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We report a study of the dynamics of molecular reorientation and segmental mobility of a ferroelectric liquid
crystal in the smecti€* (Sm-C*) phase having 2-hydroxy-benzilidenianiline as the mesogen core@nd (
2-chloro-3-methylbutanoyl as the chiral terminal group, at different temperatures during electric-field-induced
switching between the two surface-stabilized states by use of a time-resolved Fourier-transform infrared tech-
nique. From polarized infrared spectra under static dc electric fields, details of mutual arrangement of different
molecular segments in the S@% phase have been obtained. Contrary to the usual expectations, the average
alkyl chain axis does not coincide with the mesogen axis and is less tilted with respect to the layer normal than
the mesogen. On the other hand, motion of the carbonyl groups is found to be strongly hindered and the
distribution function for the €0 bonds is not cylindrically symmetric with respect to the long molecular axis.
Time-resolved infrared measurements at different temperatures and voltages have revealed that, on switching
the polarity of the electric field, the hydrogen-bondeg=0O group moves with the mesogen which reaches
equilibrium orientations at a faster rate compared to the alkyl chain at the temperatures and voltages employed
in this study.[S1063-651X%97)09209-X

PACS numbds): 61.30~v, 78.47+p

[. INTRODUCTION the dynamical behavior of the system.
Despite the great promise of FLC’s having fast response
The surface-stabilized ferroelectric liquid crystd8S-  and excellent electro-optical properties, the detailed mecha-
FLC) in the smecticc* (Sm-C*) phase are some of the nism of field-induced reorientation of different segments of
most interesting liquid crystald_C) because of their poten- FLC's is not yet fully elucidated due to the complexity of
tial applications in high resolution flat panel displays and fastheir structure, and the nonavailability of suitable time-
electro-optic devicegl—6]. The physical and electro-optical resolved experimental techniques to probe structural details
properties of ferroelectric liquid crystal§LC) are strongly at the molecular level. As the vibrational frequencies are
dependent on their molecular shape and local environmentery sensitive to small changes in the bonding and geometri-
which determine the statistical distribution and equilibriumcal arrangement of atoms in molecules, infrared absorption
population of each conformational state of the moleculesand Raman scattering techniques can provide very useful in-
When a FLC in the SnG* phase is placed inside a cell of a formation about the conformation and hindered rotational
few wm thickness, the average long molecular axis alignsnotions of individual segments of LC molecules. During the
along two directions at temperature-dependent angles fromecent past, time-resolved Fourier-transform infrif€t-1R)
the normal to the smectic layers which are called the surfacespectroscopy has been developed and applied as a powerful
stabilized state$1,5]. By reversing the polarity of the ap- tool for investigating the dynamics of electric-field-induced
plied electric field, molecules can be switched back and fortlswitching of FLC's[7—-27]. Contrary to the commonly ac-
from one state to the other state at a fast speed in the micra@epted belief that the mesogéngid core and the flexible
second range. The electric field interacts with the polarizaalkyl chain reorient as rigid units in LC's7—13,15-17, it
tion and dielectric anisotropy of the molecules in the procesfias recently been observé®4] that in a chiral smectié
of electro-optical switching, which depends strongly on theliquid crystal, the molecular tails are less tilted than the cores
molecular conformation and orientational freedom of differ-with respect to the smectic layer normal and the reorientation
ent segments about the average long molecular axis. Specifiate of the mesogen is faster than that of the alkyl chain
cally, the alkyl chain orientation with respect to the rigid during switching. On the other hand, polarized FT-IR studies
core and hindered rotation of molecular segments like carbosn a series of antiferroelectric LC[25—27] revealed that all
nyl groups having large dipole moment located near the chithe molecular segments reorient simultaneously at the same
ral carbon are expected to play an important role in the emerate while the carbonyl groups in both the chiral and core
gence of spontaneous polarization and thus may influencgarts are hindered, though the polarization dependence of the
absorbance peaks of the=@ groups in the Sn&* phase
did not show much chand@5]. The other recent studies on
* Authors to whom correspondence should be addressed. nematic LC’s and liquid crystalline polymef22,23 have
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also explored the orientational dynamics and mobility of dif- P, Polarizer
ferent segments under applied electric fields. However, the @ Py
understanding of reorientational behavior in chiral 8-

