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Department of Indwtrhl Chemistry 

Faculty of Engineering 
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Tsu, Mie 514, Japan 

ABSTRACT 

P o l y e l e c t r o l y t e  e f f e c t s  f o r  po lyamides  and poly(methy1 metha- 
c r y l a t e ) ( P M M A )  u s e d  as c a l i b r a t i o n  s t a n d a r d s  and t h e  s u p p r e s s i o n  
of these e f f e c t s  by t h e  a d d i t i o n  of sodium t r i f l u o r o a c e t a t e  t o  t h e  
m o b i l e  p h a s e  were s h o w n  a n d  d i s c u s s e d .  T h e  a d d i t i o n  o f  t h e  
e lectrolyte  h e l p e d  t o  t h e  d i s a g g r e g a t i o n  of t h e  polymer s a m p l e s  by 
b r e a k i n g  down h y d r o g e n  b o n d i n g .  B e s i d e s  t h e  d i s a g g r e g a t i o n  of 
t h e  p o l y m e r  s a m p l e s ,  t h e  a d d i t i o n  of t h e  e l e c t r o l y t e  c a u s e d  t h e  
change  of t h e  r e t e n t i o n  volume and  peak w i d t h  o PMMA. E l u t i o n  
o f  PMMA h a v i n g  h i g h e r  m o l e c u l a r  w i g h t  t h a n  6x10' was r e t a r d e d  and 
t h a t  h a v i n g  smaller one t h a n  6x10' was h a s t e n e d  by t h e  a d d i t i o n  o f  
t h e  e l e c t r o l y t e .  P e a k  w i d t h  of  PMMA became  a l s o  n a r r o w e r  i n  
a b o u t  20%. PMMA e q u i v a l e n t  m o l e c u l a r  w e i g h t s  o f  po lyamides  were 
p l o t t e d  a g a i n s t  real m o l e l c u l a r  w e i g h t s  of  t h e  polyarnides  measured 
by end g roup  a n a l y s i s  and n e x t  e q u a t i o n s  were ob ta ined .  

log M n y l o n  6 = -1.53402 t 1.352 l o g  M P ~  eq 
log M n y l o n  6 ,6  = -4.88506 + 2.143 log MPW eq 
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INTRODUCTION 

MORI AND NISHIMUEU 

The s o l v e n t  m o s t  commonly  u s e d  f o r  s i z e  e x c l u s i o n  c h r o m a t o g -  

r a p h y  (SEC) o f  p o l y a m i d e s  h a s  b e e n  m-cresol ( 1 , 2 ) .  H o w e v e r ,  m- 

cresol  is v i s c o u s  a n d  r e q u i r e s  t h e  h i g h e r  o p e r a t i n g  t e m p e r a t u r e  

o v e r  100 O C ,  w h i c h  h a s  b e e n  s h o w n  t o  l e a d  t o  t h e  p o l y m e r  d e g r a d a -  

t i o n  b e c a u s e  of t h e  a c i d  c a t a l y z e d  h y d r o l y s i s .  F u r t h e r m o r e ,  

s i n c e  t h e  d i f f e r e n t i a l  r e f r a c t i v e  i n d e x  o f  p o l y a m i d e s  a n d  m-cresol 

is sma l l ,  t h e  p o l y m e r  c o n c e n t r a t i o n  m u s t  b e  h i g h  c o m p a r e d  t o  t h o s e  

o f  common s y s t e m s  s u c h  a s  a p o l y s t y r e n e  ( P S )  - t e t r a h y d r o f u r a n  

s y s t e m .  The  h i g h  c o n c e n t r a t i o n  c a u s e s  t h e  c o l u m n  o v e r l o a d i n g  a n d  

i n c r e a s e s  t h e  c h r o m a t o g r a m  p e a k  s p r e a d i n g .  

