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Synthesis of N-Methylated Polyamides and 
Copol yam ides 

SAMUEL J. HUANG and JOSEPH KOZAKIEWICZ 

Department of Chemistry and 
I n s t i t u t e  of Materials Science 
U n i v e r s i t y  of Connect icut  
S t o r r s ,  Connect icut  06268 

ABSTRACT 

N-Methylated polyamides and copolyamides der ived  from s e b a c i c  
a c i d ,  N,N'-dimethylethylenediamine, and ethylenediamine w e r e  
synthes ized .  
condensat ion were examined, wi th  t h e  i n t e r f a c i a l  g e n e r a l l y  g i v i n g  
t h e  h igher  molecular  weights .  The choice  of organic  s o l v e n t  was 
important  i n  t h e  copolyamide s y n t h e s i s  w i t h  hexane g i v i n g  random 
copolyamides and t h e  more p o l a r  chloroform y i e l d i n g  copolyamides 
w i t h  a more b l o c k l i k e  s t r u c t u r e ,  comparable t o  t h a t  ob ta ined  
from t h e  m e l t .  The s o f t e n i n g  p o i n t  of the N-methylated poly- 
amide was between 65-75OC. 

Both i n t e r f a c i a l  polycondensat ion and m e l t  poly- 

INTRODUCTION 

T h i s  paper i s  concerned w i t h  t h e  s y n t h e s i s  of N-methylated 

polyamides and copolyamides wi th  f l e x i b l e  backbone cha ins .  N- 

Alkylated polyamides were f i r s t  synthes ized  i n  t h e  1940's  

and were repor ted  t o  be low m e l t i n g ,  amorphous polymers w i t h  

good elastic proper t ies (1-5) .  T h i s  i s  i n  c o n t r a s t  t o  unsubs t i -  

t u t e d  polyamides which a r e  know t o  be h i g h l y  c r y s t a l l i n e ,  h i g h  
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822 HUANG AND KOZAKIEWICZ 

mel t ing  m a t e r i a l s .  

t h a t  t h e  hydrogen bonding found between t h e  c h a i n s  of t h e  unsub- 

s t i t u t e d  polyamides i s  n o t  p r e s e n t  i n  N-alkylated polyamides(2,4) .  

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

N-Alkylated polyamides have rece ived  r e l a t i v e l y  l i t t l e  

a t t e n t i o n  compared t o  u n s u b s t i t u t e d  polyamides because t h e i r  

p r o p e r t i e s  preclude t h e i r  use  i n  t h e  p r e p a r a t i o n  of s t r o n g  f i b e r s .  

The s o l u b i l i t y  and low mel t ing  p o i n t s  of t h e s e  polymers, coupled 

wi th  t h e i r  thermal s t a b i l i t i e s ,  make t h e s e  polymers i d e a l  candi-  

d a t e s  f o r  o t h e r  uses  such as  p l a s t i c i z e r s ,  b i n d e r s ,  o r  as s o f t  

b locks  in e las tomer ic  b lock  copolymers(1-16). It has  been re- 

ported t h a t  i t  is d i f f i c u l t  t o  f i n d  a nonsolvent  f o r  some N- 

a l k y l a t e d  polyamides(8). The polyamides a r e  s o l u b l e  i n  most 

organic  s o l v e n t s  and can be expected t o  i n t e r a c t  s t r o n g l y  w i t h  

a wide range  of m a t e r i a l s .  

The m a j o r i t y  of t h e  work on N-alkylated polyamides h a s  been 

done i n  a n  a t tempt  t o  e l u c i d a t e  the e f f e c t  of hydrogen bonding 

on polyamides. The two major methods of s y n t h e s i s  used have been 

polymerizat ion of prepolymer nylon sa l t s  i n  t h e  m e l t  and inter- 

f a c i a l  polycondensat ion of d i a c i d  c h l o r i d e s  and diamines. Of t h e  

two methods, i n t e r f a c i a l  polycondensat ion has  g e n e r a l l y  given t h e  

h igher  molecular  weights ,  bu t  g i v e s  poorer  y i e l d s  and i s  s y n t h e t i -  

c a l l y  more d i f f i c u l t  t o  work up. Both s y n t h e t i c  r o u t e s  r e s u l t e d  

i n  s o l u b l e  polyamides wi th  t h e  expected reduced mel t ing  p o i n t s  

caused by t h e  r e d u c t i o n  of hydrogen bonding. 

