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POLYESTERS WITH PESOGENIC ELEMENTS AND FLEXIBLE 
SPACERS I N  THE MAIN CHAIN : A FURTHER INVESTIGATION 
BY CONFORMATIONAL ENERGY CALCULATIONS 

P .  MEURISSE, F. LAUPRETRE, C .  NOEL 
L a b r a t o i r e  de Physicochimie S t r u c t u r a l e  e t  Macro- 
mol6cula i re ,  E S P C I ,  10 rue Vauquelin,  75231 P a r i s  
Cedex 05 

PCILO conformational  c a l c u l a t i o n s  have been c a r r i e d  
out  on s e v e r a l  model compounds of thermotropic  l i q u i d  
c r y s t a l l i n e  p o l y e s t e r s  b OC-R -CO-O-R2). where 
R = biphenyl ,  t e rphenyl  and R = CCH 3 , 

s t r u c t u r e s  can ge compared t o  ?he X-ray c r y s t a l l o g r a -  
ph ic  d a t a .  The conformational  c h a r a c t e r i s t i c s  of t h e  
carBoxyl groups a r e  independent of  t h e  number of 
phenyl r i n g s .  The in t roduc t ion  of s u b s t i t u e n t s  i n t o  
t h e  f l e x i b l e  spacer  r e s u l t s  i n  a sharpening of t h e  
p o t e n t i a l  energy we l l s  and an inc rease  i n  t h e  energy 
b a r r i e r s ,  

-&H2-C(CH3)2-CH - , -CH2-C(C2H 2 CH -2.3The ca l cu la t ed  
2 2  

1. INTRODUCTION 

I n  t h e  p a s t  decade, polymeric l i q u i d  c r y s t a l s  based on 

rod - l ike  o r  r i g i d  chain s t r u c t u r e s  have been s tudied  i n  

some d e t a i l s  and have been t h e  sub jec t  of a r ecen t  book . 
Such polymers i n  t h e  c r y s t a l l i n e  o r  l i q u i d - c r y s t a l l i n e  

s t a t e  a r e  of cons iderable  i n t e r e s t  and importance s ince  

they  may be used t o  prepare  f i lms  and f i b e r s  having good 

mechanical s t r e n g t h ,  no t i ceab le  thermal s t a b i l i t y  and 

e x c e l l e n t  r e s i s t a n c e  t o  most common so lven t s .  

1 

For low molecular weight l i q u i d  c r y s t a l s ,  t h e  manner 

i n  which t h e  molecules pack toge the r  i n  an ord’ered a r range  

41 
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42 P.  MEURISSE, F. LAUPR~TRE AND c. NOEL 

ment and t h e  thermal  s t a b i l i t y  of t h e  ordered arrangement 

depend on both t h e  molecular s t r u c t u r e  and geometry ( a n i -  

so t ropy ,  r i g i d i t y ,  l i n e a r i t y ,  p l a n a r i t y  ...I of t h e  mesogenic 

group and t h e  equ i l ib r ium f l e x i b i l i t y  of t h e  a l i p h a t i c  

spacer  2-4. These two f a c t o r s  a r e  of i n t e r e s t  f o r  both i n t r a  

and in te rmolecular  i n t e r a c t i o n s .  The same f a c t o r s  must be 

taken i n t o  account when a t tempt ing  t o  a s s e s s  the  p o t e n t i a l  

l i q u i d  c r y s t a l  behavior of polymers 5-10. Thus, i n  t h i s  

paper ,  PCILO conformational  c a l c u l a t i o n s  have been c a r r i e d  

out  t o  ob ta in  conformational energy p r o f i l e s  of model com- 

pounds r e l a t e d  t o  thermotropic  l i q u i d  c r y s t a l l i n e  polyes-  

ters of genera l  formula 

FOC-R1 -CO-O-R2-O) 

where R = biphenyl p- terphenyl  1 

R2 = (CH2)3y -CH2-C(CH ) -CH2-’ -CH2-C(C H ) -CH2- 3 2  2 5 2  

This  method, which accounts  f o r  b t h  s t e r i c  and conjugat ive 

e f f e c t s ,  has  a l r e a d y  been used success fu l ly  t o  p r e d i c t  t h e  

l i q u i d  c r y s t a l l i n e  n a t u r e  of s o l u t i o n s  of polyamides 11 ,12  