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

SEC of p o l y a m i d e s  i n  w h i c h  t h e  p o l y m e r  d e g r a d a t i o n  was e l i m i n a t e d  

or k e p t  t o  a minimum h a v e  b e e n  r e p o r t e d :  b e n z y l a l c o h o l - s i l i c a  g e l  

a t  100 O C  ( 3 ) ,  b e n z y l a l c o h o l - P S  g e l  a t  130 O C  ( 4 ) ,  o - c h l o r o p h e n o l -  

PS g e l  a t  100 OC (5), a n d  a m i x t u r e  o f  m-cresol a n d  c h l o r o b e n z e n e -  

PS g e l  a t  4 3  O C  (6). F l u o r o a l c o h o l s  are  good s o l v e n t s  f o r  p o l y -  

a m i d e s  a n d  c a n  d i s s o l v e  p o l y a m i d e s  a t  a m b i e n t  t e m p e r a t u r e ,  t h u s  2 ,  

2 , 2 - t r i f  l u o r o e t h a n o l  (TFE)  (7-9) a n d  h e x a f l u o r o - 2 - p r o p a n o l  (HFIP) 

(10,l l)  h a v e  b e e n  u s e d  as  t h e  m o b i l e  p h a s e s  f o r  p o l y a m i d e s .  N-Tr i -  

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

i n ,  f o r  e x a m p l e ,  d i c h l o r o m e t h a n e  a n d  SEC o f  p o l y a m i d e s  c a n  a l s o  be  

a c c o m p l i s h e d  a t  a m b i e n t  t e m p e r a t u r e  (12 ,13) .  

A l t h o u g h  f l u o r o a l c o h o l s  h a v e  b e e n  f o u n d  t o  b e  s u p e r i o r  sol-  

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

t h e r e  are two major d r a w b a c k s  i n  t h e  u s e  o f  t h e  s o l v e n t s  a s  a n  SEC 

s o l v e n t :  t h e  e x p e n s i v e  p r i c e  of t h e  s o l v e n t s  a n d  the  i n s o l u b i l i t y  

of PS s t a n d a r d s  w h i c h  p r e v e n t s  t h e  c o n s t r u c t i o n  o f  a PS c a l i b r a -  

t i o n  c u r v e .  T h e s e  d r a w b a c k s  were o v e r c o m e  by r e c y c l i n g  u s e  of 

t h e  e f f l u e n t  a n d  t h e  i n d i r e c t  c a l i b r a t i o n  w i t h  a p o l y ( m e t h y 1  

m e t h a c r y l a t e )  (PMMA) h a v i n g  a b r o a d  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  

(14). PMMA is s o l u b l e  i n  f l u o r o a l c o h o l s .  B e s i d e s  t h e s e  d r a w b a c k s ,  

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

r e p o r t e d  (10). 
The u s e  o f  a low-angle  laser l i g h t - s c a t t e r i n g  (LALLS) d e t e c -  

tor g i v e s  the a b s o l u t e  m o l e c u l a r  w e i g h t  f o r  e a c h  d a t a  p o i n t  a l o n g  

t h e  ch romatograph ic  peak (8.10) and t h e  c a l i b r a t i o n  w i t h  narrow- 

d i s t r i b u t i o n  s t a n d a r d s  seems t o  be no l o n g e r  necessa ry .  However, 

t h e  u s e  of a PMMA c a l i b r a t i o n  c u r v e  t o  c a l c u l a t e  m o l e c u l a r  w e i h g t  

(MW) of  po lyamides  is easy and s i m p l e  (7).  R e c e n t l y ,  PMMA s t a n -  

d a r d s  of  narrow MW d i s t r i b u t i o n s  are commercially a v a i l a b l e  and i t  

became p o s s i b l e  t o  c o n s t r u c t  a PMMA c a l i b r a t i o n  c u r v e  d i r e c t l y .  

