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STRUCTURAL-THWODYNAMIC CKARACTl2RISTICS OP NON- 

WITH LC-ORDER 
AQUEOUS SOLUTIONS OF CELLULOSE; AND ITS DE;KIYATIVE;S 

V.Myasoyedova, T.Strakhova, S,Belov, G,Xrestov 
Institute of Nonaqueous Solutions Chemistry, USSR 

Abst rac t  The r e g u l a r i t i e s  of  t h e  inf luence  of 

(hydroxypropyl, a c e t y l ,  e tc  , ) and degree of e the r -  
i i i c a t i o n  of c e l l u l o s e  macromolecules on tempera- 
t ure-concentrat ion boundaries of  LC-sta t e  i n  r e s t  
and f low a r e  s tud ied .  Se t  of hydroxypropylcellulo- 
se (HOPC) samples w i t h  t h e  degree of mole subs t i -  
t u t i o n  from 0.23 t o  7.50, c e l l u l o s e  a c e t a t e s  and 
o t h e r  l y o t r o p i c  c e l l u l o s e  d e r i v a t i v e s  is aypl ied .  
Ind iv idua l  and mixed nonaqueous s o l v e n t s  of d i f -  
f e r e n t  na tu re  were used: p o l a r  a p r o t i c  (dimethyl- 
acetamide-LUA, N-rnethylpyrrolydone, nitromethane),  
protonodonating ( t r i f l u o r o a c e t i c  a c i d ,  a c e t i c  
a c i d ) ,  -water and o t h e r s .  The physico-chemical pro-  
p e r t i e s  of s o l u t i o n s  (phase equi l ibr ium,  rheolo- 
g i c ,  hydrodynamic and volumetr ic  parameters a r e  
s t u d i e d .  A model f o r  p r e d i c t i o n  of aniso t ropic-  
i s o t r o p i c  t r a n s i t i o n s  i n  l y o t r o p i c  s o l u t i o n s  o f  
c e l l u l o s e  de r iva t ives  i s  e l abora t ed .  

s o l v e n t s ,  i n t r o d u c t i o n  of s u b s t i t u e n t s  

A sharp interest to liquid-crystalline polymers of  
cholesteric type is determined by a unique combination 
of optic properties - linear double refraction and 
circular dichroism, this yields possibilities to their 
wide practical usage. 

In the scientific plane, actuality of investigati- 
ons on LC-polymers on the base of cellulose derivati- 
ves makes it necessary to elaborate the principles of 
formation of LC-phases under the influence of chemical 
modification of cellulose; in practical plane, this 
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~ ' L G U U  1 Diffractograms oi' HOPC samples with 
different mole substitution . NlY = U.3 (1) ;  u.6 
(21;  1.6 (31 ;  2 . 3  (4 ) ;  3 . 2  ( 5 ) ;  4.7 (6); 5.2 ( 7 ) ;  
7.u (d), 
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PiCfUKr; 2 Uependence of temperatures and enthizl- 
ies of phase transitions on Eii6 of H U N  samples f 1, 2) syathesized according to /g/. 
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CHARACTERISTICS OF NON-AQUEOUS SOLUTIONS [921]/ 14 1 

leads to new approaches to obtain the cellulose 
materials with required properties. 

The aim of the work is to establish the regularit- 
ies of the influence of solvents, type of substituent 
and degree of etherification of cellulose macromolecu- 
le on temperature-eoncentmtion boundaries of LC- 
stute in rest and flow. 

To study the influence of the degree of mole sub- 
stitution on thermotropic mesomorphisin, diffractograms 
("Dron-3.0*') of hydroxypropylcellulose (HOI'C) samples 
with various mole substitutions frorn 0.23 to 7.50 were 
obtained; temperatures and heats of the phase transit- 
ions ( tlSeteramlt) were defined. 'Ihe appearance of in- 
teiisive Bragg reflections in region 28 5-8 grad on the 
diffractograms of IIO1'C samples (Fig. 1) with mole sub- 
stitution above 2.3 is tz corivincing testimony of the 
existence of near dimeric order (together with trans- 
formation of reflection of the amorphous-crystalline 
part of cellulose at 26=22,5 grad), The data on temp- 
eratures and heats of phftse transitions given in F'ig.2 
show that in 2.3 to 3.5 region of mole substitution 
there is a change in the tangent of dli/dJS function 
slope. 

Cellulose derivatives are characterized by manii'e- 
station of lyotropic inesomorphism. Yhase diagraiii O X  
H O N - d - m e  thylpyrrolydone in Ll'ig, j serves as an example. 
L i k e  fur other cellulose aerivatives, uianifestationu 
of numerous phase transitions a r e  observed depending 
on polymer concentration and temperature. 

critical concentration C > b  

f o r  the cellulose derivatives depeiicls on pL f o r  acidic 
and on mola r  volume for basic solven1;s. de propose  to 
use the €unction of the donor  and acceptor numbers of 

AS marked earlier, 
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J ? l G U l U  3 Phase diagram of HOPC-N-methylpyrroly- 
done system. 

nonayueous solvents. Pig.4 shows the linear correlati- 
on between C* and half-sum of donor and acceptor num- 
bers in cellulose acetate- and HOPC-nonaqueous solvent 
systems. This is a general approach to the quantitati- 
ve evaluation of solvent influence on anisotropic-iso- 
tropic transition in a wide variety of  individual sol- 
vents: from acceptor to donor and frorn acidic to basic 
ones. Such an approach is applicable to the systems 
with solvation phenomena upon solution where there is 
no chemical modification of cellulose derivatives. In 
the case of mixed solvents, the model below is propo- 
sed f o r  prediction of anisotropic-isotropic transiti- 
ons on the base of multiple regressional analysis us- 
ing EC-1060 />/ : 

where is the intrinsic viscosity of a solution; f 
is the rnolar  volume, !I2 is the temperature. k’or this 
model, Fisher criterion 2 = 107. 
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FIGWM 4 Dependence of  C* of forrnation of an is -  
o t r o p i c  phase i n  I4OYC (1) and AC! (11) s o l u t i o n s  
on donor-acceptor p r o p e r t i e s  of  so lvents .  

Hheologic behaviour of  l y o t r o p i c  c e l l u l o s e  der iv-  
a t i v e s  can be presented i n  t h e  form of  convexo-concave 
s u r f a c e s  of v i s c o s i t y  i n  t r i p l e  coord ina tes :  lgt-C-'I 
and 1 g t - C - X  (where C i s  t h e  polymer concent ra t ion ,  li' 
is  the temperature,  X i s  the  so lven t  composition) and 
approximated by t h e  equat ion  of t h e  type below: 

where 2 (Ya*C> i s  t h e  s o l u t i o n  v i s c o s i t y ;  A C , - A 1 O  are 
t h e  c o e f f i c i e n t s  r e l a t e d  t o  nonaqueous so lven t  p rope r -  
t i e s .  

1. V,V.Myasoyedova, i n  So lu t ions  of  l ione lec t ro ly tes  i n  
L i  u i d s ,  e d i t e d  by G,B,iirestov (Nauka, Moscow, -$L- I €391, Chap. 5 ,  pp. 182-232. 
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