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CHARACTERIZATION OF NEW ISOCYANATE 
ADDUCTS BY HIGH PERFORMANCE SIZE 

EXCLUSION CHROMATOGRAPHY 

L. A. Papazian 
American Cyanamid Company 

193 7 W. Main Street 
P. 0. Box 60 

Stam ford, Connecticut 06904-0060 

ABSTRACT 

The low molecular weight reaction products ("adducts") of 
m-tetramethylenexylene diisocyanate (m-TMXDI) and trimethylol pro- 
pane (TMP) are characterized by hiyh performance size exclusion 
chromatography using a state-of-the-art automated computer system. 
The separations of several m-TMXDI/TMP adducts on different column 
and solvent systems demonstrate excellent resolution and provide 
quantitative estimates of the product distributions. With proper 
assignment of molecular weiyht to well-resolved peaks, both 
number-averaye molecular weights and wt% isocyanate content can be 
determined from area measurements, in excellent ayreement with 
measurements by vapor pressure osmometry. 

INTRODUCTION 

Polyurethanes are an established class of polymers used in 

various applications such as elastomers, coatings resins, and 

flexible and rigid  foam^"^. More recently, polyurethanes 

61 

Copyright 0 1986 by Marcel Dekker. Inc. 0148-3919/86/09Ol~67$3.so/o 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



6a PAPAZIAN 

derived from aliphatic diisocyanates are attracting interest pri- 

marily due to their durability, particularly with reyard to liyht 

stability4. Two new aliphatic isocyanatesS have recently become 

available to the polyurethane industry, namely 1,3-bis(l-isocy- 

anato-1-methylethyllbenzene and 1,4-bis(l-isocyanato-l-methyl- 

ethyllbenzene. They are also known commercially as m-TMXDI 

(m-tetramethylenexylene diisocyanate) and p-TMXDI (p-tetramethyl- 

enexylene diisocyanate) , 

It is well known that size exclusion chromatography (SEC) 

provides a rapid and precise technique for determining the mole- 

cular weight (MW) and molecular weiyht distributions (MWDs) of 

polymers, provided calibration standards are available. In re- 

cent yearsl the development of l O p m  and now Sum particle size 

substrates has significantly enhanced the speed and resolution of 

SEC to the "high performance" (HPSEC) level.6 In particular, 

this improved resolution has been extremely useful for the sepa- 

ration and quantitation of low molecular weight mixtures6-8 solu- 

ble in commonly-used organic solvents. It is estimated that as 

much as 50% of the HPSEC analyses performed in this laboratory 

fall into this low (<5,000 g/mole) MW region. 

The present study is a HPSEC investigation of the reaction 

products (or simply "adducts") of m-TMXDI and 2-ethyl-2-( hydroxy- 

methyl)-lf3-proyanediol (trimethylol propane or TMP). The struc- 

tural formulas of these reactant materials are shown in Fiyure 1. 

A l s o  shown is the product formed by the reaction of three moles 

of m-TMXDI and one mole of TMP, the "3/1" species. Since excess 

m-TMXDI is actually used in the reaction, other possible by- 

products of this reaction are the l/l, 2/l, 5/2, 7/3 and even 

higher molecular weiyht adductsl shown schematically in Fiyure 2 .  
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70 PAPAZIAN 
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F i g u r e  2:  m-TMXDI/TMP Adducts .  
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ISOCYANATE ADDUCTS 71 

I t  w i l l  be d e m o n s t r a t e d  t h a t  h i g h  p e r f o r m a n c e  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  is a r a p i d ,  p r e c i s e  and  a c c u r a t e  t e c h n i q u e  f o r  

c h a r a c t e r i z i n g  t h e  p r o d u c t  d i s t r i b u t i o n  o f  t h i s  r e a c t i o n .  

