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Molecular orientation and the infrared dichroism of a chiral smectic liquid crystal
in @ homogeneously aligned cell at different temperature and bias fields
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The molecular orientation and the dichroic behavior of the vibrational bands of a homogeneously
aligned helical cell containing chiral smectic liquid crystal(rR)-(-)-1-methylheptyl  4-
(4'-dodecyloxybiphenyl-4-ylcarbonyloyyB-fluorobenzoate are studied at various temperatures as a function
of the bias field. These temperatures correspond to the various phase states of the sample at zero field. For
those bands that exhibit significant dichroism, the field dependencies of the dichroic pardthetelishroic
ratio and the polarization angle of maximum absorbarmce found to be dependent on temperature, phase
state, and helical unwinding. For the 8imand SnC* phases, the phenyl band dichroic ratio and the corre-
sponding orientational order parameter are found to be almost independent of the bias field. The temperature
dependence of the orientational order for zero field is discussed by taking into account the structures of the
phases and the molecular tilt angles. The field dependencies of the phenyl band dichroic parameters for the
SnCjh and SnC’; phases yield results about the distribution of directors in the layers of their unit cells and the
state of helical unwinding. The azimuthal orientational distribution function of the carbonyl transition moments
with respect to the long molecular axis has been determined. It is found that the degrees of the polar and
quadrupolar biasing increase with decrease in temperature and the azimuthal biasing angle for the chiral
carbonyl group increases significantly with a reduction in temperature.
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[. INTRODUCTION spr3 designate the subphase regions or subphases in the tem-
perature intervals between the respective neighboring phases
The determination of the molecular arrangement in thdn this sequence. In our earlier works, we called a ferroelec-
various phases of ferroelectric and antiferroelectric liquidtric phase in the subphase region sprétween the ferroelec-
crystals(FLCs and AFLCs in aligned cells is an important tric smecticC phase (Si8*) and the antiferroelectric phase
problem not only for the correct identification of these AF]the FiLC subphasE8] and also the S®@f; phasd9]. It
phases but also for advancing the understanding of the physinay be stated that the phase sequence exhibited by a particu-
cal processes that occur in samples when subjected to exteéar compound depends on the compound itself, its optical
nal conditions. These include temperature, electric fieldpurity, and the boundary conditions of the cell configuration
boundary effects, surfaces, etc. Recent studies on free stan@cluding its thickness. A compound in a given cell configu-
ing films by x-ray scattering1] and ellipsometryf2,3] con-  ration may not therefore exhibit all phases and subphases as
firmed the existence of two-, three-, and four-layer periodici-mentioned abov§s,7]. A field across the cell can also induce
ties in the chiral smectic phase§, (SmC}), SnC’; phases by disturbing the energy equilibrium between the
(SmCE1), and AF (SnCf,), respectively. These studies ferro- and the antiferroelectric ordering, and can introduce
have shown that the structures of phases with well definedtructural transitions in a sample by unwinding the helical
layer periodicities follow the deformed clock model. Work structure and by affecting the chevron, bookshelf, and
on homeotropic aligned samples using ellipsomé®yand  twisted structures.
optical rotatory powef4,5] has shown that the distortion  The electric-field dependencies of the various physical
from the one-dimensional Ising model is very small and inproperties(for example, the conoscopic image, apparent tilt
the case of S@F,; and SnC¥, the distortion angle is less angle, effective macroscopic polarization, dielectric, pyro-
than 10°. Fukuda and co-workel8,7] gave a possible gen- electric, and electro-optic measurements,)eace used for
eral sequence of ferro-, ferri-, and antiferroelectric liquid characterizing the phases at zero field, for observing the
crystalline phases for chiral smectic materials on coolingfeld-induced phase transitions, and for investigating the
from the paraelectric smecti& phase (S*) as follows:  flyctuations and spatial distribution of the molecular direc-
SMA* —SnC}, —SnC* —spr1—-AF (Sitf;,)—spr2—Sit}  tors in a cel[10,11. Fourier-transform infrare¢FTIR) spec-
(SMCE,,)—spr3—Sme; . The abbreviations sprl, spr2, and troscopy is a powerful technique complementary to some of
the techniques mentioned here. Polarized FTIR spectroscopy
is used to analyze anisotropic organic materials, including
*Permanent address: Research Institute of Physical Problempplymers[12] and liquid crystal§13—18. The existence of

