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DETERMINATION OF COMPOSITIONAL 
HETEROGENEITY OF POLYAMIDE 

COPOLYMERS 

Toshio Ogawa and Masakazu Sakai 
Hirakata Research Laboratories 

Ube Industries, Ltd.  
3-1 0, Nakamiyakita-machi, Hirakata 

Osaka, Japan 

&I3 C;T R 9r" 
A p e l  p e r m e a t i o n  c h r o n a t o q r a p h  equipped  w i t h  d u a l  d e t e c t o r s  

Drovides  v e r y  u s e f u l  i n f o r m a t i o n  on  c o m p s i t i o n a l  and m o l e c u l a r  w e i q h t  
d i s t r i b u t i o n s .  3ne  c o p o l . ~ ~ o r .  composed of  ny lon  L2 and 
p o l y t e t r a m e t h y l e n e  e t h e r  q l y c o l ,  and  t h e  o t h e r  o f  nv lon  6 and n a t u r a l  
rubber  were diccusseci i n  t h i s  s t u d y .  By t r i f l u o r o a c e t y l a t i o r !  of t h e  
amide c r o u p ,  t h e s e  polymers  became s o l u b l e  i n  cormon s o l v e n t s  such  as 
d i c h l o r o m e t h a n e  and t e t r a c h l o r o e t h a n e .  Goo6 chromatograms were  o b t a i n &  
u s i n g  t h e s e  s o l v e n t s  Ecr t h e  above  copolymers .  A t  t h e  same time, t h e  
composi t io i ia l .  h e t e r o g e n e i t y  wzs d e t e r m i n d  from t h e  chromatograms 
o b t a i n e d  w i t h  r e f r a c t i v e  i n d e x  and u l t r a v i o l e t  d e t e c t o r s .  

TYTRODUCTION 

G e l  permeat ion  c h r o m a t r o q r a p h y  (GPC) is c u r r e n t l y  t h e  method of 

c h o i c e  f o r  measur ing  t h e  mol.ecular w e i g h t  d i s t r i b u t i o n s  of s y n t h e t i c  

pol.yrrers. I n  GPC chromatograms,  t h e  a b s c i s s a  is u s u a l l y  e x p r e s s e d  by 

" e l u t i o n  c o u n t "  and t h e  o r d i n a t e  by a q u a n t i t y  p r o p o r t i o n a l  t o  weiclht 

f r a c t i o n ,  which is m o n i t o r e d  by a r e f r a c t i v e  i n d e x  (F.1) d e t e c t o r .  I f  

o t h e r  d e t e c t o r s ,  s u c h  as u l t r a v i o l e t  (UV) d e t e c t o r  and/or  l i q h t  

s c a t t e r i n g  a p p a r a t u s  a r e  used ,  a d d i t i o n a l  i n f o r m a t i o n  w i l l  be o b t a i n e d .  

GPC, w i t h  d u a l  d e t e c t o r s ,  is v e r y  u s e f u l  f o r  o b t a i n i n g  i n f o r m a t i o n  a b o u t  
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1026 OCAWA AND SAKAI 

compositional heterogeneity of copolymers.lr2) It qoes, without saying, 

that the compositional variation curve in the GPC technique does not 

exhibit the true compositional dist~ibution.~) 

maqnitude of the variation becomes, the wider is the breadth of the 

compositional distribution in a similar series of copolymers. 

However, the larger the 

Recently, various polyamide copolymers have been synthesized.4r5) 

Some of them are commercially available. A suitable eluent system must 

be found for the GPC analysis of these copolymers. Unfortunately none 

has been found vet, even for Glyamide homopolymers, except for a few 

special cases. 6-9) 

Trifl.uoroacety1ation is an exccllent derivatization technique for 

dissolving nylons in common solvents such as tetrahydrofuran, 

dichloromethane and tetrachloroethane. This method was presented by 

Jacobi et al. several years ago.lO) 

chromatograms are expecteci for these copolymers under ordinary 

experimental conditjons. This method was reexamined by u s  for nylon 6 

and 6G. Good, reproducible chroma tograms were obtsined using 

dicnloromethane as eluent, when we were sufficiently careful with the 
reaction conditions. Polyamide copolpers have more or less random 

comysitional distribution. Therefore, homopolymers composed of 
com,mnent monomers s h o u l d ,  in principle, be soluble in solvent b:{ 

assuming the extreme case, because such homoplymers are expected to be 

present in the copolymerization products. ?he application Of 

trifluoroacetylation to polyamide copolymers is, therefore, expected to 

be successful. At the same time, the compositional variation curve 

should be able to be obtained by using the relationship between the 

areas of the RI or the W curve and polymer concentration. 

Using the above solvents, good 

This study is concerned with GPC of polyamide copolymers via 

trifluoroacetylation. 