I n  t h i s  pape r ,  HFIP was used as t h e  m o b i l e  phase and p o l y e l e -  

c t r o l y t e  e f f e c t s  of po lyamides  and PMMA i n  HFIP and t h e  suppres -  

s i o n  o f  t h e s e  e f f e c t s  by t h e  a d d i t i o n  o f  a n  e l e c t r o l y t e  were 

d i s c u s s e d .  M W  of  po lyamides  (ny lon  6 and ny lon  6 , 6 )  was c a l c u -  

l a t e d  u s i n g  a PMMA c a l i b r a t i o n  c u r v e  a n d  t h e  c o n v e r s i o n  m e t h o d  

f r o m  t h e  P M M A  e q u i v a l e n t  M W  t o  t h e  a b s o l u t e  ( r e a l )  M W  o f  p o l y -  

a m i d e s  was proposed. 

EXPERIMENTAL 

A Jasco TRIROTAR-V h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h  

( J a s c o  Corp . ,  H a c h i o j i ,  Tokyo  192, J a p a n )  w i t h  a Mode l  R-401 
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  (Wate r s ,  M i l f o r d ,  Mass., USA) was used 

f o r  t h e  SEC measurements .  Two Shodex KF-80M SEC co lumns  (30 cm x 

8 mm i .d . ) (Showa Denko Co., M i n a t o - k u ,  Tokyo  105, J a p a n )  p a c k e d  

w i t h  PS g e l s  fo r  polymer s e p a r a t i o n  were used and t h e  s o l v e n t  i n  

t h e  column ( t e t r a h y d r o f u r a n )  was d i s p l a c e d  t o  HFIP a t  a f l o w  ra te  

of  0.3 ml/min. The v a l u e  of t h e  number of t h e o r e t i c a l  p l a t e s  was 

11000 p l a t e s / 3 0  cm by i n j e c t i n g  0.05 m l  of  a 0.1% a c e t o n e  s o l u t i o n  

a t  a f l o w  ra te  of  0.5 ml/min. Although PS is i n s o l u b l e  i n  HFIP, 

i.e. HFIP i s  n o t  a good  s o l v e n t  f o r  PS g e l ,  t h e  c o l u m n s  f i l l e d  

w i t h  HFIP s t i l l  k e p t  a good e f f i c i e n c y .  

HFIP was p rov ided  by c o u r t e s y  of C e n t r a l  Glass Co., Ltd.  (Chi 

yoda-ku, Tokyo 101, Japan) .  The s o l v e n t  was r e u s e d  several times 

a f t e r  d i s t i l l i n g  t h e  waste s o l v e n t  [ 1 4 ] .  Sodium t r i f l u o r o a c e t a t e  

(NaTFA) was added t o  HFIP a t  t h e  c o n c e n t r a t i o n  of 0.1% (w/v) and a 
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f l o w  ra te  o f  t h e  m o b i l e  p h a s e  was 0.5 m l / m i n .  PMMA s t a n d a r d s  were 

d i s s o l v e d  i n  t h e  m o b i l e  p h a s e  i n  t h e  c o n c e n t r a t i o n  o f  0.1% a n d  

p o l y a m i d e  s a m p l e s  were d i s s o l v e d  i n  t h e  c o n c e n t r a t i o n  o f  0.2%. 

The i n j e c t i o n  v o l u m e  f o r  t h e s e  s o l u t i o n s  was 0.1 m l .  SEC m e a s u r e -  

m e n t s  were p e r f o r m e d  a t  a m b i e n t  t e m p e r a t u r e .  

PMMA s t a n d a r d s  i n  a r a n g e  o f  M W  1950 a n d  1 . 4 ~ 1 0 ~  were p u r -  

c h a s e d  f r o m  P o l y m e r  L a b o r a t o r y  ( S h r o p s h i r e ,  U K )  t h r o u g h  S h o w a  

Denko Co. The  m o l e c u l a r  w e i g h t s  a n d  t h e  p o l y d i s p e r s i t i e s  of t h e  

i n d i v i d u a l  PMMA s t a n d a r d s  were a s  f o l l o w s  ( t h e  p o l y d i s p e r s i t i e s  

were i n  p a r e n t h e s i s ) :  1 . 4 ~ 1 0 ~  (1.071,  8 . 2 ~ 1 0 ~  ( 1 . 0 4 ) ,  3 . 3 ~ 1 0 ~  

( l . l l ) ,  107000 ( 1 . 1 0 ) ,  60000 ( 1 . 0 7 ) ,  20300 ( l . l l ) ,  6100 ( l . l l ) ,  

1950 (1.09). T h e s e  s t a n d a r d s  were d i s s o l v e d  i n  t h e  0.1% c o n c e n -  

t r a t i o n .  

