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S u m m a r y  
P a r t i a l  spec i f i c  volume (v ~ of  po lyb ibenzoa te s  w i th  a l l - m e t h y l e n e  and 

oxye thy l ene  s p a c e r s  have  been d e t e r m i n e d  in c h l o r o a l i f a t i c  so lven t s .  The 
po lyb ibenzoa te  wi th  a h e p t a m e t h y l e n e  s p a c e r  exh ib i t s  a more  expanded  s t a t e  t h a n  
t he  ones  w i th  one, two and  t h r e e  oxye thy lene  un i t s  in t he  space r .  A so lven t  e f f e c t  

- o  - o  
on v 2 h a s  been observed.  Neve r the l e s s ,  the  va lues  of  v 2 in t e t r a c h l o r o e t h a n e  a r e  
in acco rd  wi th  t he  ca l cu l a t ed  by g roup  c o n t r i b u t i o n s  f r o m  rubbe ry  po lymers .  

I n t roduc t i on  
Liquid c r y s t a l l i n e  po l ymer s  (LCP's)  d i sp lay  o u t s t a n d i n g  p r o p e r t i e s  which 

have  g e n e r a t e d  a huge  i n c r e a s e  in t he i r  i n d u s t r i a l  app l i c a t i ons  as  well  as  in 
research. .  Most  of  t he  l a t t e r  is  devoted to t he  s y n t h e s i s  and  t he  s t r u c t u r e - r e l a t e d  
p r o p e r t i e s  of  LCP's .  However,  t he  s h o r t a g e  of  r e s e a r c h  work  on so lu t ion  p r o p e r t i e s  
of  LCP's ,  obviously  due to t h e i r  i nhe r en t  reduced  so lubi l i ty ,  is p r e w r  .Zig a more  
p r o f o u n d  knowledge  of  t h e r m o d y n a m i c  p a r a m e t e r s  which  a r e  e s s e n t i a l  f o r  bas i c  
r e s e a r c h  in top ics  as  i m p o r t a n t  as  c o n f o r m a t i o n a l - d e p e n d e n t  p r o p e r t i e s  (1). 

Among LCP's ,  t hose  i n c o r p o r a t i n g  t he  mesogen ic  b iphenyl  g roup  in the  
ma in  cha in  a r e  a kind of  t h e r m o t r o p i c  p o l y e s t e r s  whose  i n h e r e n t  r i g id i ty  can be 
d imin i shed  by chang i ng  t he  l eng th  a n d / o r  s t r u c t u r e  of  t he  spa&er. Th i s  app roach  to 
t he  widen ing  o f  t he  so lub i l i ty  s p e c t r u m  of po lyb ibenzoa te s  ha s  been appl ied  in 
s e v e r a l  p a p e r s  abou t  t he  so lubi l i ty  p a r a m e t e r s  of  the  po lymer s  whose  pa r t i a l  

- o  
spec i f i c  vo lumes ,  v~, a r e  s tud ied  now. In sho r t ,  t h e  so lub i l i ty  r a n g e  of  
po lyb ibenzoa te s  w i t h  oxye thy lene  s p a c e r s  is  s i g n i f i c a n t l y  widened by i n c r e a s i n g  
t he  n u m b e r  o f  oxye thy lene  u n i t s  (2) w h e r e a s  t he  l iquid c r y s t a l l i n e  c h a r a c t e r  of  
t he  po lyb ibenzoa te s  is los t  f o r  t hose  wi th  b r a n c h e d  s p a c e r s  (3). 

P a r t i a l  spec i f i c  volume is a very  i m p o r t a n t  po lymer  m a g n i t u d e  both  as  
inpu t  d a t a  f o r  t he  s t a n d a r d  t e c h n i q u e s  of  po lymer  c h a r a c t e r i z a t i o n  and  by i t se l f  
a s  i n f o r m a t i o n  on t he  s t a t e  and  c o n f o r m a t i o n  of the  po lymer  in so lu t ion .  