phases _Of FLC's is far from.clear. ) FIG. 2. Schematic arrangement for the time-resolved infrared
In this work we report time-resolved FT-IR studies of measurements. | and 11 are the projections of the directions of the
electric-field-induced reorientation and segmental mobility inmolecular long axis in the plane of the cell windoWz (surface-
a chiral ferroelectric liquid crystal having 2-hydroxy- stabilized states of the FI)CA is the angle between the projection
benzilidenianiline as the mesogen core  andof the molecular long axis and the projection of the smectic layer
(8)-2-chloro-3-methylbutanoyl as the chiral terminal group, normal in the plane of the cell windowbroken line parallel to the
named VOHS, in the Sn&* phase at different temperatures rubbing directionZ), E is the direction of the applied electric field,
and voltages. Our studies have provided unambiguous evi is the direction of the infrared light?, and P, represent the
dence that the average alkyl chain and mesogen axes do rfutrizontal and vertical polarizations of the light, respectively. Inset:
coincide in the equilibrium state, the motion of the carbonylthe designations I and I.
group is strongly hindered, and its orientation is biased in
one direction with respect to the long molecular axis. Thematically shown in Fig. 2, where the horizontal broken line
time-resolved measurements clearly show that the messagilicates the projection of the smectic layer normal in the
reorient at a faster rate while the alkyl chains lag behind thélane of the cell windows, which is considered parallel to the
mesogen during switching at all the temperatures and applie@ibbing direction. The two surface-stabilized states are indi-

voltages used in this study. cated by arrows | and Il, which are the projections of the
long molecular axes in the plane of the cell windows in states
Il EXPERIMENT | and Il. The polarized IR spectra were measured under dc

applied voltages of 0, 5, @n7 V of both polarities at 83 °C
The chemical structure along with the phase transitiorand 75 °C. The polarization angle is taken as zero when the
temperatures of the investigated chiral ferroelectric liquidpolarization direction of the incident IR radiation coincides
crystal, VOHS8, are shown in Fig. 1. The synthesis of thiswith the broken line in the rubbing direction.
liquid crystal has been reported in RE28]. The introduc- Time-resolved measurements were made by use of the
tion of an OH group at thertho position of the aromatic same FT-IR spectrometer working in the asynchronous mode
ring increases its stability due to intramolecular hydrogerequipped with a boxcar integrat¢Btanford Research Sys-
bonding and the system exhibits a wider temperature rangeem SR 250 consisting of a gate circuit and a pulse delay
than the compound without the OH group in the &h- circuit. A rectangular electric field of-3, =5, and =7 V
phase on cooling from the smect#icphase. The sample cell and 5 KHz repetition rate was applied between the electrodes
consisted of two Bafplates coated with conducting layers of the cell from a function generatdkenwood FG-278
of indium tin oxide (ITO) and polyvinyl alcohol rubbed in The gate of the boxcar integrator was opened farsSafter
one direction. The thickness between the two plates, as d&n (n=0,1,2...) us from the rise of the voltage pulse.
termined from the interference fringe pattern, was adjusted t@ hus time-resolved spectra were measured from 0 tog00
3.7 um with a polyethylene spacer. The cell was filled from at intervals of 5us at a resolution of 4 cit by averaging
the melted sample by capillary action, heated to the isotropi00 spectra. As the largest intensity changes were observed
phase, and then slowly cooled down to a temperature in th&shen the polarizer direction was at 45° to the rubbing direc-
Sm-C* phase. temperature was controlled to an accuracy dfon, most of the time-resolved spectra were measured with
+0.05 °C with the aid of an Omron E5T thermocontroller this fixed position of the polarizer at 45°. We also measured
and Peltier element. the polarization-dependent spectra from 0° to 180° at delay
The polarized IR spectra on a well aligned monodomairtimes of 0, 20, and 10@s to investigate further details of the
of the sample were measured on a JEOL Model JIR-6508witching mechanism.
FT-IR spectrometer equipped with a JEOL Model IR-MAU  The spectra were corrected for a baseline using a nonlin-
100 microattachment and a meercury-cadmium-telluriunear spline function, and bands arising from the water vapors
(MCT) detector. The approximate size of the monodomainin the spectrometer were subtracted. In order to separate the
was in a several hundredm range. A wire grid polarizer overlapping bands, the IR spectra were curve fitted using the
was rotated about the axis parallel to the propagation direasRAMS program, and the areas and heights of the separated
tion of the radiation. The measurement geometries are schéands were used for further processing of the data.
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tion of the incident IR radiation and is taken as zero when
204 0° these two directions coincide. From these spectra, the di-
& chroic ratioD, defined as the ratio of the absorbances for the
parallel and perpendicular polarizations of light, for the ab-
sorption bands was calculated. The most probable assign-
ment[29] and dichroic ratios for the isolated and relevant
bands are listed in Table I. The high value of the dichroic
ratios for some of the bands associated with the mesogen
moiety shows that the degree of orientational order in the
Sm-C* phase is really high. However, one may notice from
Table | that the dichroic ratio for the-€O stretching mode