2.  CALCULATION . DETAILS 

The bas ic  technique employed c o n s i s t s  of t h e  PCILO (Per -  

t u r b a t i v e  Conf igura t ion  I n t e r a c t i o n  us ing  Local ized Orbi- 

t a l s )  method 13. The molecules s tud ied  a r e  given i n  

Figure 1. The molecules I- V were inves t iga t ed  t o  examine 

t h e  r81e of t h e  mesogenic group. The molecules V I - V I I I  were 

s tud ied  t o  e s t a b l i s h  the  way i n  which s u b s t i t u e n t s  a f f e c t  

t h e  equi l ibr ium f l e x i b i l i t y  of t h e  a l i p h a t i c  spacers .  

The i n t e r n a l  r o t a t i o n  angles  @. def ine  t h e  o r i e n t a -  
l 

t i o n  of an aromatic  r i n g  with r e spec t  t o  t h e  ad jacent  carbo 

xyl group, The a n g l e $ ;  c h a r a c t e r i z e  t h e  r e l a t i v e  o r i e n t a -  
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LC POLYESTER-CONFORMATIONAL ENERGY CALCULATIONS 43 

C H 3 - O - O C ~ C O - O - - C H 3  111 
01 0 2  

@J+J r ~ i  
II l  

C H r O  - O C ~ C O - O - C C H ,  Dl 
91 $ 1  92 

CH3-0-OC CO-0-CH, ~ Y I  

FIGURE 1 - Schematic diagrams of molecules I - V I I I  

t i o n  of  t m  adjacent  r i n g s .  The ang le s  ai  and B. a r e  taken 

as 180' i n  t h e  a l l - t r a n s  conformations of t h e  f l e x i b l e  

spacer  and s u b s t i t u e n t s ,  r e s p e c t i v e l y .  For molecules I ,  

I V  and V, $i = 0 corresponds t o  the  "c i s"  conf igu ra t ion  of 

t h e  c a r b x y l  groups r e l a t i v e  t o  the  aromatic  core  of t h e  

molecules.  The geometr ical  parameters  used a r e  given i n  
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44 P. MEURISSE, F. LAUPR~TRE AND c. NOEL 

H 

H H 

FIGURE 2 - Bond ang les  and bond l eng ths  of molecules V I - V I I I  

F igures  2 and 3 .  Calcu la t ions  were c a r r i e d  out  with ang le s  

v a r i e d  i n  i n t e r v a l s  of  30 ' .  
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LC POLYESTER-CONFORMATIONAL ENERGY CALCULATIONS 45 

FIGURE 3 - Bond ang les  and bond l eng ths  of molecules I-V 

3 .  RESULTS AND DISCUSSION 

3.1. Models For The Mesogenic Group 

Methyl Terephtha la te  

Conformational energy contour €or  t h e  benzene r i n g  r o t a -  

t i o n  about t h e  C - CO ad jacen t  bonds is shown i n  

Figure 4 .  Tm energy minima a r e  found a t  $1 = $* = 0' and 

4 = O o J  $2 = 180'. The former corresponds t o  t h e  "c i s"  

conf igu ra t ion  of t h e  carboxyl groups r e l a t i v e  t o  t h e  c e n t r a l  

aromatic  

1 

FIGURE 4 - Conformational energy map[ I$ 1' I $ ~ ]  of methyl 
t e r e p h t h a l a t e  
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46 P. MEURISSE, F. LAUPR~TRE AND c. NOEL 

r i n g  and the  l a t t e r  co'incides with the  " t rans"  configu-  

r a t i o n .  The he igh t  of t h e  energy b a r r i e r  i s  2 , 9  Kcal.mo1 . 
The energy maximum i s  obtained when $1 = $2 = 90". Besides ,  

@1 and $ 

cal  c a l c u l a t i o n s  c a r r i e d  out  by Humme1 and F lo ry  l 4  and 

