
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Concentration Dependence of Elution Volumes in size Exclusion
Chromatography of Polymer Molecules. II. Poly(Methyl Methacrylate) in
Ideal Solvent
Oscar Chiantorea; Marino Guaitaa

a Istituto di Chimica Macromolecolare dell'Università di Torino Via G. Bidone 36, Torino, Italy

To cite this Article Chiantore, Oscar and Guaita, Marino(1985) 'Concentration Dependence of Elution Volumes in size
Exclusion Chromatography of Polymer Molecules. II. Poly(Methyl Methacrylate) in Ideal Solvent', Journal of Liquid
Chromatography & Related Technologies, 8: 8, 1413 — 1430
To link to this Article: DOI: 10.1080/01483918508067153
URL: http://dx.doi.org/10.1080/01483918508067153

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508067153
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 8(8), 1413-1430 (1985) 

CONCENTRATION DEPENDENCE OF 
ELUTION VOLUMES IN SIZE EXCLUSION 

CHROMATOGRAPHY OF POLYMER 

ACRYLATE) IN IDEAL SOLVENT 
MOLECULES. II. POLY(METHYL METH- 

Oscar Chiantore and Marino Guaita 
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ABSTRACT 

The c o n c e n t r a t i o n  e f f e c t s  o c c u r r i n g  i n  s i z e  e x c l u s i o n  
chromatography of polymer molecules  have been i n v e s t i g a t e d  f o r  
t h e  c a s e  of e l u t i o n  of macromolecules i n  an i d e a l  s o l v e n t .  It is 
shown t h a t  i n c r e a s e s  i n  the e l u t i o n  volumes w i t h  polymer 
c o n c e n t r a t i o n  a r e  d e t e c t a b l e  with t h e  h igh  e f f i c i e n c y  columns 
employed. The c o n c e n t r a t i o n  dependence of e l u t i o n  volumes is much 
lower than  t h a t  prev ious ly  determined with good s o l v e n t s .  The 
main f a c t o r  c o n t r i b u t i n g  t o  the s h i f t  of e l u t i o n  volumes seems t o  
be t h e  v i s c o s i t y  of t h e  polymer s o l u t i o n s ,  but a n o t h e r  e f f e c t  
appears  a l s o  t o  be present .  This  l a t t e r  e f f e c t  p o s s i b l y  sugges t  
t h a t  i n  semi-concentrated s o l u t i o n s  of polymer molecules  i n  i d e a l  
s o l v e n t s  a cont inuous c o n t r a c t i o n  of t h e  polymer c h a i n s  occurs ,  
below t h e i r  unperturbed dimensions,  s i m i l a r  t o  t h a t  happening 
when the  temperature  of i d e a l  s o l u t i o n s  i s  decreased .  More 
i n v e s t i g a t i o n  on t h i s  point  i s  needed. 
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INTRODUCTION 

CHIANTORE AND CUAITA 

The i n c r e a s e  of t h e  e l u t i o n  volumes wi th  sample 

concent ra t ion  occurr ing  i n  s i z e  exc lus ion  chromatography (SEC) of 

polymer molecules has  been most ly  a t t r i b u t e d  e i t h e r  t o  the  s o l e  

e f f e c t  of c o n t r a c t i o n  of t h e  polymer c o i l s  with i n c r e a s i n g  

concent ra t ion  (1-3) o r  t o  a sum of c o n t r i b u t i n g  processes  

among which, i n  a d d i t i o n  t o  t h e  former e f f e c t ,  t h e  f r i c t i o n a l  

f o r c e s  i n  the column i n t e r s t i t i a l  volume ( v i s c o s i t y  e f f e c t )  seem 

t o  play t h e  most important  r o l e  ( 4-6 ) 