Moscow, 124460, Russia. biasing in the azimuthal distribution of carbonyl groups
TAuthor to whom correspondence should be addressed. Electron@bout the long molecular axis was confirmed for unwound
address: jvij@tcd.ie SmC* structures from the IR dichroic behavior of the phenyl
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and carbonyl bandgl3-18. Polarized time-resolved FTIR and phase sequence under slow cooling is investigated.
spectroscopy has been used for studying the dynamics of th /O o

molecular reorientation in FLCs and AFLCs under alternat- _._._

ing electric fieldd13,18. Studies of homeotropically aligned C1zHps0 @ @ <0 /< /CH3
cells may give information about the validity of the distorted O—C{_ CeHy3
Ising model or the distorted clock model for the short-pitch F H
structures of various smectic phases as well as about the

biased orientational distributions of directors for rather low Iso — SmA* — SnC} — SnmC* — FiLC — AF

electric fields. 106 °C 945°C 93°C 92°C 855°C
The rotational bias in the azimuthal distribution of the — SmCy — SmC, — cryst.
carbonyl groups about the molecular long axis was found 80.5°C 77°C ~55°C

from the investigations of the infrared dichroic d@i&] for . _ _ .
the SnC%; phase(designated as FiLC in Rei8]) existingin ~ This compound was resynthesized in HW.K.) with a
the temperature range between Gmand AF (SnCf,) higher optical purity in comparison with the sample used
phases in a chiral smectic liquid crystdlC) (R)-(-)-1- earlier in [8,17]. This is _conflrmed by the existence of a
methylheptyl ~4-(4-dodecyloxybiphenyl-4-ylcarbonyloyy ferroelectric phase S8f, in thg temperature range between
3-fluorobenzoate. The degree of rotational biasing was foun§MA* and SnC* and a ferrielectric phase SIjj over a
[17] to be rather low compared to those in other FLCs and€latively extended temperature interval. The given phase se-
AFLCs studied so faf15,16). The orientational order param- guence was determined from measurements of the pyroelec-
eter for the ensemble of molecules can be determined frorffic response in a cell of 1am thickness on cooling at a rate
the IR dichroism of the phenyl band at wave numberof 0.1°C per min 19]. However, dielectric studies show that
~1600 cm %, the transition moment of which is almost par- the AF phase is suppressed by the surfaces in a thin enough
allel to the molecular director. The rotational orientationalCell (thickness<8 um) [8], and the temperature range 85.5—
distribution of the molecules is determined by solving a se0.5°C corresponds to the adjacent phases Fit@2-
of equations for the dichroic data of the phenyl and othe5 °C) and Sn€C’ (85—~80 °C). This result is important for
bands. For the latter the transition moments should mak#e FTIR transmission technique at normal incidence since
large polar angles with the molecular long aki$—17. Al- the absorbance profiles of strong IR bands for well aligned
though in a homogeneously aligned helical cell at zero field-C cells can be measured with sufficient accuracy only if the
the averaged orientation of the molecular directors is obcell thickness does not exceed 7u81.
served to be almost similar for different tilted phases due to A homogeneously aligned sample of the compound was
the helical structure, nevertheless the response of the L@repared by a method similar to that describefllifi. A cell
sample to the electric field is dependent on the phase state @ 6 um sample thickness was made using Cafndows
zero field. For infrared absorption spectroscopy, the responggated with a thin conducting layer of indium tin oxid&O)
of a planar LC cell is observed in terms of the changes in th@nd an aligning layer of nylon 6,6. The latter was spin coated
parameters of the anisotropic absorbance profile. These a@yer ITO electrodes using a solution in methanol and dried at
the dichroic ratios and the orientations of the symmetry axed00 °C. Both substrates were rubbed in one direction. A
of the absorbance profile. bookshelf structure was obtained for the sample between

In this paper, polarized FTIR spectroscopy is used forCaF, substrates. Nevertheless, a striped-bookshelf layer
structural studies of a chiral smectic liquid crystal in a thinstructure was obtained for the same FLC compound when a
homogeneously aligned helical cell. The absorption anisoteell with ZnSe substratgd 7] was used. The homogeneity in
ropy of several characteristic vibrational bands is investithe sample’s structure was examined using polarized optical
gated for various temperatures and electric fields. The obmicroscopy. After cooling the sample to the 6 phase at
served voltage dependencies of the dichroic parameters fa@ero field, the chevron structure was transformed to a book-
various phase states at zero fiélé., the sample at different shelf structure through application of a sufficiently large
temperaturesare interpreted in terms of the molecular ori- electric field. The cell of gum thickness exhibited a helical
entational distribution of the directors in the various layers.structure for the tilted phases at zero field.
The experimental dichroic data for the field-inducedGm The absorption spectra in the wave number range
phase for the unwound structure are used in determining th£000—4000 cm' were measured at several temperatures
biasing parameters of the azimuthal distribution function of(see Table )l using the experimental setup as bef¢t&].
the carbonyl transition moments as a function of temperalemperatures were chosen to lie within the temperature
ture. A systematic determination of the dichroic and biasinganges that correspond to 8, SnC¥*, SnC*, FiLC,
parameters, as a function of both temperature and bias fie@mC? , and SnCj . Figure 1 shows the schematic of a LC
for a compound that exhibits several phases, is carried outcell in the laboratory coordinate system. An IR polarized
beam is incident normally on the windows of the cell. The
orientations of the molecules and the transition moments are
described by the angle®, ¢, 8, and y. The smectic layer

