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CONVERSION FACTORS FOR POLYSTYRENE 
MOLECULAR WEIGHT INTO MOLECULAR 
WEIGHTS OF POLYMETHACRYLATES IN 
SIZE EXCLUSION CHROMATOGRAPHY 

SADAO MORI 
Department of Industrial Chemistry 

Faciclty o f  Engineering 
Mie University 

Tsu, Mie 514 ,  Japaii 

ABSTRACT 

and 
PO1 

Relationships of molecular weights between polystyrene (PSI 
several polymethacrylates, poly(methy1 methacrylate) (PMMA), 
y(ethy1 methacrylate) (PEMA), poly(buty1 methacrylate) (PBMA), 

poly(isobuty1 methacrylate) (PIBMA), and poly(laury1 methacrylate) 
(PLMA), were examined. A conversion equation, 

t 
Mpolymethacrylate = SMPS 

was first defined, where s and t are constants, and Mps and 
Mpolymethacrylate are molecular weights of these polymers at the 
same retention volume. Conversion factors s and t for these 
polymethacrylates were estimated by using a PS calibration curve 
and corresponding polymethacrylates having broad molecular weight 
distributions. Pairs of s and t are as follows: 0.362 and 1.107 
for PMMA; 0.2078 and 1.153 for PEMA; 0.01859 and 1.348 for PBMA; 
1.727 and 0.978 for PIBMA; 21.64 and 0.746 for PLMA. These 
conversion factors are effective in the mobile phase of tetrahy- 
drofuran at room temperature. By knowing these conversion fac- 
tors and a PS calibration curve, molecular weight averages for 
these polymethacrylates can be calculated. Calibration curves 
for these polymers are demonstrated. 
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INTRODUCTION 

MORI 

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

s i o n  chromatography (SEC) u s u a l l y  r e q u i r e s  the c o n s t r u c t i o n  of a 

c a l i b r a t i o n  c u r v e  u s i n g  r e l a t i v e l y  monod i spe r se  p o l y m e r s  s u c h  as a 

ser ies  of p o l y s t y r e n e  (PS). C a l c u l a t i o n  of t h e  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  any  po lymer  s p e c i e s  o t h e r  t h a n  t h e  P'S s t a n d a r d s  used  

f o r  t he  c o n s t r u c t i o n  of a c a l i b r a t i o n  c u r v e  o f  a SEC column s y s t e m  

r e q u i r e s  t he  t r a n s f o r m a t i o n  of m o l e c u l a r  w e i g h t  i n  t h e  c a l i b r a -  

t i o n  t o  t h a t  f o r  the s p e c i f i e d  polymer.  

T h e  s o - c a l l e d  u n i v e r s a l  c a l i b r a t i o n  m e t h o d  [ 11 a n d  t h e  "Q" 

f a c t o r  method [ 2 ]  have been p roposed  as the  t r a n s f o r m a t i o n  t ech -  

n i q u e s .  The u n i v e r s a l  c a l i b r a t i o n  method h a s  wide  a p p l i c a b i l i t y ,  

however ,  i t  r e q u i r e s  a c c u r a t e  v a l u e s  o f  t h e  Mark-Houwink parame- 

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

t i o n ,  and a l s o ,  t he  sencondary  e f f e c t s  be tween  t h e  s a m p l e  and t h e  

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

a p p l i e d  f o r  [ 3 ] .  The "Q" f a c t o r  method h a s  many s h o r t c o m i n g s  and 

i t  s h o u l d  b e  u s e d  w i t h  c a u t i o n .  I t  i s  r e c o m m e n d e d  t h a t  the"Q" 

f a c t o r  i s  d e t e r m i n e d  e x p e r i m e n t a l l y  i n  advance  [ & I ,  and t h e  method 

can  p r o v i d e  f a i r l y  a c c u r a t e  r e s u l t s  when t h e  Mark-Houwink expo- 

n e n t s  f o r  b o t h  t h e  s a m p l e  and t h e  s t a n d a r d  are i d e n t i c a l  [5]. 
Many a t t e m p t s  have  been u n d e r t a k e n  t o  c o n s t r u c t  a c a l i b r a t i o n  

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

These a t t e m p t s  employ a known set  o f  m o l e c u l a r  w e i g h t  a v e r a g e s  o f  

broad 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  p o l y m e r s  conce rned  w i t h o u t  any 