The v i s c o s i t y  e f f e c t  can be i s o l a t e d  and exper imenta l ly  s e e n  

by e l u t i n g  polymer samples which do not  permeate t h e  packing 

pores  but  flow i n  the  i n t e r s t i t i a l  volume o n l y  ( 4 ) .  On t h e  

o t h e r  hand, i t  i s  not  p o s s i b l e  t o  d e v i s e  a chromatographic 

experiment where the v i s c o s i t y  e f f e c t  i s  c e r t a i n l y  n o t  o p e r a t i v e  

and t h e  c o i l  c o n t r a c t i o n  a l o n e  t a k e s  place.  Therefore ,  i t  is a 

d i f f i c u l t  t a s k  t o  e s t a b l i s h  the  presence and t h e  r e l a t i v e  

importance of t h e  d i f f e r e n t  e f f e c t s  c o n t r i b u t i n g  t o  t h e  t o t a l  

concent ra t ion  dependence of t h e  e l u t i o n  volumes of polymer 

molecules e l u t i n g  i n  t h e  permeation range of t h e  chromatographic 

co 1 umn s . 
The semi-empirical and t h e o r e t i c a l  models proposed f o r  t h e  

i n t e r p r e t a t i o n  of the c o n c e n t r a t i o n  e f f e c t  i n  SEC are mainly 

based on t h e  change of c o i l  s i z e  with i n c r e a s i n g  polymer 

concent ra t ion  i n  s o l u t i o n  (1 ’7 ’8 )  and on r e l a t i o n s h i p s  

between t h e  e x t e n t  of  t h e  c o n c e n t r a t i o n  e f f e c t  and t h e  

thermodynamic n o n i d e a l i t y  of the  polymer s o l u t i o n s  ( 9 , l O )  
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CONCENTRATION DEPENDENCE OF ELUTION VOLUMES 1415 

The only theory  of c o n c e n t r a t i o n  e f f e c t s  which e x p l i c i t l y  

t a k e s  i n t o  account the v i s c o s i t y  e f f e c t  a s  w e l l  i s  t h e  one by 

Janca (6) ;  t h i s  theory  was l a t e r  g e n e r a l i z e d  t o  i n c l u d e  t h e  

c o n t r i b u t i o n  of t h e  so-ca l led  secondary e x c l u s i o n  (ll). m e  

( 6 )  a p p l i c a t i o n  of such a t h e o r y  t o  some exper imenta l  d a t a  

l e d  t o  a n  e s t i m a t i o n  of t h e  v i s c o s i t y  e f f e c t  a s  r e s p o n s i b l e  of 

approximately 80% of the  t o t a l  s h i f t  i n  t h e  e l u t i o n  volumes of 

polymer molecules permeating t h e  column pores. Such a r e s u l t  was 

found t o  be v i r t u a l l y  independent  of the  c o n c e n t r a t i o n  and of t h e  

amount of t h e  i n j e c t e d  s o l u t i o n s ,  as w e l l  a s  of  t h e  column 

e f f i c i e n c y .  On t h e  c o n t r a r y ,  by i n c r e a s i n g  the  column e f f i c i e n c y  

t h e  o v e r a l l  c o n c e n t r a t i o n  dependence of t h e  e l u t i o n  volumes 

increased .  

I n  a prev ious  paper  we proposed a p r a c t i c a l  

experimental  procedure f o r  t h e  e v a l u a t i o n  of t h e  r a t i o  of t h e  

v i s c o s i t y  c o n t r i b u t i o n  t o  t h e  t o t a l  c o n c e n t r a t i o n  e f f e c t .  The 

method s t a n d s  on the assumption t h a t  no o t h e r  phenomena, b e s i d e  

v i s c o s i t y  and c o i l  c o n t r a c t i o n ,  c o n t r i b u t e  t o  t h e  t o t a l  

c o n c e n t r a t i o n  e f f e c t .  It i s  a l s o  assumed t h a t  t h e  same v i s c o s i t y  

c o n t r i b u t i o n  occurs  f o r  s o l u t i o n s  of permeat ing and of t o t a l l y  

excluded polymer molecules having t h e  same s p e c i f i c  v i s c o s i t y .  I n  

o t h e r  words, t h e  t o t a l  c o n c e n t r a t i o n  e f f e c t  f o r  t h e  former 

s o l u t i o n s  should be h i g h e r  than  f o r  t h e  l a t t e r  ones ,  t h e  

d i f f e r e n c e  being e n t i r e l y  due t o  the  ef f e c t  of c o i l  c o n t r a c t i o n .  