MATERIALS 

Four  a d d u c t  p r e p a r a t i o n s  were u s e d  i n  t h i s  s t u d y .  Two t y p i -  

c a l  s a m p l e s  (5-78 and 5-118)  c o n t a i n  a h i g h  p r o p o r t i o n  (55-65 

area 8 )  of t h e  d e s i r e d  3/1 s p e c i e s .  The two o t h e r  s a m p l e s  (S-80 

and S-116)  were s e l e c t e d  from a s t a t i s t i c a l l y  d e s i g n e d  e x p e r i m e n t  

t o  d e m o n s t r a t e  t h e  r e s o l u t i o n  and  s c o p e  o f  t h e  HPSEC c o l u m n s  

u s e d .  These  l a t t e r  s a m p l e s  a re  n o t  t y p i c a l  p r e p a r a t i o n s  and con-  

t a i n  o n l y  <25 area % o f  t h e  3/1 a d d u c t  s p e c i e s .  

EXPERIMENTAL 

Two Waters Associates Model 150C l i q u i d  c h r o m a t o g r a p h s  w i t h  

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

r u n  a t  0 .3  % (w/v)  w i t h  a n  i n j e c t i o n  volume of 200 uL and a f l o w  

r a t e  set a t  1 . 0  mL/min. To m o n i t o r  f l o w  r a t e  c h a n g e s ,  s u l f u r g  

was u s e d  as a n  i n t e r n a l  s t a n d a r d  a t  -0 .03  % ( w / v ) .  The major 

p o r t i o n  o f  t h i s  s t u d y  was done  u s i n g  m e t h y l e n e  c h l o r i d e  (HPLC 

G r a d e ,  BAKER ANALYZED@) as s o l v e n t .  The o t h e r  i n s t r u m e n t  

u t i l i z e d  r e a y e n t  y r a d e  t e t r a h y d r o f u r a n  (THF, BAKER ANALYZED@) a s  

t h e  m o b i l e  p h a s e .  

A l l  s a m p l e s  were c h r o m a t o g r a p h e d  o n  t h r e e  column sets i n  

t h e  t w o  s o l v e n t s .  The column d i m e n s i o n s  are a l l  n o m i n a l l y  30 cm 

i n  l e n y t h  w i t h  8 mm I D :  t h e y  a re  p a c k e d  w i t h  s t y r e n e - d i v i n y l -  

benzene  g e l .  I n  m e t h y l e n e  c h l o r i d e ,  a fou r -co lumn set o f  

ULTRAGEL' M X L ' s  ( A n a l y t i c a l  S c i e n c e s ,  I n c .  (ASI), S a n t a  C la ra ,  

CAI was u s e d .  T h e s e  mixed p o r e - s i z e  co lumns  have  10 urn g e l  p a r -  

t i c l e s  w i t h  p l a t e  c o u n t s  r a t e d  a t  g r e a t e r  t h a n  30 ,000  p l a t e s /  

meter. A s e c o n d  four-column bank c o n s i s t e d  o f  PLge l@ ( P o l y m e r  
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12 PAPAZIAN 

L a b o r a t o r i e s ,  Amhers t ,  MA) was a l so  u s e d  w i t h  m e t h y l e n e  c h l o r i d e  

s o l v e n t .  These  columns have  e f f i c i e n c i e s  g r e a t e r  t h a n  5 0 , 0 0 0  

g l a t e s / m e t e r  r e s u l t i n y  from t h e  5 um par t i c l e  s i z e  p a c k i n g .  The 

column p o r o s i t i e s  of  t h e  PLgelo set are  1000 ,  500,  1 0 0 ,  and S O A .  

For t h e  THF s y s t e m ,  t h e  6 pSTYRAGELm co lumns  c o n s i s t  o f  V a r i o u s  

p o r o s i t i e s  (1-104 A ,  2-500A and  3-1OOA) w i t h  a p l a t e  c o u n t  o f  

a round  10 ,000  p l a t e s / m e t e r .  T h e s e  1 0 p  p a r t i c l e  s i z e  co lumns  

have been i n  u s e  f o r  o v e r  6 y e a r s .  