at 1292 cm? is 5.7, while it varies from 4.8 to 2.5 for the
benzene rings £C, and the €=N stretching modes, indi-

: — : : : : cating that the two benzene rings may be slightly skewed
3000 28001800 1600 1400 1200 1000 with respect to each oth¢B0]. The vibrational bands asso-
ciated with the alkyl chain modes exhibit dichroic ratios of
<1 due to disorder in the chain, which is supported by

FIG. 3. Polarized FT-IR spectra of VOH8 at 83°C in e higher wave numbers of the Grsymmetric (2854 cm’)
parallel (@=0°) and(b) perpendicular =0°) polarization geom- ~and antisymmetric (2929 cm) stretching modes, character-
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etries. Resolution, 4 cit; accumulation, 500 times. istics of substantial gauche conformations in the hydrocarbon
chain[31]. The C=0 stretching mode splits into two com-
Ill. RESULTS AND DISCUSSION ponents at 1771 and 1753 Chwhere the latter component

may arise from either the hydrogen-bondee=0O group
with the phenyl ring proton, or may originate from another

We shall first discuss the static FT-IR results for the FLCrotational conformation of the molecule. As the variation of
in the SmEC* phase to derive information about the mutual intensities of the two components shows different behavior
arrangement of different molecular segments in their averagduring dynamical switching, and based on the estimated ori-
equilibrium state. Figure 3 shows the polarized IR spectra asntations of the transition dipoles and dichroic ratios, we
a function of polarization angle for a monodomain of the believe that the second component at 1753 twriginates
sample in the Sn&* phase atv=0° and 90°. The polariza- from hydrogen bonding. We shall denote the 1771
tion angle w is defined as the angle between the rubbing1753 cm* components as arising from the=€D (free), and
direction (smectic layer normaland the polarization direc- C=0 (H-bonded groups, respectively.

A. Mutual arrangement of molecular segments in equilibrium

TABLE 1. Dichroic ratio (D) and vibrational band assignment for the relevant peaks in the infrared
spectra of VOHS liquid crystal in the Si@* phase.

Wave number (cmb)? D(A/A)) Assignment
2962m) 1.0 CH; asym. st.

2929s) 0.5 CH, antisym. st.

2901(sh 1.0 CH st.

2872m) 1.0 CH; sym. st.

2854m) 0.8 CH, sym. st.

1771(m) 0.2 C=0 st. (freg

1753w) 0.4 C=0 st. (hydrogen bonded
1621(s) 3.0 C=N st.

1577m) 25 phenyl ring €&=C st.

151Q5) 4.8 phenyl ring G=C st.

1469m) CH, def.

1292m) 5.7 G—O st.

1274m) 1.2 G—OH st.

