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C H A R A C T E R I Z A T I O N  OF N O N I O N I C  POLYACRYLAMIDES 
BY AQUEOUS SIZE EXCLUSION CHROMATOGRAPHY 

USING A DRI/LALLS P DETECTOR SYSTEM 

C.J. K i m ,  A.E. Hamielec and  A .  Eknedek 
Department  o f  Chemical E n g i n e e r i n g  

McMaster U n i v e r s i t y  
Hami l ton ,  O n t a r i o ,  Canada L8S 4L7 

ABSTRACT 

H e r e i n  i s  r e p o r t e d  an e x p e r i m e n t a l  i n v e s t i g a t i o n  of t h e  
m o l e c u l a r  w e i g h t  c h a r a c t e r i z a t i o n  o f  n o n i o n i c  p o l y a c r y l a m i d e s  b y  
aqueous  SEC w i t h  a DRI/LALLSP d e t e c t o r  sys tem.  Methodology for  
t h e  u s e  o f  t h e  DRI/LALLSP d e t e c t o r  responses t o  d e t e r m i n e  t h e  
m o l e c u l a r  w y g h t  c a l i b r a t i o n  c u r v e  a n d  t h e  p e a k  b r o a d e n i n g  
p a r a m e t e r ,  u ( v a r i a n c e  o f  a Gauss ian  i n s t r u n e n t a l  s p r e a d i n g  
f u n c t i o n )  o v e r  a wide m o l e c u l a r  w e i g h t  r a n g e  h a s  been  d e v e l o p e d .  
'he method i s  b a s e d  o n  t h e  u s e  o f  a b r o a d  MWD s t a n d a r d  made by 
b l e n d i n g  P o l y s c i e n c e s  b r o a d  M W D  s t a n d a r d s  a n d  a g e n e r a l i z e d  
a n a l y t i c a l  s o l u t i o n  o f  Tung ' s  i n t e g r a l  e q u a t i o n  for t h e  d e t e c t o r  
r e s p o n s e  c o r r e c t e d  for peak b r o a d e n i n g .  M o l e c u l a r  w e i g h t  a v e r a g e s  
measured  by SEC/DRI/LALLSP a r e  i n  e x c e l l e n t  agreement  w i t h  t h o s e  
measured o f f l i n e  by  LALLSP. 

INTRODUCTION 

'he u s e  of SEC w i t h  a LALLSP-based d e t e c t o r  s y s t e m  for  

m o l e c u l a r  w e i g h t  c h a r a c t e r i z a t i o n  o f  o r g a n i c  and w a t e r - s o l u b l e  

polymers  i s  a r e c e n t  In  f a c t ,  methodology for  t h e  
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1278 KIM, HAMIELEC, AND BENEDEK 

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

development  s t a g e  and t o  d a t e ,  q u a n t i t a t i v e  methods  f o r  t h e  

e s t i m a t i o n  o f  t h e  m o l e c u l a r  w e i g h t  c a l i b r a t i o n  curve and  u2 a c r o s s  

t h e  chromatogram h a v e  been p u b l i s h e d  f o r  one polymer,  d e ~ t r a n . ~  A 

s t r o n g  i n t e r e s t  i n  t h e  m o l e c u l a r  w e i g h t  c h a r a c t e r i z a t i o n  o f  

p o l y a c r y l a m i d e s  h a s  r e c e n t l y  d e v e l o p e d ,  l a r g e l y  due  t o  t h e  g r e a t  

p o t e n t i a l  shown b y  t h e s e  polymers  f o r  enhanced  o i l  r e c o v e r y  v i a  

polymer f l o o d i n g .  I n  f a c t ,  t h e  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  o f  

t h e  polymer m u s t  b e  t a i l o r e d  f o r  e a c h  r e s e r v o i r .  ' h i s ,  i n  p a r t ,  

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

good c h o i c e  f o r  o t h e r  r e a s o n s ,  t h e  most  i m p o r t a n t  of which i s  t h e  

l a c k  o f  w e l l - c h a r a c t e r i z e d  s t a n d a r d s ,  whether  o f  n a r r o w  o r  broad  