T o n e l l i  l5 i n  an at tempt  t o  determine t h e  p re fe r r ed  (mini-  

mum energy) ang le s  and eva lua te  t h e  energy b a r r i e r s  f o r  

methylbenzoate and t e r e p h t h a l a t e  moiety,  r e s p e c t i v e l y .  Very 

s i m i l a r  p o t e n t i a l  energy maps were obta ined .  The e q u i l i -  

brium conformations a l s o  correspond t o  t h e  p lanar  "c i s"  and 

" t rans"  conf igu ra t ions .  Only t h e  he ight  of t h e  energy 
-1 b a r r i e r  d i f f e r s  : 5 Kcal.mol and 3 Kcal.mo1-I according 

t o  Hummel and F lo ry  l4 and T o n e l l i  15, r e s p e c t i v e l y .  Such 

d i sc repanc ie s  may be due t o  t h e  d i f f i c u l t y  i n  eva lua t ing  

conjugat ion  energy i n  empir ica l  c a l c u l a t i o n s .  

-1 

r o t a t i o n s  are independent.  2 
For comparison, it i s  use fu l  t o  c i t e  e a r l i e r  empir i -  

These r e s u l t s  are i n  reasonable  agreement with expe- 

r imen ta l  observa t ions  on dimethyl t e r e p h t h a l a t e .  Indeed, 

t h e  energy d i f f e r e n c e  between t h e  "c i s"  and " t r ans"  isomers  

was found t o  be 0.05 Kcal.mol-I from d ipo le  moment measure- 

ments i n  s o l u t i o n  16. Besides,  I n f r a r e d  and Raman s t u d i e s  

ind ica t ed  t h a t  t h e  popula t ions  of t h e  ' ' c is ' '  and " t rans"  

conformers a r e  n e a r l y  the  same i n  t h e  melt .  F i n a l l y ,  t h e  

molecular conformation i n  t h e  c r y s t a l l i n e  s ta te  was found 

t o  be the  " t rans"  one, t h e  phenyl r i n g  s tanding  a t  an angle  

of 4.7" t o  t h e  p lane  of t he  carboxyl group 

17 

18 . 
Biphenyl and p-Terphenyl 

Values of t h e  conformational  energy,  taken r e l a t i v e  t o  t h a t  

f o r  t he  coplanar  form a r e  p l o t t e d  ve r sus  $ i n  Figure 5 .  

The p resen t  c a l c u l a t i o n s  g ive  an absolu te  conformational 

energy minimum a t  $ = 40' which i s  i n  good agreement w i t h  1 
t h e  t o r s i o n a l  angle  of approximately 42' between t h e  p l a -  

1 
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LC POLY ESTER-CONFORMATION AL ENERGY CALCULATIONS 41 

1- 

0 -  

FIGURE 5 - Conformational energy shown a s  a func t ion  of 
t o r s i o n a l  angle  $ f o r  biphenyl.  1 

nes  of t h e  r i n g s  i n  t h e  vapor s ta te  19. The he ight  of t h e  

energy b a r r i e r  i s  1.9 Kcal.mo1-l. It i s  worthnoting t h a t  

t h e  d i h e d r a l  angle  l i e s  i n  t h e  range 20-25' i n  s o l u t i o n  

20' 21 and i n  t h e  melt  22 while biphenyl i s  p lanar  o r  nea r ly  

so i n  the  c r y s t a l l i n e  s t a t e  23-27. The coplanar  conformation 

i s  hindered by s te r ic  i n t e r f e r e n c e s  involving o r t h o  hydro- 

gen. However , i n  t h e  c r y s t a l l i n e  s t a t e  in te rmolecular  i n t e r -  

a c t i o n s  favor  the  coplanar  form by i t s  more e f f i c i e n t  

packing and, i n  so doing, counterac t  t h e  in t ramolecular  ste- 

r i c  h indrance ,  e s p e c i a l l y  s ince  t h e  b a r r i e r s  t o  cop lana r i ty  

a r e  r e l a t i v e l y  low 28. It i s  t o  be noted t h a t  t h e  p re sen t  