A chiral smectic liquid crystalRr)-(-)-1-methylheptyl 4- normal in a cell was found from the absorbance anisotropy
(4’ -dodecyloxybiphenyl-4-ylcarbonyloyB-fluorobenzoate  of the phenyl band for the SAf phase at zero field. A
(acronym 120F1My with the following structural formula signal-to-noise ratio greater than 2000 was achieved by av-

Il. EXPERIMENT
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TABLE |. Dichroic parameters Q,,,(0), Qna{Ug, and / 2
AQ ma{Ug for the bands at 1604, 1722, and 1747 ¢rfor a 6 um °
cell of 120F1M7 at several temperatures. %
12
T Phase for Band Q,200) QunafUd AQua(Ud Us 2
(°C) zero field (cm™)  (deg (deg (deg V) <
1604 05 148 14.3 s = 350
94  smC* 1722 90.7  101.4 10.7 ~50 270
1747 0 25.9 25.9 180 g?'\
1604 -0.7 16.7 17.3 { A\
925 Snc* 1722 88.8  102.9 14.1 10 0 @
1747 —-105 28.8 39.3
1604 —03 24.7 250 1800 1750 1700 1650 1600 1550
85.5 FiLC 1722 90.7 109.0 18.3 11 Wave number (cm™)
1747 —-154 41.5 56.9
1604 0.2 26.5 26.3 ]
7 sme;, 1722 902 1099 19.7 20 12C'):I|:(iM§ inAS;:Ii ?aft gg I‘?élza?ndd lzirc? ?‘iee(i:jr?oIOa: r:'jlurﬁrt?ercgiI ?)flar-
Lra7 596 44.4 ~152 izer rotation angle$) (in the range 0°-360° P
1604 -0.1 26.9 27.0
68 SnCx 1722 89.8 108.0 18.2 26 that were varied in steps of 10°. As an example, Fig. 2 shows
1747 14.6 47.1 325 a set of polarized IR spectra of the compound inA3nfor

various polarization angleQ. The dichroic properties of the
sample for four absorption bands listed in Table Il are ana-
eraging 16 scans recorded for a spectral resolution olfyzed. These bands belong to the stretching vibrations of the
2 cm L. For a fixed temperature, the spectral measuremenighenyl ring, the bands of the two different carbonyl groups,
were carried out by increasing dc bias voltage across the cedind the asymmetric vibrations of the methylene groups.
from zero to a value sufficient to create the inducedC3m Prior to the spectral data recording, various phases of
phase and also unwind the helix. For a fixed voltage, a set cf20F1M7 for zero field at the temperatures ugsee Table

polarized spectra was recorded for the polarization ang@les !) were confirmed through the observation of the voltage
dependencies of the normalized macroscopic polarization

P*/Pg. The polarization(Fig. 3) was measured using the
reversed current methd@0]. At 94 °C in the Sr€% phase,
P*/Pg increases monotonically with field and then saturates
at a field of~8 V/um. This field is considerably higher than
the saturating field for tilted phases at lower temperatures.
We note here that the voltage dependencieR*dfPs and the

IR dichroic parameters of a @m cell in a temperature range
80.5 to 85 °C(which otherwise corresponds to the AF phase
in a thick cell at zero field are observed for the S@j;
phase. In the range of 85-92 °C these dependencies corre-
spond to the FiLC phase. This agrees with the results of the
dielectric studie$8], where the AF phase was suppressed for
cell thicknesses<8 um.