Most of t h e  prev ious  work involved t h e  s y n t h e s i s  of N-alkyl- 

a t e d  polyamides conta in ing  r i g i d  aromatic  r i n g s  i n  t h e  backbone 

thereby i n c r e a s i n g  t h e  t r a n s i t i o n  temperatures .  I f  N-alkylated 

polyamides w e r e  synthes ized  wi th  f l e x i b l e  backbone cha ins ,  t h i s  

would cause a r e d u c t i o n  i n  t h e  g l a s s  t r a n s i t i o n  temperature  and 

t h e  mel t ing  p o i n t  of t h e  polymers. We r e p o r t  h e r e  t h e  s y n t h e s i s  

of t h e  cons iderably  more f l e x i b l e  N-methylated polyamides and 

copolyamides der ived  from s e b a c i c  a c i d ,  N,N'-dimethylethylene- 

diamine, and ethylenediamine. Both m e l t  polycondensat ion and 

i n t e r f a c i a l  polycondensat ion were examined. 
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N-METHYLATED POLYAMIDES AND COPOLYAMIDES 823 

EXPERIMENTAL 

The diamines and t h e  a c i d  c h l o r i d e  were d i s t i l l e d  under 

Argon p r i o r  t o  use.  Sebacic  a c i d  w a s  r e c r y s t a l l i z e d  twice  from 

e thanol lwater  and d r i e d  over  P205. 

washing wi th  H SO and water, d r y i n g  over  CaC12,  and d i s t i l l i n g .  2 4  
Hexane w a s  p u r i f i e d  by washing w i t h  H2S04, HN03, and water, dry- 

i n g  over  CaC12 ,  and d i s t i l l i n g .  Benzene w a s  p u r i f i e d  by washing 

w i t h  H 2 S 0 4  u n t i l  clear and then d i s t i l l i n g .  

Chloroform w a s  p u r i f i e d  by 

The i n t e r f a c i a l  polycondensat ion of t h e  methylated polyamide 

w a s  c a r r i e d  out  i n  a 2-1 r e s i n  k e t t l e  by adding sebacoyl  c h l o r i d e  

(11.95g, 0.050 mole) i n  50Oml o r g a n i c  s o l v e n t  t o  t h e  aqueous phase 

c o n s i s t i n g  of N,N'-dimethylethylenediamine(4.41g, 0.050 mole) and 

sodium hydroxide (4.00g, 0.100 mole) and s t i r r i n g  r a p i d l y  f o r  5 

minutes. The r e s u l t i n g  polymer was f i l t e r e d ,  washed throughly  

w i t h  water, and d r i e d  under vacuum. The copolyamides were synthe-  

s i z e d  as above wi th  t h e  except ion  t h a t  t h e  aqueous phase conta ined  

both t h e  ethylenediamine and t h e  N,N'-dimethylethylenediammine 

along w i t h  sodium hydroxide. 

The m e l t  polycondensat ion of t h e  methylated polyamide w a s  

c a r r i e d  o u t  by f i r s t  p repar ing  t h e  nylon sa l t  by d i s s o l v i n g  an 

equimolar mixture  of s e b a c i c  a c i d  and N,N'-dimethylethylenediaine 

i n  e t h a n o l  and hea t ing  a t  r e f l u x  f o r  one hour .  The s o l u t i o n  w a s  

cooled,  t h e  s a l t  f i l t e r e d ,  washed w i t h  cold e t h a n o l ,  r e c r y s t a l l i z e d  

twice from e thanol ,  and d r i e d  under vacuum. The s a l t  was t r a n s -  

f e r r e d  t o  a polymerizat ion tube  whose atmosphere w a s  then  exchanged 

w i t h  Argon and s e a l e d  under vacuum. The polycondensat ion was then  

c a r r i e d  o u t  by h e a t i n g  t h e  s e a l e d  tube  f o r  3 hours  a t  210°C and 

then  h e a t i n g  a n  a d d i t i o n a l  18 hours  under vacuum. The copoly- 

amides were prepared as above by f i r s t  p repar ing  t h e  prepolymer 

nylon salts, mixing t h e  salts  t o g e t h e r ,  and c a r r y i n g  o u t  t h e  poly- 

condensat ions a t  25OoC f o r  t h e  same time per iods .  