P o l y a m i d e  s a m p l e s  o f  n y l o n  6 a n d  n y l o n  6,6 were p r e p a r e d  i n  

ou r  l a b o r a t o r y  by c o n d e n s a t i o n  p o l y m e r i z a t i o n  w i t h  E - c a p r o l a c t a m  

f o r  n y l o n  6 a n d  h e x a m e t h y l e n e d i a m i n e  - a d i p i c  a c i d  s a l t  f o r  n y l o n  

6 , 6  i n  a h i g h  p r e s s u r e  v e s s e l  a t  180 O C  f o r  n y l o n  6 a n d  2 1 5  O C  

f o r  n y l o n  6,6, r e s p e c t i v e l y .  T h e  p o l y m e r i z a t i o n  p e r i o d  was c h a n g e d  

f r o m  s e v e r a l  h o u r s  t o  o n e  d a y  ( 2 4  h )  t o  o b t a i n  p o l y a m i d e s  w i t h  t h e  

d i f f e r e n t  M W .  A f t e r  p o l y m e r i z a t i o n ,  u n r e a c t e d  monomer a n d  

o l i g o m e r s  i n  t h e  p o l y a m i d e s  were r e m o v e d  by e x t r a c t i n g  t h e m  i n  h o t  

water f o r  2 4  h. Number a v e r a g e  M W  o f  p o l y a m i d e s  were o b t a i n e d  by 

e n d  g r o u p  a n a l y s i s  a s  f o l l o w s .  T h e  w e i g h t e d  p o l y a m i d e s  were 

d i s s o l v e d  i n  b e n z y l a l c o h o l  a n d  c a r b o x y l  g r o u p s  i n  p o l  y a m i d e s  were 

t i t r a t e d  w i t h  b a s e  ( K O H )  i n  a n  a l c h o h o l i c  s o l v e n t ,  w h i l e  a m i n o  

g r o u p s  i n  p o l y a m i d e s  were t i t r a t e d  w i t h  a c i d  (HC1) i n  a n  a l c o h o l i c  

s o l v e n t .  T h e  n u m b e r  a v e r a g e  M W  was c a l c u l a t e d  by u s i n g  t h e  

w e i g h t  of t h e  p o l y a m i d e  a n d  t h e  a m o u n t s  o f  KOH a n d  H C 1  c o n s u m e d  

a n d  t h e  r e s u l t s  are  l i s t e d  i n  T a b l e  1. 

RESULTS a n d  DISCUSSION 
~~ 

P o l y e l e c t r o l y t e  E f f e c t s  

P o l v e l e c t r o l y t e  e f f e c t s  show t h e  b i m o d a l  or m u l t i m o d a l  e l u -  

t i o n  c u r v e s  o f  p o l y m e r  s a m p l e s  a n d  t h e  e f f e c t s  were o b s e r v e d  i n  a 
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TABLE 1 
Number A v e r a g e  M o l e c u l a r  W e i g h t  of P o l y a m i d e s  M e a s u r e d  by End 
Group A n a l y s i s  

- 

Nylon 6 - Nylon 6 ,6  - 
Sample No. Mn Sample No. Mn 

- 

1 1810 7 3160 
2 3050 8 4520 
3 4630 9 6330 
4 10500 10 7460 
5 11300 11 8140 
6 16700 12 16700 

H F I P - p o l y a m i d e  s y s t e m  (10) a n d  were n o t  s e e n  i n  a T F E - p o l y a m i d e  

s y s t e m  (8). Althoug t h e  e f f e c t s  were s u p p r e s s e d  on a d d i t i o n  o f  