All chromatography  d a t a  were c o l l e c t e d  and a n a l y z e d  on  a 

Hewlett p a c k a r d  (HP) L a b o r a t o r y  Au tomat ion  Sys t em (LAS-3357) w i t h  

a ra te  of d a t a  t r a n s f e r  e q u a l  to 0 . 5  Hz. C a l c u l a t i o n s  o€ molecu- 

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

o r i g i n a l l y  from HP, b u t  m o d i f i e d  e x t e n s i v e l y  t o  f i t  o u r  needs  

o v e r  t h e  p a s t  s i x  y e a r s .  
- 

Number-average m o l e c u l a r  w e i g h t s ,  M n  were d e t e r m i n e d  by 

v a p o r  p r e s s u r e  osmometry (VPO) u s i n y  a Wescan Yodel  233 i n s t r u -  

ment .  The c a l i b r a t i o n  was p e r f o r m e d  w i t h  b e n z i l  a s  t h e  s t a n d a r d  

i n  t o l u e n e .  A l l  s a m p l e s  were r u n  i n  t o l u e n e  a t  f o u r  or more con- 

c e n t r a t i o n s ,  and t h e  &-, v a l u e s  were o b t a i n e d  from c o n v e n t i o n a l  

p l o t s  o f  hR/c v s  c. The d a t a  were t r e a t e d  by a l i n e a r  l e a s t  

s q u a r e s  r e g r e s s i o n  p rogram.  T h e s e  VPO d a t a  were o b t a i n e d  a b o u t  

one month a f t e r  t h e  HPSEC a n a l y s e s  t o  a s s u r e  s a m p l e  i n t e g r i t y .  

RESULTS AND DISCUSSION 

R e s u l t s  o b t a i n e d  w i t h  A S 1  ULTRAGEL" co lumns  i n  m e t h y l e n e  

c h l o r i d e  a re  y i v e n  i n  F i g u r e  3. ( I n  a l l  ch romatograms ,  

s o l v e n t - r e l a t e d  and  i n t e r n a l  s t a n d a r d  peaks a re  n o t  shown. ) F o r  

s a m p l e s  S-78 and S-118, t h e  l a r g e s t  peak is assumed t o  be t h e  3/1 

i s o c y a n a t e / p o l y o l  a d d u c t ,  MW = 866  g/mole;  o t h e r  p e a k s  a t  lower 

e l u t i o n  times are  most l i k e l y  t h e  5/2 and 7/3 a d d u c t s ,  MW = 1488 

and 2110 g/mole,  r e s p e c t i v e l y .  The p r e s e n c e  o f  t h e  2/1 a d d u c t  a t  
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ISOCYANATE ADDUCTS 73 

a l m o s t  34 m i n u t e s  e l u t i o n  t i m e  is d e t e c t a b l e  i n  t h e  S-118 s a m p l e  

ch romatoyram ( F i g u r e  3 ( b ) )  b u t  n o t  f o r  t h e  5-78 a d d u c t  s a m p l e .  

The peak  e l u t i n g  a t  a r o u n d  39 m i n u t e s  h a s  b e e n  shown t o  be  m-TMXDI 

r e m a i n i n g  a f t e r  a s t r i p p i n g  p r o c e s s .  More complex  p r o d u c t  d i s -  

t r i b u t i o n s  are  f o u n d  f o r  t h e  S-116 and  S-80 a d d u c t  s a m p l e s  h a v i n g  

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

m o l e c u l a r  s i z e )  s p e c i e s ;  a s  a r e s u l t ,  t h e  a s s i g n m e n t  o f  m o l e c u l a r  

w e i g h t s  to  a l l  p e a k s  becomes much more d i f f i c u l t .  