PS s t a n d a r d s .  Some o f  t h e  m e t h o d s  used a s s u m e d  a c a l i b r a t i o n  

c u r v e  t o  be  l i n e a r  [6] and o t h e r s  were a p p l i e d  t o  t h e  t h i r d - o r d e r  

p o l y n o m i a l  [ 7 ] .  A method r e p o r t e d  by some w o r k e r s  r e q u i r e d  t h e  

u s e  of a c a l i b r a t i o n  c u r v e  f o r  t h e  PS s t a n d a r d s ,  t h e  Mark-Houwink 

p a r a m e t e r s  f o r  PS, and i n t r i n s i c  v i s c o s i t y  and a v e r a g e  m o l e c u l a r  

w e i g h t s  f o r  t h e  s a m p l e  po lymer  [ 8 , 9 ] .  

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

c u r v e  f o r  a s a m p l e  p o l y m e r  w h e r e  o n l y  b r o a d  m o l e c u l a r  w e i g h t  
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d i s t r i b u t i o n  s a m p l e s  were a v a i l a b l e  [ l o ] .  The method r e q u i r e s  

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

w e i g h t  f o r  t h e  PS s t a n d a r d s  and  d o e s  n o t  need any  u n i v e r s a l c a l i -  

b r a t i o n  c o n c e p t s .  T h e r e f o r e ,  t h e  m e t h o d  c a n  b e  a p p l i e d  t o  a 

s y s t e m  where  some secondary  e f f e c t s  are o b s e r v e d  [ 3 ] .  

I n  t h e  p r e s e n t  r e p o r t ,  t h e  method h a s  been a p p l i e d  t o  p o l y  

( m e t h y l  m e t h a c r y l a t e )  (PMMA), p o l y ( e t h y 1  m e t h a c r y l a t e )  (PEMA), 

p o l y  ( b u t y l  m e t h a c r y l a t e )  (PBMA), p o l y  ( i s o b u t y l  m e t h a c r y l a t e )  

(PIBMA), a n d  p o l y ( l a u r y 1  m e t h a c r y l a t e )  (PLMA), a n d  c a l i b r a t i o n  

c u r v e s  f o r  t h e s e  p o l y m e r s  were c o n s t r u c t e d .  Conver s ion  f a c t o r s  o f  

m o l e c u l a r  w e i g h t s  f rom PS t o  t h e s e  p o l y m e r s  have  been  e s t i m a t e d .  

EXPERIMENTAL 

Appara tus .  

SEC measuremen t s  were p e r f o r m e d  on a h igh -pe r fo rmance  l i q u i d  

c h r o m a t o g r a p h  M o d e l  TRIROTAR ( J a p a n  S p e c t r o s c o p i c  Co., L t d . ,  

H a t i o j i ,  Tokyo 192, J a p a n )  w i t h  a 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  Model 

SE-51 (Showa  Denko Co., L t d . ,  M i n a t o - k u ,  T o k y o  105, J a p a n ) .  T h e  

c o l u m n s  u s e d  i n  t h i s  e x p e r i m e n t  were t w o  G e l p a k  G L - A 1 0 0 M  SEC 

c o l u m n s  (50 cm x 8 m m  i . d . )  ( H i t a c h i  C h e m i c a l  Co., H i t a c h i ,  317, 

J a p a n )  p a c k e d  w i t h  PS g e l s  u s e d  f o r  p o l y m e r  f r a c t i o n a t i o n .  

C o l u m n s  were t h e r m o s t a t e d  a t  30 OC i n  a n  a i r  o v e n  M o d e l  TU-100 

( J a p a n  S p e c t r o s c o p i c ) .  

Samples .  

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

t h e  p e a k  r e t e n t i o n  v o l u m e  o f  PS s t a n d a r d s  ( P o l y m e r  A )  o b t a i n e d  

from P r e s s u r e  C h e m i c a l  Co., P i t t s b u r g h ,  PA. The  c h a r a c t e r i z e d  

p o l y m e t h a c r y l a t e s  ( P o l y m e r  B ) ,  u s e d  i n  t h i s  w o r k  a n d  l i s t e d  i n  

T a b l e  1, were purchased  from Ar ro  L a b o r a t o r i e s ,  Inc. ,  J o l i e t ,  IL. 