NaTFA ( l o ) ,  d e t a i l e d  o b s e r v a t i o n s  were n o t  shown .  Here, t h e  

e x a m p l e s  are shown  i n  F i g u r e  1 f o r  n y l o n  6,6. F i g u r e  1 ( a )  was 
o b t a i n e d  w i t h  pu re  HFIP as  t h e  mob i l e  phase and F i g u r e  1 (b)  w i t h  

HFIP+O.l% NaTFA. The SEC chromatogram o f  ny lon  6,6 o b t a i n e d  w i t h  

p u r e  HFIP a s  t h e  m o b i l e  p h a s e  s h o w e d  a smal l  p e a k  a t  VR=13.5 m l  

a n d  a l a r g e  p e a k  a t  VR=19 m l .  T h e  f o r m e r  p e a k  a p p e a r e d  a t  t h e  

e x c l u s i o n  l i m i t  of t h e  c o l u m n  s y s t e m  a n d  t h i s  p e a k  d i s a p p e a r e d  

when a small amount of NaTFA was added t o  t h e  mob i l e  phase  ( F i g u r e  

1 ( b ) ) .  T h e  f i r s t  p e a k  a t  V R  = 13.5 m l  i s  c o n s i d e r e d  t o  b e  

a g g r e g a t e s  or g e l s  h a v i n g  l a r g e  m o l e c u l a r  s izes  which c a n n o t  e n t e r  

i n t o  t h e  po re  of  t h e  pack ing  materials. 

S o l i d  po lyamides  c o n s i s t  o f  b o t h  c r y s t a l l i n e  a n d  a m o r p h o u s  

p a r t s .  Po lyamides  have c a r b o n y l  g roups  and amino g roups  i n  t h e  

c h a i n  a n d  t h e  i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  by b o t h  g r o u p s  i s  

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

a m o r p h o u s  p a r t  i n  t h e  s o l i d  p o l y a m i d e  c a n  d i s s o l v e  i n  p u r e  HFIP 

a n d  t h e  c r y s t a l l i n e  p a r t  c o n n e c t e d  s t r o n g l y  by h y d r o g e n  b o n d i n g  

r e m a i n e s  u n d i s s o l v e d .  The  a d d i t i o n  o f  NaTFA t o  HFIP h e l p e d  

d i s i n t e g r a t e  t h e  nylon a g g l o m e r a t e s  th rough  t h e  osmotic d i f f u s i o n  

of NaTFA i o n s  (8) a n d  by b r e a k i n g  of  t h e  h y d r o g e n  b o n d i n g .  l h e  

same phenomena were o b t a i n e d  f o r  ny lon  6,  too. 
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10 12 1L 16 18 20 22 24 26 
Retent ion  Volume (ml) 

FIGURE 1. SEC c h r o m a t o g r a m s  o f  n y l o n  6,6 w i t h  a n d  w i t h o u t  NaTFA i n  
HFIP: c o n c e n t r a t i o n ,  0.2%; i n j e c t i o n  v o l u m e ,  0.1 m l ;  d e t e c t o r ,  R I ;  
a t t e n u a t i o n ,  x8; M W  o f  n y l o n  6 , 6 ,  8 1 4 0 ;  m o b i l e  p h a s e ,  (a) p u r e  
H F I P ,  ( b )  0.1% ( w / v )  NaTFA i n  H F I P .  

T h e  p e a k  a p p e a r e d  a t  V R  = 2 4  m l  was d u e  t o  t h e  m o b i l e  p h a s e  

a n d  i t  a p p e a r e d  e v e r y  time e v e n  when o n l y  HFIP was i n j e c t e d .  T h e  

r e t e n t i o n  v o l u m e  2 4  m l  c o r r e s p o n d e d  t o  t h e  sum of t h e  i n t e r s t i t i a l  

v o l u m e  (Vo)  a n d  t h e  p o r e  v o l u m e  ( V i )  i n  t h e  c o l u m n .  

