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Phase studies on a mixture Of two polymers are presented, one of which is mesomorphic. We have 
systematically examined the influence of the molecular weight of the flexible polymer (including the 
oligomers) and of the semi-flexible polymer. In addition to the effect of the molecular weight, specific 
interactions are important for compatibility and formation of a homogeneous mesomorphic phase. The 
nature of this phase is demonstrated to be cholesteric and the pitch is determined. 
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INTRODUCTION 

This paper is a continuation of the systematic study of 
liquid crystalline polymer mixtures. We wish to identify 
the mechanisms leading to miscibility and to the 
formation of a homogenous mesomorphic phase. Systems 
of increasing complexity have been investigated: the pure 
thermotropic polymer 1, the polymer in a simple solvent 1 
or in mixtures of solvents 2, mixtures of two polymers with 
a solvent 3-5. 

Here we present results on phase diagrams in a binary 
mixture of two polymers, one of which is a semi-rigid 
thermotropic polymer, and the other, a flexible polymer. 
Two areas of active research and extensive industrial 
interest are involved: polymer blends 6-s and liquid 
crystalline polymers 9'1 o. 

In addition to the synthesis of new chain structures, a 
recent trend in polymer technology is the use of synergy to 
design new polymer blends for specific applications. As an 
example, mechanical strength of a blend can be enhanced 
by addition ofa mesomorphic component. Cellulosics are 
often used in commercial blends 7,s but in many cases, the 
evidence for miscibility is insufficient, and further data is 
required. 

The system chosen for the present study is 
hydroxypropyl cellulose (HPC), well-known to be a 
thermotropic cholesteric gelt 1. For the non-mesomorphic 
component, we selected polyethylene glycol (PEG) with 
chemical structure H-O-(CH2-CH2-O).-H. Ethylene 
glycol (n=l)  and diethylene glycol (n=2) are good 
solvents for methyl cellulose ~2 and cellulose tricarbanilate 
and hydrogen bonds could occur between the PEG 
monomer and the hydroxyls of HPC. The molecular 
conformation of PEG is helical in the crystal 13-17 and 
possibly also in water 1 s but a flexible coil conformation is 
manifest in the melt 19. 

In the absence of specific attractive interactions or 
chemical and sterical similarity, miscibility is not general 
for polymers 6 and liquid crystalline polymer systems are 
no exception. In mixtures with flexible polymers 3'2° and 

with small molecule liquid crystals 2t aggregation and 
phase separation are observed. Indeed, in the extreme case 
of a bad solvent, local crystalline order can be destroyed 
by the presence of a flexible chain 22 and mean field 
theory 23'24 is no longer applicable. This was investigated 
in small molecule liquid crystal and flexible polymer 
mixtures 25-2s. However, a liquid crystal and a 
mesomorphic polymer of similar chemical structure (and 
generally of low molecular weight) can be dissolved over a 
wide range of concentrations 29-32. 

It is therefore of interest to study the phase separation 
and phase transition ofa mesomorphic polymer in a good 
monomeric solvent and then in a polymeric solvent of 
increasing molecular weight. Further information is 
obtained by variation of the molecular weight of the semi- 
rigid component for a fixed degree of polymerization of 
the flexible polymer. This allows one to test the relative 
importance of the different contributions to the heat of 
mixing and to obtain information on chain length 
dependence. In rigid rod systems 33, theoretical con- 
siderations predict a decrease in the entropy leading to 
immiscibility and destruction of the homogenous ordered 
phase. In semi-flexible systems, the specific (excluded 
volume, H-bonds) and orientational (Van der Waals, 
steric) are dependent not only on chemical composition 
but on the conformation also 3.-36. 

The purpose of the present paper is to study phase 
diagrams of mixtures of hydroxypropyl cellulose and 
polyethylene glycol using a polarizing microscope. We 
have endeavoured to specify, by experimental means, the 
influence of the molecular weight of the mesomorphic 
polymer and the maximum molecular weight of the 
flexible polymer in obtaining miscibility. Observations on 
liquid crystalline textures and measurement of the 
cholesteric pitch of the polymer blends lend further 
support to our conclusions. 

