toluol 

Solvent 

Benzene 

Benzene 

Paraxylol 

Molecular mass of 
polymer Mv 

7,0.104 
4, 9. IO S 
4,2. lO s 

from "elastic recoil" 

13,5 
2,6 
9.7 

Critical concentration C c, wt.% 
! 

from viscosity [3, 4] theoretical calculation [3, 4] 

19 18 
2,5 
9,2 
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Fig. 1. "Elast ic recoi l"  of solutions: a) of polystyrene in 
benzene as a function of concentrat ion (Ye_- log C) with de-  
formation rate T = 15.7 sec -l. 1) PS with M v = 7.104; 2) PS 
with ~I v = 4.9.105, 20~ b) of polyvinyltoluol in n-xylol as 
a function of concentrat ion at 35 ~ (My = 4.2.10s); 1-4) de-  
formation ra tes  T of 0.627, 3.14, 15.7, and 78.7 sec -1 r e -  
spectively.  

( ~ e - l ~  C) are  straight  l ines in the region of concentrat ions not great ly exceeding C c. This makes it pos -  
sible to find the cri t ical  concentration C c by extrapolation (Fig. l a  and b). 

The concentrat ion corresponding to formation of a continuous s tructural  network can be determined 
f rom the change in the dependence of solution viscosi ty  on concentration [3], as well as f rom the change 
in the specific surface of a polymer  aerosol (found f rom low-temperature  krypton adsorption) with i n c r e a s -  
ing ini t ial-solution concentrat ion [4] ; roughly the same values are found to correspond to formation of a 
continuous s t ructure  in the solution in question as when they are  determined f rom "elast ic recoi l"  m e a s u r e -  
ments.  Table 1 gives a compar ison of the cri t ical  concentrat ion C c found by these three methods; as can 
be seen, there is ra ther  good agreement  among them. 

It  is  especial ly interest ing that the cr i t ical  concentrat ion C e is independent of the rate at which the 
test  material  is deformed before the "elastic recoi l"  is  measured ,  i .e. ,  the ~/e-log C curves  are  ex t ra -  
polated to the same point C c r ega rd less  of the deformation rate at which the "elastic r e c o i l '  ve r sus  con-  
centrat ion curve was determined.  This is i l lustrated by Fig. lb ,  which shows that the cr i t ical  concent ra-  
tion C c determined f rom "elastic recoi l"  measurements  is not related to the deformation p a r a m e t e r s  but 
ref lects  a t ransi t ion f rom one molecular-kinet ic  state to another in the test  mater ia l .  We can therefore  
use C c to determine the pa rame te r s  charac ter iz ing  this state. 

N O T A T I O N  

"Ye 
Cc 
My 

"elastic recoi l" ;  
cr i t ical  concentrat ion for formation of continuous s tructural  network in polymer  solutions; 
molecular  mass  (from charac te r i s t i c  v iscosi ty  measurements) .  
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