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

o f  t h e  c o l u m n  s y s t e m  d i d n ' t  d i s a p p e a r  by h e a t i n g  a t  50 O C  f o r  4 h 

o r  by u l t r a s o n i c  t r e a t m e n t  w h i c h  w a s  c a r r i e d  o u t  i n  a l a b o r a t o r y  

u l t r a s o n i c  c l e a n e r  (150 W - 26 kHz) f o r  15 min.  The  s o l u t i o n s  of 

p o l y a m i d e s  i n  p u r e  H F I P  were a l s o  l e f t  more t h a n  10 d a y s  a t  am- 

b i e n t  t e m p e r a t u r e ,  b u t  t h e  d i s a p p e a r a n c e  o f  t he  f i r s t  samll p e a k  

was n o t  o b s e r v e d .  When a PMMA s o l u t i o n  i n  p u r e  H F I P  p r e p a r e d  

j u s t  1 d a y  b e f o r e  was i n j e c t e d  i n t o  t h e  SEC s y s t e m ,  t h e n  t h e  SEC 
c h r o m a t o g r a m  s h o w e d  a smal l  p e a k  a t  t h e  e x c l u s i o n  l i m i t ,  b u t  t h e  

p e a k  d i s a p p e a r e d  by h e a t i n g  or by u l t r a s o n i c  t r e a t m e n t  as  w e l l  as 
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SEC OF POLYAMIDES 3365 

by l e a v i n g  them f o r  a b o u t  10 d a y s  (14). The a d d i t i o n  of  NaTFA t o  

HFIP was a l s o  e f f e c t i v e  t o  have t h e  peak d i s a p p e a r e d .  

The a d d i t i o n  of NaTFA t o  HFIP i n f l u e n c e d  n o t  o n l y  t h e  d i s a p -  

pea rance  of  t h e  a g g r e g a t e s  bu t  a l s o  t h e  r e t e n t i o n  volume of  poly-  

a m i d e s  and PMMA. The b r e a k t h r o u g h  volume and t h e  r e t e n t i o n  volume 

a t  peak t o p  o f  po lyamides  d e c r e a s e d  w i t h  t h e  a d d i t i o n  o f  NaTFA(see 

F i g u r e  1 (b)). The r e a s o n  was e s t i m a t e d  a s  f o l l o w s :  t h e  p o r t i o n  

e l u t e d  a t  VR = 13.5 m l  d i s s o l v e d  c o m p l e t e l y  i n  NaTFA+HFIP and had 

somewhat h i g h e r  MW t h a n  t h e  rest which d i s s o l v e d  a l r e a d y  i n  HFIP; 

t h e  a d d i t i o n  o f  NaTFA i n  HFIP a c t e d  t o  b r e a k  down t h e  r e m a i n e d  

i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  i n  t h e  p o l y a m i d e s  w h i c h  c o u l d  

d i s s o l v e  i n  p u r e  HFIP, which caused  a change i n  s o l v a t i o n  and t h e  

expans ion  o f  t h e  hydrodynamic volume of t h e  po lyamides .  

R e t e n t i o n  v o l u m e s  o f  PMMA s t a n d a r d s  a l s o  c h a n g e d  w i t h  t h e  

a d d i t i o n  of  NaTFA t o  HFIP. E l u t i o n  of  PMMA hav ing  h i g h e r  M W  t h a n  

6 x 1 0 4  was r e t a r d e d  a n d  t h a t  h a v i n g  s m a l l e r  M W  t h a n  6 x 1 0 4  was 

has t ened .  The r e s u l t s  are shown i n  F i g u r e  2. The s l o p e  o f  t h e  

c u r v e  became s t e e p  by t h e  a d d i t i o n  of NaTFA i n  HFIP. B e s i d e s  t h i s  

change i n  r e t e n t i o n  volume, peak w i d t h  o f  PMMA became n a r r o w e r  i n  

a b o u t  20% by t h e  a d d i t i o n  of  NaTFA i n  HFIP. The r e a s o n  was a l so  

e s t i m a t e d  as f o l l o w s .  S o l u b i l i t y  p a r a m e t e r s  o f  HFIP and PS g e l  

seem t o  b e  f a r  e a c h  o t h e r ,  s i n c e  PS c a n n o t  d i s s o l v e  i n  HFIP. 