EXPERIM ENTAL 

The HPC samples (Aldrich) had molecular weights 
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M,=100000,  300000 and 1 000 000. The M , = 6 0 0 0 0  
sample was obtained from Polysciences. The ethylene 
glycol, diethylene glycol and PEG (M,: 300, 600, 1000 and 
6800) are synthesized by Aldrich and were used without 
further treatment. The concentrations of the polymer 
mixtures are given in weight % (g HPC/g solution). 

Although it is advisable to form the mixtures in the 
isotropic phase, we have preferred to avoid the risk of 
decomposition of the thermotropic polymer. The 
solutions were therefore heated for several hours at 110°C 
and PEG was dissolved in the cholesteric phase of HPC. 
Homogeneous solutions were obtained 2-7 days after 
mixing, depending on the viscosity of the resulting 
solution. 

A polarizing microscope was used to study the 
anisotropy of the mixtures. The solutions were placed 
between glass plates and temperature dependence investi- 
gated with help of a heat stage. The intensity of light 
transmitted by the anisotropic sample between crossed 
polarizers was measured with a photomultiplicr, 
connected to a graphic plotter. The temperature corre- 
sponding to complete disappearance of birefringence and 
the appearance of a black field determines the transition 
from anisotropic to isotropic phase. The microscope was 
equipped with a camera which allows simultaneous 
photography of sample textures during heating and 
cooling cycles. 

An automatic spectrophotometer was used to study the 
optical transmission of the samples for unpolarized light 
between 400 and 2500 nm wavelengths. 

Seurin et al. 
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RESULTS AND DISCUSSION 
In the present experiments, two transition temperatures 
were accessible for each concentration of HPC/PEG. 

(1) T~, the temperature at which the anisotropic phase 
disappears on heating. 

(2) T~*, the temperature at which the anisotropic phase 
appears on cooling. 

These temperatures coincide within experimental error 
at the cholesteric-isotropic transition temperature T o of 

tSO 

140 

U 

I00 

60 

S/ 
/ 

,, %'/ 

200 ' 2'O ' 4O 610 , 810 l I00 

HPC/PEG % 

Figure 1 Phase diagrams of  solutions: Transition temperature as 
a funct ion of  w t %  HPC: HPC 60000/PEG 300 ( - - 0 - - )  Tc on 
heating; ( - - 0 - - )  T t on cool ing. HPC IO0000/PEG 300 ( - - I - - )  
Tc on heating; ( ~ - - )  T* on cool ing 
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Figure 2 Reduced transition temperatures T*= T/To (K) as 
function of the concentration c% g/g (HPC) for solutions: 
(--0--)  HPC 60000/DMAC; (--O--) HPC 60000/PEG 300; 
( - - I - - )  HPC 100000/DMAC; (--E]--) HPC 100000/PEG 300; 
( ~ - - )  HPC 300000/DMAC; (--O--) HPC 300000/PEG 300; 
(--A--) HPC 1000000/DMAC; (--A--) HPC 1000000/PEG 
300. For clarity, only the low concentration point is marked on 
the experimental curve 

pure thermotropic HPC. The thermal cycles are 
reproducible and the width narrows on increasing the 
molecular weight of the mesomorphic polymer (Figure 1). 

Biphase separation was clearly observed only for high 
PEG molecular weights (Mw~>1000). As in previous 
experiments 1, the exact boundaries of the phase separated 
regions eluded specification and only T~, less sensitive to 
experimental error (relaxation times, flow, surface effects), 
was plotted. 

Influence of molecular weight of the mesomorphic polymer 
The PEG 300 molecule, with a degree of 

polymerization of 6 and a length (for zig-zag 
conformation) of ~ 20 A is significantly shorter than the 
HPC molecule for the given range of molecular weights. 
We expect PEG 300 to act as a simple solvent with 
behaviour similar to the quasi-spherical solvent dimethyl- 
acetamide (DMAC) investigated previously 1. 

Figure 2 shows the results for the reduced phase 
transition temperature T*= TdTo as a function of HPC 
concentration for four molecular weights of the 
mesomorphic component (Mw = 60 000, 100 000, 300 000, 
1000 000). 