When t h e s e  f o u r  s a m p l e s  are a n a l y z e d  w i t h  PLgel" co lumns  i n  

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

F i g u r e  4. The g r e a t e r  r e s o l v i n g  power  o f  t h e s e  Svm co lumns  is 

p a r t i c u l a r l y  e v i d e n t  i n  t h e  ch romatogram o f  s a m p l e  5-78 ( F i y u r e  

4 ( a ) ) .  One now f i n d s  a w e l l - r e s o l v e d  peak  f o r  t h e  2/1 s p e c i e s  a t  

-30 .7  m i n u t e s  ( t h i s  peak  is n o t  e v i d e n t  i n  F i g u r e  3 ( a ) ) .  The 

p o s s i b i l i t y  o f  s a m p l e  a n d / o r  co lumn c h a n g e s  was c h e c k e d  by r u n -  

n i n g  t h e s e  s a m p l e s  a g a i n  w i t h  t h e  ULTRAGEL" co lumns ;  no d i f f e r -  

e n c e s  f rom t h e  o r i g i n a l  ch romatoyrams  were f o u n d .  

I n  t e t r a h y d r o f u r a n  w i t h  VSTYRAGEL" c o l u m n s ,  s i m i l a r  p r o d u c t  

d i s t r i b u t i o n s  were found  f o r  t h e  t y p i c a l  (S-78 a n d  5 -118)  a d d u c t  

p r e p a r a t i o n s ,  as  shown i n  F i g u r e s  5 ( a )  a n d  5 ( b ) .  F o r  t h e s e  t y p e  

mater ia ls ,  v e r y  l i t t l e  work h a s  b e e n  done  i n  THF d u e  t o  t h e  p o s -  

s i b i l i t y  o f  water a b s o r p t i o n  i n  t h i s  p o l a r  s o l v e n t  and  i ts  reac- 

t i o n  w i t h  f r e e  i s o c y a n a t e  g r o u p s .  I t  is i n t e r e s t i n g ,  however ,  

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

q u i t e  s i m i l a r  t o  t h o s e  found  i n  m e t h y l e n e  c h l o r i d e .  The  c h r o m a t -  

og rams  o f  t h e  o t h e r  p r e p a r a t i o n s  ( t h e  S-80 and  5-116 a d d u c t s )  are  

d i f f e r e n t ,  and  s e v e r a l  new e a r l y  p e a k s  a re  e v i d e n t  ( F i g u r e s  5 ( c )  

and  5 ( d ) ) .  T h e s e  new p e a k s  c o u l d  p o s s i b l y  be  a s s i g n e d  to  

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

t h e  i s o c y a n a t e  g r o u p s  w i t h  traces o f  water i n  THF. 
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By c o m p u t e r i z e d  d a t a  a n a l y s i s ,  t h e  r e l a t i v e  area % of e a c h  

s p e c i e s  i n  e a c h  s a m p l e  may e a s i l y  be  d e t e r m i n e d .  F o r  t h e  3/1 

s p e c i e s ,  s u c h  d a t a  are  summarized i n  c h r o n o l o g i c a l  o r d e r  i n  T a b l e  

1 a l o n g  w i t h  t h e  a n a l y s i s  d a t e  and c o n d i t i o n s .  F o r  t h e  two 

" t y p i c a l "  s a m p l e s  (S-78 and 5-118) o n e  o b s e r v e s  v e r y  yood s t a b i -  

l i t y  o v e r  a s h o r t  (1-2 month )  time p e r i o d  and  a b o u t  20% c h a n g e  i n  

3/1 c o n t e n t  o v e r  6 months.  T h i s  d e c r e a s e  of 3/1 c o n t e n t  is re- 

f l e c t e d  i n  a smal l  i n c r e a s e  of l a r g e r - s i z e d  s p e c i e s  ( n o t  shown) 

i n  t h e  c o r r e s p o n d i n g  ch romatograms .  

