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Helix unwinding of doped cholesteric liquid crystals
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By introducing benzoyl-benzene into a cholesteric liquid crystal, the helix unwinding voltage was
reduced. This reduction was roughly proportional to the concentration of the dopant and was present
for driving frequencies across the audio spectrum. It is believed that this voltage reduction is
primarily due to a perturbation of the intermolecular coupling in the liquid crystal mixture. It was
found that so long as the long-range order was not destroyed, the helix unwinding voltage could be
reduced by as much as 24% at 60 Hz. 2001 American Institute of Physics.
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Bistable cholesteric liquid crystal displaykCDs) are In this letter, we show that, contrary to Baessedtial.'s
characterized by high driving voltages. This makes the apresults, the helix unwinding voltage saturates at high fre-
plication of cholesteric LCDs to high information displays quency, with a smooth maximum at several hundred Hz.
difficult. In this study we examine the possibility of reducing This characteristic cannot be simply extended by Hurault's
the unwinding voltage by partial destruction of the ordertreatment® The spectral reflectivity and the frequency de-
parameter, which was accomplished by the use of additivegendence of the unwinding field were studied as a function
to the liquid crystal. In addition, we also examined the phys-of nonmesogenic dopant concentration. We shall use de
ics of adding such dopants by fitting the data to empiricalGennes and Prost's result adapted for the electric
theories. counterpart, and the corresponding dc unwinding field is

Helix unwinding of cholesteric liquid crystals was first given by
studied theoretically by de Gennes and Prasd by Meyer ,
Experiments on long-pitch cholesteric liquid crystals subse- Ey(0)= - [Amky,
quently confirmed the predictions that the pitch diverged v Po Ae ’
logarithmically at the critical field and the cholesteric— . . ) . )
nematic phase transition was observed. The influence of thwhere po is the_Unpertl_ered _pltcﬂgzz is the twist elastic
anchoring energy and the cell thickness on the helix unwingconstant, ande is the dielectric anisotropy. Since the_sp_ace
ing process was also revealed in the cano-Grandjean discfiharge effects are central to the electrohydrodynamic insta-
nation experimert. The minimization of free energy favors b||{t|es and the helix unwmd_lng, the f(_)llowmg empmcal_re-
the nematic phase if the thickness is less than the unpefation that has théa Lorentzian term is suggested to fit the
turbed pitchf For the parallel-plates configuration, the un- 8Xperimental datd’
winding actually occurs below the criticdlp ratio. Above V. (0 b2 n
this ratio, the cholesteric will develop a periodic pattern or v ()= u(0) (¢ “’272 L 9K /< “’272),
isolated fingers:® At an ac electric field, the problem be- { 1+t 1+0%%? Vito'r
comes complicated since ion segregation cannot be ne- ©)

glected, especially for liquid crystals of negative dlelecmcwhereg is a dimensionless quantity and it depends on the

. ‘8 . ot . . _
anisotropy’® The critical voltage exhibits a dispersive char material properties of the liquid crystal mixture whereas

acteristic in the frequency domain and it is lower than the o . . :
I i " . and « are empirical time constants associated with the un-
unwinding and Frederick transition voltages. It is known as

the Carr—Helfrich effect, which prevails in nematic and cho-W'.ndmg' These. are cc.)ns.lstent Wlt.h the hydrodynamlc relax-
S 10 ation of the helix unwinding at which at least two time con-
lesteric liquid crystals:

At the cholesteric—nematic phase transition, Baesselesrtants are necessary for the experimental fitting. Since the

et al. concluded that, based on Debye’s theory, the phasgltch is independent of the order parameter, the elastic con-

transition was caused by the interaction between the electr%tant and dielectric anisotropy expressed in order parargeter

field and the permanent molecular dipoles. The frequencf/ir
dependence is given by'? Koy= L, S,

@

1 (,()2
+—
(O

, (1) Ae=AenaS, @

] o ) wherel , is a constant determined by the Landau—de Gennes
whereEy(0) is the root mean squatems) unwinding field o4y ation and\ e, is the anisotropy at the perfect alignment
at zero frequency and, is the dipole relaxation frequency. gtemming from the polarizability of molecules. They do not
depend on the driving ac frequency. By combining E@3.
dElectronic mail: eewcyip@ust.hk and (4), the dc unwinding field becomes