The variation with Mw (HPC) is weaker in PEG than in 
DMAC but depends markedly on the degree of sub- 
stitution of the HPC molecule and therefore on the origin 
of the HPC sample. The larger the M,  (HPC), the smaller 
the difference in T* between PEG and DMAC solutions. 
However, it should be noted that the mixtures obtained 
with HPC (1 000000) are elastic gels and extremely 
difficult to study with any accuracy. The values given 
should be understood as being indicative only. 

In Figure 3, the critical concentration for the transition 
to the isotropic phase at 25°C are plotted as a function of 
Mw (HPC). The values lie somewhat below the critical 
concentration for the HPC/DMAC system. The structure 
of the anisotropic phase is also similar, and Figure 4 shows 
the typical anisotropic texture. 

Influence of the molecular weight of the flexible polymer 
In the HPC 60 000 samples, the existence of blends was 

investigated for PEG of M,  300 (DP = 6), 600, 1000 and 
6800 (DP = 153). 

Due to the flexibility of the chain, PEG appears to have 
no effect on the orientation of the mesomorphic polymer. 
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Figure 3 Critical concentration c* as function of molecular 
weight of HPC in solution with: c*:wt% HPC in ( - - A - - )  DMAC; 
( - - 0 - - )  PEG 300 

Figure 4 Structure of anisotropic phase: polygonal texture of 
solution HPC 60000 Polysciences/PEG 300 70.97% 
(magnification = 680) 

The flexible chains simply insert between the HPC 
molecules and dilute the anisotropic interactions. 
Increasing the length of the flexible chain should therefore 
not result in a variation of the anisotropy of the mixture. 
However, demixing could be expected to occur. 

In Figure 5 we show the resulting phase diagrams for 
the PEG/HPC 60 000 mixtures. In PEG 300 and 600, the 
transition temperatures T¢ virtually coincide, as well as in 
PEG 1000 above 80~. Clearly defined biphasic 
separation occurs for the first time in PEG 1000 at low 
HPC concentrations. The dotted line in Figure 5 
corresponds to the disappearance of anisotropy in the 
HPC-rich globules present in the wide biphasic zone. 
Demixing in the isotropic phase above this temperature 
may persist, but cannot be demonstrated by this method. 
Visual observation of the samples outside the microscope 
does not indicate visible isotropic liquid-liquid phase 
separation. 

At higher M,  (PEG), complete immiscibility occurs in 
the temperature range investigated and the transition 
temperature change for pure HPC can be observed in the 
polarizing microscope. This is supported by the ternary 
system HPC (60 000)/PEG (3400)/water which is inhomo- 
geneous and forms white threads in suspension. 

To test for specific interactions between the monomers 
of the flexible and rigid chains, we have also investigated 
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phase diagrams of HPC in the monomer (ethylene glycol 
EG) and dimer (diethylene glycol DEG) of PEG. The 
solutions obtained are clear and extremely viscous. In 
contrast to previous experiments, on heating, the plotted 
birefringence does not decay continuously at the 
transition to isotropy but shows an initial decrease 
followed by an increase in anisotropy and then rapid total 
extinction. The anomalous shape of these curves could be 
due to crosslinking (gel) or relaxation phenomena. 

The extinction temperatures are given in -Figure 6 as a 
function of HPC concentration. The behaviour of the 
monomer and dimer are quite different from !the PEG 
chain at the same concentration of ethylene glycol 
monomers. Strong polymer/solvent interactions seem to 
occur in the short molecules which are not possible with 
the longer PEG chains. Intermolecular hydrogen bonding 
is of importance in these systems and could be weakened 
by the flexibility and curved conformations of the PEG 
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Figure 5 Phase diagrams of solutions: Tc as function of HPC 
wt%: ( - - 0 - - )  HPC 600DO/PEG 300; (-- /k--)  HPC 60000/PEG 
600; ( . - i "  ") HPC 60000/PEG 1000 
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Figure 6 Phase diagrams of solutions: Tc as a function of HPC 
wt%: ( - - - )  HPC 60000/DMAC; ( ) HPC 60000/PEG 300; 
(__la__) HPC 60000/diethylene glycol; ( . . . . .  ) HPC 
60000/ethylene glycol 
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chain. Ethylene glycol and diethylene glycol could also 
bond to two HPC chains forming crosstinked ladder-like 
structures, not feasible for longer chains of PEG. 