PCILO r e s u l t s  a r e  c o n s i s t e n t  with e a r l i e r  c a l c u l a t i o n s  us ing  

semi -empir ical  met hods 29-32 

For p- te rphenyl ,  PCILO c a l c u l a t i o n s  give an absolu te  

conformational  energy minimum a t  Q1 = $2 = 40" i n  agreement 

with prev ious  empir ica l  c a l c u l a t i o n s  performed by Rie tve ld  
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48 P. MEURISSE, F. LAUPRETRE AND c. NOEL 

e t  a1  33.  The he ight  of t h e  energy b a r r i e r  f o r  t h e  r o t a t i o n  

of t h e  c e n t r a l  r i n g  r e l a t i v e  t o  t h e  ad jacent  r i n g s  i s  twice 

t h a t  determined f o r  t h e  r o t a t i o n  of t h e  r i n g s  about t h e  

1 , l '  bond i n  biphenyl ,  which has  been found exper imenta l ly  . 34 

Molecules I V  and V 

Values of t h e  conformational energy, taken r e l a t i v e  t o  t h a t  

f o r  t h e  coplanar  form a r e  p l o t t e d  versus  I l l  i n  F ig .  6 f o r  

t h e  p l ana r  conformation of t h e  q - C O - 0 -  groups i n  t h e  mole- 

c u l e  I V .  A s  observed f o r  biphenyl ,  t he  energy minimum i s  

obtained when $l = 40" .  Experimental  evidence i n d i c a t e s  
35 

va lues  of approximately 40" i n  t h e  c r y s t a l l i n e  s t a t e  and 

30" i n  t h e  l i q u i d  c r y s t a l l i n e  s ta te  36 f o r  4 , 4 ' - d i s u b s t i t u -  

ted  biphenyls .  Indeed, i n  t h e s e  compounds in te rmolecular  

i n t e r a c t i o n s  are reduced compared with biphenyl and t h e  

c r y s t a l l i n e  form i s  c l o s e l y  r e l a t e d  t o  t h e  vapor form. On 

t h e  o t h e r  hand, conformational  energy contour f o r  t h e  phe- 

n y l  r i n g  r o t a t i o n  about t h e  Caromatic - CO ad jacent  bond i s  

shown i n  F igure  7 f o r  $ = 40" .  A s  observed f o r  methyl te re-  

p h t h a l a t e ,  t m  energy minima a r e  found a t  4 
and 41 = 0 " ,  +2 = 180". It appears  from t h e s e  r e s u l t s  t h a t  

t h e  most s t a b l e  conformations of molecule I V  can be deduced 

from t h e  preceding s t u d i e s  of methyl t e r e p h t h a l a t e  and 

biphenyl.  Besides ,  t h e  h e i g h t s  of t h e  energy b a r r i e r s  f o r  

1J q ! ~ ~  and $ a r e  t h e  same a s  those  each of t h e  r o t a t i o n s  $ 

determined f o r  t h e s e  two s impler  model compounds. 

1 

1 = 42 = O0 

1 

The replacement of biphenyl by te rphenyl ,  a s  occurs  i n  

t h e  molecule V ,  i s  of i n t e r e s t  i n  t h i s  s tudy p a r t i c u l a r l y  

wi th  regard  t o  t h e  ex ten t  t o  which lengthening of t h e  meso- 

genic  moiety a f f e c t s  t h e  conformational  c h a r a c t e r i s t i c s .  

Again, t h e  energy minima a r e  found a t  4 = $ = 0" or  

$ 
1 2  + 

= 0" , +2 = 180" and q l  = 4 0 " ,  q2 = - 4 0 " .  Besides ,  as  1 
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LC POLYESTER-CONFORMATIONAL ENERGY CALCULATIONS 49 

Keal .mol - ’  

t 

FIGURE 6 - Conformational energy shown as a function of 
torsional angle $ for molecule IV[ $1=$2=~1 1 