EZ(w)=EZ(0)
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FIG. 1. Spectral reflectivity of 4um planar cholesteric doped at different FIG. 2. Ratio of the FWHM to the reflection peak vs the doping concentra-
concentrations of benzophenone. tion of benzophenone.
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where\ and(n) are the reflection peak and average refractive
Equations(3) and (5) are the main results that we want index, respectively. This relation does not depend on the
to confirm experimentally. In addition to being physically apparent pitch.
interesting, Eq(5) provides a means of reducirigy, . One Figure 2 shows the relative spectral shift as a function of
can reduce the helix unwinding voltage simply by reducingdoping concentrations. A systematic trend can be observed.
the order parameter. However, the order parameter shouldn the other hand, since the variations of reflectivity and
not be reduced so much that the liquid crystal property igeflection peak follow a similar pattern from 0% to 5%, it
also destroyed. So there should be an optimal valug of  can be deduced that the apparent pitch actually changes with
The effect of varying order parameter on the helix un-the doping concentration. This implies that the average re-
winding voltage was studied experimentally using standardractive index plays a minor role in comparison with the
sample cells. The LC cell was made with unrubbed polyim-apparent pitch. Therefore, it is direct confirmation that the
ide, which was spin coated on ITO glass with a pretilt of birefringence is influenced by the dopant.
about 2°. The cell gap was approximatelyu4n. The un- The frequency dependence of the transmittance in the
doped cholesteric mixture was made by dissolving 24.8 wt %eross polarization geometry was also measured. A laser
of left-handed S811 chiral molecules to nematic mixturesbeam at 543.5 nm was used to monitor the transmittance
ZL1-6204 (positive dielectric anisotropy from Merck. every second as the ac voltage was gradually increased. The
Benzoyl-benzenéenzophenoneof 99% purity was mixed null point in transmittance was determined as the unwinding
with the cholesteric as the dopant. voltage and was confirmed under an optical microscope. The
First, the effect of the dopant on the reflectance spectrurbehavior of the cholesteric—nematic phase transition ob-
was measured. For this measurement, the doped cholesteserved under the microscope at different frequencies was
cell was aligned at an oblique angle to the incident rays. Aquite interesting. At low frequency, the distorted helical
commercial xenon lamp system with good collimation and astructures are observed as vibrating energetically as the field
PR650 spectrophotometer were used. The spectral data wempproaches the critical value. The helical axes lie effectively
collected at a small angle offset from the principal reflectionin plane. Helix unwinding begins at the spacers and the nem-
direction. This was important in order to minimize the effectatic phase grows from there. At several hundred Hz, the mo-
of Fresnel reflections at air—glass interfaces. The incidention of domain boundaries becomes nonuniform. In this case,
angle was about 10°. A high voltage pulse at 1 kHz was usethe helix unwinding undergoes two stages. The initial stage
to reset the samples to the planar state first. A long delais similar to that at low frequency but the nematic phase is
time was allowed to make sure that there was no slow longot homogeneous. Distorted helical structures that resemble
time constant relaxation before the measurement was takean isolated fingerprint texture coexist and are unwound from
The results are plotted in Fig. 1. It can be seen that thehe finger-like tips.
reflection peak for the undoped case is at about 550 nm. This At high frequency, the helical structure vibration and the
peak shifts to shorter wavelengths as the doping concentranotion of domain boundaries are not noticeable. Stable to-
tion increases. The reflectivity and full width at half maxi- pological textures such as closed-loop and isolated
mum (FWHM) spectral width are also reduced. However, atfingerprint-like textures coexist and are readily unwound as
about 5% doping concentration, the reflectivity ceases tahe field increases. Saturation in unwinding voltage was ob-
change before it drops abruptly at higher concentration. Theious at high frequency. The actual cause of this saturation
peak in the latter case shows only a slight variation. Theand the smooth bump were not clear although we believed
percentage change in the peak reflectance wavelength fkat it should be due to the ion segregation and the non-
given by Newtonian viscous flow gradient in the deformed elastic me-
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24 served in 4-benzyl-biphenyl, diphenyl-2-pyridymethane, and
triphenyl-triazine. In addition, the cholesteric phase is de-
22 1 stroyed in all the doped cases when the dopant concentration
20 | is greater than about a few percentage. Therefore, we con-
m clude that this phenomenon is attributed to a reduction of the
g 18 order parameter.
) N '\mﬁ‘”um Figures 1 and 3 are important in determining the appro-
> 16 - S © 0% priate amount of dopants to reduce the helix unwinding volt-
S .o age. From Fig. 1, it is concluded that the doping concentra-
14 4 e q(3)-0% tion should not be higher than 5%, at which point the
o :gg;:i:f: reflectivity of the cholesteric liquid crystal display has de-
12 ' ‘ creased by almost 25%. From Fig. 3, it can be seen that at
10 100 1000 10000

4% doping concentration, the unwinding voltage is reduced
Frequency (Hz) by 15% at typical operation frequencies and more than 24%
FIG. 3. Frequency dependence of the rms helix unwinding voltage at dif-a_t lower frequenqesj This is a S|gn|f|pant .reductlon for
ferent benzophenone concentrations in wt %. bistable cholesteric displays where 6 is typical for the
helix unwinding voltage. For a @m cell, the unwinding

dium. Usually, they are significant at low and intermediatevor["’lge becomes 24 instead qf 36 V.
In summary, we have derived a formula that relates the

frequencies. At the unwinding voltage, the deformation and d d the hell indi | . hol
flow gradient are so large that the perturbation approache%r er parameter and the helix unwinding voltage in a choles-

breakdown and the interplay of these effects will make theteriC liquid crystal. The frequency dependence is also ob-

frequency dependence intricate. tained. These formulas agree quite well with experimental
In Fig. 3, the rms unwinding voltage was plotted as a

observation. The reduction in unwinding voltage of doped
function of the ac field frequency with different concentra- cholesteric was attributed to a perturbation in the order pa-

tions of benzophenone. The linémlid, dotted, and dashed rameter. Its extent depended on the structural and chemical
were theoretical fits using Ed3). It c;an be :seen that the properties of the doping chemicals. For benzophenone, it

agreement with data and theory is good. The values of thias shown that a small concentration of 4% could produce a
parameters used in the fitting procedure are listed in Table ﬁlzeable change in the unwinding voltage.
The shapes of the curves in Fig. 3 are very similar. Physi-  The authors thank Professor Vladimir G. Chigrinov of

cally, the reduction in the unwinding voltage can be ex-shypnikov Institute of Crystallography, Russian Academy of
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zophenone, which does not exhibit the nematic phase but hagsnorted by the Hong Kong government Industry Depart-
a rod-like structure, effectively screens the intermoleculaiyent.
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