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ABSTRACT 

Phase diagrams for  the isot roo ic-an isot rop ic  phase t rans i t ion  in solu- 

t ions of a thermotropic cel lu lose der iva t ive ,  hydroxypropyl cel lu lose are 

presented. The e f fec t  of the molecular weight is demonstrated. A comparison 

to the theory of semi-r ig id l iqu id  c rys ta l l i ne  polymers is given. 

INTRODUCTION 

Liquid c rys ta l l i ne  polymers behave in many ways in a manner remarkably 

s imi lar  to the conventional, small molecule l iqu id  crystals.  The same ne- 

matic and cholester ic  textures due to d isc l inat ions of the d i rec tor  are 

observed under the polar iz ing microscope and, in l i gh t  scat ter ing,  the 

Bragg type re f lec t ions  of cholester ic structures are found (FRIED et al .  

1982). In external f i e l ds ,  d is to r t ion  of the d i rec tor  axis (PATEL et al .  

1979), magnetic birefr ingence (MARET et al .  1980) and even hydrodynamic 

i n s t a b i l i t i e s  (KRIGBAUM et al .  1982) have been reported. Circular dichro~sm 

(LEMATRE et al .  1982), opt ical rotary dispersion (TSENG et al .  1980) as 

well as visual observation of typical i r idescent  colors are used to ind i -  

cate cholester ic  ordering of the mesophase. 

Phase studies of these materials are also avai lable. Systematic in-  

vest igat ions of the e f fec t  of molecular weight (SHIMAHURA 1981),of degree 

of subst i tu t ion and of the solvent (AHARONI 1980, BHEDA et al .  1980, TSU- 

TSUI and TANAKA 1980, DAYAN et al .  1982) have been i n i t i a t ed .  

In small molecule l iqu id  crysta ls ,  d i l u t i on  in a simple isot rop ic  

solvent consist ing of molecules with spherical symmetry leads to a rapid 

l inear  decay of the phase t rans i t ion  temperature in agreement with pre- 

d ict ions of mean f i e l d  theory (HUMPHRIES et al .  1971). In polymer l iqu id  

crys ta ls ,  new ef fects  may occur due to molecular f l e x i b i l i t y  and high 
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molecular weight. 

The purpose of th is paper is to invest igate the presence of such 

ef fects  in the case of a thermotropic cel lu lose der iva t ive ,  hydroxypropyl 

cel lu lose (HPC). 

EXPERIMENTAL 

Sample preparation: 

The hydroxypropyl cel lu lose samples were obtained from Aldr ich che- 

mical Co., and had nominal M W values of respect ively i00 000, 300 000 and 

i 000 000. The sample of M W = 60 000 is manufactured by Polyscienceso 

Several series of solut ions containing from 10% to 90% by weight of 

hydroxypropyl cel lu lose in dimethylacetamide (Aldr ich) are prepared by 

w~ghting appropriate quant i t ies of polymer and solvent and allowing the 

solut ions to stand for  several days. The mixing process was accelerated 

by warming s l i g h t l y  the solut ions for  a few hours. 

Di lute solut ions were clear viscous l iqu ids and on increasing the 

polymer concentration to above 65%, i r idescent  colors are observed. 

Optical microscopy: 

An Olympus polar iz ing microscope was used to invest igate the b i re -  

f r ingent  character is t ics  of the systems. The solut ions were placed bet- 

ween two microscopic s l ides,  and were studied both at room temperature 

and at elevated temperatures using a hot stage eq~ppedwith accurate 

temperature regulat ion (Met t le r ) .  Transmitted l i gh t  i n tens i t i es  were mea- 

sured via a photomul t ip l ier .  

Our experimental t rans i t ion  points correspond to the complete disa- 

ppearance of b i refr ingence and the appearance of a dark f i e l d .  

The microscope is eq~p~d with a photographic apparatus which a l lo -  

wes photography of textures during heating and cooling cycles. 

DISCUSSION OF THE THEORY 

Recently, we have proposed a theory for  semi-r ig id l i qu id  c rys ta l l i ne  

polymers (TEN BOSCH et al .  1982). Extended from the molecular model for  

the phase t rans i t ion  in membrane l ip ids  (JAHNIG 1979), the polymer is 

described by a deformable e las t i c  chain. By including or ientat ion depen- 

dent intermolecular in teract ions (s te r i c ,  dispersion) ar is ing from the 

axial symmetry of the polymer segments, a f i r s t  order t rans i t ion  to an 
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ordered, l i qu id  c r y s t a l l i n e  phase is shown to occur. The method of calcu- 

l a t i on  fo l lows JAHNIG (1979) and the main resu l ts  are summarized here. 

