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BLUE PHASE IN LIQUID CRYSTAL POLYMER MIXTURES

J.F. D'ALLEST, J.M. GILLI, P. SIXoOU
U.A. 180, Physique de la Matiere Condensée
Parc Valrose, 06034 Nice Cédex. France.

Abstract Blue phases are observed in mixtures of a

low molecular weight cholesteric and a nematic polymer.
Phase diagrams, optical properties and textures of
these mixtures are reported and compared to the case of
low molecular weight cholesteric-low molecular weight
nematic mixtures.

Blue phases, in conventional liquid crystals, are phases
which exist in a narrow range of temperature (a few degrees)
near the cholesteric-isotropic transition 1. The BP1

and BP2 blue phases have a cubic crystalline structure with
a glant unit cell. The structure results from a competition
between local geometry and the global properties of space.
The favorable local structure is globally unfavorable, in

other words there is "frustration of the cholesteric pha-
2

se An abundant literature exists on this subject, des-

3, -
cribing results from experiments 16 as well as theory17 21.
The main experimental studies concern pure cholesterics

or mixtures with nematics and treat thermodynamical proper-

ties and phases diagram512’13’14 as well as Ezlastic/m’/l1

or electric properties7'9 . The most important effort was
made on the optical properties of these materials in con-
nection with their Cristallinity4’5’6’15’18. To our knowled-
ge, no study has been carried out on liquid crystal poly-
mers. We present here the first results on the blue phase
of a polymer mixture. Our approach is simple : it consists

of considering a mixture of a conventional cholesteric
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in a conventional nematic, which shows blue phase in a cer-
tain range of temperatures and after, replacing the conven-
tional nematic by a nematic polymer of a relatively large
degree of polymerization. We study then the resulting modi-
fications of the phase diagrams, of the optical properties
of the blue phases in connection with the cholesteric pitch,
of the crystalline growth properties and more generally of

the textures.

EXPERIMENTAL

The conventianal cholesteric compound which was chosen is

the CE3 which general formula is

CH
3
Ctiz-CHo-Ei-CHy- ¢ & -8 Sc-0< 8 - 0-Cg H
3 CHy=g L 6 L 6H13
0

The cholesteric - BP1 transition temperature of this com-
pound is.164.5°C . The main chain nematic polymer used is

named DOA-S *. They are of the spacer-mesogen type

O.QN% N—Q> - 0= C—(CHp) g - €
|

The polymer sample used is a fraction ubtained from rough
synthesis of the polymer using the method of sclvent addi-
tion. Its polydispersity is between 1.2 and 1.4. For the
fraction selected for further studies Mn = 3400. The nema-
tic-isotropic biphase of this fraction ranges from 113°C
to 132°C. In crder to carry out some comparisons we also

have used a well-known liguid crystal PAA.

0
? —
CHy 0@— N N@ OCHs

x We are grateful to Profs R.B.and A.Blumstein for sup-
plying the sample of DDA-S.
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The nematic-isotropic transition temperature of this com-
pound is 135°C.

The samples were studied with anOlympus BHP polarizing mi-
croscope equiped with a Metler FP 82 hot stage and examined

by reflection microscopy between crossed polarizers.

PHASE DIAGRAMS

Figure 1 shows the phase diagrams of CE3 in PAA and in
DDA-9 3400. The concentrations correspond with the molar
fractions of repeating units. In both cases, the blue pha-
ses extend over a large range of concentration. In the case
of the polymer mixture the temperature of appearance of the
blue phase is lower. This is related to the relative values

of the isotropic-nematic transition temperature of the poly-

T

BLUE FO3
165 LEFD g2 gl

160 [ BLLE FO5

BP2

1.2,1/1S0TROPIC
. BIPHASE

155

IOLES IR \
CHOLESTERIC/1SOTROPIC |
BIPIASE
l'}()" 1 1 1 J.
Ces 5 19 15 20 25 (X pan
baa-9
FIGURE 1. e, Phase diagram of CE3/PAA

A Phase diagram of CEA/DDA-9 [Mn= 3400)
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mer and of the small molecule liquid crystal.0On another
hand the temperature range of the blue phase is greater in
the case of the CE3/0DA-38 mixture. One possible cause, of
this broadening is the polydispersity of the samples. In
the polymer mixture cone can also observe very clearly a bi-

phasic zone (BP1-Isotropic).