The model compound s t u d i e s  were conducted e x a c t l y  l i k e  t h e  

copolymerizat ions us ing  1 mole N,N'-dimethylethylenediamine and 

1 mole ethylenediamine t o  2 moles decanoyl c h l o r i d e .  
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824 HUANG AND KOZAKIEWTCZ 

The v i s c o s i t i e s  were measured i n  TFA a t  3OoC in t h e  Ubbelohde 

Viscometer. The NMRs' of a l l  polymers were c a r r i e d  o u t  i n  TFA in 

a Varian EM360A, 6OMHz spectrometer .  The s o f t e n i n g  p o i n t s  were 

recorded as t h e  temperature  range from t h e  p o i n t  of i n i t i a l  flow 

t o  complete s a m p l e  f low on a R e i c h e r t ,  A u s t r i a  mel t ing  p o i n t  

appara tus  and DuPont 990 Thermal Analyzer. 

RESULTS 

A l l  of t h e  homopolymers prepared by i n t e r f a c i a l  polyconden- 

s a t i o n  had approximately t h e  same s o f t e n i n g  p o i n t .  

ences  caused by vary ing  t h e  organic  s o l v e n t  can be seen i n  t h e  

v i s c o s i t i e s  and t h e  y i e l d s  (Table  1 ) .  Hexane and benzene gave 

polymers wi th  s i m i l a r  v i s c o s i t i e s  b u t  w i t h  d i f f e r e n t  y i e l d s  due 

t o  t h e  increased  s o l u b i l i t y  of t h e  polymer in t h e  benzene as 

compared t o  t h e  hexane. Only t h e  p r e c i p i t a t e d  polymer which w a s  

f i l t e r a b l e  wi th  a medium p o r o c i t y  s i n t e r e d  g l a s s  funnel '  was 

c o l l e c t e d  w i t h  t h e s e  two s o l v e n t s .  The v i s c o s i t y  and percent  

y i e l d  of t h e  homopolymer from chloroform w a s  q u i t e  d i f f e r e n t  

from t h a t  obtained from t h e  o t h e r  two s o l v e n t s .  This  i s  due t o  

t h e  complete s o l u b i l i t y  of t h e  polymer i n  t h i s  s o l v e n t  a t  t h e  

r e a c t i o n  concent ra t ion .  This made i t  necessary  t o  s e p a r a t e  t h e  

chloroform l a y e r  and s t r i p  t h e  s o l v e n t  t o  c o l l e c t  t h e  polymer. 

The d i f f e r -  

TABLE 1. Poly(N,N'-dimethylethylene sabacamide) 

Polymerizat ion Solvent  Percent  Sof ten ing  a 
Technique system Yie ld  P o i n t  ("c) [q] 

i n t e r f a c i a l  CHC13/H20 92.5 68-73 . n o  
i n t e r f a c i a l  hexane/H20 47.3 68-71 .216 

i n t e r f a c i a l  benzene/H20 24.3 65-70 .188 

melt  89.0 b . lo6  

%easured i n  t r i f l u o r o a c e t i c  a c i d  a t  3OoC. 
s o l i d i f i e s  s lowly on s tanding .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



N-METHYLATED POLYAMIDES AND COPOLYAMIDES 825 

The r e s u l t  i s  a l a r g e r  y i e l d  and lower v i s c o s i t y  due t o  t h e  i so-  

l a t i o n  of t h e  low molecular  weight f r a c t i o n  along wi th  t h e  h igh  

molecular  weight f r a c t i o n  w h i c h , i s  p r i m a r i l y  c o l l e c t e d  by f i l t r a -  

t i o n  i n  t h e  o t h e r  two s o l v e n t s .  The m e l t  polycondensat ion y i e l d e d  

a polymer which w a s  i n i t i a l l y  a v iscous  l i q u i d  a t  room tempera- 

t u r e ,  bu t  s o l i d i f i e d  on s tanding  a f t e r  s e v e r a l  days. 