The  a im of  t h i s  paper  is to ana lyze  the  in f luence  of  t he  l eng th  and 
s t r u c t u r e  of  the  s p a c e r  and  the  so lven t  e f f e c t  on the  p a r t i a l  spec i f i c  volume of 
s eve ra l  po lyb ibenzoa tes ,  namely:  po ly (hep t ame thy l ene  p , p ' - b i b e n z o a t e )  (P?MB), 
po ly [oxyb i s (e thy lene  oxide) p , p ' - b i b e n z o a t e ]  (PDEB), po ly [oxy t r i s ( e thy l ene  oxide) 
p , p ' - b i b e n z o a t e ]  (PTEB) and  p o l y [ o x y t e t r a q u i s ( e t h y l e n e  oxide) p , p ' - b i b e n z o a t e ]  
(PTTB). Scheme I shows  t he  gene ra l  s t r u c t u r e  of  po lyb ibenzoa te s  w h e r e  A r e p r e s e n t s  
the  space r .  

The e x p e r i m e n t a l  r e s u l t s  of  v ~ a r e  a lso  compared  w i th  t he  ones  ob ta ined  
by add i t iv i ty  of  g roup  con t r ibu t ions .  

E .xper imenta l  
The po lyb ibenzoa te s  s tud ied  have been s y n t h e s i z e d  by mel t  

t r a n s e s t e r i f i c a t i o n  of  the  d ie thyl  e s t e r  of  p , p ' - b i b e n z o i c  acid and the  
c o r r e s p o n d i n g  glycol ,  u s i ng  i s o p r o p y l t i t a n a t e  as  c a t a l y s t .  The va lues  of  t he i r  
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Scheme I 

intrinsic viscosities, in chloroform at 25~ taken from ref.4 for P7MB and from 
ref.5 for the rest of the polymers, are: 1.03, 1.02, 1.04 .and 0.87 dL.g -I for 
PTMB, PDEB, PTEB and PTTB, respectively. 

Chloroform, methylene chloride and tetrachloroethane (Carlo Erba RPE) 
have been used as solvents for the density measurements and were dried over 4~ 
molecular sieves before use. 

The density of polymer solutions and pure solvents was measured with an 
Anton Paar DMA 55 digital densimeter. Distilled water and air were used as 
calibrating substances. The temperature in the measuring cell was regulated with 
+0.01 ~ precision. Polymer solutions were i preparedO-- by weight. The range of 
concentration was 1.78 x 10 -3 < w z < 13.4 x 

The partial specific volume at infinite dilution of the studied 
- o  

polymers, v~, has been obtained by using the rigorous relation 

v~ p.'[1 -~ = - p ,  ( a p / a w ~ )  ~ (i) 

where  p, is the densi ty  of  the pure  solvent,  and (c~p/aw 2 )o is the l imiting slope of 
the solut ion densi ty vs polymer weight  f r a c t i on  plot. 

Resul ts  and Discussion 
The d e n s i t i e s ,  p ,  of the  severa l  polymer solu t ions  of d i f f e r en t  

concent ra t ion ,  w2, f o r  PTMB, PDEB, PTEB and PTTB have been measured  in ch lo ro fo rm 
and t e t r aoh lo roe than e  a t  25.00~ Also, fo r  P7MB the densi t ies  of  methylene 
chloride solu t ions  have be measured  a t  the same t empera tu re .  

In F igures  i and 2 the d i f fe rence  be tween the densi ty  of polymer 
solu t ions  and pure  solvent,  P - P , ,  is plot ted aga ins t  the weight  f r a c t i on  of the 
polymer  in the solution,  w2 ,  f o r  the  fou r  polybibenzoates  s tudied in the selected 
solvents .  The exper imenta l  values of  v~ obtained making use of eq.1 a re  summar ized  
in Table 1, t oge the r  wi th  the bibl iographic  specif ic  volumes of the pure  polymers ,  
v2 , de termined by the  f lo ta t ion  method (2,3) and the ones calculated by 
addit ivi ty of  g roup  cont r ibut ions .  

From Table 1 we can see tha t  the  exper imenta l  values of  v ~ a re  sensi t ive 
to the space r  s t r u c t u r e  of the polybibenzoate chains. Thus, the polybibenzoate  
wi th  an a l l -methylene  spacer  (PTMB) exhibi t s  a more  expanded s t a t e  than  the 
ones wi th  one, two and th ree  oxyethylene uni t s  in the spacer  (PDEB, PTEB and PTTB, 
respect ively) .  

