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Abstract: The use of substi tuents ( X  # H )  o r tho  t o  the 
amide nitrogen i n  both aromatic polyamides and analogous 
diamides renders these compounds t o  be enantiotropic 
mesogens by lowering the sol id -t mesophase temperature. 
A t  the molecular level t h i s  i s  understood as a reduction 
i n  interchain hydrogen bond ing  through e i t h e r  a s t e r i c  
blocking e f f e c t  and/or th rough  formation of intramolec- 
ular  hydrogen bonds (when X = C1 , OCH3). DSC, optical  
microscopy and infrared data are  presented for  the eight  
compounds reported. 

INTRODUCTION 

t e n t i a l  use as ultra-high strength f ibers  (and also as  
p l a s t i c s )  has centered on polyester materials.  
polyamides are  known t o  form l iquid c r y s t a l l i n e  solut ions,  
there  a r e ,  t o  our  knowledge, no reports in the l i t e r a t u r e  of 
s tab le ,  thermotropic polyamides. Recently however Chapoy3 
has reported on polyamides for  which preliminary data i n -  
dicate possible thermotropic mesophase behavior. 
linkage seems an excellent candidate for  the construction of 
durable 1 iquid crystal1 ine polymers since polyamides a re  
usually qui te  s tab le  t o  hydrolysis , are  photochemically 
s tab le ,  a r e  res i s tan t  t o  thermal degradation, and can be 
prepared with reasonably high molecular  weight^.^ The most 
offending charac te r i s t ic  of aromatic polyamides (and small 
molecule amides as well)  i s  t h a t  they are  high melting - t o  
such an extent  t h a t  mesomorphic behavior i s  often not observed. 
The usual explanation of the h i g h  melting points i s  tha t  
strong intermolecular hydrogen bonds are  formed which require 
elevated temperatures t o  be overcome.5 Aharoni2 has however 
reported on mesogenic imine-amide materials w i t h  reasonably 
low me1 t i n g  temperatures. 

The search for thermotropic polymeric mesogens f o r  po- 

Although 

The amide 
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One assumes t h a t  reducing hydrogen bonding i n  amides 
(polyamides) would r e s u l t  i n  lowered m e l t i n g  temperatures. 
McIntyre6 has performed experiments i n  which polyesteramides 
c o n t a i n i n g  a s u b s t i t u e n t  on n i t r o g e n  ( r e p l a c i n g  H) a re  com- 
pared t o  t h e i r  u n s u b s t i t u t e d  analogue. The N-methyl amides 
indeed m e l t  lower  than t h e  u n s u b s t i t u t e d  amides. I n  t h e  
same r e p o r t ,  l a t e r a l  s u b s t i t u e n t s  a t  var ious  p o s i t i o n s  on 
aromat ic  r i n g s  were a l s o  used t o  o b t a i n  lower  m e l t i n g  p o i n t s  
by, i t  was assumed, reduc ing  c r y s t a l l i n i t y  o f  t h e  compound. 
Another approach t o  lowered me1 t i n g  p o i n t s  o f  polyamides, 
which we w ish  t o  r e p o r t  here, i s  t h e  use o f  s u b s t i t u e n t s ,  
n o t  on n i t r o g e n ,  b u t  s p e c i f i c a l l y  on prox imal  r i n g  carbons 
(o r tho  t o  amide n i t r o g e n )  t o  reduce t h e  e f f e c t i v e  i n t e r c h a i n  
hydrogen-bonding. 
and c h a r a c t e r i z a t i o n  o f  analogous small  molecule diamide 
mesogens. 

EXPERIMENTAL 

were prepared by t h e  s o l u t i o n  p o l y m e r i z a t i o n  o f  4 , 4 ' - d i c h l o r o -  
f o r m y l - 1  ,lo-diphenoxydecane and t h e  a p p r o p r i a t e  3 , 3 ' - d i s u b s t i -  
tuted-4,4'-diaminobiphenyl (1:l molar  r a t i o )  i n  methylene 

