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Electric field effect on phase transitions in liquid-crystalline blue-phase systems
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Department ofPhysical Chemistry, University of Paderborn, D-4790 Paderborn, Federal Republic of Germany

(Received 5 July 1984)

The influence of an electric field on the phase-transition temperatures of cholesterogenic mixtures CB
15/M 18 exhibiting blue phases (BP) has been investigated. From temperature-voltage phase diagrams it

can be seen that the transition temperature BP I/cholesteric depends on the field strength E, whereas that
of BP II/cholesteric does not. The effect AT(E) can be understood by means of the Kirkwood-Helfrich
equation considering the nonlinear field dependence of the BP I permittivity.
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FIG. 1. Electric field-temperature phase diagram of a mixture

CB 15/M 18 (with 47 mo1% CB 15); sample thickness 12 p, m.

Blue phases (BP) are thermodynamically stable liquid-
crystalline phases which exist in a very small temperature
range ( ( 1 K) close below the clearing point. " They only
occur in cholesterogenic systems with a sufficiently small
helical pitch (p & 700 nm). 3 Because of their optical isotro-
py and several other physical properties2 as well as from
theoretical considerations4 it is accepted that BP possess a
molecular axis distribution function of cubic symmetry.

Bearing in mind that the helical pitch in cholesteric liquid
crystals can be changed by the application of external fields5
we studied the phase behavior of BP systems under the in-
fluence of an electric field. We used mixtures of the BDH
p-R -p'-cyanobiphenyls M 18 [R = C6Ht30) ] and CB 15
[R = C2H5CH(CH3)CH2] similar to those of former investi-
gations. The mixtures were prepared in tin dioxide coated
glass cells with 12-p, m Mylar spacers driven by a square-
wave ac voltage source (200 Hz) in a Mettler heating stage
FP 52. The phase transitions have been observed parallel to
the field direction by a polarizing microscope Leitz SM-Lux
Pol. As an example the temperature-voltage diagram of a
mixture CB 15/M 18 with 47 mo1% CB 15 is given in Fig.
1. On increasing temperature at zero field we observed two
BP's above the cholesteric region and a rather broad two-
phase region BP II + iso below the clearing temperature.
On increasing field strength E the well-known cholesteric-
to-nematic transition has been observed at slightly tempera-
ture dependent threshold fields E, ( T) (Ref. 5) which
deserves no further discussion in this paper. From Fig. 1

one can see that BP I as well as BP II will be transformed

into the cholesteric phase by application of an electric field
at field strengths Eqp/, h ( E,. For the BP II it was found in
all mixtures under investigation that Eqp/, & was temperature
independent (cf. Fig. 1) but linearly dependent on the in-
verse cholesteric pitch. The phase transitions BP I/BP II
and BP II/isotropic are independent on the applied field
strength within the limit of experimental error. From this
result it follows that a phase transition BP II/BP I cannot be
induced by an electric field contrarily to the conclusion of
Heppke. ~ The temperature of the BP I/cholesteric transi-
tion, however, has been found to increase on increasing
field strength. Consequently, the BP I range of existence
decreases with increasing field strength.

In an earlier paper Helfrich has reported the effect of an
electric field on the nematic-isotropic phase transition tem-
perature which has been discussed in terms of a relation
first mentioned by Kirkwood. We give the Kirkwood-
Helfrich equation in a slightly modified form using the
molar phase transition enthalpy AH as well as SI units:

TpM
(a2 —et)~oE' .

2 pAH

5 T is the temperature shift at a field strength E with respect
to the transition temperature Tp at zero field, M is the
molar mass, p is the density, ~p the field constant, and 6~, &2

are the permittivities. of the two phases under discussion.
From Eq. (1) it follows immediately that the temperature

shift 5 T at a given field will be the larger the lower AH and
the larger e2 —~~ is. In the case of the cholesteric/BP I tran-
sition a value of AH=50 Jmol ' has been measured'
which is only about one tenth of the value in Helfrich's sys-
tem

According to Eq. (1) the value of b.e =e h t esp must be
estimated from the cholesteric permittivity perpendicular to
the helical axes (e,h t) and that of the BP I (esp) which
must be isotropic because of the cubic phase structure.