From the compar ison  between the specif ic  volume values of each polymer 
in pure  and solut ion s t a t e s  it is possible  to point  out an opposi te  solvent 
e f fec t ,  in the studied solvents,  be tween the polybibenzoate  wi th  an a l l -methylene  
space r  and the ones wi th  oxyethylene spacers .  PTMB shows  a more  expanded s t a t e  in 
solut ion than  in solid s ta te ,  whe reas  PDEB, PTEB and PTTB ei ther  mainta in  the 
conformat iona l  s t a t e  or are  more  contracted .  There fore ,  the spacer  s t r u c t u r e  
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Fig.1. Dependence of  the  dens i ty  of polymer  solutions on the  weight  f r a c t i o n  of 
polymer,  w=, in ch lo ro fo rm (O,1,~,O) and in methy lene  ch lor ide  ($), a t  
25~ 
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Fig.2. Dependence of the  dens i ty  of polymer  so lu t ions  on the  weigh t  f r a c t i o n  of 
polymer,  w~, in t e t r a c h l o r o e t h a n e  a t  25~ 
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seems to be respons ib le  fo r  the polymer expansion or  con t rac ; ion  under  the e f fec t  
of ch lor ina ted  solvents.  

Moreover, the spacer  length has also influence on the  v~ values. In 
ch loroform,  v ~ increases  as  the number  of oxyethylene uni ts  in the spacer  
increases .  In each potybibenzoate  the polymer chain reaches  in ch lo ro fo rm a more  
con t rac ted  s t a t e  than  in t e t r ach lo roe thane ,  and in the case of P7MB in methylene 
chloride, an in te rmedia te  value of v ~ is obtained. This solvent  e f f ec t  could be 
a t t r i b u t e d  to the  d i f fe rences  in b o t h  po la r i ty  (6) and solvent qual i ty  (3) of the 
ch loroa l i fa t ie  subs t ances  used as  solvents.  

Unfor tuna te ly ,  it is not possible to compare  our r e s u l t s  wi th  analogous 
ones in apo la r  solvents ,  because of  the insolubil i ty of the polybibenzoates  
studied. 

Finally, the values of the specif ic  volume calculated by group 
addit ivi ty (v~" ~) f o r  the four  polybibenzoates  have been compared  wi th  the 

- o  
cor responding  v2. Since the  group cont r ibu t ions  fo r  the polymers  in the i r  rubbery  
s t a t e  should give a be t t e r  r ep r e sen t a t i on  of the volume p rope r t i e s  in solut ion,  v 2 
has  been calculated in our  case using the Van Krevelen group con t r ibu t ions  (7). 
The values of v 2 thus  calculated exceed the exper imenta l  ones in t e t r ach lo roe thane  
in less than  6%, a l though a h igher  desviat ion has been obtained in ch loroform 
solution. 

T a b l e  1. Pa r t i a l  s p e c i f i c  v o l u m e  of  p o l y b i b e n z o a t e s  w i t h  d i f f e r e n t  spacer .  

- o  a . g  

P o l y m e r  S o l v e n t  v2 v2 (v2 ) 
( c m S . g  -z)  ( c m 3 . g  -1)  (cm3.~ -1) 

P7MB 

PDEB 

PTEB 

PTTB 

Cl CH 0 . 814 
2 

C1 CH 0 . 820 
2 2 

C1 C H 0 . 835 
4 2 2 

Pure  p o l y m e r  

C1 CH 0 . 733 
3 

CI C H O. 768 
4 2 2 

Pure p o l y m e r  

CI CH 0 . 745 
3 

CI C H 0. 761 
4 2 z 

Pure  P o l y m e r  

C1 C 0 . 759 
8 

C1 C H 0 .  783 
4 2 Z 

Pure  P o l y m e r  

0.806 a 0.849 

0 . 7 6 3  b 0 . 7 8 9  

0.769 b 0.807 

0 . 8 0 0 5  0 . 8 2 2  

aFrom ref .3 ,  b From re f .2 .  

Conclusions 

Par t ia l  specif ic  volumes of polybibenzoates  are  sensi t ive  to both 
s t r u c t u r e  and length of the spacer  and a solvent e f f ec t  has  been pointed out f rom 
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the comparison of the par t ia l  specific volumes in d i f fe ren t  solvents and in pure 
s ta te .  The addivity of group contr ibut ions gives a fa i r ly  good descript ion of 
te t rach loroe thane  data. 
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