FIGURE 7 - Conformational energy map [ Q, 4 1 of molecule IV. 1’ 2 = 40’1 
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50 P. MEURISSE, F. LAUPRETRE AND c. NOEL 

observed f o r  molecule I V ,  t he  he igh t s  o f  t h e  energy b a r r i e r s  

f o r  each of t h e  elementary r o t a t i o n s  a r e  t h e  same a s  those  

determined f o r  methyl t e r e p h t h a l a t e  and p- terphenyl .  The 

4.8 Kcal.mo1-I energy b a r r i e r  der ived  from p resen t  c a l c u l a -  

t i o n s  f o r  t h e  i n t e r n a l  r o t a t i o n  of t h e  ou te r  r i n g s ,  a s su -  

ming independent r o t a t i o n  of each of t h e  t h r e e  r i n g s  of  

t h e  te rphenyl  u n i t ,  i s  i n  c l o s e  agreement with the  

5 Kcal.mo1 deduced from H and I3C NMR r e l a x a t i o n  d a t a  

f o r  p o l y e s t e r  with R 

R = CCH2-CH2-0%3 CH2-CH2-3?In t h e  same way, t h e  

3.8 Kcal.mo1 b a r r i e r  he ight  ca l cu la t ed  under t h e  same 

assumption i s  c o n s i s t e n t  with the  3-3 .5  Kcal.mo1-' expe r i -  

mental  a c t i v a t i o n  energy fo r  t h e  i n t e r n a l  i nne r  r i n g  r o t a -  

t i o n  about t h e  long a x i s  of t h e  p- terphenyl  moiety . 

-1 1 

= p-terphenyl  and 1 

-1 2 

37 

A prominent f e a t u r e  of t h e  preceding r e s u l t s  i s  t h a t  

t h e  conformational  c h a r a c t e r i s t i c s  of t h e  carboxyl  groups 

a r e  independent of t h e  number of  phenyl r i n g s .  In  o t h e r  

w r d s ,  t h e  main consequence of t h e  replacement of phenyl 

r i n g  by biphenyl o r  p- terphenyl  i s  t o  extend t h e  l i n e a r i t y ,  

t h e  r i g i d i t y  and the  an i so t ropy  of t he  system. The theory  

of polymer l i q u i d  c r y s t a l s  a t t a c h e s  g r e a t  importance t o  

t h e s e  geometr ical  f a c t o r s  38. For in s t ance ,  according t o  

F lo ry  and Ronca 3 9 ,  f o r  an undi lu ted  system, i t  e x i s t s  a 

c r i t i c a l  va lue  of t h e  a x i a l  ( l eng th  t o  diameter)  r a t i o  f o r  

l i q u i d  c r y s t a l  formation.  Thus, p o l y e s t e r s  [-OC-R -COO-R2). 

wi th  R1 = p-terphenyl  provide a r i c h  source of l i q u i d  

c r y s t a l s  which a r e  more thermal ly  s t a b l e  than those  of t h e  

biphenyl analogues 40-43. On t h e  o t h e r  hand, po lya lkylene  

t e r e p h t h a l a t e s  do not  form l i q u i d  c r y s t a l s .  

1 
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LC POLYESTER-CONFORMATIONAL ENERGY CALCULATIONS 51 

3.2 .  Models For The F l e x i b l e  Spacer 

Molecule V I  

X-ray c r y s t a l l o g r a p h i c  d a t a  repor ted  f o r  benzoate and t e r e -  

p h t h a l a t e  e s t e r s  44-47 and aromatic  and a l i p h a t i c  poly-  

48-56 i n d i c a t e  t h a t  $1, $2 ,  al and ct approach 180". e s t e r s  

The observed d e v i a t i o n s  are u s u a l l y  l e s s  than 10".  On t h e  

bas i s  of t h e s e  experimental  evidences and from t h e  conclu-  

s ions  drawn from t h e  c a l c u l a t i o n s  repor ted  i n  t h e  preceding 

s e c t i o n ,  t h e  p-C-0 group mas assumed t o  be p l ana r  i n  mole- 

6 

I1 
0 

c u l e s  V I ,  V I I  and V I I I .  Hence, i n  t h e  case  of molecule V I ,  

t h e  on ly  parameters  taken  i n t o  account f o r  c a l c u l a t i o n s  

were t h e  ang le s  a a a and a which de f ine  t h e  geometry 

of t h e  f l e x i b l e  spacer  CCH2)3. 
2 '  3' 4 5 

Conformational energy contour  of molecule V I  f o r  t h e  

(a2 = a = 180") 5 t m  methylene group r o t a t i o n s  a3 and a4 
i s  shown i n  F igure  8. Three energy minima a r e  found a t  