MWD.  In a d d i t i o n ,  a s u i t a b l e  p a c k i n g / m o b i l e  p h a s e  s y s t e m  h a s  b e e n  

developed  f o r  n o n i o n i c  p o l y a c r y l a m i d e s .  4 

T u n g ' s  i n t e g r a l  e q u a t i o n  i s  t h e  s t a r t i n g  p o i n t  for  a l l  

r i g o r o u s  methods o f  correct ion f o r  peak b r o a d e n i n g .  For t h e  c a s e  

o f  a G a u s s i a n  i n s t r u m e n t a l  s p r e a d i n g  f u n c t i o n ,  t h e  i n t e g r a l  

e q u a t i o n  t a k e s  t h e  form 

m 
1 

F ( v )  = f W( Y) ex P( -(v-y) 2/2u2( v) ) d y  

J 2r u 2 ( v )  O 

m 
1 

F ( v )  = f W( Y) ex P( -(v-y) 2/2u2( v) ) d y  

J 2r u 2 ( v )  O 

( 1 )  
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N O N I O N I C  POLYACRYLAMIDES 1279 

The use  of  ~ ( v )  r a t h e r  t h a n  u ( y )  i s  a n  a p p r o x i m a t i o n  which s h o u l d  

b e  v a l i d  when t h e  v a r i a t i o n  of u w i t h  r e t e n t i o n  v o l u n e  o r  

m o l e c u l a r  s i z e  in s o l u t i o n s  i s  n o t  e x c e s s i v e .  M o l e c u l a r  w e i g h t  

a v e r a g e s  in t h e  d e t e c t o r  c e l l  a r e  g i v e n  b y  

where 
- 
MK(v,uc)  i s  t h e  Kth m o l e c u l a r  w e i g h t  a v e r a g e  of  t h e  c o n t e n t s  

o f  t h e  d e t e c t o r  c e l l  a t  r e t e n t i o n  volume v .  

M(v) i s  t h e  m o l e c u l a r  weight  c a l i b r a t i o n  c u r v e  and D ( v )  i s  

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

2 

by  

I f  i t  i s  f u r t h e r  a s s m e d  t h a t  t h e  s i z e  d i s t r i b u t i o n  o f  polymer 

s o l u t e  in t h e  d e t e c t o r  c e l l  is G a u s s i a n ,  i t  f o l l o w s  t h a t  

The d e t e c t o r  r e s p o n s e  c o r r e c t e d  f o r  peak b r o a d e n i n g  is t h e n  g i v e n  

by6 
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1280 K I M ,  HAMIELEC, AND BENEDEK 

E q u a t i o n  ( 5 )  may be a p p l i e d  t o  e i t h e r  t h e  DRI or  t h e  LALLSP 

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

c o r r e c t e d  f o r  peak b r o a d e n i n g  are g i v e n  b y  

lhe above  e q u a t i o n s  a r e  employed t o  d e v e l o p  q u a n t i t a t i v e  methods  

f o r  d e t e r m i n i n g  t h e  m o l e c u l a r  weight  c a l i b r a t i o n  c u r v e  and u( v) 

a c r o s s  t h e  chromatogram. 

EXPERIMENTAL 

I n s t r u m e n t a t i o n  a n d  o p e r a t i o n a l  d e t a i l s  f o r  a q u e o u s  SEC 

employed follow. 

Colunns :  3/8 i n c h  I D  X 4-6.5 f t .  d r y  packed w i t h  CFG-10 g l a s s  

p a c k i n g  h a v i n g  pore s i z e s  of 700, 1000 a n d  3000 9 and 

p a r t i c l e  s i z e ,  200/400 mesh. 
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N O N I O N I C  POLYACRYLAMIDES 1281 

Mobile phase: 0.20 M Na2S04 wi th  1 g/25 1 T e r g i t o l  N P X  (Union 

Carbide Corp.) i n  de ionized  d i s t i l l e d  water .  

Mobile phase f lowra te :  1 m l / m i n .  

De tec to r s :  Waters R-401 D R I  and Chromatix KMX-6 w i t h  ang le  6-7' 

and f i e l d  s t o p  0.15. 

I n l i n e  f i l t e r  : 0.45 micron Mi l l i po re .  

Sample loop:  2.0 m l  with 0.01-0.1 w t . %  polymer s o l u t e .  

Temperature: ambient.  