An a t t e m p t  was made t o  ca lcu la te  MWDs f o r  t h e s e  s a m p l e s ,  u s -  

i n y  t e c h n i q u e s  commonly a p p l i e d  t o  h i g h  MW polymers1 '#  ll." I f  

TABLE 1 

HPSEC D e t e r m i n a t i o n  of 3/1 Adduc t  

Sample 
s-78 

s-118 

s-80 

s-116 

Anal  y s  is column 1 Area % of 
Date S e t  3/1 S p e c i e s  

12/ 19/M4 
1/10/85 
1/19/85 
1/29/85 
3/20/85 
6/25/85 
12/19/85 
1/10/85 
1/19/8 5 
1/29/85 
6/25/85 
12/21/85 
l/l0/85 
1/19/8 5 
1/29/85 
6/25/85 
11/06/84 
1/10/85 
1/19/8 5 
1/29/85 
6/25/85 

A 
B 
C 
A 

B 
A 
B 
C 
A 
B 
A 
B 
C 
A 
B 

A 
B 
C 
A 

n 

n 

65.9 
64.0 
64.4 
65.4 
65.5 
51.7 
57.5 
55.8 
54.7 
51.5 
48 .O 
17.3 
16.4 
14.1 
15.8 
11.0 

26.9 
22.9 
20.7 
22.7 
14.2 

1. Column S e t  A-ULTRAGEL*; B-eLgel@; C-vSTYRAGEL@ 
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the molecular weights of each peak are known, then every chromat- 

oyram provides calibration data in addition to the complete prod- 

uct distribution information (area % of each peak). For each 

run, the major peak was assumed to be the 3/1 species and other 

peaks were assigned accordingly (see Fiyure 2). For the more 

complex chromatograms of samples S-80 and 5-116, the internal 

standard elution time was utilized to help determine these mole- 

cular weight assignments. The molecular weight-elution time data 

were fitted to a cubic spline regression analysis prior to the 

computer calculation of the moments of the distribution. For 

some samples, the cubic spline function gave a better fit than a 

linear model. This latter model would have been adequate in most 

cases due to the relatively short elution-time span of these sam- 

ples. An example of a calibration curve is shown in Figure 6 for 

sample 5-78. Figures 7 and 8 are the differential molecular 

weight curves for samples S-118 and S-116 along with the moments 

of the distributions, fin and Hw. These results are 

summarized in Table 2. 

TABLE 2 

Summary of Molecular Weight Data 

Technique: 4- 

Columns : 
Sample 
S-78 
5-118 
S-116 
S-80 

AS1 PL 

875 970 
954 1000 
1290 1210 
1300 1420 

1050 1110 
1180 1220 
1680 1980 
2840 2320 

Vapor Pressure 
Osmome t ry 

1010 
1080 
1500 
1680 
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- 
The number-averaye  m o l e c u l a r  w e i g h t s ,  M n ,  i n  T a b l e  2 i n d i -  

ca te  g e n e r a l l y  good  a g r e e m e n t  i n  l e v e l  and  t r e n d  w i t h  VPO d a t a .  

I n  r e t r o s p e c t ,  t h i s  l e v e l  o f  a g r e e m e n t  is s u r p r i s i n g  s i n c e ,  i n  

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

f rom t h e  c a l i b r a t i o n  c u r v e  e v e r y  t w o  s e c o n d s  ( t h e  t r a n s f e r  r a t e )  

o f  t h e  ch romatogram.  S i m u l t a n e o u s l y ,  o n e  a l so  a s s u m e s  e a c h  

w e l l - r e s o l v e d  peak  t o  be  a s i n g l e  s p e c i e s .  O t h e r  a s s u m p t i o n s  are  

t h a t  a l l  componen t s  of a s a m p l e  have  t h e  same r e f r a c t i v e  i n d i c e s  

and  no b r a n c h e d  a d d u c t s  e x i s t  i n  t h e  r e a c t i o n  m i x t u r e .  Nonethe-  

less, t h i s  a a p p r o a c h  d o e s  a p p e a r  to  p r o v i d e  c o n s i s t e n t  d a t a  o f  

t h e  p r o p e r  m a g n i t u d e .  