a = a = a = a = 180" (0 Kcal.mo1 >, ct2 = a3 = ct5 = 1 8 0 " ,  

a = - 60" ( -  0.43 Kcal.mo1-l) and a = a = - 6 0 ° ,  

a = 180" ( -  0.96 Kcal.mo1-l) which co inc ide  wi th  t h e  

TTTT, TGTT ( o r  TGTT) and TGGT ( o r  T E T )  conformations.  The 

h e i g h t s  of t h e  energy b a r r i e r s  f o r  conformational  changes 

TTTT -j TGTT and TGTT -f TGGT a r e  2.5 Kcal.mo1-I and 

2.6 Kcal.mo1 , r e s p e c t i v e l y ,  assuming t h a t  t h e  f a r t h e s t  

bonds remain i n  t h e  t r a n s  p o s i t i o n  dur ing  t h e  conformatio- 

n a l  changes. It i s  t o  be noted t h a t  t h e s e  t h r e e  conforma- 

t i o n s  a l s o  correspond t o  energy minima with r e spec t  t o  t h e  

ang le s  and a The p resen t  s tudy i s  i n  agreement with 

previous empir ica l  c a l c u l a t i o n s  c a r r i e d  out  by Poul in-  

Dandurand e t  a 1  57 a f t e r  assuming a = a and a = a 2 5  3 4' 
These au tho r s  found two energy minima a t  a =a =a =ci =180° 2 3 4 5  

-1 

2 . 3  4 5 + 
4 3 4  

= a 2 5  

-1 

2 5 '  
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150 

90 

30 

0 

FIGURE 8 - Conformational energy map [ a a 1 of molecule V I .  
3' 4 

= - 175" ,  a3 = a4 - 60" 

[ a 2  = a5 = 180'1 

+ + (1 .73 Kcal.mol-l) and a = 

(1.10 Kcal.mo1 >. 2 5  -1 

Of spec ia l  i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  t h r e e  c rys-  

t a l l i n e  forms of polyoxacyclobutane kOtCH2$j]  

by X-ray d i f f r a c t i o n  and In f r a red  spectroscopy can be gene- 

r a t e d  from t h e  preceding conformations 583 5 9 .  Crys ta l  

modi f ica t ions  I ,  I1 and I11 a r e  the  planar-zigzag TTTT, 

g l ide- type  TTTGTTTG and h e l i x  TGGT, r e spec t ive ly .  The c rys-  

t a l  s t r u c t u r e  of poly( t r imethy1ene t e r e p h t h a l a t e )  was d e t e r -  

mined by X-ray d i f f r a c t i o n  4 8 ,  57. The molecular chain t akes  

t h e  conformation TGGT which corresponds t o  t h e  l o w s t  mini-  

mum observed i n  t h e  present  study. 

evidenced 

Molecule V I I  

Conformational energy contour of molecule V I I  f o r  t h e  i n t e r -  

n a l  r o t a t i o n s  a and a (a2 = a = 180") i s  shown i n  5 3 
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LC POLY ESTER-CONFORMATIONAL ENERGY CALCULATIONS 53 

150 

90 

30 

FIGURE 9 - Conformational energy map [a a 1 of molecule 3’  4 V I I .  [ a 2  = a = 18O0l 5 

Figure 9 .  Again, t h e  most s t a b l e  conformations a r e  TTTT, 

TGTT and TGGT. However, t h e  s t e r i c  hindrance of  t h e  methyl 

groups r e s u l t s  i n  n a r r o m r  p o t e n t i a l  energy wel l s  and 

higher  energy barriersTTTT -f TGTT ( 3 . 6  Kcal.mo1-l) and 

TGTT -f TGGT ( 3 . 5  Kcal.mo1-’1. Such an e f f e c t  was a l s o  

observed by Poulin-Dandurand e t  a l .  5 7 .  It i s  t o  be noted 

t h a t  t he  c r y s t a l  modi f ica t ions  6o of  po lye ther  

[- 0 - CH2 - C(CH 3 CH l- 
t e d  conformations.  