Polymer s t anda rds :  n o n i o n i c  p o l y a c r y l a m i d e  s t a n d a r d s  f rom 

Polysc iences  (Warrington. PA) and b l e n d s  o f  

t h e s e  s t anda rds .  

dn/dc: was measured wi th  a Chromatix KMX-16 l a s e r  d i f f e r e n t i a l  

r e f r ac tomete r  a t  A = 632.8 nm and 23OC f o r  nonionic  

polyacrylamide s t a n d a r d s  i n  0.02 M Na2S04 wi th  1 g/25 1 

T e r g i t o l  NPX. Values measured were 0.176 (PAM500). 0.168 

(PAM1000) and 0.174 (PAM2000). 

A2: t h e  second v i r i a l  c o e f f i c i e n t ,  A2, was not used t o  de te rmine  

MW(v.uc) a s  t h e  e r r o r  involved was n e g l i b l e  a t  t h e  polymer 
- 

s o l u t e  c o n c e n t r a t i o n s  employed. 3 

RESULTS AND DISCUSSION 

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

con ta in ing  one pore size a r e  shown i n  F ig .  1. These c a l i b r a t i o n  
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1282 K I M ,  HAMIELEC, AND BENEDEK 

I I I I 

SEC / DRI/LALLSP 

0 POLYSCIENCES STDS. 
STANDARD Y --- 
( EOU. ( 10) ) 
STANDARD -Y 
(BASED ON DRI AND L ASP 
CHROMATOGRAMS CORRECTED! 

-..- 

\ 
\. . 

30 35 40 45 

I I I I I I 
I I5 I30 145 I60 I75 190 

RETENTION VOLUME (ml) 

FIGURE 1: Molecular  w e i g h t  c a l i b r a t i o n  c u r v e s  f o r  s i n g l e  c o l u n n s  
a n d  a c o l u m n  c o m b i n a t i o n  o b t a i n e d  b y  d i f f e r e n t  
p r o c e d u r e s .  
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NONIONIC POLYACRYLAMIDES 1 2 8 3  

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

W broad  MWD n o n i o n i c  p o l y a c r y l a m i d e  s t a n d a r d s  and p l o t t i n g  l o g  fl 

v e r s u s  peak r e t e n t i o n  volune .  fiN v a l u e s  for  t h e s e  s t a n d a r d s  a r e  

n o t  a v a i l a b l e  from t h e  S u p p l i e r .  These a p p r o x i m a t e  c a l i b r a t i o n  

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

which g i v e s  good peak s e p a r a t i o n  o v e r  a wide r a n g e  o f  r e t e n t i o n  

v o l u n e s .  It w i l l  b e  l a t e r  shown t h a t  a c o l m n  set c o n t a i n i n g  1-4 

f t .  c o l u n n  w i t h  700 f p o r e s ,  1-4 f t .  c o l u n n  w i t h  1000 8 p o r e s  and 

1-6.5 f t .  c o l u n n  w i t h  3000 8 p o r e s  g i v e s  a m o l e c u l a r  w e i g h t  

c a l i b r a t i o n  c u r v e  w i t h  e x c e l l e n t  peak s e p a r a t i o n  and which i s  

a l m o s t  l i n e a r  o v e r  a wide m o l e c u l a r  w e i g h t  r a n g e .  

6 T y p i c a l  DRI/LALLSP d e t e c t o r  r e s p o n s e s  f o r  PAM2000 ( a  2x1 0 Hw 
P o l y s c i e n c e s  s t a n d a r d )  a r e  shown i n  F i g .  2. The LALLSP r e s p o n s e  

i s  v e r y  n o i s y  and t h i s  i s  a d i r e c t  r e s u l t  o f  t h e  use  of a 0.45 u m  

f i l t e r  i n l i n e .  I n  a p r e v i o u s  s t u d y  w i t h  d e x t r a n s ,  a 0.22 pm 

f i l t e r  w a s  u s e d  a n d  a f a r  l e s s  n o i s y  L A L L S P  r e s p o n s e  w a s  