I n  a d d i t i o n  we w ish  t o  r e p o r t  t h e  syn thes is  

Synthes is  o f  polyamides and diamides: Polyamides I a - d  

X z (a = H, b = C1, c = CH3, d = OCH3) 

c h l o r i d e .  
and were c o l l e c t e d  by vacuum f i l t r a t i o n .  
r e s u l t i n g  so l  i d  repeated ly  w i t h  water ,  e thano l ,  and f i n a l l y ,  
acetone, t h e  polymers were d r i e d  under vacuum f o r  severa l  
hours. A l l  3,3'-disubstituted-4,4'-diaminobiphenyls were 
commercial ly obta ined products  except t h e  dimethoxy compound 
which was purchased as t h e  d i h y d r o c h l o r i d e  s a l t .  
o f  t h i s  s a l t  w i t h  aqueous base (NaOH) a f f o r d e d  t h e  3,3'- 
dimethoxy-4,4'-diaminobi phenyl . (CAUTION: A1 1 4,4'-diamino- 
b ipheny ls  a r e  t o  be used o n l y  w i t h  t h e  utmost care  due t o  t h e  
known c a r c i n o g e n i c i t y  o f  some members. P r o t e c t i v e  c l o t h i n g  
and adequate v e n t i l a t i o n  (hood) was used throughout  t h i s  
study.) The diamides on t h e  f o l l o w i n g  page were prepared i n  
the  same manner as t h e  polymers and were r e c r y s t a l l i z e d  from 
chloroform. I n f r a r e d  spectroscopy (Perkin-Elmer model 257) 
was used t o  c h a r a c t e r i z e  b o t h  polyamides and diamides and i n  
a l l  cases t h e  r e s u l t i n g  spect ra were c o n s i s t e n t  w i t h  assigned 

The polymers p r e c i p i t a t e d  f rom t h e  r e a c t i o n  m i x t u r e  
A f t e r  washing t h e  

Treatment 
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POLYAMIDE LIQUID CRYSTALS 147 

X X 

I 1  

X 5 (a = H, b = C1, c = CH d = OCH3) 3 '  

s t r u c t u r e s .  V i s c o s i t y  measurements were ob ta ined  on two o f  
t h e  polymers ( I c  and I d )  u s i n g  a Cannon-Finske v iscometer  a t  
30.0"C i n  a c o n s t a n t  temperature bath.  
t e t r a c h l o r o e t h a n e  s o l u t i o n  o f  t h e  polymers was employed t o  
o b t a i n  i n t r i n s i c  v i s c o s i t i e s  by e x t r a  o l a t i o n  u s i n g  seve ra l  

t r i n s i c  v i s c o s i t i e s  were ob ta ined :  
I c ( X  = C H  ) ,  1.11. D i f f e r e n t i a l  scanning c a l o r i m e t r y  (DSC) 
experimengs were c a r r i e d  o u t  u s i n g  a du Pont  990 DSC u n i t  and 
o p t i c a l  microscopy was performed on a R e i c h e r t  Thermovar 
microscope equipped w i t h  a M e t t l e r  FP5/52 h e a t i n g  accessory.  

It i s  f o r  convenience o n l y  t h a t  we have shown b o t h  X 
s u b s t i t u e n t s  up ( " c i s " ) .  
e q u i l i b r i u m  between " c i s "  and " t r a n s "  con fo rma t ions  o f  these 
s u b s t i t u e n t s  caused by r o t a t i o n  about t h e  C - C  bond 1 i n k i n g  
t h e  a romat i c  r i n g s  i n  t h e  b i p h e n y l  mo ie ty .  

A 60:40 (v :v)  phenol/  

polymer c o n c e n t r a t i o n s  below 0.5 g d l -  P . The f o l l o w i n g  i n -  
I d (X  = OCH3), 0.49; 

There i s  o f  course a dynamic 

RESULTS AND DISCUSSION 
C o l l e c t e d  i n t o  Table I a r e  t r a n s i t i o n  temperatures (DSC) 