can be generated from t h e  c a l c u l a -  3 2  2 n  

Molecule V I I I  

Resu l t s  ob ta ined  f o r  molecules V I  and V I I  emphasize t h e  

importance of conformations TTTT, TGTT and TGGT of t h e  

f l e x i b l e  spacer .  Besides ,  t hey  show t h a t  t h e  replacement 

of t h e  c e n t r a l  methylene group by - C(CH3)2 - i nc reases  

the  energy of t h e  o t h e r  minima. Thus, f o r  molecule V I I I  
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i-- 7 
30 

0 

30 O 3 0  w wo 90 150 210 270 10 330 ac 

FIGURE 10 - Conformational energy map (a> [ p,, B > I  ( b )  
[a,, a I of  molecule VIII. [TTTT con?ormation 
of the main aliphatic chain]. 4 

only the geometries TXYT w r e  studied as a function of the 

angles a a B1 and f3,, assuming a = a = a = a = 180'. 3'  4' 1 2 5 6  
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LC POLYESTER-CONFORMATIONAL ENERGY CALCULATIONS 55 

F i r s t  c a l c u l a t i o n s  were performed a f t e r  assuming a 

t r a n s  conformation f o r  t h e  main a l i p h a t i c  cha in .  The r e s u l -  

tant conformational  energy map f o r  t h e  8 and 6, r o t a t i o n s ,  

which c h a r a c t e r i z e  t h e  geometry of t h e  e t h y l  s u b s t i t u e n t s ,  

i s  shown i n  F igure  10  ( a ) .  The energy minimum i s  found f o r  

a, = B2 = 180", i . e .  t he  conformations t r a n s - t r a n s  of  t h e  

l a t e r a l  e t h y l  groups.  Then, c a l c u l a t i o n s  were c a r r i e d  out  

a s  a func t ion  of a3 and 

and (b )  show t h a t  t h e  most extended geometry of molecule 

V I I I  i n  which both the  main a l i p h a t i c  chain and t h e  l a t e r a l  

groups adopt an a l l  t r a n s  conformation is a s t a b l e  form. 

It i s  n o t e w r t h y  t h a t  t h e  p o t e n t i a l  energy w e l l s  narrow 

as  the  s i z e  of t h e  s u b s t i t u e n t s  i nc reases .  

1 

a (B, = a2 = 180'). Figures  10(a)  4 

Secondly, conformational ene rg ie s  were ca l cu la t ed  fo r  

t h e  TGGT conformation of t h e  main a l i p h a t i c  chain.  Resu l t s  

i n d i c a t e  t h a t  t h e  - CH2 - C(CH CH ) -CH2 - sequence i s  

s t a b l e  when the  conformations o f  t h e  l a t e r a l  e t h y l  groups 

are e i t h e r  GG o r  E. The he igh t s  of energy b a r r i e r s  a r e  

h igher  than  10 Kcal.mo1 . 

t h e  sequence - CH2 - 1 - CH2 - w a s  considered.  An energy 

minimum i s  found a t  (3 = 0 and 13, = 60". Again, one obser-  

ves  s h a r p  p o t e n t i a l  energy we l l s  and high energy b a r r i e r s .  

2 3 2  

-1 

I n  t h e  t h i r d  c a l c u l a t i o n s ,  t he  TGTT conformation of 

1 

From t h e s e  r e s u l t s  one can conclude t h a t  t h e  s t a b l e  
- - conformations of  molecule V I I I  correspond t o  : a3 - a4 - 

-1 - fi = fi = 180" (0 Kcal.mo1 1, a3 - a4 = a 1 2  = (3 = 60" 

( -  0.46 Kcal.mo1 >, a3 - a4 = 60", fi = a '  = - 60" 

( 0 . 0 9  Kcal.mol-l)  and a = fi, = 6 0 " ,  a4 = 3 = 180" 

(0.30 Kcal.mo1 -1 ). The replacement of  - CH2 - by -C(CH312 

and -C(C H ) r e s u l t s  i n  a sharpening of  t h e  p o t e n t i a l  

energy we l l s  t oge the r  with an inc rease  i n  t h e  energy 

b a r r i e r s .  Thus ,  molecule V I I I  appears  more r i g i d  than 

-1 - 1 2  

1 2  

3 

2 5 2  
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56 P.  MEURISSE, F. LAUPRETRE AND c. NOEL 

molecu le s  V I I  and V I  from a dynamic p o i n t  of view. 
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