These s a m p l e s  were p o l y d i s p e r s e  polymers, R e l a t i v e l y  m o n o d i s p e r s e  
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TABLE 1 
M o l e c u l a r  Weight  Averages o f  P o l y m e t h a c r y l a t e s  h a v i n g  Broad 
Molecu la r  Weight D i s t r i b u t i o n  

~ 

Sample Molecu la r  w e i g h t  
Weight a v e r a g e  Number a v e r a g e  

PMMA 
PEMA 
PBMA 
PIBMA 
PLMA 

60 600 
395 y 000 
320,000 
300,000 
113,000 

33,200 
144,000 
73,500 

140,000 
77,000 

PMMA s a m p l e s  were p u r c h a s e d  f r o m  Po lymer  L a b o r a t o r i e s  (England)  

t h r o u g h  Showa Denko Co. 

E l u t i o n ,  

T e t r a h y d r o f u r a n  (THF) was u s e d  as t h e  m o b i l e  p h a s e  a n d  t h e  

f l o w  ra te  was 1.0 ml/min. Sample  c o n c e n t r a t i o n s  were O.l%(w/v) 

f o r  PS s t a n d a r d s  a n d  r e l a t i v e l y  m o n o d i s p e r s e  PMMA, a n d  0.3% f o r  

p o l y m e t h a c r y l a t e s  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  

( M W D )  e x c e p t  PLMA w h i c h  was d i s s o l v e d  i n  THF i n  0.5% c o n c e n t r a -  

t i o n .  The i n j e c t i o n  volume f o r  t h e s e  s a m p l e  s o l u t i o n s  w a s  0.2 m l .  

C a l c u l a t i o n .  

T h e  m o l e c u l a r  w e i g h t  (MB)i o f  a m o l e c u l e  o f  a p o l y m e r  B 

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

(MA)i o f  a m o l e c u l e  o f  a p o l y m e r  A e l u t i n g  a t  t h e  same r e t e n t i o n  

volume i by t h e  e x p r e s s i o n  

(1) t ( M ~ 1 - i  = s(M~1.i 
w h e r e  s a n d  t r e p r e s e n t  c o n s t a n t s  a n d  are  d e f i n e d  a s  c o n v e r s i o n  

f a c t o r s .  Here, a polymer A i s  PS and m o l e c u l a r  w e i g h t  (MA)= of a 

polymer A a t  r e t e n t i o n  volume i is  o b t a i n e d  f rom a PS c a l i b r a t i o n  

cu rve .  M o l e c u l a r  w e i g h t  a v e r a g e s  o f  a po lymer  B are c a l c u l a t e d  

f rom t h e  chromatogram of t h e  po lymer  B by a s s u m i n g  t a s  follows: 
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where hi i s  t h e  h e i g h t  of t h e  chromatogram a t  r e t e n t i o n  volume i. 

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

(\), = s n u m e r i c a l  v a l u e  1 1 ( 4 )  
= s { numer ica l  v a l u e  2 } (5)  

By c o m p a r i n g  (Rw)c a n d  (Kn)c w i t h  m o l e c u l a r  w e i g h t  a v e r a g e s  i n  

T a b l e  1, w e  o b t a i n  two  v a l u e s  o f  s, which may n o t  be e q u a l  i n  most  

cases. The c a l c u l a t i o n  p r o c e s s  i s  r e p e a t e d  w i t h  o t h e r  v a l u e s  o f  

t u n t i l  t h e  v a l u e  of  s o f  e q  4 b e c o m e s  n e a r l y  e q u a l  t o  t h e  v a l u e  

o f  s o f  e q  5. A c a l i b r a t i o n  c u r v e  f o r  t h e  p o l y m e r  B c a n  b e  c o n -  

s t r u c t e d  f r o m  e q  1, a f i n a l  set  o f  t a n d  s ,  a n d  a PS c a l i b r a t i o n  

cu rve .  

RESULTS AND DISCUSSION -- 

The c o n s t a n t s  t and s i n  e q  1, c a l c u l a t e d  f rom s e v e r a l  poly-  

m e t h a c r y l a t e s ,  are shown i n  T a b l e  2. The v a l u e s  of t i n c r e a s e d  

and t h o s e  of s d e c r e a s e d  w i t h  i n c r e a s i n g  t h e  c a r b o n  number o f  a n  

e s t e r  g r o u p  f o r  PMMA, PEMA, a n d  PBMA, a n d  t h e s e  r e l a t i o n s  are  

r e v e r s e  among PBMA, PIBMA, and PLMA. Conver s ion  factors for  PMMA 

(na r row)  were c a l c u l a t e d  by c o n s t r u c t i n g  a c a l i b r a t i o n  c u r v e  u s i n g  

s e v e r a l  PMMA ( n a r r o w )  s t a n d a r d s  a n d  by p l o t t i n g  s e v e r a l  s e t s  o f  

d a t a  for  l o g  m o l e c u l a r  w e i g h t  of PMMA a g a i n s t  log  m o l e c u l a r  w e i g h t  

of PS a t  t h e  same r e t e n t i o n  volume. 