~ b t a i n e d . ~  To p r e v e n t  t h e  c a p t u r e  o f  l a r g e  p o l y a c r y l a m i d e  

molecules o n  t h e  i n l i n e  f i l t e r ,  l a r g e r  p o r e s  a r e  r e q u i r e d .  The 

n o i s e  l e v e l  of t h e  LALLSP r e s p o n s e  was r e d u c e d  b y  c o n t i n u a l l y  

f l o w i n g  m o b i l e  phase a t  a f l o w r a t e  o f  0.1 m l / m i n  t h r o u g h  t h e  

columns f o r  l o n g  p e r i o d s  o f  s e v e r a l  d a y s  t o  a week b e f o r e  

i n j e c t i n g  polymer solute .  The f l o w r a t e  i s  i n c r e a s e d  t o  1.0 ml/min 

and r u n  for  4 t o  6 h o u r s  b e f o r e  i n j e c t i o n .  An a c c e p t a b l e  noise 

l e v e l  f o r  t h e  LALLSP d e t e c t o r  c o u l d  n o t  b e  o b t a i n e d  w i t h  a 0.65 urn 

i n l i n e  f i l t e r .  
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1 I I I I I I I I 
I00 110 120 130 140 150 160 170 180 

RETENTION VOLUME (ml )  

F I G U R E  2: DRI/LALLSP d e t e c t o r  r e s p o n s e s  f o r  PAM2000 ( a  
P o l y s c i e n c e s  n o y o n i c  p o l y a c r y l a m i d e  s t a n d a r d  w i t h  
nominal flu 2x1 o 1. 
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N O N I O N I C  POLYACRYLAMIDES 1285 

A c a l c u l a t i o n a l  p r o c e d u r e  f o r  f i n d i n g  M(v) and ~ ( v )  o v e r  a 

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

r e p o r t e d . 3  T h i s  p r o c e d u r e  w a s  u s e d  h e r e  w i t h  a b l e n d  o f  

P o l y s c i e n c e s  s t a n d a r d s  o b t a i n e d  b y  m i x i n g  PAM2000 ( 4 2  &.%I, and 

PAM500 (58 wt.X). The DRI/LALLSP d e t e c t o r  r e s p o n s e s  a re  shown i n  

F i g .  3. 'he  m o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e ,  M(v) was o b t a i n e d  

b y  s e t t i n g  v w ( v , u c )  = M ( v )  n e a r  t h e  p e a k  p o s i t i o n  o f  t h e  

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

shown i n  F i g .  1. This c a l i b r a t i o n  c u r v e  and t h e  DRI/LALLSP 

d e t e c t o r  r e s p o n s e s  i n  F i g .  3 were employed w i t h  e q n .  ( 2 )  t o  

5.0 -20.0 

RETENTION VOLUME (rn I )  

12.0 

8.0 - 
E 
1 

> 

4.0 

0 

FIGURE 3: DRI/LALLSP d e t e c t o r  r e s p o n s e s  a n d  p e a k  b r o a d e n i n g  
p a r a m e t e r  ( ~ ( v ) )  f o r  a b l e n d  o f  P o l y s c i e n c e s  s t a n d a r d s  
(PAM2000 (42  wt.%) and PAM500 (58 w t . % ) )  d e s i g n e d  for 
u( v) d e t e r m i n a t i o n .  
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1286 K I M ,  HAMIELEC, AND BENEDEK 

e s t i m a t e  ~ ( v )  over t h e  r e t e n t i o n  v o l u n e  r a n g e  of  t h e  b l e n d .  A 

s i n g l e - v a r i a b l e  s e a r c h  was used  t o  f i n d  O ( V )  and t h e s e  r e s u l t s  a r e  

a l s o  shown i n  F i g .  3. There  is c o n s i d e r a b l e  s c a t t e r  i n  t h e  ~ ( v )  

v a l u e s  d u e  t o  t h e  n o i s y  LALLSP s i g n a l ;  however ,  t h e  v a r i a t i o n  of  

u ( v )  w i t h  r e t e n t i o n  volume seems t o  f o l l o w  t h e  u s u a l  broad  be l l  

shape  w i t h  a r e l a t i v e l y  m a l l  v a r i a t i o n  w i t h  r e t e n t i o n  v o l u n e .  A 

v e r y  broad s t a n d a r d ,  STANDARD-Y, was made by  b l e n d i n g  PAM200 (13 

LALLSP 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
100 110 120 130 140 150 160 170 180 190 

RETENTION VOLUME (rn I )  