These values have been obtained as follows: . For the
nematogenic compounds M 15, M 21, and K 15 (BDH
designations) which are very similar in molecular structure
to M 18 and CB 15, the permittivities ~~ = 18 and e2= 6 are
known parallel and perpendicular to the nematic director,
respectively. " If we use e h t = (~et+e2) and esp= 3 (et
+ 2a2) according to the Vuks relation'2 we obtain Ae
= ~(e, —a2) =2. Inserting this value, a density p=1, an

average molar mass M = 214 and a field strength of
E=4x104 Vcm ' in Eq. (1) results in b, T=0.2 K. This
temperature shift has been observed approximately in all
the systems under investigation (cf. Fig. 1). It should be
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mentioned that the smaller AH value compared with
Helfrich's system enabled us to apply smaller field
strengths than in his experiments. Thus we avoided elec-
trohydrodynamical effects and obtained the phase transition
temperatures by observation of static textures in the polariz-
ing microscope.

From Eq. (I) one can understand why the transition tem-
peratures for BP I/BP II and BP II/isotropic have not been
found to be field dependent. The phase transition enthalpy
AH for BP I/BP II actually has been found to be similar to
that of cholesteric/BP I."o As both BP's show a cubic
structure their permittivities, however, are expected to be
quite similar resulting in a value of De=0. AH for the BP
II/isotropic transition is much larger than for BP I/BP II and
cholesteric/BP I. Additionally, the difference of the permit-
tivities should be rather small. Consequently, the 6 T
values resulting from Eq. (1) for both transitions are ex-
pected to be so small that they cannot be detected by our
experimental method. According to Eq. (I) the tempera-
ture shift 5 T is quadratically dependent on the field strength
E. In Fig. 2 we present a log-log plot of AT versus the ac
voltage U for three different CB 15/M 18 mixtures. Con-
trary to Helfrich's result we found slopes of the curves
smaller than 2 (m (2). That means that the quadratic
field dependence of Eq. (I) does not hold for the
cholesteric/BP I transition. This result can be understood if
we assume that AE'= 6 g z —Egp decreases on increasing field
strength. First, we wish to demonstrate that ed, q is field in-
dependent under our experimental conditioris: The field
strengths at the BP I/cholesteric transition E~p~d, are always
much smaller than the threshold field E, for the
cholesteric/nematic transition (cf. Fig. 1). The maximum
value we found is Eapgr, /E, =0.56. From the results of
Kahn'3 giving the cholesteric pitch p as a function of E/E,
we derive that p in our cases is only 2% larger than po at
zero field. Consequently, ~,q q can be taken as field in-
dependent. ~~p, however, seems to depend on E: Recent-
ly, we reported that the cubic structure of the BP I can be
distorted by an external electric field inducing an optical
biaxiality. ' This field-induced anisotropy of BP I has been
explained in terms of a nonlinear electro-optic effect. We
expand the BP I permittivity Egp in powers of E

EBP 6BP+ 41E+42E + (2)

Gap is the second-rank permittivity tensor at zero field;
and g2 are tensors of third and fourth rank, respectively.
in Eq. (2) exhibits the symmetry of the piezoelectric tensor
which vanishes in all centrosymmetric crystal classes and in
the class 432.' There are strong experimental evidences
obtained from morphological studies of BP I liquid single
crystals that the BP I belongs to the space group I 4~32.'

Thus, all terms with odd powers of E must be canceled in
Eq. (2). Inserting Eq. (2) after this correction into Eq. (I),
we obtain

~T= Cl( d, i —ap)E' —(2E'—
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FIG. 2. Shift of the cholesteric/BP I transition temperature vs ac
voltage 6 T=constx U~ (log-log plot) of CB 15/M 18 mixtures (k
47, ~ 52, 5 57 mol'jo CB 15); sample thickness 12 p, m.
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with C = TOMeo/2phH. It follows straightforward from Eq.
(3) that the field dependence of AT is not quadratic as in
Helfrich's system (where the permittivities of the nematic
and the isotropic state can be taken as field independent)
but can be described formally by an exponent m ( 2 as
shown in Fig. 2.

Recently, Motoc and Honciuc'8 investigated electric field
effects on phase transitions in cholesteric systems. They
observed a strong decrease of the cholesteric nucleation tem-
perature in a supercooled blue phase. These results cannot
be discussed. in terms of Eq. (1) because they are not ob-
tained in an equilibrium state which immediately can be
seen from the wrong sign of ATand the value of ETwhich
is about two orders of magnitude larger than expected from
Eq. (1). It should be emphasized in this connection that
our phase transition data have been obtained on increasing
temperatures to avoid the well-known supercooling of the
BP I '
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