EXPERIMENTAL 

Copolymers 

Cowlper I: this copolymer is commercially available. It is 
prepared with Waminododecanoic acid (67.4mol%), decane dicarboxylic 

acid (18.3mol%) and polytetramethylene ether glycol (PTG, 14.3mol%). In 

practice, various structure will be considered, differing in the 
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HETEROGENEITY OF POLYAMIDE COPOLYMERS 1027 

position where dicarboxylic acid reacts. For example, the chemical 

structure of this copolymer is expressed as 

fcO(CFf2) llNIH]n-CO(CH~) loCnO-((C€?2) 4C) ,,,-. 
confirmed by hydrolysis and lH-NMR. 

reconfirmed by synthesis accordinq to patents11-12). 

These components were 

Further, the structure was also 

Copolymer 11: this copolymer was prepared by mixing mechanically, 

on a laboratory scale, natural rubber, nylon 6 and a small amount of 

phenol resin. Thirty three weiqht percent of nylon 6 is contained in 

this copolyaer. The sample is not homogeneous in a sense of chemical 
structure, but contains component homopolymers together with grafted 

copolymer. The molecular weight of the original natural rubber was 

estimated to be 17000 (Ev). However, the rubber component will have a 

lower molecular weight after mixj.ng. The molecular weight of nylon 6 is. 

15600 (Ffn), which was determined by vapor pressure osmometry. 

N-trifluoroacetylation (N-TFA) 
Approximately one gram of nylon copolymer was suspended in 30ml of 

dichloromethane (Copolymer I) or 1,1,2,2-tetrachloroethane (Copolymer 

11). After introduction of 109 of (CFJCO)~, the reaction mixture was 

refluxed for 24hr. The solvent, CF3COOH and unreacted (CF3CO)z were 

removed by a flash evaporator. Sticky N-TFA mlyamide copolymer was 

quickly suhjectec! to analysis by GPC. Otherwise, N-TFA copolymer was 

stored in solution in an ampoule. Moisture must be completely excluded. 

For example, when exposed to air for only one hour, the copolymer 

reverts to the original material. This conversion is clearly 

demonstrated by infrared spectra (Figure 1). The water content of 

dichloromethane used here was less than 0.003wt%, and that of 

tetrachloroethane was less than 0.006wt%. 

Preparation of model compound 

A model compound was synthesized for one of the components in 

Copolymer I: the compound, corresponding to PTG and DDA, was prepared 

from PTG and n-hexanoic acid. PTG was supplied by Nippon Polyurethane 

Industries, Ltd., Japan and n-hexanoic acid by Kishida Chemical Co., 

Japan. After introduction of lmol of PTG and 2mol of n-hexanoic acid 

into a flask, the mixture was allowed to react for 3hr at 180°C under 

nitrogen atmosphere, followed by reaction for an additional 22hr at 

22OoC under a reduce pressure. The reaction product was confirmed by an 

infrared spectrum. The product has the structure 

CH~(CH~)~COOS(CHZ)~O]~- CO(CH2)4CH3 (m316). 
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1028 OGAWA AND SAKAI 

GPC analysis 

A home-made GPC apparatus was used for recording chromatograms. 

The GPC signals were detected with a Showadenko Model SE-11 RI detector 

and a Union Giken Model SFI-303 UV detector. Dichloromethane CH2C12 was 

employed as eluent for Copolymer I, and 1,1,2,2-tetrachloroethane CH2Cl2 

-CH2C12 for Copolymer TI. The wavenumber of 230nm was chosen for UTJ 

detection of Copolymer I and that of 260nm for Copolymer 11. Two 

columns packed with cross-linked polystyrene gel Shodex AD-EOM/S were 

employed, which had separation performance ranging from lo2 to lo7 in 

molecular weight of polystyrene. The apparatus was operated with a flow 

rate of l.Oml/min, at ambient temperature. In chromatograms, one 

elution count corresponded to nearly 0.431111. 

Calculations 

The area of the UV curve I W  is expressed as a function 

of components A and B. 

of content 

........ (1) 

where Cc is the weight of polymer in injected solution, WA is the weight 

fraction of coinponent A in the polymer sample. U is the proportionality 

constant between ZTv detector reading and the weight fraction of 

components. 

The area of the FT curve IRI is expressed in a similar manner. 

IRI = GC[RAWA + R B ( l  - 'ni 4 ............... 
where P is the proportionality constant between the 

and the weight fraction of components. These relat 

................. (2) 
XI detector reading 

onships hold for 
each count interval in a chromatogram. The weight fraction (WA)i of the 

component A in the i-th interval is derived from eqs.(l) and (2). 

where 

dU = UA - Ug 
AR = RA - Rg 
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FIGURE 1 .  I n f r a r e d  s p e c t r a  of nylon 6. 
-: N-TFA nylon 6 ,  -----: N-TFA nylon 6 a f t e r  exposing t o  
a i r  f o r  one hour,  - - : o r i g i n a l  nylon 6 .  