T h e r e f o r e ,  t h e  a d s o r p t i o n  e f f e c t  migh t  e x i s t  i n  SEC o f  PMMA i n  t h e  

s y s t e m  of  p u r e  HFIP/PS g e l .  T h i s  e f f e c t  r e s u l t s  i n  t h e  r e t a r d a t i o n  

o f  e l u t i o n  a n d  t h e  p e a k  b r o a d e n i n g  a n d  t h e s e  phenomena  a r e  m o r e  

s i g n i f i c a n t  f o r  PMMA hav ing  l o w e r  MW. Fo rma t ion  of t h e  a g g r e g a t e s  

r e s u l t e d  i n  t h e  i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  e x p e d i t e s  t h e  

e l u t i o n  and is more s i g n i f i c a n t  f o r  PMMA h a v i n g  l a r g e r  MW. The 

a d d i t i o n  of NaTFA m i n i m i z e s  t h e s e  e f f e c t s .  

C a l c u l a t i o n  of MW of  Polyamides 

SEC ch romatograms  of  several po lyamide  s a m p l e s  (ny lon  6 and 

n y l o n  6 , 6 )  were d e t e r m i n e d  a n d  e x a m p l e s  a re  s h w o n  i n  F i g u r e  3. 

Gauss i an  shaped  s y m m e t r i c a l  peaks  were o b t a i n e d .  PMMA e q u i v a l e n t  
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3366 MORI AND NISHIMURA 

t t 

Retention Volume (ml) 

FIGURE 2. C a l i b r a t i o n  c u r v e s  o f  l o g  M v s  VR f o r  PMMA: 
p h a s e ,  (0) 0.1% NaTFA i n  H F I P ,  ( 0 )  p u r e  H F I P .  

m o b i l e  

MW a v e r a g e s  of p o l y a m i d e  s a m p l e s  were c a l c u l a t e d  by u s i n g  a PMMA 

c a l i b r a t i o n  c u r v e ( F i g u r e  2)  a n d  t h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  2. 

N a t u r a l l y  t h e  PPfMA e q u i v a l e n t  M W  a v e r a g e s  of p o l y a m i d e s  were 

n o t  c o n s i s t e n t  w i t h  t h o s e  o b t a i n e d  by e n d  g r o u p  a n a l y s i s  ( c o m p a r e  

T a b l e s  1 a n d  2) .  I n  o r d e r  t o  o b t a i n  g o o d  a g r e e m e n t  b e t w e e n  b o t h  

v a l u e s ,  a n y  c o r r e c t i o n  m u s t  be t a k e n  i n t o  t h e  PMMA e q u i v a l e n t  MW 
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I 1 I I I I I I I 
15 16 17 18 19 20 21 2 2  23 

Retention Volume (mi ) 

FIGURE 3. SEC c h r o m a t o g r a m s  of n y l o n  6 a n d  n y l o n  6,6: ( a )  n y l o n  6, 
MW=1810; (b) n y l p o n  6 ,6 ,  MW=16700. 

a v e r a g e s .  

n a t e d  a s  (14)  

The  term number a v e r a g e  c o n v e r s i o n  f a c t o r  f n  i s  d e s i g -  

fin o b t a i n e d  by e n d  g r o u p  a n a l y s i s  

f n  = (1)  
PMMA e q u i v a l e n t  Rn 

PMMA e q u i v a l e n t  M W  a v e r a g e s  c a n  be c o n v e r t e d  t o  real  p o l y a m i d e  MW 

a v e r a g e s  by m u l t i p l y i n g  f, t o  PMMA e q u i v a l e n t  M W  a v e r a g e s .  The  

v a l u e s  of  f n  a r e  l i s t e d  i n  T a b l e  2. T h e  c o n v e r s i o n  f a c t o r s  a r e  

n o t  c o n s t a n t  a n d  t h e  v a l u e s  i n c r e a s e d  w i t h  i n c r e a s i n g  MW. 
I f  t h e  c o n v e r s i o n  f a c t o r  i s  t o  b e  c o n s t a n t  o v e r  t h e  e n t i r e  

r a n g e  of  MW, t h e n  a l i n e a r  r e l a t i o n s h i p  m u s t  s t a n d  u p  b e t w e e n  a 