FIGURE 4: DRI/LALLSP detector  r e s p o n s e s  for STANDARD-Y, a b l e n d  
o f  P o l y s c i e n c e s  s t a n d a r d s  (PAM2000 (1 3 w t  .%), PAM500 
( 6 5  w t . % ) ,  PAM74 (22 w t . % ) )  d e s i g n e d  for  m o l e c u l a r  
weight  c a l i b r a t i o n  c u r v e  d e t e r m i n a t i o n .  
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w t . % ) ,  PAM500 (65 w t . X )  and PAM74 (22 w t . % )  and was d e s i g n e d  t o  

p e r m i t  t h e  d e t e r m i n a t i o n  o f  M(v) o v e r  a wide r a n g e  o f  m o l e c u l a r  

w e i g h t s  w i t h  t h e  DRI/LALLSP d e t e c t o r  s y s t e m .  With t h i s  s t a n d a r d ,  

i t  i s  p o s s i b l e  t o  set M(v) = f lw(v.uc)  o v e r  a wide  r a n g e  of  

m o l e c u l a r  w e i g h t s  and t h u s  f i n d  M(v) w i t h o u t  t h e  need t o  cor rec t  

f o r  p e a k  b r o a d e n i n g .  T h e  DRI/LALLSP d e t e c t o r  r e s p o n s e  f o r  

STANDARD-Y a r e  shown i n  F i g .  4. To i n v e s t i g a t e  t h e  error i n v o l v e d  

i n  M( v )  when e m p l o y i n g  STANDARD-Y a n d  n e g l e c t i n g  t h e  p e a k  

b r o a d e n i n g  c o r r e c t i o n s ,  a p r o c e d u r e  w i t h  c o r r e c t i o n s  f o r  peak  

b r o a d e n i n g  was used .  I n  p a r t i c u l a r ,  t h e  s e n s i t i v i t y  o f  t h e  

c a l c u l a t e d  M(v) t o  u ( v )  was i n v e s t i g a t e d .  D e t a i l s  o f  t h i s  

c a l c u l a t i o n a l  p r o c e d u r e  f o l l o w .  

It i s  assumed t h a t  i n  a n a r r o w  r a n g e  o f  r e t e n t i o n  v o l m e s  

Eqn. (2) may t h e n  b e  (Vi-Vi+l), t h e  c a l i b r a t i o n  c u r v e  i s  l i n e a r .  

written a s  

Given ~ ( v ) ,  e q n .  ( 9 )  is  used t o  s o l v e  for D2(v) and t h e n  eqn .  ( 2 )  

i s  used  t o  f i n d  M(v). 'he r e s u l t s  o f  t h i s  c o m p u t a t i o n a l  p r o c e d u r e  
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TABLE 1 

D e t e r m i n a t i o n  of t h e  Molecular  Weight C a l i b r a t i o n  Curve 
M(v) Using STANDARD-Y - S e n s i t i v i t y  o f  M ( v )  t o  u ( v )  

118.75 

123.75 

128.75 

133.75 

138.75 

143.75 

148.75 

153.75 

158.75 

163.75 

168.75 

173.75 

178.75 

183.75 

0.734 

0.876 

1.006 

1.065 

1.078 

1.069 

1.065 

1.052 

1.046 

1.056 

1.052 

1.078 

1.100 

1.113 

0.955 

0.798 

1.003 

1.014 

1.018 

1.017 

1.016 

1.014 

1.012 

1.014 

1.013 

1.019 

1.023 

1.027 

0.974 

0.933 

1.004 

1.036 

I .  048 

1.044 

1.041 

1.033 

1.030 

1.036 

1.034 

1.050 

1.062 

1.070 

-- 
-- 
-- 

1.118 

1.125 

1.100 

1.095 

1 a073 

1.065 

1.078 

1.074 

1.115 

1 .141  

1.166 

-- 
-- 

-- 
-- 
-- 
-- 

1.153 

1.118 

1.096 

1.118 

1.115 

1.183 

1.23 

1.26 

* C a l c u l a t i o n  a t  low r e t e n t i o n  v o l u n e s  were n o t  p o s s i b l e  b e c a u s e  
o f  e x c e s s i v e l y  l a r g e  ~ ( v ) .  
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u s i n g  ~ ( v )  v a l u e s  shown i n  F i g .  3 a r e  summarized a s  t h e  m o l e c u l a r  

w e i g h t  c a l i b r a t i o n  g i v e n  by  e q n .  ( 1 0 ) .  