The a p p l i c a t i o n  of t h i s  method t o  t h e  c a s e  of e l u t i o n  of narrow 

d i s t r i b u t i o n  polys tyrene  molecules  i n  a good s o l v e n t  showed 
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1416 CHIANTORE AND GUAlTA 

(12 )  t h a t  both v i s c o s i t y  and c o i l  c o n t r a c t i o n  c o n t r i b u t i o n s  

a r e  impor tan t ,  the  l a t t e r  one being t h e  p r i n c i p a l  r e s p o n s i b l e  of 

t h e  t o t a l  c o n c e n t r a t i o n  dependence of t h e  polymer e l u t i o n  

volumes. 

In  t h i s  paper  t h e  r e s u l t s  a r e  repor ted  f o r  polymer molecules  

e l u t e d  i n  a thermodynamically poor s o l v e n t .  I n  poor s o l v e n t s ,  the  

concent ra t ion  ef f e c t  is reduced because of t h e  lower v i s c o s i t i e s  

of the  polymer s o l u t i o n s  and t h e  reduced p o s s i b i l i t y  of 

c o n t r a c t i o n  f o r  t h e  d i s s o l v e d  macromolecules: a c t u a l l y ,  one might 

f o r e s e e  t h a t  i n  the l i m i t  of  an i d e a l  s o l v e n t ,  where t h e  

molecules a r e  a t  t h e i r  unswollen, unper turbed ,  dimensions, only 

the  v i s c o s i t y  e f f e c t  should occur. The choice  of a 

thermodynamically i d e a l  e l u e n t  f o r  SEC experiments  is complicated 

by the f a c t s  t h a t  f r e q u e n t l y  such an e l u e n t  has  a low p o l a r i t y  

(e.g. cyclohexane a t  35 ‘C f o r  p o l y s t y r e n e ) ,  wi th  t h e  consequence 

of p o s s i b l e  polymer a d s o r p t i o n  on t h e  s t a t i o n a r y  phase,  and t h a t  

o f t e n  i t  is a mixture  of s o l v e n t s  and makes l i k e l y  t h e  occurrence 

of secondary phenomena, such a s  p r e f e r e n t i a l  s o l v a t i o n  and/or  

adsorp t ion .  

The system which has  been choosen f o r  t h e  p r e s e n t  s tudy  is 

cons t i  t u t e d  by poly(methy1 me t h a c r y l a t e  ) , (PMMA) , i n  

2-ethoxyethanol. 2-Ethoxyethanol is p r a c t i c a l l y  an i d e a l  s o l v e n t  

f o r  PMMA a t  room temperature  ( 1 4 )  and h a s  high p o l a r i t y ,  

which makes i t  a s u i t a b l e  e l u e n t  i n  o r d e r  t o  avoid polymer 

adsorp t ion  

t h e  measurements of t h e  c o n c e n t r a t i o n  e f f e c t s .  

on t h e  s i l i c a  g e l  columns (15) employed throughout  
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CONCENTRATION DEPENDENCE OF ELUTION VOLUMES 

EXPERIMENTAL 

1417 

Narrow d i s t r i b u t i o n  PMMA s t a n d a r d s  (Polymer L a b o r a t o r i e s ,  

Shrewsbury, England) were e l u t e d  wi th  a Waters M45 pump on two 

d i f f e r e n t  column combinations: the  f i r s t  one c o n s i s t e d  of 2 

columns (25  cm l e n g t h ,  0.46 cm I.D.,  each)  packed wi th  

m i c r o p a r t i c u l a t e  s i l i c a  g e l s  (LiChrospher ,  E. Merck, Darmstadt , 

W. Germany) having mean pore  s i z e s  of 100 nm and 50 nm 

r e s p e c t i v e l y ;  the  second one was made wi th  2 similar columns, 

r e s p e c t i v e l y  packed with LiChrospher of 10 nm mean pore s i z e  and 

with a l a r g e  pore volume s i l i c a  g e l ,  SG-7G, k i n d l y  g i f t e d  by D r .  