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

d i f f e r e n t  f r o m  t h o s 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  (MWD) are  
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TABLE 2 
Conver s ion  F a c t o r s  t a n d  s Obta ined  f rom S e v e r a l  Poly-  
m e t h a c r y l a t e s  o f  Known M e l u c u l a r  Weight  Averages 

P o l y m e t h a c r y l a t e  t S 

PMMA ( b r o a d )  ~~ 1.019 0.644 
PMMA (na r row)  1.107 0.362 
PEMA 1.153 0.2078 
PBMA 1.348 0.01859 
PIBMA 0.978 1.727 
PLMA 0.746 21.64 

3k 
PMMA s t a n d a r d s  h a v i n g  a narrow MWD. 

o b t a i n e d  from PMMA s t a n d a r d s  h a v i n g  a na r row MWD. C a l i b r a t i o n  

c u r v e s  of t h e s e  t w o  sets o f  t h e  c o n s t a n t s  are l o c a t e d  on  t h e  b o t h  

s i d e s  o f  a PS c a l i b r a t i o n  c u r v e  o v e r  m o l e c u l a r  w e i g h t  20000 a s  

shown i n  F i g u r e  1. Molecu la r  w e i g h t  r e l a t i o n s h i p s  be tween  PS and 

PMMA o b t a i n e d  f r o m  a s e t  of  Mark-Houwink p a r a m e t e r s  h a v e  b e e n  

r e p o r t e d  as f o l l o w s  [ll]. 

M p m ~  = 1.410 Mpso'983 

1.7~10~ < MW r a n g e  < 1.3~10~ 
o r  

M p m ~  = 1.289 M p ~ l  *Oo5 (7) 

MW r a n g e  > 3.1~10~ 
and 

(8) Mpm~ = 0.1596 Mps 1.213 

4 MW r a n g e  < 3.1~10 

A c o m b i n a t i o n  o f  e q s  (7) a n d  (8) h a s  a s i m i l a r  c u r v e  t o  t h a t  

of PMMA (na r row)  s t a n d a r d s .  The r e s u l t s  are also shown i n  F i g u r e  

1. T h e r e f o r e ,  t h e  v a l u e s  o f  s a n d  t o b t a i n e d  f r o m  t h e  PMMA 
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FIGURE 1. Calibration curves for polys tyrene ,  PMMA (broad), PMMA 
(narrow),  and PMMA calculated from eqs (7) and (8). 
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PM MA ( narrow) 

PEMA 

- 
-..-_____ 
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(b road)  s a m p l e  are  shown as t o  be  i n c o r r e c t .  T h i s  i s  p r o b a b l y  

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

m a n u f a c t u r e r .  

C a l i b r a t i o n  c u r v e s  f o r  PMMA ( n a r r o w ) ,  PEMA, a n d  PBMA a re  

shown i n  F i g u r e  2. C a l i b r a t i o n  c u r v e s  f o r  PMMA (na r row)  and PEMA 

are similar e a c h  o t h e r .  The s l o p e  of t h e  c a l i b r a t i o n  c u r v e  f o r  

PBMA is  s t e e p e r  t h a n  o t h e r s .  

C a l i b r a t i o n  c u r v e s  f o r  PBMA, PIBMA, a n d  PLMA a r e  s h o w n  i n  

F i g u r e  3. 
I n  c o n c l u s i o n ,  m o l e c u l a r  w e i g h t  a v e r a g e s  of PMMA, PEMA, PBMA, 

PIBMA, a n d  PLMA c a n  b e  c a l c u l a t e d  by u s i n g  e q  ( l ) ,  a PS c a l i b r a -  

t i o n  c u r v e ,  and c o r r e s p o n d i n g  c o n v e r s i o n  f a c t o r s  i n  T a b l e  2. 
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