PMMA e q u i v a l e n t  M W  a n d  a r e a l  p o l y a m i d e  M W .  I n  m o s t  cases ,  

h o w e v e r ,  t h e r e  i s  a l i n e a r  r e l a t i o n s h i p  o f  l o g  M W  b e t w e e n  t w o  

p o l y m e r s (  15). T h e r e f o r e ,  i n s t e a d  o f  t h e  c o n v e r s i o n  f a c t o r  m e t h o d ,  

t h e  o t h e r  m e t h o d  m u s t  b e  c o n s i d e r e d  i n  o r d e r  t o  c o n v e r t  a PMMA 
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3368 MORI A N D  N I S H W R A  

TABLE 2 
PMMA E q u i v a l e n t  M o l e c u l a r  Weight Averages of Po lyamide  Samples  and 
Conver s ion  F a c t o r s  

Nylon 6 Nylon 6 ,6  

No. Mn MW f n  No. Mn MW f n  

1 3430 5420 0.528 7 7790 18860 0.406 
3290 0.550 8500 0.372 
3760 0.481 8150 0.388 

2 5000 7840 0.610 8 9310 20700 0.485 
5160 0.591 9660 0.468 
4900 0.622 9370 0.482 

3 7460 14530 0.621 9 10810 26060 0.586 
7280 0.636 12660 0.500 
7430 0.623 12100 0.523 

Sample P g  e q u i v a l e n t  MW Sample P F  e q u i v a l e n t  - MW 

4 13000 25800 0.808 10 13150 32100 0.567 
12250 0.857 12620 0.591 
12800 0.820 11930 0.625 

5 13850 26850 0.816 11 12940 26800 0.629 
13300 0.850 13200 0.617 
14200 0.796 12400 0.656 

6 17200 36200 0.971 12 17650 50100 0.946 
18000 0.928 16750 0.997 
17900 0.933 16240 1.028 

M PMMA eq MPMMA e q  

FIGURE 4. R e l a t i o n s h i p  between PMMA e q u i v a l e n t  MW and real poly-  
a m i d e  M W :  ( a )  n y l o n  6,  ( b )  n y l o n  6,6.  
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e q u i v a l e n t  MW t o  a real polyami.de MW. F i g u r e  4 shows t h e  p l o t  o f  

l o g  PMMA e q u i v a l e n t  MW and l o g  real po lyamide  MW. The h o r i z o n t a l  

l i n e  s e g m e n t s  used as  t h e  d a t a  p o i n t s  i n  F i g u r e  4 means c o n f i d e n c e  

i n t e r v a l s  f o r  r e p e a t e d  t h r e e  d e t e r m i n a t i o n s .  T h e r e  is  a l i n e a r  

r e l a t i o n s h i p  between them. From t h e s e  p l o t s ,  n e x t  e q u a t i o n s  were 

c a l c u l a t e d .  

1.352 
Mnylon 6 = 0*02924 MPMMA eq 

M n y l o n  6 , 6  = I.3027X10-5 M p m  eq 2.143 

where Mnylon 
ny lon  6 and ny lon  6,6 and M ~ M M A  eq is  a PMMA e q u i v a l e n t  MW f o r  

polyamide.  

o b t a i n e d  by c a l c u l a t i n g  PMMA PMMA e q u i v a l e n t  M W  f i r s t  and  by 

i n s e r t i n g  them i n t o  t h e s e  e q u a t i o n s .  

and M n y l o n  6,6 are  a real  polyamide M W  f o r  

The a b s o l u t e  (real) M W  of po lyamides  can  be 
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