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

c a n  be  d e m o n s t r a t e d  by s h i f t i n g  t h e s e  a s s i g n m e n t s  by o n e  p e a k  t o  

e i t h e r  h i y h e r  or lower e l u t i o n  time. For  S-118, t h i s  r e s u l t s  i n  

Mn v a l u e s  e q u a l  1550 and  650 g /mole ,  r e s p e c t i v e l y .  S i n c e  t h e s e  

v a l u e s  are beyond t h e  l i m i t s  o f  e x p e r i m e n t a l  a c c u r a c y  ( < 5 % )  o f  

t h e  VPO method ,  o n e  c o n c l u d e s  t h a t  t h e  major p e a k  is i n d e e d  t h e  

3 /1  s p e c i e s .  T h i s  p r o o f ,  t h o u y h  i n d i r e c t ,  is i n  a g r e e m e n t  w i t h  

e x p e c t a t i o n  s i n c e  t h e  r e a c t i o n  is c a r r i e d  o u t  w i t h  e x c e s s  d i i s o -  

c y a n a t e ,  and  t h e  3/1 a d d u c t  s h o u l d  be  t h e  most a b u n d a n t  s p e c i e s .  

- 

A s i m p l e r  and  more r i y o r o u s  method is a v a i l a b l e  f o r  c a l c u l a -  

t i n y  t h e  m o l e c u l a r  w e i y h t s  of t h e s e  s a m p l e s .  By d e f i n i t i o n ,  t h e  

number-averaye  m o l e c u l a r  w e i y h t  Rn is y i v e n  by: 

where  C i  is t h e  c o n c e n t r a t i o n  o f  s p e c i e s  w i t h  m o l e c u l a r  w e i y h t  

M i .  S i n c e  peak  areas o f  a ch romatogram a r e  p r o p o r t i o n a l  t o  

c o n c e n t r a t i o n ,  e q u a t i o n  (1) may be u s e d  f o r  g n  c a l c u l a t i o n s  

p r o v i d e d  a l l  s p e c i e s  have  t h e  same r e s p o n s e  f a c t o r ,  i .e.,  t h e  

same r e f r a c t i v e  i n d e x .  Fo r  t h e  t w o  t y p i c a l  u r e t h a n e  p r e p a r a t i o n s  
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TABLE 3 

- Mn & I s o c y a n a t e  C o n c e n t r a t i o n  Data 
- 

vapor D i b u t y l  

Osmometry  T i t r a t i o n  
T e c h n i q u e :  4- HPSEC .-b P r e s s u r e  A m i  n e  

N C 0 2  - NCO 
C o n c e n t r a t i o n  Mn C o n c e n t  r a t  i o n  - 1  Mn 

( y / m o l e  1 ( w t .  $ 1  ( g / m o l e  1 ( w t .  $ 1  

S a m p l e  

S-78 94 9 

s - 1 1 8  1 0 2 0  

1 4 . 4  1 0 1 0  

1 4 . 2  1 0 9 0  

1 2 . 3  

1 1 . 9  

i n  t h i s  s t u d y ,  (samples 5-78 a n d  5-118), t h i s  c a l c u l a t i o n  i n v o l -  

v e s  o n l y  s i x  terms, i n  c o n t r a s t  t o  t h e  more t h a n  200  data p o i n t s  

u s e d  by t h e  earlier a p p r o a c h .  T h e s e  r e s u l t s  i n  T a b l e  3 are i n  

e x c e l l e n t  a g r e e m e n t  w i t h  VPO d a t a ,  a n d  t h u s  a g a i n  s u p p o r t  t h e  as-  

s i g n m e n t  of t h e  major p e a k  as  t h e  3/1 species. T h i s  c a l c u l a t i o n  

is n o t  p o s s i b l e  €or t h e  more c o m p l e x  c h r o m a t o g r a m s  of t h e  S-80 

a n d  S-116 samples. ( T h e s e  d a t a  were c a l c u l a t e d  from c h r o m a t o -  

grams o b t a i n e d  w i t h  t h e  P L g e l @  c o l u m n s .  ) 

By a n  a n a l o y o u s  c a l c u l a t i o n ,  t h e  w e i g h t  % i s o c y a n a t e  c o n t e n t  

( %  NCO) was o b t a i n e d  f r o m  t h e  r e l a t i o n s h i p  

1 A i ( N C O ) i  
( 2 )  % NCO = x 100 

2: *i 
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I n  t h i s  e q u a t i o n ,  ( N C 0 ) i  is t h e  w e i g h t  f r a c t i o n  of i s o c y a n a t e  

of t h e  it-, s p e c i e s  h a v i n g  area A i  i n  t h e  c h r o m a t o g r a m .  T h e s e  

r e s u l t s  are a l so  i n  a g r e e m e n t  w i t h  i n d e p e n d e n t  t i t r a t i o n  d a t a .  