1249m,sh 5.4 C—O st.

1186m) 4.0 phenyl ring G-C def.

1146m) 3.0 chain G-C st.

1117m) 3.2 phenyl ring G-C def.
1077w,sh 4.5 phenyl ring G-C def.

983m) 4.3 phenyl ring G-H in-plane def.
883(w) 0.4 phenyl ring G-H out-of-plane def.
831(w) 0.2 phenyl ring G-H out-of-plane def.

‘W, weak; m, medium; s, strong; sh, shoulder.
bsym, symmetric; asym, asymmetric, antisymmetric; st, stretching; def, deformation.
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O 2962 cm’, CH, asym. st.

A 2854 cm’, CH, sym. st.

+ 1771 em’, C=O0 st. free

@ 1753 cm™, C=0 st. H bonded

(b) FIG. 4. Polar plots of the peak absorbance
A(w) vs the polarization angle for the repre-

sentative bands from the alkyl chain and the

C=0 groups of the VOH8 in the Si&* mon-

odomain at 75 °C under dc electric fields @)

+7V, (b) 0V, and(c) —7V across the cell of

thickness 3.7um.

75°C,0V 75°C,-1V

In order to characterize and monitor the behavior of dif-tion while the absorbance due to the £éiretching mode at
ferent molecular moieties, we have chosen the comparativelygg2 cmt scarcely depends an. Most interesting of all of
isolated bands at 285€H, symmetric stretchingand 2962 these is the behavior of the peaks associated with t2€©C
(CH; asymmetric stretchingem™* for t_hle alkyl chain, 1771 groups which show maxima at different polarization angles
(vc—ored s @Nd 1753(vc—on-honged M~ bands for the chi-  tor the positive and negative polarity of the electric field. For
ral part, and the 1510uc_c), 1621 bc—y), and 983(phe-  gyample, at 75 °C and 7V, the A(w) maximizes at 30°
nyl ring C—H in-plane deformationcm* bands for the \yiie it shows maximum at 35° at 7 V. The estimated
mesogen part. In our system, the £gfoups are located in ncerainty in the measurement of the polarization angles
only the alkyl chain part and therefore it is possible to moni- ~< +1° so that the difference between 30° and 35° is
tor the alkyl chain movement distinctly without overlapping signiﬁcan,t. A similar effect was observed at 83 °C for elec-

of the bands from the chiral or mesogen parts. At zero apy ic fields of 7 aml 5 V of opposite polarity. As the transition

plied voltage, the mesogen bands show parallel dichroisril _
with intensity maxima at»=0° or 180° while the €O and moments of the 1510, 1621, and 983 cnbands are nearly

alkyl chain modes exhibit perpendicular dichroism with, parallel to t_he Iong.mesogen axis, the observed rotation .of
at w=90° or 270°. the absorption maxima of these bands between the positive
Polarization-dependent IR spectra of the sample in th&nd negative polarity of the electric fields by an angle of
Sm-C* phase were measured at 83 °C and 75 °C under dd@=58° at75°Cand 7V, 60° at 83 °C and 7 V, and 53° at
voltages of 0, 7, a5 V with positive and negative polarity 83 °C and 5V corresponds to the rotation of the mesogen by
for monitoring the relative orientation of the alkyl chain, the same angles. On the other hand, the absorption maximum
mesogen, and the chiral segments. The polarization depepf the CH, symmetric stretching band rotates Ay =48° at
dence of absorption peaks is conveniently described by polaf5 °C and 7 V, 54° at 83 °C and 7 V, and 44° at 83 °C at 5
plots where the peak absorbantéw) at a particular polar- V, respectively. These results are very significant and pro-
ization anglew is plotted as a function ab. Figures 4 and 5 vide unambiguous evidence for hindered rotation of the chi-
show the polar plots oA(w) vs w for the representative ral group, and nonlinearity of the alkyl and chiral chains with
peaks of the alkyl chain and the=80 groups; and for the the mesogen and molecular long axis. When the polarity of
mesogen bands, respectively, at 75 °C on application of dthe applied field is reversed, the alkyl chain rotates to a lesser
electric fields of+ 7 (a), 0 (b), and—7 (c) V. Itis clear from  extent than the mesogen, implying that the average alkyl
these figures that the absorbances of the bands from the threkain axis does not coincide with the average direction of the
segments attain their maxima at different angles of polarizalong molecular axis. The peculiar behavior of the=O

< 1619 em™, C=Nst.
V1510 em’, phenyl ring C=C st.
¥ 983 cm™, phenyl ring C-H in-plane def.

