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PHOTOINDUCED CHANGE OF CHOLESTERIC LC~PITCH

V. VINOGRADOV, A KHIZHNYAK, L.KUTULYA,
Yu.REZNIKOV, V.RESHETNYAK,

Inst.of Phys., Inst.of Surf.Chem., Kiev,
Pedagogical Inst. Chernigov, U.S.S.R.

Abgstract The effect of reversible shift of selec-
tive reflectivity band in induced cholesteric LC
under the lager irradiation is observed.

Conformational molecular transition caused by light
absorption is a reason of a type of the LC conforma-
tion optical nonlinearity (CNL)1. In nematics CNL shows
itself in the dependence of refractive index on the in-
tensity of light. This dependence igs conditioned by
changes of the polarizability of own molecules y and
the order parameter S near them under phototransforma-
tion®.

In cholegsterics change of the molecular conforma-
tion leads not only to another value of y but to cha-
ngeg of twigting power A and so to photostimulated
variations of cholesteric pitch P. This in turn resulis
in the sghift of cholegteric gelective reflectivity band
maximum, A maXB'

Purely this type of nonlinearity could be observed
in systems where cholesteric pitch temperature depen -
dence is negligible and laser heating does not affect
the effect

Photostimulated shift of gelective wreflectivity
band caused by reversible phototransformation of twig-

ting dopant molecules was detected in induced choles -
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teric with the weak dependence of P on temperature con-
sisted of cianobiphenyl matrix LC~807 and optically ac-
tive dopant (OAD) l-arimiden-mentanon. Phototransfor -
mation of OAD was induced at room temperature by HeCd
laser beam,its emission ( A =O.44:ﬁn0 falls at the ed-
ge of dopant absorption band and matrix transparency
region.

According to 4 under light absorption alike OAD mo-
lecules biphenyl fragment turns about C=C bond. Undex
this condition twisting power of the OAD molecule de -
creases which causes the increasing of the piteh siep.
It shouldbe noted that the origin of the OAD photoiso-
merization is not yet established. For instance, it is
not yet clear why despite high - activation energy nece-
ded to turn the fragment around C=C bond ( = 170 kJ -
-mol-1) the igomerization process is revergible.
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FIGURE 1

Under He-Cd laser intensities I = 0.3 W/cm2 medi -
um heating evaluated using the expresgion T= &,P2I/’
/R®e? (4 =10cm" 'is system absorption coefficient, %=
> 2.5.1072W/cm.K is thermoconductivity coefficient, p=
~0.05 cm is the beam radius) is about 0,1K.Thiscould
not be sufficient to change P, which value practically
is independent of temperature at room temperature ra-
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nge (fig.1).

Changing of P was observed as variation of trans -
mission and reflectivity of circularly polarized He-le
lager testing beam directed pervendicular to the cell.
As He-lle laser wave lensth A=0.63 pm falls into the
trensparency vegion of the matrix and dopant molecu-
les, radi=ting of the system does not change ﬁ , T
and P values.

Experiments were performed with planar sample, the
cell thickness L was 50 pm, steady-state cholesteric
pitch P = 0.32 un (at I=0).
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PIGURE 2

Pig.2 shows the dependence of gteady-state value
of P versus laser beam intensity I. It is linear wi -
thin experimental accuracy, tangent of the tilt angle
characterizes system gsensitivity and 1is treated as
the effective parameter of cholegteric CNL, Evaluati-
on performed shows that its value is not legs then
the order of magnitude larger then the thermal non-
linearity parameter for ordinary cholesteric without
OAD, whose P(T)-dependence is rather strong.
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The kinetics of the increasing of the cholesteric
pitch P({) is nonexponential and complicated (fig. 3):
the effective process starts after a while and this
time lowers linearly with intensity increasing. After
switching off theexcitatlion relaxation of cholesteric
pitch behaves similarly.

In order to interpret the results obtained one ne-
eds to solve a problem of director distribution at the
cell with planarly orienting surfaces taking into ac-~
count that steady-state value of PO in infinite sample
dependg on the light intensity I.
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FIGURE 3

At anchoring parameter § =WL/K>» 1 (K is  PFrank
elastic congstant, W ig an anchorig energy of cholegte-
ric with orienting surfaces) the solution gives the
following expression for cholesteric pitch wave-vector:

_ Sim on
@ = ZRAL1/§) = (Qr —= 8 T(D), (1)

As the change of cholesteric pitch a P& P, 50 we can
write following expression for P=2n/Q:
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P x

~ aQ /4N
2 (1 - o A:N(Ij . (2)

T l11/5)-0,\ TE+1/5)

In these expressions Qo= Q in infinite gample, m =
= B1-2/§)LQ/%] is an integer part of the numerical va-
lue in brackets, ]l is a stereoisomer concentration pro-
portional to intensity I. It is obvious that value of
Q in the cell differs from that in infinite sample and
changes linearly with intensity increasing which is
congistent with experimental data. When wave-vector
value reaches some critical magnitude at which szQm+1,
it abruptly changes at W(1+1/§)/L and then is going on
linear change versus intensity. The number of such ste-
ps 1s determined by light intensity and the width of a
single zone Qm+1—in=7F/L. At the limits of one zone
paramete& of nonlinearity is proportional to anchoring
parameter § .

Kinetics of transition to a steady-state Q-wave de-
pends on the initial value of Q(t=0) and the ratio
ti/tn, where t; is stereoisomers lifetime, t, is a re-
laxation time of direcitor field. If the light intensi-
ty is such that Q(t=0) and Q(t=o0 ) belong to the same
zone and ti<< tn’ the Q(t)-dependence is determined by
tn. At the intensities for which abrupt change of Q ta-
keg place, the decreasing of Q divides into two stages.
At the first one, limited by time during which stereo-
igsomers concentration reaches the value corresponding to
Q,» () is also determined by .. Then Q  jumps up to
the value of Q+ 7 /L and again Q(t) depends on the mag-
nitude of tn, until Q become equal Qm+1' With intensi-
tv increasing the time of aehieving the critical Q -
values decreases,
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Experimental results can be qualitatively descri-
bed in frames of the suggested model taking into acco~
unt that the change of P=8¢10"° m in our case is

much more larger then a single zone width Pm+1"Pm ~

1%/21/—‘:9-‘10—'4 me As a result dependences P(I) and P(t)
turn out to be monotonic.

In order to reveal experimentally "zone" structure
of the P(I)-dependence it is convenient to study samp-
les where the number of cholegteric helix steps is
comparable to the cell thickness. At this case the zo-
ne width is about PO/Z and also comparable with vari-
ation 1limit of & P.

In conclusion it should be pointed out that systems
discussed are quite perspective for optical data pro-
cessing, because they necd no temperature stabilization

and have high sensitivity,
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