Both m e l t  and i n t e r f a c i a l  po lymer iza t ion  gave copolyamides 

w i t h  compositions i d e n t i c a l  t o  t h a t  conta ined  i n  t h e  monomer feed 

(Tables  2 , 3 , 4 ) .  The v i s c o s i t i e s  of t h e  copolyamides g e n e r a l l y  

TABLE 2 .  Melt Polymerizat ion of Methylated and Unmethylated 
Ethylenediamine With Sebacic  Acid 

% Methylated Sof ten ing  
Diamine % Yield Poin t  ("c) [ n l  a 

0 

25 

50 

75  

100 

92.3 275-280 b 

99.3 245-250 .181 

79.7 195-210 .153 

96.0 50-80 .131 

89.0 C . l o 6  

%easured i n  t r i f l u o r o a c e t i c  a c i d  a t  30 C .  
:Insoluble i n  t r i f  l u o r o a c e t i c  a c i d .  

O i l ,  s o l i d i f i e d  l o s e l y  on s tanding .  

TABLE 3. 
l a t e d  Ethylenediamine With Sebacoyl Chlor ide  I n  Hexane/H20 

% Methylated Sof ten ing  a 

I n t e r f a c i a l  Polymerizat ion of Methylated and Unmethy- 

D iamine % Yield P o i n t  ( " c )  En1 
25 

50 

70 

100 

58.0 212-216 .143 

70.6 130-145 .158 

71.2 105-110 .316 

47.3 68-71 .216 

%easured i n  t r i f l u o r o a c e t i c  a c i d  a t  3OoC. 
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826 HUANG AND KOZAKIEWICZ 

TABLE 4 .  I n t e r f a c i a l  Polymerizat ion of Methylated and Unmethy- 
l a t e d  Ethylenediamine wi th  Sebacoyl Chlor ide  I n  CHC13/H20 

% Methylated So f t e n i n g  a 
Diamine % Yield P o i n t  ("c) [ n l  

25 57.6 250-253 .191 

50 45.6 193-198 .219 

75 25.0 85-90 .210 

100 92.5 68-73 .110 

%easured i n  t r i f l u o r o a c e t i c  a c i d  a t  30°C. 

decreased a s  t h e  methyla t ion  percent  increased  i n  t h e  m e l t  

polymerizat ion but  increased  as the methyla t ion  percent  i n c r e a s e d  

i n  t h e  i n t e r f a c i a l  polymerizat ion.  When t h e  percent  methyla t ion  

w a s  50 percent  o r  less, chloroform gave polymers w i t h  l a r g e r  v i s -  

c o s i t i e s  than  hexane, b u t  when t h e  percent  methyla t ion  w a s  f u r t h e r  

increased ,  hexane gave t h e  polymers w i t h  t h e  h igher  v i s c o s i t i e s .  

I n t e r f a c i a l  polycondensat ion g e n e r a l l y  r e s u l t e d  i n  h igher  molecular  

weights ,  bu t  lower y i e l d s  than t h e  m e l t  polycondensat ion.  

DISCUSSION 

I t  w a s  n o t  s u r p r i s i n g  t o  f i n d  t h a t  the polyamides prepared 

i n t e r f a c i a l l y  had h igher  v i s c o s i t i e s  than those  prepared v i a  t h e  

m e l t .  I n t e r f a c i a l  polymerizat ion does n o t  r e q u i r e  t h e  monomer 

p u r i t y  o r  exac tness  of s to ich iometry  t h a t  m e l t  po lymer iza t ion  

r e q u i r e s .  