CHOLESTERIC PITCH

Fig. 2 shows the cholesteric pitch as a function of tempera-
ture for different mixtures of CE3 with DDA-9 3400. Numbers
above each curve indicate the percentage (molar fraction of
repeating units) of the nematic compound in the mixture.

Pure cholesteric CE3 shows the usual decrease of the reflec-

tion color with temperature.

A{nm)
550
500
450
60 80 100 120 140

FIGURE 2. Cholesteric pitch for CE3/DDA-3
(Mn = 3400) mixtures.

Numbers indicate the concentration of DDA-9
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Mixtures show different behaviour if the temperature of the
experiment is close to (or not) the anisotropic-isotropic
transition. Near the transition the pitch decreases more ra-
piedely with temperature.

Figure 3 compares, at 120°C the cholesteric pitch as a
function of the concentration of the nematic diluent for
both CE3/PAA and CE3/DDA-3 3400 mixtures. No significant

varition of the value of the cholesteric pitch is cbserved.

Ar A, (nm)

550

500

450

C

1 1 ' -
0 10% 20%  30% 0%  pAA
DIA-S

FIGURE 3. Cholesteric pitch as a function of
concentration.
120°C  CE3/PAA  Mixtures
120°C CE3/DDA-9 (Mn = 3400) Mixtures
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OPTICAL PROPERTIES

The most interesting property of the blue phases is the re-
flection of light for the individual platelets of a poly-
cristalline blue phase texture which fulfills the Bragg e-
quation for normal incidence.
Ak, 1 = 2 naztn? « K2+ 19172
= Reflection wavelength
f, k., 1 = Miller indices
n = refractive index
a = cublc lattice parameter

As shown by Pileransky and &l the direct observation of fa-

(?\m)

700

e
600 - \

16.8 AN 8,5
~ e \
500 L ~. \ 0

155 160 185

FIGURE 4. Bragg reflection wavelength for BP1 in the
case of
(-] CE3/PAA Mixtures (molar fraction)
(-3 CE3/DDA-9 (Mn = 3400) Mixtures
(molar fraction of repeating units)
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cetting in large crystals demonstrates that the symmetry of
BP1, in small molecule liquid crystal blue phases, is cen-
ter cubic.

Figure 4 shows the BP1 Bragg reflection :of the CE3-PAA mix-
ture as a function of temperature for different concentra-
tions. A quasi linear variation is obtained. The choleste-
ric-nematic CE3-DDAS 3400 system is also shown for compa-
rison. (dashed line).It can be noticed that two closed con-
centrations (for exgmple : 18.8% for the CE3-PAA mixture

and 16,8% for the CE3-DDA-9 mixture) give approximatively

the same reflection wave lengths,

TEXTURES

Platelet polycristailine textures are a function of the na-
ture and the concentration of the nematic polymer and of

the temperature. As gualitatively expected

FIGURE 5. Textures for the biginning and the end of
BPI

a, b CE3/PAA Mixture CIPAA) = 11,9%
c, d CE3/0DA~S 3480 Mixture
C (DDA-8) = 10%
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- For a given concentration of nematic solvent the
size of platelets increases with temperature.

- For a given nematic solvent the size of platelets
decreases when the concentration of nematic component
increases.

- At the same weight (or molar) concentration the size
of platelets decreases when considering the CE3/polymer
mixture compared to the CE3/low molecular weight mixture.
These results are related to a slower growth of crystalli=
tes when the polymer molecular weight increases. Figure 5
shows the charscteristic platelets for a CE3/PAA mixture

and a CE3/D0A-9 mixture.
CONCLUSION

Blue phase can be observed in a mixture of conventional
cholesterics with mesomorphic polymers. The characteristic
of these phase seems directly related to the phase diagram.
Other examples can be studied ; studies of blue phase in

pure polymers are in progress.
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