Nature of the mesomorphic phase 
The mesomorphic phase of HPC is cholesteric in nature 

and the anisotropic mixtures with PEG show focal conic 
textures. The ethylene and diethylene glycol mixtures are 
iridescent with dominant green or violet colouring. 

The pitch of the cholesteric phase of the mixtures has 
been determined by optical measurements. The peak of 
the optical transmission spectra displays the cholesteric 
nature and the maximum spectrophotometric reflection 
in thin samples occurs at wavelength 2 = rip, where ri is the 
average refractive index of the mixture 37'3a. This peak is 
superposed on the vibrational spectra of the molecules so 
that the method is limited to wavelengths between 0.4 to 
1.5 lam. At room temperature (25°C) the flexible polymer 
blend HPC 60000/PEG 300 (concentration 79.24%) 
shows a peak of weak intensity around 650 nm. 

In Figure 7, the concentration dependence of rip is given 
for EG and DEG. Only a weak variation is observed 
compared with DMAC 3a or even wateP. At 70% HPC, 
the pitch is estimated around 300 nm, using approximate 
values for the average refractive index (HPC (film)a9: 
ri= 1484, EG at 20°C: ri= 1431, DEG at 20°C: ri= 1446). 

A weak relation between the molar volume and the 
cholesteric pitch is found within a family of the same 
chemical type 3a. Along with water, EG and DEG seem to 
form a family of H-bound solvents, with symmetric OH 
groups at each end. Creation of strong crosslinkings and 
'frozen in' gel-like structures would explain the weak 
variation of the cholesteric pitch with concentration and 
is consistent with the measured phase diagrams. 

CONCLUSIONS 

Polymer compatibility is the exception rather than the 
rule and this is confirmed by present studies on 
HPC/PEG systems. At low molecular weights, PEG is 
compatible with HPC in the concentration range and 
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Figure 7 Wavelength for transmission peak ~. (nm) in 
cholesteric HPC solutions as function of concentration wt% 
HPC for: ( ..... ) HPC 60000/ethylene glycol; ( - - 1 - - )  HPC 
60000/diethylene glycol; ( - - 0 - - )  HPC 100000/DMAC; (---O--) 
HPC 60000/water; (~) HPC 60000/PEG 300 

temperature interval investigated. This is due to specific 
attractive, intermoleeular interactions (H-bonds). As the 
chain length of the flexible polymer is increased, these 
interactions are weakened due to chain flexibility and 
demixing occurs over a wide range of concentrations and 
temperatures in high molecular weight PEG/HPC 
mixtures. 

The anisotropic phase transition is shifted to higher 
temperatures as the molecular weight of the semi-rigid 
polymer is increased. No effect on increasing the 
molecular weight of the flexible polymer is found (apart 
from demixing which simply destroys the homogeneous 
anisotropic phase) but, in the monomer and dimer of 
PEG, there is a possibility of crosslinked structures 
occurring. 

Light scattering studies of these systems would be of 
interest for further investigation of gel formation 6 and 
demixing. 

Existence of crosslinking bonds between the polymer 
components in these mesomorphic polymer mixtures 
makes these systems candidates for ordered polymer 
gels 4° or even solid materials with liquid crystalline 
organization4t,,2. 

REFERENCES 

1 Seurin, M. J., Ten Bosch, A. and Sixou, P. Polyr~ Bull. 1983, 9, 
450 

2 Fried, F. and Sixou, P. J. Polym. Sci. in press 
3 Scurin, M.J.,Gilli, J.M.andSixou,P.Eur.Polym.J. 1983,18,683 
4 Gilli, J. M. Th~se Docteur lng. Nice 1982 
5 Sixou, P., Lematre, J., Ten Bosch, A., Gilli, J. M. and Dayan, S. 

Mol. Cryst. IJq. Cryst. 1983, 91,227 
6 De Gennes, P. G. 'Scaling concepts in Polymer Physics' Cornell 

University Press 1979 
7 Paul, D. R. and Newman, S. 'Polymer Blends' Academic Press 

1978 
8 Olabasi, O., Robeson, L. M., Shaw, M. T. 'Polymer Polymer 

Miscibility' Academic Press 1979 
9 Blumstein, A. 'Liquid Crystalline Order in Polymers' Academic 

Press 1979 
l0 Cifferi, A., Krigbaum, W. R., Meyer, A. B. 'Polymer Liquid 

Crystals' Academic Press 1982 
11 Werbowyj, R. S. and Gray, D. G. Mol. Cryst. liq. Cryst. 1976, 34, 

97 
12 Kate, T., Yokoyama, M. and Takahashi, A. Colloid Polym. Sci. 