CUNCLUSIONS 

1. . 

2 .  

3 .  

4 .  

T h i s  s t u d y  d e m o n s t r d I . i ? s  t h e  EoIliw Lng: 

Xi t% h i g h  pe r f o r t r i a n c e  S W  c o l u m n s ,  " t y i ) i c a l "  m-T:.IXUI/'L'MP 

i s o c j , ) i l , i h -  atl:litcts arcs >we11 r e s o l v e d  a t  a I I I O ~ % C . J I A C  w e i y h t  

l e v e l  of - 9 0 0  y/mole  w i t h  b o t h  1 0  pm a n d  5 vm part-icle 

s i z e  s u b s t r a t e s  i n  t w o  s o l v e n t s .  4s one lnay e x p e c t . ,  the 

!>#!st: seL,,ir-atiai,; .ac:! ~:i.;:+rv,+:I r i  t h  t!ie s l w l l e r  par t ic l r?  .;i;s:? 

I ~ I J S S  t r a t e s  . More COlIIplI3X 1)repara t i o n s  rriay a l s o  I ~ I ?  .1:1.3n t i - 
t a t e d  d i t h  regard t o  t h e  proci1ie;t ~ I i s t r i b ~ i t i o ~ ~ : ;  o f  these 

i s o c y a n a t e  o l i y o m e r s .  

U s i n g  m e t h o d o l o g y  u s u a l l y  a p p l i e d  to h i g h  polymers, i t  is 

s h o w n  t h a t  b o t h  M n  and M, may tie .:d1cit1atsd u s i n g  the 

i) r OLJB r ass i y n m e  i i  t. s o E f a o  113 c u 1 a r w e  i g 1 1  t t.t.> I: he 'ie A k R 1 u t i 1 )  I I 

times. T h e s e  r e s i i l t s  a ~ r e e  i n  l e v e l  anil t r e n d  a i t h  v d L ) o r  

i ) r e s s u r e  o s m o m e t r y .  T h u s ,  from o n e  c h r o i n a t o y r a m ,  one can 

( j ~ i ~ i i i l  i t . i t . A  ix>til i:he L J C O 8 i t l c l .  ~ l i s t r i h u t i : > n  and a l s o  esti1a.il.e 

.r lnleci i lar- r e i 4 h t  from t r u l y  i n t e r n a l  s t a n d a r d s  ( t h e  

11 is t r i  h l i  t i o n  i tsi? l f  ) , 

A s i m p l i f i e d  a n d  more r i . ~ o c o ~ i s  c a l c i i l a t i o n  of M, for t h e s e  

new a d d u c t s  is i n  e x c e l l e n t  a y r e e m e n t  w i t h  VPO d a t a  u s i n y  

o n l y  111 >lecuI , i r  i J ; ? i 4 h t s  and p e a k  areas. T h i s  y r o c e d l i r e  is 

aK;)t?.!t:ad to  L)rovic ie  very  ..iccdrate a n d  p r e c i s e  M n  (o r  M w )  

d a t a  €or :;.+ln,Jles w h o s e  c h r o m a t o g r a w s  c, inI:airi  m s . l l - r e s o l v e d  

peaks. 

R e s u l t s  of r e p e d t e d  HPSEC a n a l y s e s  i l l u s t r a t e  t h e  s t a h i l i t y  

of t h e s e  uretliatit. .  o l i G j ~ ~ ~ a e r . i .  

- - 

- 

- - 
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