Dusan Berek (Polymer I n s t i t u t e  of t h e  Slovak Academy of Sc iences ,  

B r a t i s l a v a ,  Czechoslovakia). A Siemens d i f f e r e n t i a l  r e f r a c t o m e t e r  

a s  a d e t e c t o r  and a Rheodyne 7010 va lve  with a 10 p1 loop t o  

i n t r o d u c e  the  samples i n t o  t h e  columns were employed. The s o l v e n t  

f o r  PMMA samples, as w e l l  as t h e  chromatographic  e l u e n t ,  was 

a n a l y t i c a l  grade 2-ethoxyethanol (C. Erba, Milano, I t a l y ) .  The 

e l u t i o n s  were performed a t  a cons tan t  f low rate of approximately 

0.5 c m  /min; a l l  the  measurements were done i n  t r i p l i c a t e  and 

t h e  r e s u l t s  averaged. 

3 

RESULTS AND DISCUSSION 

The c a l i b r a t i o n  curve  of the  f i r s t  column system (100 nm + 

50 nm) is shown i n  Fig. 1. The a v a i l a b l e  PMMA sample of h i g h e s t  

molar mass (640000) s t i l l  e l u t e s  i n  t h e  s e p a r a t i o n  range  of t h e  
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1418 CHIANTORE AND GUAITA 

FIGURE. 1 Calibration curve of the column system 100 nm + 50 nm for 
PMMA in 2-Ethoxyethanol. 
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CONCENTRATION DEPENLlENCE OF ELUTION VOLUMES 1419 

columns; t h e r e f o r e ,  f o r  t h i s  column system, i t  was n o t  p o s s i b l e  

t o  o b t a i n  t h e  e l u t i o n  volumes of eltcluded polymer samples from 

which t o  e v a l u a t e  the v i s c o s i t y  c o n t r i b u t i o n  t o  the  t o t a l  

c o n c e n t r a t i o n  e f f e c t .  The c o n c e n t r a t i o n  dependences of e l u t i o n  

volumes were n e v e r t h e l e s s  measured f o r  t h r e e  d i f f e r e n t  PMMA 

s t a n d a r d s  (molar masses 128000, 280000 and 640000)  i n  o r d e r  t o  

compare the  e x t e n t  of the  phenomenon wi th  t h a t  o b t a i n e d ,  on t h e  

same columns, ( 1 2 )  wi th  p o l y s t y r e n e s  d i s s o l v e d  i n  a good 

s o l v e n t .  In Fig. 2 the  exper imenta l ly  observed e l u t i o n  volumes 

a r e  p l o t t e d  a g a i n s t  t h e  i n j e c t e d  polymer c o n c e n t r a t i o n s :  one can 

s e e  t h a t  i n c r e a s e s  of e l u t i o n  volumes do occur ,  though t o  a much 

lower e x t e n t  than those  prev ious ly  repor ted  f o r  p o l y s t y r e n e  i n  

t e  t rahyd ro f u r  an ( 1 2 )  

The t o t a l  increment of e l u t i o n  volumes nvt = 

(Ve,c-Ve,o , where V i s  the  polymer e l u t i o n  

volume a t  c o n c e n t r a t i o n  c and V i s  t h e  polymer e l u t i o n  

volume e x t r a p o l a t e d  a t  c=O, a r e  p l o t t e d  i n  Fig. 3 a g a i n s t  t h e  

polymer s p e c i f i c  v i s c o s i t i e s .  The s p e c i f i c  v i s c o s i t i e s  were 

c a l c u l a t e d  by means of t h e  Huggins equat ion  

e .C 

e so 

where k i s  t h e  Huggins c o n s t a n t ,  t h e  c o n c e n t r a t i o n  c i s  H 

expressed i n  g/cm3 and [T] i s  t h e  polymer i n t r i n s i c  

v i s c o s i t y  obta ined  from t h e  Mark-Houwink e q u a t i o n  r e l a t i v e  t o  

PMMA i n  2-e thoxye than01 ( 1 4 ) .  