an M(v) = 57.52 - 0 . 7 8 9 ~  + 4 . 9 3 ~ 1 0 - ~ v ~  - 1 . 1 0 2 ~ 1 0  -5 v ( 1 0 )  

T h i s  c a l i b r a t i o n  c u r v e  i s  a l s o  shown i n  F i g .  1 .  'he c a l c u l a t i o n a l  

p r o c e d u r e  was r e p e a t e d  u s i n g  U ( V )  v a l u e s  s m a l l e r  and l a r g e r  t h a n  

t h o s e  shown i n  F i g .  3 t o  i l l u s t r a t e  t h e  s e n s i t i v i t y  o f  t h e  

c a l c u l a t e d  M(v) t o  ~ ( v ) .  These r e s u l t s  a re  t a b u l a t e d  i n  T a b l e  1.  

It i s  c l e a r  t h a t  STANDARD-Y c a n  b e  used  t o  d e t e r m i n e  M(v) w i t h  

m a l l  e r r o r  when peak b r o a d e n i n g  correct ions a r e  n e g l e c t e d .  T h i s  

i s  t r u e  f o r  t h e  r e t e n t i o n  volume r a n g e ;  128-183 o r  m o l e c u l a r  

w e i g h t  r a n g e ,  5x104 - 2x10 . S i m i l a r l y ,  v e r y  broad  MWD s t a n d a r d s  

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

h i g h e r  m o l e c u l a r  weight  p o l y a c r y l a m i d e s  when a v a i l a b l e .  

6 

D R I  d e t e c t o r  r e s p o n s e  ( r a w  and c o r r e c t e d  f o r  peak  b r o a d e n i n g )  

for P o l y s c i e n c e s  s t a n d a r d s  PAM2000, PAM1000 and PAM500 a r e  shown 

i n  F i g .  5. C o r r e c t i o n s  a re  l a r g e s t  a t  t h e  h i g h  m o l e c u l a r  w e i g h t  

end of t h e  chromatograms a s  e x p e c t e d .  C o r r e c t i o n s  f o r  peak  

b r o a d e n i n g  were made u s i n g  e q n s .  ( 5 , 6 , 7 )  and t h e  a ( v )  v a l u e s  i n  

F i g .  3. D e t e c t o r  r e s p o n s e s  ( raw a n d  c o r r e c t e d  f o r  p e a k  

b r o a d e n i n g )  for  STANDARD-Y o b t a i n e d  u s i n g  t h e  DRI/LALLSP d e t e c t o r  

s y s t e m  are shown i n  F i g .  6. Again ,  e q n s .  ( 5 , 6 , 7 )  and a ( v )  v a l u e s  

shown i n  F i g .  3 were used  t o  d e t e r m i n e  W(v). The c o r r e c t e d  

r e s p o n s e s  ( W (  v )  c h r o m a t o g r a m s )  were t h e n  u s e d  t o  c a l c u l a t e  

d i r e c t l y  t h e  m o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e .  It i s  now 
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- F (v) 
10.0 
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> 
lL 

80- 
I 

v 

3 -- 6.0- 
v 

4.0 

2.0- 

O.O 
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- 

- 

- - 

- 

90 110 130 I70 I90 
RETENTION VOLUME (ml )  

FIGURE 5: D R I  d e t e c t o r  r e s p o n s e s  f o r  P o l y s c i e n c e s  s t a n d a r d s  ( r a w  
( F ( v ) )  and c o r r e c t e d  f o r  peak  b r o a d e n i n g  (W(v))  u s i n g  
an a n a l y t i c a l  s o l u t i o n  o f  Tung's  i n t e g r a l  e q u a t i o n ) .  

c o r r e c t  t o  se t  M ( v )  = f lw(v)  a t  a l l  r e t e n t i o n  v o l u n e s  a c r o s s  t h e  

d e t e c t o r  r e s p o n s e s .  ?he M(v) t h u s  o b t a i n e d  i s  a l s o  shown i n  F i g .  

