
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Observation of an electric field-induced metastable blue phase in
supercooled liquid crystalline systems
H. Stegemeyera; M. Schumachera; E. Demikhovab

a Institute of Physical Chemistry, University Paderborn, Paderborn, Germany b Institute of Solid State
Physics, Russian Academy of Science, Chernogolovka, Russia

To cite this Article Stegemeyer, H. , Schumacher, M. and Demikhov, E.(1993) 'Observation of an electric field-induced
metastable blue phase in supercooled liquid crystalline systems', Liquid Crystals, 15: 6, 933 — 937
To link to this Article: DOI: 10.1080/02678299308036514
URL: http://dx.doi.org/10.1080/02678299308036514

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299308036514
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1993, VOL. 15, No. 6, 933-937 

Observation of an electric field-induced metastable blue phase in 
supercooled liquid crystalline systems 

by H. STEGEMEYER", M. SCHUMACHER and E. DEMIKHOVT 
Institute of Physical Chemistry, University Paderborn, 

POB 1621, D-33095 Paderborn, Germany 

(Received 21 April 1993; accepted 26 August 1993) 

In this preliminary communication, the influence of an electric field on the 
metastable blue phase BPS is reported. Experiments involved both supercooling of 
the BPI at constant applied field and increasing the electric field strength applied to 
BPS at constant temperature, and resulted in the observation of a new field induced 
metastable phase BPES. 

Among the three thermodynamically stable zero-field blue phases (BP), the low 
temperature one (BPI) can be supercooled with respect to the cholesteric phase to a 
large extent [l-31. Recently, we have shown that a new metastable blue phase BPS 
transforms reversibly from the supercooled BPI  [4,5]. The BPS is thermodynamically 
stable with respect to the BP I, but metastable with respect to the cholesteric phase. The 
BPS only exists in liquid crystalline systems with a smectic A phase and if the 
temperature range of the cholesteric phase is small. We could demonstrate that smectic 
fluctuations are responsible for the occurrence of the BPS [S]. In this preliminary 
communication we report the influence of an electric field on the supercooled BPS. 

Additionally to the conditions which have to be fulfilled for the existence of a BPS 
(high chirality, short cholesteric temperature range, smectic A phase), the liquid 
crystalline system must exhibit a sufficiently high dielectric anisotropy in order to 
obtain a strong coupling to the electric field. We found that a mixture of 35.4 wt% of the 
chiral compound CE 2 and 64.6 wt% of the smectic compound M 24 was a suitable 
mixed system for our experiments. The compounds were a gift of Merck Ltd, UK with 
the following formulae: 

4-(2-Methylbutylphenyl) 4'-(2-methylbutyl)biphenyl-4-carboxylate, CE2 [BDH] 

CH3CH2CH CH2 c." 
'0 C H 2 7 k  CH2CH, 

I 
CH, 

CH, 

4-Cyano-4'-n-octyloxybiphenyl, M24 [BDH] 

* Author for correspondence. 
t On leave of absence from Institute of Solid State Physics, Russian Academy of Science, 

Chernogolovka, 142432, Russia. 
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The mixture mentioned above exhibits the following phase sequence (temperature in 
T ) :  

S, 93.00 S,/chol 95.30 chol 96.95 BPI 97.45 I. 

The BPs were characterized by their Bragg reflections of visible light which have been 
measured by means of transmission and reflection spectroscopy in a microscope- 
spectrometer (Leitz Ortholux Pol I1 BK microscope combined with a computer 
controlled Jarrel Ash monochromator). The temperature was controlled with a 
modified Mettler F 5/52 hot stage. The I T 0  coated cells (E.H.C.) of 30 jm sample 
thickness were supplied with an AC electric field of frequency 1 kHz [6]. 

To study the influence of electric fields on the supercooled BPS, two kinds of 
measurements have been carried out: 

(i) Supercooling the B P I  at  constant applied electric field strength (E) .  
(ii) Increasing the electric field strength applied to the BPS at constant tempera- 

ture (T).  

In both cases the dependence of the BP lattice constants has been observed by 
measuring the Bragg reflection wavelength (AH). 