-2 0.5 [T] = 5.00 10 M 
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FIGURE 3. Changes of e l u t i o n  volumes, AV,, w i t h  s p e c i f i c  v i s c o s i t i e s .  

Columns 100 nm + 50 n m . d :  PMMA 640000; 0 :  PMMA 280000; 
0: PMMA 128000. 

Huggins c o n s t a n t s  %, f o r  PMMA i n  2-ethoxyethanol  a r e  

n o t  r e p o r t e d  i n  t h e  L i t e r a t u r e ;  however by ana logy  w i t h  t h e  

v a l u e s  r e p o r t e d  ( 1 6 ' 1 7 )  f o r  o t h e r  s i n g l e  and mixed i d e a l  

s o l v e n t  systems,  t h e  v a l u e  %=l can be r easonab ly  used f o r  

a l l  t h e  PMMA samples  i n v e s t i g a t e d .  

I f  t h e  t o t a l  i n c r e a s e  of e l u t i o n  volumes of Fig.  2 were on ly  

due t o  t h e  v i s c o s i t y  c o n t r i b u t i o n ,  t h e  p o i n t s  on F ig .  3 shou ld  

l i e  on a common s t r a i g h t  l i n e .  U n f o r t u n a t e l y ,  t h e  e x p e r i m e n t a l  

d a t a  of Fig.  3 a r e  q u i t e  s c a t t e r e d ;  i t  seems however p o s s i b l e  t o  

say t h a t  t h e  v i s c o s i t y  e f f e c t  is i ndeed  t h e  main f a c t o r ,  bu t  

p o s s i b l y  n o t  t h e  o n l y  one ,  i n  d e t e r m i n i n g  t h e  s h i f t  i n  t h e  

e l u t i o n  volumes. 

The c a l i b r a t i o n  c u r v e s  w i t h  p o l y s t y r e n e  samples  i n  

t e t r a h y d r o f u r a n  of  t he  i n d i v i d u a l  colums of  t h e  second column se t  

used i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a r e  shown i n  Fig.  4. The 
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FIGURE 4 .  Calibration curve with PS standards in tetrahydrofuran for 
the columns 10 nm ( - - - ) and SG-7G ( - ). 
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CONCENTRATION DEPENDENCE OF ELUTION VOLUMES 1423 

c a l i b r a t i o n  curve of the  2-column s e t  wi th  PMMA i n  

2-ethoxyethanol i s  shown i n  Fig. 5. One can see t h a t  i n  t h i s  c a s e  

the h i g h e s t  molecular  mass P M M A  sample ( M  = 640000, l o g  M= 5.806) 

h a s  a n  e l u t i o n  volume o u t s i d e  t h e  column s e p a r a t i o n  range. 

Therefore  the  experiments  performed with the  second column system 

a l low f o r  t h e  measurement of t h e  pure c o n t r i b u t i o n  from t h e  

s o l u t i o n  v i s c o s i t i e s  t o  the  i n c r e a s e  of the  e l u t i o n  volumes by 

i n c r e a s i n g  concent ra t ions .  The c o n c e n t r a t i o n  dependences of t h e  

e l u t i o n  volumes of t h r e e  permeating samples ( 4 5 2 0 0 ,  72000, 

128000) and of t h e  excluded one a r e  p l o t t e d  i n  Fig. 6 .  A f t e r  

c a l c u l a t i o n  of the  s p e c i f i c  v i s c o s i t i e s  a s  p r e v i o u s l y  d e s c r i b e d ,  

t h e  t o t a l  increments  of e l u t i o n  volumes a r e  repor ted  i n  Fig. 7 a s  

a f u n c t i o n  of 

volumes of t h e  excluded sample, P M M A  640000, i s  due t o  t h e  

v i s c o s i t y  c o n t r i b u t i o n  o c c u r r i n g  i n  the  i n t e r s t i t i a l  volume of 

t h e  columns. One can s e e  t h a t ,  €o r  t h e  permeating polymers, an 

a d d i t i o n a l  small  change of e l u t i o n  volumes o c c u r s ,  t h e r e f o r e  

i n d i c a t i n g  t h a t  t h e  e f f e c t  o €  t h e  v i s c o s i t y  i s  not  t h e  only one 

t a k i n g  p lace  i n  t h e  system. 

