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Summary 

The i n t r i n s i c  v i s c o s i t y  ~ ]  and the m o l e c u l a r  w e i g h t  M w of  8 pu re ,  

unbranched p o l y a c r y l a m i d e  (PAAm) samples - p repared  in  our  l a b o -  

r a t o r y  - were de te rm ined  and lead to the f o l l o w i n g  f o rmu la  

[ 7 ]  : 0 ,0194 �9 MwO'70(cm3/g ) 

S o l v e n t :  aqeous 0 . 1 M  Na2SO 4 s o l u t i o n ;  T=298K ; Mw/Mn~2,5 

In  a d d i t i o n  a compar ison  to t h e [ ~ ] - M - r e l a t i o n s h i p s  of  PAAm in  

o t h e r  s o l v e n t s  i s  g i v e n .  

I n t r o d u c t i o n  and R e s u l t s  

A l t h o u g h  a g r e a t  number o f [ ~ ] - M - r e l a t i o n s h i p s  e x i s t s  f o r  p o l y -  

a c r y l a m i d e  (PAAm) in  d i f f e r e n t  s o l v e n t s  I ) ,  t h e r e  were some reasons 

f o r  a new[~ ] -M-dependence  in  0 . i  M Na2SO 4 s o l u t i o n .  

F i r s t l y ,  t h i s  s o l v e n t  was found to be a l ess  c o r r o d i n g  agent  than 

aqueous s a l t  s o l u t i o n s  c o n t a i n i n g  ha logen a n i o n s .  Th is  c i r c u m s t a n c l  

i s  o f  p r a c t i c a l  impo r tance  i . e .  f o r  the l i f e t i m e  of  pumps in  gel  

pe rmea t i on  ch romatog raphy  (GPC) appa ra tus  2 ) .  S e c o n d l y ,  the c o i l  

expans ion  i s  s m a l l e r  than in  pure wa te r  and t h e r e f o r e  the mo lar  

mass range a c c e s s i b l e  in  GPC-exper iments  i s  g r e a t e r .  The adso rp -  

t i o n  tendency  to the s t a t i o n a r y  phase i s  l ower  2 ) .  T h i r d l y ,  the 

abnormal v i s c o s i t y - t i m e - d e p e n d e n c e  i n  0 . i  M Na2SO 4 s o l u t i o n  i s  

much s m a l l e r .  

I t  i s  we l l  known t h a t  the s o l u t i o n  v i s c o s i t y  of  aqueous PAAm 
3 , 4 , 5 , 6 )  s o l u t i o n s  decreases  w i t h  t ime in  the s c a l e  of  weeks 

S i m u l t a n e o u s l y  a l oss  o f  f l o c c u l a t i o n  a c t i v i t y  occurs  7) . Wi th 

i n c r e a s i n g  M w t h i s  unusua l  v i s c o s i t y  drop i n c r e a s e s  and a maximum 

v i s c o s i t y  l oss  o f  about  30% (M w = 6.106 g.mol - I )  has been observed 

Aqueous s o l u t i o n s  o f  o t h e r  po lymers  e x h i b i t  t h i s  abnormal v i s c o -  
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s i t y  b e h a v i o u r  too and a v i s c o s i t y  loss  of  more than 90% can be 

observed 8) To i n t e r p r e t  t h i s  p e c u l i a r  b e h a v i o u r  some d e t a i l e d  

i n v e s t i g a t i o n s  were made, from which was conc luded  t h a t  c o n f o r -  

ma t iona l  t r a n s i t i o n s  w i t h i n  s i n g l e  po lymer  cha ins  - c o n t r o l l e d  

v ia  i n t r a m o l e c u l a r  H-Bonds - and not  cha in  s c i s s i o n  is  caus ing  

the v i s c o s i t y  dec rease  1 ' 8 )  However a sample w i t h  M = 7 .9 .106  
- i  w 

g.mol e x h i b i t s  in 0 . I  M Na2SO 4 aqueous s o l u t i o n  a dec rease  in 

v i s c o s i t y  o f  9% o n l y .  

F o u r t h l y ,  s u i t a b l e  s o l v e n t s  f o r  PAAm are w a t e r ,  aqueous s a l t  

s o l u t i o n ,  e t h y l e n e  g l y c o l  and fo rmamide,  but  in  case o f  h igh 

molar  masses t h e r e  e x i s t  some problems in h a n d l i n g  formamide 

or  e t h y l e n e  g l y c o l  i . e .  c a r r y i n g  out  l i g h t  s c a t t e r i n g  measure-  

ments 1,9 ) 

These are the reasons to p r e s e n t  a n e w [ ~ ] - M - r e l a t i o n s h i p  f o r  PAAm. 