Figure 1 shows the temperature dependence of the selective reflection bands at four 
different applied electric field strengths. In order to be able to compare the results for 
different field strengths, it is necessary to keep an equal cooling rate; this was 
O.O1°Cmin-l. The Bragg wavelength of the ( 1  10)-peak in the region of the stable BPI  
(96.95OC-97.45OC) shows only a small shift for weak electric fields. Therefore only one 
curve is representative in this temperature interval. A saturation effect of the 
temperature dependence of 1, is observed in the metastable region of the BPI  [ S ] .  At 
Tz95.8"C at zero field, a jump in the Bragg wavelength was observed, indicating a 
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Figure 1. Temperature dependence of the Bragg reflection waveIength in the various blue 

phases formed by 35.4 w t x  CE 2 in M 24 for various applied electric field strengths. 
Cooling rate: 001°C min I. 0, E = O  V p n -  I; 0, E = 1.0 V p- '; 0, E = 1.4 V p- I; x , 
E = 2.0 v pm - 1. 
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transformation of the BPI  into the BPS. The time for complete relaxation of the BPS 
into the cholesteric phase in the zero-field experiment was several days at  T = 957°C. 
The Bragg wavelength maximum reached in the supercooled BP I increases with 
increasing field strength. Also the temperature of the phase transition into the BPS 
strongly depends on the field strength. For higher field strengths, the transition is 
shifted to lower temperatures and the temperature interval of BPS becomes smaller. 
Finally, the BPS does not occur at electric field strengths higher than E >  2 V pm- l. 

Figure 2 shows the electric field dependence of the lattice constant of the BPS for 
five different temperatures. As was shown in [4], after the phase transition BPILBPS, 
we can heat the BPS into the interval of the supercooled BPI  to the temperature of the 
phase transition cholesteric-BP I without any structure relaxation to the BPI.  We have 
now heated the BPS inside the temperature interval of supercooled BP I but far away 
from the two phase region cholesteric-smectic A, and measured the field dependence of 
the selective reflection. For weak field strengths, a red shift of the selective reflection is 
observed and the Bragg wavelength is proportional to E 2  (positive electrostriction). 
Further, for larger field strengths, a discontinuity of the function A,(E) occurs, 
combined with a sign reversal of the slope (negative electrostriction). These observ- 
ations indicate a field-induced phase transition, as has been observed in other BP 
systems [7]. For a review of electric field effects on BPs cf. [IS]. We call this new field 
induced blue phase, arising from the BPS in the supercooled region, BPES. The field- 
induced transition to the BPES has also been observed using the polarizing microscope 
and is demonstrated in the photomicrographs of figure 3. The Bragg wavelength of the 
BPES is also proportional to E 2 .  At higher temperatures (96.3"C), the BPS coexists 
with the BPES over an extensive interval (3.5-6.3 V2 w-~).  At the lowest investigated 
temperature (95.5"C), the BPES does not occur. The ends of the curves are in 
accordance with the transition to the cholesteric phase with the focal-conic texture. 
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Figure 2. Bragg wavelength versus square of applied field strength for the BPS formed by 

35.4 wt% CE 2 in M 24 at various temperatures. The lines are guides for the eye where & is 
proportional to E 2 .  + , T = 955°C; 0, T= 95.7"C; 0, T =  959°C; 0, T = 96.0"C; x , T 
= 96 3°C. 
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(4 ( d  ) 

Figure 3. Electric field induced phase transitions at T =  957°C: (a) 0 V pn- ', BPS + choles- 
teric; (b) 1.46 V p-', transition BPS to BPES; (c)  1.82 V pm-', RPES+cholesteric; (d)  
2.27 V p-', transition to the focal-conic texture of the cholesteric phase. 

Further observations characterize the BPES; heating of the BPES at constant 
applied electric field strength leads to a red-shift of the Bragg reflection wavelength, 
until finally the transition to BPI  occurs. As for the BPS, we can also observe an 
anomalous temperature dependence of the Bragg wavelength in the BPES. 

We can now generalize the statements given in [4,5]. Two features of the 
metastable blue phases have to be underlined which are anomalous with respect to the 
behaviour of the other stable blue phases [6-81: (i) the decrease in the lattice constant 
with decreasing temperature in the BPS and BPES and (ii) the sign reversal of the 
electrostriction during the transition BPS-BPES. The main results of [4,5] and of this 
paper relate to the evidence for the fact that the free energy of our system (blue phases in 
the vicinity of a smectic A phase) exhibits new local minima in the ?; E and q coordinate 
space (q  is the structural wavevector). We can reach these states during the process of 
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structure relaxation in the supercooled region of the BP I or by applying an electric field 
in the supercooled region. 

An important feature of the new blue phases is that these metastable states are 
observed in the vicinity of the smectic A phase. The effects of smectic fluctuations on the 
cholesteric phase could be described by taking account of a conical structural mode 
[9]. But in the conventional Landau theory of blue phases [9 ] ,  the effect of the conical 
mode results in a weak increase in the BP lattice constant with decreasing temperature. 
This means, that an explanation of the properties of metastable blue phases requires the 
application of qualitatively new ideas. Experimental development of this work should 
be a detailed investigation of the phase ordering process in chiral liquid crystals and 
this is now in progress. 

The authors are grateful to the Deutsche Forschungsgemeinschaft and the Fonds 
der Chemischen Industrie for financial support. 
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