For  each of t h e  permeating polymer samples t h e  c o n t r i b u t i o n  from 

v i s c o s i t y ,  A V  
i s  g iven ,  a t  each c o n c e n t r a t i o n ,  by t h e  AVt,ex of t h e  

excluded P M M A  sample a t  t h e  same 

and AV7 
d i f f e r e n t  i n j e c t e d  c o n c e n t r a t i o n s  a r e  shown i n  Fig. 8 ,  where i t  

i s  now e v i d e n t i a t e d  t h a t  of t h e  t o t a l  ( s m a l l )  change of e l u t i o n  

me i n c r e a s e  A v ~ , ~ ~  of e l u t i o n  7 SP' 

, t o  the t o t a l  c o n c e n t r a t i o n  e f f e c t  A v ,  7 

value.  The Avt  7 sp 
v a l u e s  r e l a t i v e  t o  t h e  permeating polymers a t  t h e  
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FIGURE 5. Calibration curve for PMMA in 2-Ethoxyethanol of the column 
system 10 nm + SG-JG. 
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I I I I I 

- 
m E 0.4- 
u 
Y 

0 0.2 0.4 0.6 0.8 1 .o 
'1, 

FIGURE 7 .  Changes of  e l u t i o n  volumes, AV w i t h  s p e c i f i c  v i s c o s i t i e s .  
Volumes of  10 nm + SG-7C. A : {;MA 640000; 0 PMMA 128000; 

: PMMA 72000; 0 :  PMMA 45200. 

volumes, the e f f e c t  due t o  the v i s c o s i t y  of the  polymer s o l u t i o n s  

i s  one. From t h e  r a t i o  o f  t h e  s l o p e s ,  ( d ( A V 7 )  / 

d c ) / ( d (  n V t )  / d c ) ,  of the  s t r a i g h t  l i n e s  drawn i n  Fig. 8 ,  

t h e  average r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  t o t a l  c o n c e n t r a t i o n  

e f f e c t  due t o  the v i s c o s i t y  a r e  c a l c u l a t e d  t o  be 62% f o r  PMMA 

45200, 81% f o r  PMMA 72000 and 60% f o r  PMMA 128000. 

t h e  major 

The above r e s u l t s  show t h a t  i n  the  thermodynamically i d e a l  

system PMMA/2-ethoxyethanol, where t h e  polymer t iolecules  should 

reach t h e i r  unperturbed dimensions, some o t h e r  e f f e c t  i n  a d d i t i o n  

t o  the v i s c o s i t y  one t a k e s  p lace  i n  g i v i n g  t h e  i n c r e a s e  of 

polymer e l u t i o n  volumes with c o n c e n t r a t i o n .  We have aseumed, 

throughout 

phenomena c o n t r i b u t e s  t o  t h e  c o n c e n t r a t i o n  e f f e c t ,  b e s i d e  t h e  

t h i s  work and the  previolls one ( '*) t h a t  no o t h e r  
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FIGURE 8 .  Changes of elution volumes with concentration in the columns 