and o b s e r v a t i o n s  o f  phase t ypes  (microscopy)  f o r  t h e  p o l y -  
amides Ia -d .  Table I 1  c o n t a i n s  comparable da ta  f o r  t h e  d i -  
amides I I a - d .  As  can be seen f rom these t a b l e s ,  i n t r o d u c t i o n  
of  l a t e r a l  s u b s t i t u e n t s  o r t h o  t o  t h e  amide n i t r o g e n  reduces 
t h e  s o l i d  + mesophase temperature t o  t h e  p o i n t  where an 
e n a n t i o t r o p i c  mesophase can be seen f o r  these m a t e r i a l s .  We 
a t t r i b u t e  t h i s  l o w e r i n g  o f  t h e  sol i d  + mesophase temperature 
t o  a r e d u c t i o n  i n  s o l i d  phase i n t e r c h a i n  hydrogen bonding. 
A l though i t  i s  t empt ing  t o  specu la te  as t o  t h e  e l e c t r o n i c  
o r i g i n  of t h e  r e d u c t i o n  i n  hydrogen bonding ( i n t e r m o l e c u l a r ;  
s t e r i c  b l o c k i n g  o f  hydrogen on n i t r o g e n  o r  i n t r a m o l e c u l a r ;  
o r t h o  C1 and OCH3 hydrogen bonding w i t h  hydrogen on amide 
n i t r o g e n )  we a r e  c u r r e n t l y  unable t o  d i s c e r n  between t h e  
a1 t e r n a t i v e s .  I n f r a r e d  s p e c t r a  taken i n  t h e  3600-3100 cm-1 
r e g i o n  (N-H s t r e t c h i n g  f requency)  r e v e a l e d  t h a t  o r t h o -  
s u b s t i t u t e d  compounds I b - d  and I I b , d  had ve ry  d i f f e r e n t  
i n f r a r e d  a b s o r p t i o n s  compared t o  t h e  u n s u b s t i t u t e d  p a r e n t  
compounds I a  and I I a ,  r e s p e c t i v e l y .  A l l  (X # H) had much 
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X: A = H, B = CL, C = CKJ, D = K% 

ENWlHERMS ( "c)  OPTICAL OBSERVATION ("c) 
138, 277, 322, DECWOSITIMI(>425 NO MESOPHASE SEEN OPTICALLY W TO 

350,TtE L I M I T  OF MICROSCOPY 

NEMATIC TEXrURE EVIDENT AT 24)) 
NEMATIC PHASE CWLETELY GONE BY 

1% BROAD ENMlMRM CENTERED AT 
254 

275 

272, m 

226, 2% 

SOLID + NEMATIC AT 272;NEMATIC + 

ISOTROPIC AT 332 

SOLID + NEMATIC AT 276;NEMATlC * 
ISOTROPIC AT 256 

TEWL FROPERTIES OF POLYAMICES IA-D 

TABU 1 

X X 

I 1  
X: A = H, B = CL, C = cl$, D = ocl$ 

x ENWTtfRMS ("c) OPTICAL OBSERVATION ('c) 
A(H) 298, 316, 330, 3% DECOEIPOSITIW>425 NO MSOPMSE SEEN Up TO 341, 

L I M I T  OF MICROSCOPY 

B(CL) 181, 2l0, 321 

c(cKj) 186,233,289 

SOLID + SOLID AT 182;SOLlD * 

ISOTROPlC AT h NEMATIC AT ~.DNEMTIC + 

SOLID + SOLID AT 186jSOLID * 
NEMATIC AT m;NEPATIC * 
ISOTROPIC AT 289 

D ( K % )  184, 249 SOLID + NEMATIC AT 184 
NEMATIC + ISOTRoplC AT 249 

TEWL FRWERTIES OF DIAMIDES I I A - D  

TABLE I 1  
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POLYAMIDE LIQUID CRYSTALS 149 

DSC CURVES FOR X = CH3 POLYAMIDE AND DIAMIDE 
(20"C/MIN) 

FIGURE I 

AMIDE LINKAGE INCLUDING ORTHO SUBSTITUENT 

FIGURE I 1  
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s t ronger  absorpt ions in  the f r e e  (unassoc ia ted)  N - H  region 
( ~ 3 4 5 0  cm-1) than the X = H paren t  compounds and a l s o  much 
weaker absorp t ions  i n  the assoc ia ted  (hydrogen bonded) N - H  
region ( ~ 3 3 2 0  cm-1). The lone exception i s  the diamide I I c  
( X  = CH3); the only s t rong  absorpt ion i n  t h i s  region was a t  
3320 almost exac t ly  co inc id ing  w i t h  the s t rong  hydrogen bond- 
ed N - H  s tretch f o r  the parent  I I a  ( X  = H ) .  

I t  i s  ev ident  from the h i g h  TN+I f o r  the diamides and 
polyamides t h a t  the  well-known p o l a r i t y  of the amide bond 
a c t s  t o  strengthen intermolecular  fo rces  over those produced 
by most o the r  l i nk ing  groups f o r  example azoxy, es te r ,  and 
S c h i f f ' s  base.5 The in t roduct ion  of  or tho  substituents on 
the 4,4'-diaminobiphenyl nucleus leads  t o  enan t io t rop ic  
nematic mesophases i n  our  compounds both polymeric and 
monomeric and should, a s  a p r i n c i p l e ,  lead t o  new types of 
polyamide l i q u i d  c r y s t a l s  rendered mesogenic through reduced 
sol  id  phase hydrogen bonding. 
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of t h i s  work. 
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