(b) FIG. 5. Polar plots of the peak absorbance

A(w) vs the polarization angle for the three
A 7 representative bands of the mesogen segment of

0 1806 Z %0 . . the VOHS8 in the Sn=* monodomain at 75 °C

O U s under dc electric fields ofa) +7 V, (b) 0 V, and

(c) —7V across the cell of thickness 3un.

270 270 270

75°C,+1V 75C,0V 75°C,- 1V
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phase at 83 °C under an electric fieldo6 V and 5 kHz repetition x
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bands clearly indicates hindered rotation of the-O groups 8 *g Ao
and the nonsymmetrical distribution function of the=© g 041 et ; o
bonds around the long mesogen axis. § §+ o e

For a ferroelectric liquid crystal in which the S@ Z, 0.2 1 % o 150
phase is obtained from the Sfm-phase through a second 4 % o8
order phase transition, the optical tilt angl€T) varies with 00— T T

temperature as 0 10 20 30 40 50 60 70 80 90100
delay time (M s)
O(T)=0o(Tc—T)”,
83°C, £5V, 5kHz

where 6, is a temperature-independent constant tilt angle, 1.0

T. (°C) is the Curie temperature for the SAr-Sm-C* tran-

sition, and the average value of the expongrig ~0.5 in a 0.8 - ©

limited temperature rangg6]. Moreover, the induced tilt -

angle increases linearly with the applied electric field. When 3 0.6 Oﬁo O wren
(T.—T) is ~10 °C, the tilt angled(T) becomes nearly con- E © éo A amss
stant. The rotation of the mesogen segment at different tem- = 0.4 4 005 + um
peratures and electric fields is in conformity with these rela- g % X s
tions, which are valid in the approximation of the whole 2024 § O e
molecule orienting as a single entity. The orientational mo- ¥ vt
tion of the alkyl chain and the-£-O groups appears to be a 0.0 @%. Y I* . 9*? .
more complicated process than can be understood from these 0 10 20 30 40 50 60 70 80 90100
relations. delay time (M s)

If we consider a vibrational modd which has a transi-
tion dipole momentu, oriented at a fixed anglery with
respect to the molecular long axis, which in turn, is ori-
ented at an anglé to the mean orientation, then the long
axis order parameter abontis given by[32]

83°C, £3V, 5kHz

FIG. 7. Time dependence of normalized intensity changes
(dA,) vs delay time for representative infrared bands characteristic
of the mesogen, alkyl chain, and the chiral segments of VOHS8 in
the SmEC* phase at 83 °C under an electric field of 5 kHz repetition
rate at(a) =7V, (b) =5V, and(c) =3 V.
whereP,(cod) is the Legendre polynomial of order 2, and
the angle bracket indicates average value. The dichroic ratifom which the mean orientation of the transition dipole mo-
for an absorption band with its transition dipole moment ori-ment with respect to the average long molecular axis is ob-
ented at an angley relative to the molecular long axis is tained as
defined as

S=(P,(cos))=3((3 cosh—1)),

cofay=1/32(D—1)/S(D+2)+1].

D(S,an)=A(0)/A(90) _
Since large values dD=5.7 and 5.4 were observed for
=[1+2P,(cosxy)S]/[1—2P,(cosay)S] the G—O stretching modes at 1292 and 1249 ¢nirom
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TABLE Il. Electric field strength, and temperature dependence of the reorientation imes) of
different segments for the VOHS8 liquid crystal in the $-phase.