Tab. 1 covers  the e x p e r i m e n t a l  da ta .  The i n t r i n s i c  v i s c o s i t y  

i n c r e a s e s  w i t h  M w, the second v i r i a l  c o e f f i c i e n t  A 2 dec reases  

M w 
- I  / ( g . m o l  ) 

9 269 000 

7 967 000 

4 261 000 

2 023 000 

1 705 000 

1 425 000 

766 000 

158 000 

/ ( cm3 .g  " I  ) 

1573 

1407 

873 

530 

445 

380 

285 

88 

dn/dc 
/ ( cm3 .g  -1 ) 

0 .172 

0.175 

0.177 

0.180 

0.177 

0.177 

0 .174 

A 2 
/ ( b a r . c m 6 . g  -2 

5.96 

7.16 

6.40 

6.88 

7.87 

10.40 

13.04 

d equ ,~ )  
) / (nm) 

263.8 

241.7 

167.3 

110.5 

98.5 

88.0  

65.0 

26.0 

Tab. i Expe r imen ta l  data of  p o l y a c r y l a m i d e  

in 0.1 M Na2SO 4 s o l u t i o n  a t  289 K. 

w i t h  M w and the r e f r a c t i v e  index  i nc remen t  dn /dc  has a c o n s t a n t  

va lue  o f  0 .176 cm3.g - I  By p l o t t i n g  l o g [ ~ ] a s  a f u n c t i o n  o f  log M w 
a s t r a i g h t  l i n e  (s .  F ig .  I )  w i t h  a s lope  o f  0 .70 has been c a l c u -  

I )  f a t e d .  A compar ison to o t h e r  mixed s o l v e n t s  can be made from 
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F i g .  1 I n t r i n s i c  v i s c o s i t y [ ~ ] a s  a f u n c t i o n  of  m o l e c u l a r  

w e i g h t  M w in  aqueous 0 . I  Na2SO 4 s o l u t i o n .  

In a d d i t i o n  the [ ~ ] - M - r e l a t i o n s h i p s  in  H20 and e t h y -  

lene g l y c o l  are p l o t t e d  t oo ,  to demons t ra te  t h a t  an 

i n t e r s e c t i o n  p o i n t  a t  unusua l  h igh  m o l e c u l a r  w e i g h t  

e x i s t s  (~180 000 g / m o l ) .  

T h e r e f o r e  the thermodynamic  q u a l i t y  of  t h i s  s o l v e n t  is  b e t t e r  

than e t h y l e n e  g l y c o l  but  no t  as good as H20. An i n t e r s e c t i o n  

p o i n t  a t  unusua l  h igh  m o l e c u l a r  mass r e g i o n  M = 150 000 - 200 000 

g.mol - I  f rom the r e l a t i o n s h i p  f o r  w a t e r ,  e t h y l e n e  g l y c o l  and 

0 . i  M Na2SO 4 can be seen from F ig .  i .  I t  has been shown t h a t  the 

p o i n t  o f  i n t e r s e c t i o n  between the r e l a t i o n s h i p s  for~ H20, e t h y -  

lene g l y c o l  and formamide i s  in  the same range l ' l l J .  For most 

po lymer  s o l v e n t  systems t h i s  i n t e r s e c t i o n  p o i n t  i s  n o r m a l l y  ob- 

served a t  a m o l e c u l a r  mass r e g i o n  of  about  10 000 g /mo l .  The 

i n t e r p r e t a t i o n  of  t h i s  e f f e c t  i s  based on the a s s u m p t i o n ,  t h a t  

a more r i g i d  cha in  c o n f o r m a t i o n  of  c o n s i d e r a b l e  cha in  l e n g t h  

may e x i s t ,  where the c o n f o r m a t i o n a l  s t a b i l i z a t i o n  i s  caused by 

i n t r a m o l e c u l a r  hydrogen bonds.  Only samples o f  r a t h e r  h igh  molar  

mass p r o v i d e  f l e x i b i l i t y  enough to o b t a i n  a s o l u t i o n  s t r u c t u r e  

which r e f l e c t s  the the thermodynamic  q u a l i t y  of  the s o l v e n t .  
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Exper imenta l  

P repa ra t i on  of  Polymers : The polymers used f o r  t h i s  i n v e s t i g a t i o n  

were prepared by f r ee  r a d i c a l  p o l y m e r i z a t i o n  of  ac ry lamide  w i th  

H202 as i n i t i a t o r  in water  or a m i x t u r e  of  water  and methanol .  