1978, 256, 15 
13 Tadokoro, H., Chatani, Y., Yoshihara, T., Tahara, S. and 

Murahasi, S. Makromol. Chem. 1964, 73, 109 
14 Yoshihara, T., Tadokoro, H. and Murahasi, S. J. Chem. Phys. 

1964, 41, 2902 
15 Miyazawa, T., Fukushima, K. and Ideguchi, Y. J. Chem. Phys. 

1963, 37, 2764 
16 Miyazawa, T. J. Chem. Phys. 1961, 35, 693 
17 Matusura, H., Miyazawa, T. Bull. Chem. Soc. Jn 1968, 41, 1798 
18 Liu, K. and Parsons, J. L. Macromolecules 1969, 2, 529 
19 Koenig, J. L. and Amgood, A. C. J. Polym. Sci. A-2 1970, 8, 1787 
20 Gupta, A. K., Benoit, H. and Marchal, E. Eur. Polym. J. 1978,15, 

285 
21 Casagrande, C., Veyssi6, M. and Finkelmann, H. J. Phys. Iett. 

1982, 43, L-671 
22 Brochard, F. C. R. Acad. Sci. 1980, 290 B, 485 
23 Humphries, R. L., James, P. G. and Luckhurst, G. R. Syrup. 

Faraday Soc. 1971, 5, 107 
24 Dowell, F. and Martire, D. E. J. Chem. Phys. 1978, 69, 2332 
25 Kronberg, G., Gilson, D. and Patterson, D. J. Chem. Soc. 

Faraday Tans. 1976, 72, 1673, 1686 
26 Kronber 8, B., Bassignana, I. and Patterson, D. J. Phys. Chem. 

1978, 82, 1714 
27 Dubault, A., Casagrande, C. and Veyssie, M. Mol. Cryst. l.iq. 

Cryst. lett. 1978, 41,239; 1982, 72, 189 
28 Oweimreen, G. A. and Martire, D. E. J. Chem. Phys. 1980, 72, 

25OO 
29 Fayolle, B., Noel, C. and Billard, J. J. de Phys. C3 1979, 40, 485 

1076 POLYMER, 1984, Vol 25, August 



Mesomorphic transitions in a polymer mixture." M. J. Seurin et al. 

30 Billard, J., Blumstein, A. and Vilsagar, S. Mol. Cryst. Iiq. Cryst. 
1982, 72, 163 

31 Aharoni, S. J. Polym. Sci. 1981, 19, 28 
32 Griffin, A. C. and Havens, S. J. J. Polym. Sci. l_ett. Edn. 1980, 18, 

259 
33 Warner, M. and Flory, P. J. J. Chem. Phys. 1980, 73, 6327 
34 Muthukumar, M. and Edwards, S. F. J. Chem. Phys. 1982, 76, 

2720 
35 Ten Bosch, A., MaTssa, P. and Sixou, P. J. Chem. Phys. 1983, in 

press 

36 Ten Bosch, A., Ma'issa, P. and Sixou, P. J. Phys. Lett. 1982, 44, 
105 

37 De Vries, H. I. Acta Crystallogr. 1951, 4, 219 
38 Fried, F., Gilli, J. M. and Sixou, P. Mol. Cryst. l.iq. Cryst. in press 
39 Samuels, R. J. J. Polym. Sci. A-2 1969, 7, 1197 
40 Brochard, F. J. Phys. 1979, 40, 1049 
41 Tsutsui, T., Tanaka, R. and Tanaka, T. J. Polym. Sci. Polym. Iett. 

Edn. 1979, 17, 511 
42 Tanaka, T., Mori, T., Tsutsui, T., Ohno, S. and Tanaka, R. J. 

Macromol. Sci.-Phys. 1980, B17, 723 

POLYMER, 1984, Vol 25, August 1077 