In an i so t rop i c  so lvent ,  the o r i en ta t i on  dependent in te rac t ions  be- 

tween polymer chains are d i lu ted  by a fac to r  given by the volume f rac t i on  

x occupied by the polymers . The "pseudot rans i t ion temperature" Tc(X ) , 

the temperature at which the t r a n s i t i o n  would take place in absence of 

b iphasic segarat ion,  is determined by the strength of the mean f i e l d  i n t e r -  

act ion and by the chain f l e x i b i l i t y .  I f  the gers istence length q of  the 

worm-l ike chain is assumed temperature independent , we obtain l i nea r  

phase diagrams Tc(X ) = xT c I f ,  on the other hand, the bending e l as t i c  

constant governing in t racha in  in te rac t ions  is constant in temperature, 

then q ~ I /kT and Tc(X ) =~x'x T c . We also f ind  (TEN BOSCH 1982) , that  

the phase t r a n s i t i o n  temperature T c of the thermotropic polymer is a 

funct ion of molecular weight ,  s lowly increasing from the monomer to reach 

sa tu ra t ion  at high degrees of polymer izat ion.  This is due to screening of 

the quadrupolar i n te rac t i ons .  

COMPARISON TO EXPERIHENT 

The e f f e c t  of  the molecular weight on the t r a n s i t i o n  temperature is  

shown fo r  pure HPC in f i g .  1 Experimental resu l ts  fo r  d i f f e r e n t  molecu- 

la r  weights are 91otted and are in good agreement wi th published resu l ts  

(SHIMAHURA et  a l .  1981, SUTO et  a l .  1982) . In the range studied,  satura- 

t ion  has not yet  been reached. 

The i so t r op i c -an i so t rop i c  phase diagrams fo r  a so lu t ion of HPC in 

dimethylacetamide (DMAC) are given in f i g .  2 fo r  d i f f e r e n t  molecular 

weights.  In f i g .  3, we p lo t  the comoarison between these experiments and 

the resu l t s  of  the theory. The pure t r a n s i t i o n  temperatures are taken 

from f i g .  1 . For the low molecular weight samples, good agreement between 

theory and experiment is found fo r  Tc(X ) = ~ T  c Using I00 A fo r  the 

room temperature pers istence length,  we obtain an average in tercha in  i n t e r -  

act ion energy of tile order of 0.4 kcal/mol.  

Note, tha t  whereas volume f rac t ions  of the polymer are used in the 

theory,  experimental concentrat ions ( f i g . 2  ) are given in weight % . In 

a f i r s t  approximation, from the densi ty  data of BHEDA et  a l .  1980, using 

the va r i a t i on  with temperature given by SAMUELS 1969, we f ind  a s h i f t  of  

the experimental phase diagram on t ransformat ion to volume f rac t ions  of 

around 4 % ( f i g .  4 ) . 
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Fig. 1 Mesomorphic t rans i t ion  temperature of pure hydroxypropyl 

cel lu lose as a funct ion of molecular weight M w 
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We do not p lo t  the biphasic regions in the v i c i n i t y  of the f i r s t  

order mesomorphic phase t rans i t ion .  These regions are not readi ly  observed 

under the polar iz ing microscope, 9ossibly due to slow nucleation dynamics, 

small size of the biphasic domains or narrowness of the temperature range 

involved. The curves in f i g .  1 and 2 p lo t  the temperature of total  ex t inc-  

t ion between crossed polar izers and correspond to the upper l i m i t  of the 

biphasic region. 
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Fig. 4 : Transformation of experimental phase diagram ( polymer concentra- 

t ion in wt. % ) to polymer concentration in vol.  % for  hydroxypro- 

pyl ce l lu lose ( M w = I00 000 ) in dimethylacetamide solut ion 

An example of completely anisotropic (focal conic) texture is given 

in f i g .  5 . 
In conclusion, a var ia t ion with molecular weight of the phase tran- 

s i t i on  temperature of the thermotropic polymer predicted by the theory is 

found in HPC. The experimental phase diagrams HPC/DMAC are also in qua l i -  

ta t i ve  agreement with the theoret ica l  predict ions.  On the other hand,speci- 

f i c  solvent interact ions may e f fec t  the c r i t i c a l  concentration. Strong 

interchain hydrogen bonds and po la r i t y  of the solvent could help to stabi -  

l i ze  the ordered phase. I t  would be of in te res t  to invest igate these 

ef fects  fu r ther  and to extend these studies to other solvents and to a 

range of molecular weights not invest igated here. 
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Fig. 5 : Texture (focal conic) 

of hydroxypropyl cellulose in 

dimethylacetamide 

69.37% polymer (by wt.) 

M W = 100 000 
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