The decrease  i n  v i s c o s i t y  w i t h  t h e  i n c r e a s e  i n  p e r c e n t  

methyla t ion  i n  t h e  m e l t  is probably due t o  t h e  much g r e a t e r  con- 

d e n s a t i o n  rate of primary diamines versus  secondary d i a m i n e s ( l 7 ) .  

With t h e  i n t e r f a c i a l  systems, t h e  r e v e r s e  t r e n d  seems t o  i n d i c a t e  

t h a t  t h e  methylated diamine w a s  r e a c t i n g  f a s t e r .  To confirm t h i s  
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N-METHYLATED POLYAMIDES AND COPOLYAMIDES 82 7 

reversed trend, a model compound study was undertaken using 2 

moles of the monofunctional decanoyl chloride to 1 mole of both 
N,N'-dimethylethylenediamine and ethylenediamine and running the 

reaction under conditions identical to that used in the copoly- 

merizations. In both hexane and chloroform, the N,N'-dimethylated 

diamide was obtained in better than 90% yield, indicating that at 

least initially, the methylated diamine is reacting faster. This 
type of reactivity difference of diamines to an acid chloride in 

interfacial systems has been observed by Ogata, et. al. (18). 

He credited their differences in partition coefficients into the 

organic phase, where interfacial polymerizations are known to 

occur, as the controlling factor, The difference in the parti- 

tion coefficients of the N,N'-dimethylethylenediamine and the 

ethylenediamine into the hexane and chloroform is probably quite 

different and is the likely cause of the methylated diamine re- 

acting faster. 

In the plot of melting point versus percent methylation 
for the copolyamides (Fig. l), we would expect to find a concave 

upwards curve if the methylated and nonmethylated units were 

randomly situated throughout the system. This is what is found 

in the hexanelwater interfacial system suggesting that this 

system does indeed give a random copolymer, despite the diamine 

reactivity difference. 

interfacial solvent system, however, a convex upwards curve is 

found. On going from 0 percent to 50 percent methylation, 

only an approximately 7OoC drop in Tm is realized whereas a 
nearly llO°C reduction in Tm occurs when the methylation percent 
is further increased from 50 to 75 percent. The same results 

are found with the copolyamides synthesized from the melt, 
indicating that the structures of the respective copolyamides 
are fairly similar. Saotome and Komoto observed the same convex 

upwards curves for a different set of alkylated copolyamides and 

suggested that this could only be explained by a block copolymer 
structure (8). It appears that both the melt and interfacial 
polycondensation using chloroform gave block copolyamides. 

When chloroform/water is used as the 
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828 HUANG AND KOZAKIEWICZ 

Tm 3OO0C 

250 

200 

150 

100 

SO 

mole % methylation 

0 Interfacial polymerization in CHC13jH20. 
a Interfacial polymerization in hexanelH20. 

Fig. 1. Effect of methylation on the melting points of copolyamides. 
o Melt polymerization. 

The formation of blocks in the melt can be explained by the 
higher condensation rate of the primary amine as compared to the 
secondary amine (17). This rate difference would result in chains 
of unsubstituted polyamides being produced in the initial stages of 
the reaction followed by further condensation of the unused 
secondary amine to form the block structure. 

With the chloroform interfacial syBtem, the formation 
of blocks is probably a result of the reaction of the secondary 
diamine in the initial stages of the reaction, due to its greater 
partition coefficient. With the hexane interfacial system, the 
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N-METHYLATED POLYAMIDES AND COPOLYAMIDES 829 

r e a c t i v i t y  d i f f e rence  between the  diamines was not  s u f f i c i e n t  

enough t o  cause block formation and the re fo re  a random copoly- 

amide r e su l t ed .  

is poss ib l e ,  therefore ,  t o  synthes ize  block copolyamides 

by both the  m e l t  and by i n t e r f a c i a l  polycondensation wi th  the  

i n t e r f a c i a l  method i n  CHC13/H20 g iv ing  higher  v i s c o s i t i e s  but  

lower y i e lds .  It is a l s o  poss ib le  t o  synthes ize  random copoly- 

amides by i n t e r f a c i a l  polymerization i n  hexane/H20. 
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