The conve rs ion  was kept below 25% to p reven t  branch ing or i m i d i -  

z a t i o n .  For d e t a i l s  see I ' I 0 ) .  To the 0 . I  M Na2SO 4 aqueous s o l u -  

t i o n  one drop of  the b i o c i d e  KATHON WT, R~hm GmbH, F .R .G . ,  per 

l i t e r  was added. Th is  is  on ly  necessary when GPC-exper iments are 

c a r r i e d  out  at  the same t ime w i th  the same s o l u t i o n  to p reven t  a 
2) c logg ing  of  the GPC-columns 

De te rm ina t i on  of  the i n t r i n s i c  v i s c o s i t y :  T h e [ ~ ] - v a l u e s  are de- 

termined in r o t a t i o n a l  v i s c o s i m e t e r s  (Z imm-Crothers  and Low-Shear 

I00 ,  Contraves AG, ZUr i ch ,  CH.).  These i ns t r umen ts  are a p p r o p r i a t e  

to measure at low shear ra tes  ( between 10 -4 and 5 sec - I )  which 

is  i m p o r t a n t ,  because a sample w i th  M w = 7 .9 .106g.mol  - I  and c = 

0 . i  % in water e x h i b i t s  a v i s c o s i t y  dependence on shear ra te  a l -  

ready at  70 sec - I  I ) .  C a p i l l a r y  v i s c o s i m e t e r s  are work ing o r d i -  

nary at  h igher  shear ra tes  (about  at  2000 s e c - l ) .  

De te rm ina t i on  of  M w and dn /dc :  The con tam ina t i on  of  the aqueous 

s o l u t i o n s  w i th  d u s t ,  f i b r e s  and p a r t i c l e s  accumulated th roughou t  

the p r e p a r a t i o n  of  the samples and the s o l u t i o n  is  a main problem 

of  l i g h t  s c a t t e r i n g .  T h e r e f o r e ,  a general  a p p l i c a b l e  f i l t r a t i o n  

method was t es ted  and d e t a i l s  are g iven e lsewhere 9) .  Using mem- 

brane f i l t e r s  the pore s i ze  should be about 2.5 t imes g r e a t e r  

than dequ,[~ ] ,  f o r  d e t a i l s  see 9) 

Due to i t s  r a t h e r  high a f f i n i t y  to wa te r ,  care has been taken 

to use d r i ed  samples f o r  the dn/dc d e t e r m i n a t i o n .  F u r t h e r ,  these 

s o l u t i o n s  r e q u i r e  d i a l y s i s  e q u i l i b r i u m ,  because of  the p r e f e r e n -  

t i a l  a d s o r p t i o n  of  the s p e c i f i c  components to the polymer in such 

mixed s o l v e n t s .  Th is  has been done using co l l od ium h u l l s  (SM 13200, 

S a r t o r i u s ,  G~ t t i ngen ,  F . R . G . ) .  E q u i l i b r i u m  r e q u i r e s  a minimum 

d i a l y s i s  t ime of  7 hours ,  t h e r e f o r e  a d i a l y s i s  t ime of about 

12 hours was chosen. 
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To determine the co r rec t  dn/dc va lue,  i t  is requi red fo r  each 

concen t ra t ion  to measure the polymer s o l u t i o n  ins ide  aga ins t  the 

corresponding so lven t  ou ts ide  of the co l lod ium h u l l s .  The mea- 

surements were ca r r i ed  out with a Br ice-Phoenix  D i f f e n t i a l  Re- 

f rac tometer  at ~o = 632.8 nm and 298 K. The l i g h t  s c a t t e r i n g  

measurements were ca r r i ed  out wi th a low angle laser  l i g h t  sca t -  

t e r i ng  photometer KMX-6 (Chromat ix ,  Sunny Vale, C a l i f . ,  USA). 

In case of the sample with the lowest molar mass the de te rmina t ion  

of M w was ca r r i ed  out in pure water using a wide angle photometer 

(So f i ca -Pho to -Gon io -D i f fusomete r  42000). Therefore the values of 

dn/dc and A 2 are not comparable wi th the o ther  samples. 
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