Temperature 83 °C Temperature 75 °C
Applied voltage Applied voltage
Segment +3V 5V *7V *5V 7V
IC=0 free and 75 us 65 us 62 us 70 us 64 us
alkyl chain
ve_o H bonded 65 us 50 us 45 us 59 us 53 us
and mesogen
the terminal carbonyl groups, we can assume that the transi- B. Segmental mobility and dynamical behavior
tion dipole moment for these bands lies along the long mo- during switching

lecular axis(i.e., f126,=0). ForD=5.7 we obtain a value of In order to explore the possibilities of detecting confor-
0.61 for long axis order paramet& From the measured ational changes from the orientational changes during
dichroic ratio of the bands, we calculate the mean O”e”tat'oréwitching from one to another surface-stabilized state on
of transition dipole moments and obtain average values of change of polarity of the electric field, time-resolved FT-IR
as 51°, 75°% 90°, 28°, and 14°, for the oy at 1274cm",  gpactra with 5us resolution were measured at 83 °C and
vc—o (H bonded at11753 cm*, ve_o (free) at 1771 cm 1'1 75 °C at applied voltages of 3, =5, and+7 V of 5 kHz
ve—n at 1621cm”, and vc_c (pheny) at 1510 cm repetition rate. Figure 6 shows the time-resolved spectra at
modes, respectively. The-GOH group attached to the phe- g3 °c and+5V as a function of delay time from 0 to 100
nyl ring is H bonded with the €N and is expected to have ;s Each spectrum represents the absorbance change from
its transition dipole moment oriented nominally @ on  the spectrum at zero delay time taken as a reference. From
~60°. The calculated: values for other bands also deviate these figures one can see that almost all the bands change
from such expectations, indicating that the deviations frompeir intensity when polarity of the field is reversed, meaning
isotropic averaging for different functional groups about thethat all segments of the molecule participate in the reorien-
long molecular axis are not negligible. _ _ tation process. As the tilt angle varies with the applied elec-
The orientational behavior of the=€0 groups is particu-  tric field and temperature, we calculated the normalized ab-
larly interesting. If the €O groups rotated freely along the sorbance changesA, for a quantitative comparison of the
long molecular axis, the angular dependence of tke@C  reprientation rates of molecular segments at different tem-

peaks should be symmetrical with respect to the phémyl peratures and voltages as follows:
C—O0) peaks. On the other hand, if the motion of the=O

groups is hindered and if they oriented along the applied dA,=[A(t)—A(2)]/[A(1)—A(2)],

electric field perpendicular to the cell windows, no absorp-

tion would be expected from the=€O stretching modes. whereA(t) is the peak absorbance at timeandA(1) and

The experimental results indicate that the orientation of theA(2) are the peak absorbance values at the stabilized states |

C=0 groups is biased in a specific direction with respect to(before the application of electric figldand 1l (when the

the average long molecular axis direction with an asymmetrireorientation is completgd respectively. These plots also

cal position. Furthermore, the most probable orientation ofjive information about fractional reorientation of the seg-

the G=0 groups is not in the plane containing theaXis of  ments of the molecule at a particular time. Figurés),7and

the SmEC* phase. In other words, the orientational distribu-7(c) give the plot ofdA, vs delay time during the course of

tion of the G=0 groups is not mirror symmetric with the switching for selected bands characterizing the mesogen, chi-

tilting plane and the spatial position of the transition momentral, and alkyl chain segments at 83 °C-a8, £5, and=7 V

of the C=0 band is not symmetrical with respect to the amplitudes of the voltage pulse.

average long molecular axis. These figures make it clear that the reorientation from one
Based on these results, we propose the following statistate towards another state starts immediately on change of

model for segmental arrangement in equilibrium in the Sm+polarity of the applied field and after a certain time, the mol-