Since t w o  d e t e c t o r s  were in  s e r i e s ,  t h e i r  ou tpu t  d id  not  c o i n c i d e  or. t h e  

a b s c i s s a .  This  d i f f e r e n c e  was c o r r e c t e d ,  when the  a r e a s  f o r  each count 

i n t e r v a l  were taken from a chromatogram. 

RESULTS 

Copolymer I 

The a r e a s  of t h e  W curves were measured a s  a func t ion  of 

concen t r a t ion  of N-TFA nylon 1 2  (component A )  and t h e  model compound 

(component B). The a r e a  f o r  t h e  component B was no t  d e t e c t e d ,  when the  

W d e t e c t o r  was employed. The a r e a s  of t h e  R I  cu rves  were a l s o  

measured. These results a r e  shown in  Figure 2.  The weight f r a c t i o n  of  

t h e  component A i n  t h e  i - t h  i n t e r v a l  is expressed as fol loows.  
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1030 OCAWA AND SAKAI 
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FIGURE 2. Response areas for components A 2nd B in Copolymer I. 

After trifluoroacetylation of Copolymer I, the compositional variation 
curve was obtained from the chromatograms according to eq. ( 4 ) .  The 

result is shown in Figure 3 together with the chromatograms. The 

average content of N-TFA nylon 12 is 50.7wt%, which was obtained from 

the above variation curve. This value is in good agreement with the 

calculated value 49.7wt%. The curve implies that this cowliymer has 

fairly large compositional distribution. The same technique will be 

generally applicable to the copolymers composed of nylon and polyether 

in any compositional ratio. 

Copolymer I1 
The main components of this copolymer are natural rubber (component 

A) and nylon 6 (component B). The effect of the small amount of phenol 
resin was negligible in the optical density at 260nm. After 
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HETEROGENEITY OF FQLYAMIDE COPOLYMERS 1031 

Elution counts 

FIGURE 3. Chromatograms obtained by dual de tec tors  and compositional 
var ia t ion  curve i n  Copolymer I. 

FIGURE 4 .  Response a r e a s  for  component A i n  Copolymer 11. 
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1032 OGAWA AND SAKAl 
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FIGURE 5. Response areas for component B in Copolymer 11. 
The sign of the ordinate is minus when the RI detector is 
used. 

trifluoroacetylation of nylon 6 ,  the areas of the W and the RI curves 
were plotted against the amount of N-TF'A nylon 6. The same plots were 

performec! for natural rubber without any pretreatment. The results are 

shown in Figure 3 .  The weight fraction of the component A in the i-th 

interval is expressed as follows. 

After trifluoroacetylation of Copolymer 11, the compositional variation 
curve was obtained from the chromatograms according to eq.(5). The 

result is shown in Figure 4 together with the chromatogram, which was 
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FIGURE 6. Chromatogram o b t a i n e d  by R I  d e t e c t o r  and c o m p o s i t i o n a l  
v a r i a t i o n  c u r v e s .  
- : c o m p o s i t i o n a l  v a r i a t i o n  c u r v e  for  Copolymer 11, 
- - - - : t h a t  f o r  b l e n d  sample  of na tura l  r u b b e r  and N-TFA 
nylon  6 ( 2  : 1 by w e i g h t ) .  

o b t a i n e d  by t h e  R I  d e t e c t o r .  The broken l i n e  i n d i c a t e s  t h e  

c o m p o s i t i o n a l  v a r i a t i o n  c u r v e  f o r  a b l e n d  sample  of n a t u r a l  r u b b e r  and 

N-TFA n y l o n  6 i n  t h e  same r a t i o  a s  f o r  Copolymer 11. 

The c o m p o s i t i o n a l  v a r i a t i o n  c u r v e  of t h e  g r a f t e d  copolymer ,  i . e . ,  

Copolymer 11, is undoubtedly  d i f f e r e n t  from t h a t  of t h e  b l e n d  sample .  

The same t e c h n i q u e  was a p p l i e d  to  a n o t h e r  s a m p l e ,  which was t h e  r e s i d u e  

of Copolymer I1 by e x t r a c t i o n  w i t h  t o l u e n e  and h e x a f l u o r o i s o p r o p a n o l .  

The c o m p o s i t i o n a l  v a r i a t i o n  c u r v e  o f  t h e  sample  was v e r y  s i m i l a r  to  t h a t  

shown above .  The g r a f t e d  copolymer is e x p e c t e d  to  have f a i r l y  nar row 

c o m p o s i t i o n a l  d i s t r i b u t i o n .  
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