10 nm + SG-7G. PMMA 128000:  0 ,  AV ; 0 ,  AV, . PMMA 7 2 0 0 0 :  
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1428 CHIANTORE AND CUAITA 

v i s c o s i t y  and t h e  change of dimensions of t h e  polymer c o i l s .  It 

h a s  a l r e a d y  been shown (15) t h a t  i n  t h e  l i m i t  of vanish ing  

polymer c o n c e n t r a t i o n  no a d s o r p t i o n  of t h e  PMMA molecules t a k e s  

p lace  on t h e  s i l i c a  s u b s t r a t e  when 2-ethoxyethanol i s  used a s  

e l u e n t ;  t h e r e f o r e  the  p o s s i b i l i t y  of  polymer r e t a r d a t i o n  by 

e n t h a l p i c  i n t e r a c t i o n s  can be r u l e d  out  a l s o  f o r  t h e  more 

concent ra ted  s o l u t i o n s  of t h i s  work. In  a comment by Janca 

(18) about o u r  prev ious  r e s u l t s  on t h e  c o n c e n t r a t i o n  e f f e c t s  

of polystyrene i n  t e t r a h y d r o f u r a n  ( 1 2 ) ,  it was suggested t h a t  

some o t h e r  phenomenon was a l s o  o p e r a t i v e  i n  de te rmining  t h e  whole 

change of e l u t i o n  volumes wi th  Concent ra t ion :  i t  i s  not  p o s s i b l e  

t o  e s t a b l i s h  whether t h i s  d i f f e r e n t ,  unknown, c o n t r i b u t i o n  i s  t h e  

same a s  t h a t  shown i n  t h i s  paper. However, t o  e x p l a i n  the  

behaviour of PMMA i n  2-ethoxyethanol, we might a l s o  t a k e  i n t o  

account t h a t ,  with s o l u t i o n s  of polymer molecules  i n  a 

thermodynamically i d e a l  s o l v e n t ,  t h e  ef f e c t  of i n c r e a s i n g  t h e  

polymer c o n c e n t r a t i o n  could be comparable with t h a t  o c c u r r i n g  

when t h e  temperature  of i d e a l  s o l u t i o n s  i s  decreased and a 

cont inuous 

unperturbed dimensions is found. In  t h e  l a t t e r  case ,  t h e  f l e x i b l e  

macromolecules are seen  t o  s h r i n k  bclow t h e  unperturbed 

conformation t o  reach a much more compact s i t u a t i o n .  For PMMA 

molecules more c o i l e d  s t r u c t u r e s  than i n  o t h e r  i d e a l  s o l v e n t s  

were found i n  a c e t o n i t r i l e  ( 2 0 ) ,  and were a t t r i b u t e d  t o  t h e  

c a p a c i t y  of the s o l v e n t  of promoting i n t r a m o l e c u l a r  aggrega t ion .  

A s i m i l a r  e f f e c t  might occur  when t h e  polymer c o n c e n t r a t i o n  of 

c o n t r a c t i o n  of the  polymer c h a i n s  (19) below t h e i r  
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t h e  i d e a l  s o l u t i o n s  i s  i n c r e a s e d .  F u r t h e r  i n v e s t i g a t i o n s  w i l l  be 

c a r r i e d  o u t  t o  c l a r i f y  t h i s  p o i n t .  

I n  c o n c l u s i o n ,  t h e  c o n c e n t r a t i o n  dependence of  polymer 

e l u t i o n  volumes i n  SEC h a s  been found t o  be  d e t e c t a b l e  a l s o  i n  a 

thermodynamical ly  i d e a l  s o l v e n t ,  though i t  i s  much lower  t h a n  

t h a t  observed i n  good s o l v e n t s .  I n  s u c h  a sys t em,  t h e  main 

c a u s e  of t h e  s h i f t  of  e l u t i o n  volumes a p p e a r s  t o  be t h e  

v i s c o s i t y  of t h e  polymer s o l u t i o n s ,  b u t  a small a d d i t i o n a l  

c o n t r i b u t i o n  i s  a l s o  s e e n  t o  be p r e s e n t .  A t  t h e  moment, i t  

seems n o t  p o s s i b l e  t o  e v a l u a t e  w i t h  c e r t a i n t y  t h e  o r i g i n  of  

t h i s  l a t t e r  c o n t r i b u t i o n ,  e s p e c i a l l y  in t h e  absence  of d a t a  

on t h e  macromolecular  c o n f o r m a t i o n s  i n  semi -concen t r a t ed  

s o l u t i o n s  i n  i d e a l  s o l v e n t s .  
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