C* phase of the VOHS liquid crystal. The mesogen and theecule attains the second surface-stabilized position. How-

alkyl chain are tilted at different angles with respect to theever, the different segments reorient at distinct and different

smectic layer normal and the magnitudes of the tilts depentimes. Similar behavior was observed at 75 °C at applied

upon the temperature and applied voltage. The alkyl chaingoltages of+5 and£7 V. Table || summarizes the results

are not in the allrans conformation but have substantial of the effect of electric field strength and temperature on the

disorder as indicated by the presence of gauche conformaverage time for completion of reorientation of different seg-

tions. The rotation of the carbonyl groups is strongly hin-ments.

dered, and its orientation is biased in a unique direction in an For understanding these variations of reorientation times,

unsymmetrical position to the tilting plane. Reversing thewe recall that the temperature dependence of the intrinsic

polarity of the applied field rotates the=90 groups to a new electro-optic response timefor a SSFLC is proportional to

position which is not identical with the former position for [y,(T)]/[P(T)E] where y,(T) and P(T) are the

rotation of 180° around the layer normal, temperature-dependent reorientational viscosity and sponta-
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x " FIG. 8. Polar plots of peak absorban&éw)
o vs the polarization angle before and during the
dynamical switching of the VOHS8 in the S*
120 o phase at 0, 20, and 1Q@s at 83 °C and applied
voltage pulse oft7 V and 5 kHz repetition rate
for the selected bands characteriziagthe alkyl
chain and the €=0 groups(b) the mesogen seg-
ment.
(B)83C, £7V,20us
A & 162tem’ %
4 7 1510 (b)

180

(C)83°C, =7V, 100 us

neous polarization, respectivelg]. Both y,(T) and P(T) delay times of 0, 20, and 10ps at 83 °C and 75 °C and
decrease with increasing temperature pyvaries more rap- =7 V. A plot at 83 °C is shown in Fig. 8. A closer look at
idly than P and thus would affect at different temperatures. these polar plots indicates that the magnitudes of the absor-
However, it is the ferroelectric torque density-P-E) bance changes in the 0—2( range are slightly larger for
which, for moderate fields is larger than the dielectric torquethe C=0 bands than in the 20—1Q& range, while for other
density (~Ae,E?), and thus determines the response time inbands, the changes are of nearly similar magnitude. More-
which the FLC’s give rise to the field-induced reorientation over, the transition dipoles of the=€O groups have moved
of n on the tilt cone. Thus one can understand, at least qualiwith a net change in their orientation of 64°, which is larger
tatively, the observed shorter reorientation times for all thehan those of the core ban@0°), while the transition dipole
segments at higher temperatures and electric field strengthsf the CH, stretching mode has moved by a smaller amount
The hydrogen-bonded==0 group moves with the mesogen (55°) after the orientation is finished. This trend is consistent
and reorients at a faster rate at the employed temperaturgsth the static data and clearly indicates that the alkyl chains
and voltages compared to the alkyl chain and the freeGC move at a slower rate compared to the mesogen and chiral
group. However, these theoretical relations are applicable fogroups, even during the dynamical switching.
the molecules which are presumed to reorient as a rigid unit,
and it is therefore not feasible to estimate the reorientation
rates of individual segments.

We quantify the field-induced orientation rates by plotting  The various investigations carried out previously on chiral
the normalized peak intensity vs polarization angle at threderroelectric liquid crystals have indicated that the mesogen

IV. CONCLUSIONS



3060 VERMA, ZHAO, JIANG, SHENG, AND OZAKI 56

and the alkyl chains reorient simultaneously as rigid units aand the distribution function for the=€O group is not cy-
the same rate during electro-optical switching. However, outfindrically symmetric around the long mesogen axis.
polarization-dependent IR studies under applied dc electric During switching between the two surface-stabilized
fields and the time-resolved polarized IR measurements dustates, the hydrogen-bondee=D group and the core move
ing the course of switching between the surface-stabilizedogether and reach their equilibrium orientation at a faster
states of the chiral ferroelectric liquid crystal VOHS8 in the rate than the alkyl chain at all the temperatures and voltages
smecticC* phase have revealed the following significant in-employed in this study.
formation.
_Th_e average alkyl chal_n and the__me_sogen axis do not ACKNOWLEDGMENTS
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