1 .  The agreement  among t h e  m o l e c u l a r  w e i g h t  c a l i b r a t i o n  c u r v e s  

o b t a i n e d  by t h r e e  d i f f e r e n t  methods  i s  good.  In F i g .  7 a r e  shown 

t h e  y ( v )  and a L ( v )  v a l u e s  o b t a i n e d  for t h e  STANDARD-Y from t h e  D R I  

r e s p o n s e  and a l s o  from t h e  LALLSP r e s p o n s e .  'he agreement  among 

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

g r a t i f y i n g  and s u g g e s t s  t h a t  b o t h  r e s p o n s e s  b e  used  t o  o b t a i n  

r e l i a b l e  es t imates  o f  v ( v )  and a 2 ( v )  o v e r  t h e  f u l l  m o l e c u l a r  

weight  r a n g e  of t h e  sample .  
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I I I 1 I I I 

1291 

FIGURE 6: DRI/LALLSP d e t e c t o r  responses  f o r  STANDARD-Y (raw and 
co r rec t ed  fo r  peak broadening).  
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RETENTION VOLUME (m I)  

0.01 

F I G U R E  7: Pe k broadening parameters f o r  d e t e c t o r  c e l l  conten ts  
(0 ( v )  and y ( v ) )  obtained f o r  both D R I  and LALLSP 
d e t e c t o r  responses .  

-I 

TABLE 2 

wh 
- 

l e  Polymer i N ( c )  and % ( c )  Values by 
Of f l ine  

EC and $ by LALLSP 

- - - 
i i N ( C )  Yyr'c) MN(c) %'C)  

(SE C/DR I) * * 
TZI 
1 0-3 x~ 0-3 x l  0-3 

Sampl e (LALLSP) (SEC/DRI/LALLSP)* 

PAM2000 2,180 1 ,198  2200 95 9 1,880 

PAM1 000 1,000 608 964 551 98 8 

PAM500 532 283 52 1 288 571 

* Calculated using eqn. ( 8 b ) .  

** Calculated using eqn. ( 8 a ) .  
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F i n a l l y ,  whole polymer m o l e c u l a r  w e i g h t  a v e r a g e s  f l N ( v )  and 

gw(c) ( a v e r a g e s  c o r r e c t e d  f o r  peak  b r o a d e n i n g )  measured  by  SEC 

u s i n g  d i f f e r e n t  c a l c u l a t i o n  p a t h s  a r e  t a b u l a t e d  i n  T a b l e  2. The 

agreement  among M' v a l u e s  i s  w i t h i n  e x p e r i m e n t a l  error .  W 

SUMMARY A N D  RECOMMENDATIONS 

Methodology f o r  t h e  i n t e r p r e t a t i o n  o f  DRI/LALLSP r e s p o n s e s  t o  

p r o v i d e  t h e  m o l e c u l a r  weight  c a l i b r a t i o n  c u r v e  and peak b r o a d e n i n g  

p a r a m e t e r s  ( u  1 o v e r  a wide r a n g e  of  m o l e c u l a r  w e i g h t s  h a s  b e e n  

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

c h a r  a c  t e r i  za t i o n  of  non i o n i c  pol  y a c r  y l  am i d e s .  

2 

The recommended p r o c e d u r e  f o r  t h e  m o l e c u l a r  w e i g h t  

c h a r a c t e r i z a t i o n  of  n o n i o n i c  p o l y a c r y l a m i d e s  b y  a q u e o u s  SEC i s  t o  

u s e  a LALLSP b a s e d  d e t e c t o r  sys tem t o  d e t e r m i n e  t h e  m o l e c u l a r  

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

s p e c i a l l y  b lended  v e r y  broad  MWD s t a n d a r d ,  s u c h  a s  STANDARD-Y. 

Tne MWD and m o l e c u l a r  w e i g h t  a v e r a g e s  f o r  o t h e r  p o l y a c r y l a m i d e  

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

d e t e c t o r ,  s u c h  a s  D R I ,  w i t h  a p p l i c a t i o n  o f  t h e  a n a l y t i c a l  s o l u t i o n  

o f  Tung ' s  i n t e g r a l  e q u a t i o n  t o  p r o v i d e  W(v). In o t h e r  words,  t h e  

LALLSP based  d e t e c t o r  sys tem need o n l y  b e  used f o r  c a l i b r a t i o n  

p u r p o s e s .  
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