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A NOVEL TECHNIQUE FOR DETERMINATION

OF A CHOLESTERIC SCREW SENSE

I.V. KURKOSOV
Physico-Technical Institute of Low Tempera-
tures, Knarkov, 164, Lenin Prospect, 47, USSR

(Submitted for Publication July 23, 1982)

ABSTRACT - The effect of the rotation of a
depolarized light scattering pattern from
the ring domains in a mixture of cholesteryl
chloride and cholesteryl nonanoate is obgser-
ved. It is suggested to use the depolarized
pattern rotation to determine the sense of
helix in cholesteric liquid crystal, dis-
playing the cholesteric-nematic transition.

A cholesteric liquid crystal (CLC) with po-
sitive dielectric anisotropy (AE >0 ) can exhibit
transition into the nematic phase at a certain

1’2. Inves-—

critical electric (or magnetic) field
tigations were repdrted3-5 of a CLC in the fields
above the critical one, ECN’ of cholegteric-nema-
tic (CN) transition. In particular, one can ob-
serve transient electrohydrodynamic instability
with circular domains, giving rise 10 characte-
ristic Hv and Vv light scattering patterns4’5.
This letter presents some results on the obser-
vation of a transient HV pattern rotation and
suggests a novel technique to determine the sen-
se of cholesteric twisting in a CLC with As>0 .
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The liquid crystals used were a mixture of
cholesteryl chloride (CC) and cholesteryl nonano-
ate (CN) in the weight ratio of 59:41., This cho-
lesteric mixture with A& >0 above Ty = 42 °¢
has the right-handed helix, below TN = the left-
handed one2. The Hv scattering patterns were re-
corded by the apparatus, similar to that desc-
ribved earliers. In addition to recording light
scattering patterns provisions were made for si-
multaneous examining the texture of the gcatte-
ring portion of CLC by microscopy.

In case of a single reversing cycle of the
DC electric field applied to a conventional elec-
trooptic cell (with transparent Sn0, coated sub-
strates) filled with the CC-ON mixture at E ;< Eq
no significant changes can be detected in the H
pattern of the field-induced striped domain tex-
ture®. (Here E, is the strength of the DC elec-
tric field at Which the reversal of the field
sign takes place). However, a series of reversing
cycles at E+3: ECN causes the appearance of a new
clover-leaf” type H, pattern, shown in Fig. 1a;
the overall distribution of the scattered light
intensity being similar to that of the spheru-
litic scattering patterns7’8. Photomicrographs
indicate that after a series of reversals the
gtriped domains split into isoclated defects which
form closed looped domains (Fig. 2a). Thus the
field-induced looped domains in the CC-CN mix-
ture are rings made of the stripes of the fin-
ger-print texture and the process of its forma-
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Fig. 1.

Fig. 2.

A NOVEL TECHNIQUE

(b)

The H'v light scattering patterns
obtained from the ring domain tex-—
ture of the CC-CN mixture before
the reversal (a) and after the re-
versal (b). E_ = 1.4 By, T =55 °C.

(a)

Photomicrographs of the ring domains
of the CC-CN mixture before the re-
versal (a) and after the reversal

(b). B, = 1.4 Eq» T =55 °C, 140 %,
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tion resembles that of bubble domains in the
large pitch cholesterics9'1o.

Light scattering pattern studies of the
field—-induced ring domein texture have shown that
the four-fould symmetry Hv pattern rotated to a
small angle (Fig. 1a,b) after a single cycle of
the field sign reversal prior to the appearance
of the Hv pattern of the transient electrohydro-—

dynamic instability’’>

+ The average value of ro-
tation of the dark crosses when observed by a
microscope appeared to be approximately 300,
while that of the HV pattern was smaller. The
direction of the transient Hv pattern rotation
(and that of the dark crosses of the ring do-
mains) was found to depend on the sign alter-
nation sequence of the DC field applied and the
sense of the cholesteric helix. Thus the diffe-
rence between the direction of rotation for the
right and the left helixes can be used as & sim-
ple method to determine the sense of cholesteric
screw in CLC exhibiting CN transition.

for application of the method proposed while
observing the texture of ring domains by a wmic—
rogscope one should change the sign of the field
at the top electrode from positive to negative.
In this case transient rotation of the dark cros-
ses of the ring domains is directed counterclock-
wise for the CLC with the right-handed helix (in
the CC-CN mixture at T>~TN). For the CLC with
the left-handed helix the same cycle of the sign
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alternation causes the clockwige rotation of the
dark crosses (in the CC-CN nmixture at T<:TN).
#hile changing the sign of the field at the top
electrode from negative to positive the transi-
ent rotation of the dark crosses (and that of the
H, pattern) takes place in the opposite direction.
As compared with the reported methods for the
sense of the helix determination by circular di-
chroisu'', optical rotation 2, double disclina-
tion spiral13
tortion of the scattered light intensity distri-
bution14, the proposed method (applicable to CLC
displaying CN transition) has some advantages:
no need of the Grandjean texture preparation and

y Oor by nmeans of analysis of dis-

no preliminary substrates treatment, rather in-
expensive instrumentation, and unambiguous es-—
timate. In conclusion it should be noted that

the direction or the dark crogs branches of some
rings doesg not coincide strictly with that of the
polarizer and the analyzer, indicating the pre-
sence of the media distortion 5. The average an-
gle of rotation was found to be independent of
the applied voltage in the range ECN'< E+‘and the
blocking of electrodes with insulating 13yers did
not eliminate the effect observed. Thus, we can
exclude the transit of injected carriers from one
electrode to another as a possible cause of the
Hv pattern rotation.

The author is pleased to express his grati~
tude to Prof. I.G. Chistyakov for the valuable
discussions.
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