Smectic Cone Z

IIl. THEORETICAL CONSIDERATIONS

A. Molecular structure

FIG. 1. The scheme of the orientations of a cell, molecules, an%a\-/r:zlrségj dc;ug&;legrgﬁlirrtlle{;;])f _f_r;]ee izzlfgluggrelin(gﬁ%\g7

transition moments in the laboratory fram¥,,Z): the X axis is hvdrocarbon tails form a bent ziazadlike mol lar structur
normal to the cell substrates and lies along the IR radiation propa-y ocarbon tails form a be gzagiike molecuiar structure,

gation direction, th& axis is along the smectic layer normal, aid typlcal_ of a number of chiral FLC compounds. Mol_ecular

is the angle of th& axis with the electric vectdE g of polarized IR~ M0deling shows that theara axes of the phenyl and biphe-
radiation. (X1 ,Yr,Z7) is the liquid crystal molecular frame: ti Nl segments make an angle 6f10° with each other, and
axis is parallel to the molecular long axis and makes the polar anglE€se axes are also directed at an angle of 12° to the molecu-
® with the Z axis and the azimuthal anglewith the X axis and the  lar long axis. HenceB1604=12° and a single value of the
(Y1,Z7) plane is parallel to the molecular tilt plane. The transition transition moment of the vibrations of both the phenyl and
momentM of a certain vibration is characterized by the polar anglethe biphenyl segments is used here. For the phenyl ring C-C
B with respect to the molecular long axis and the azimuthal apgle Symmetric stretching vibrations at 1604 thy the transition
measured from th¥; axis. moment is parallel to thpara axis of the phenyl ring21].
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TABLE II. Assignments of several absorption bands in IR spec-axis in Fig. 1. The absorbance8,, A,, and Ay, for a

tra of 120F1M7. particular band are defined by the relations
Band Ay=k(M2)/IM[?,  A,=k(M3)/|M|?,

(cm™b Group Type of vibrations

Ayz=k(MyM2)/|M|?, 1

1604 Phenyl ring In-plane -G-C stretching vz=k(MyMz) | | @)
1722 G=0 (near the chiral centgr Stretching the coefficientk characterizes the band intensity, g is
1747 C=O0 (in the core pajt Stretching the modulus of the vectdvl. Using general expressions for
2927 CH Asymmetric stretching  the component®y andM of a transition momeri¥ in the

laboratory coordinate systefiX,Y,2 in terms of the angles

0, ¢, B, andy [17], the absorbancd4d) can be expressed as
For the carbonyl groups situated near the chiral centefonépwg v[37] o) P

(the “chiral” carbonyl) and lying in the core part of a mol-

ecule(the “core” carbony), the G=0 bonds make angles of Ay =k{sir* B(cog y)+(sirf ¢)(cog B(sir* ©)
~76° and~68° with the molecular long axis, respectively. ) ) )
However, the transition moments of the= stretching vi- +sin? B(cos @)(sirf ) —sirf B(cos y)

brations are not parallel to their respective carbonyl bonds

. . . +2si i i
and these can make angles varying from 10° to 20° with their 2sinf cosf(sin® cosO)(siny))

bonds[12]. B17,,andB747for the G=0 transition moments — 2 sinB(sin ¢ cose)(cosB(sin® )(cosy)
determined from the analysis of the dichroic data for the ) )
carbonyl and the phenyl bands are given in Sec. IV B. +sinB(cos® )(siny cosy))}, 2

The axes of the two hydrocarbon tails are not parallel to _ . .
each other and these make polar angles-86°—30° with Az=k{co$ (cos’ ©)+sir’ B(sir? O)(sir? y)
the molecular long axis. The transition moments of the me- —2 sinB cosp(sin® cosO )(siny)} (3)
thylene asymmetric stretching vibrations are almost normal ’
to the plane containing a zigzaglike chain of C atoms of a A, = k{(sing)[(cog B—sin? B(sir? y))(sin® cosO)
hydrocarbon tail[12] and make polar angles of approxi- _ _ _
mately 60° and 70° for the ;3 and the G,H.s chains, +sinf cosB(siny)((cos ©)—(sin* 0))]
respectively. +(cose)[sir? B(sin® )(siny cosy)

B. Dichroic properties —sinB cosB{cos® ){cosy)]}. 4

1. Absorbance parameters The IR beam propagates along tiexis. Averaging oM?2,

For an ideal bookshelf geometry, the axis of a helicalM3, andMyM should be carried out over all possible ori-
structure in a cell is parallel to the smectic layer norif#al  entations of the individual transition moments over the entire
sample. This procedure ensures that the molecular orienta-

10F T eeem /A_A_A-A-A T e tional distributions througk®, ¢, andy in a LC sample have
.f ? KA / v been taken into account. For a specific vibration, the polar
o8k [ 6 Y, v{/'/ i angle 8 is assumed to be the same for all the molecules.
) d vV Using relations(2)—(4), the dichroic ratioRy ; and Ryz
% Z{ // for a band at a wave numbercan be defined in terms of the
08r ¥, v"/ i absorbancesy, A;, andAyz by the equations
< Lo T
‘a 0.4 j £ vi" __::g: . RY,Z(®1‘P!7V!BV):AY/AZ’
4 ',v' n- ::—79
0.2+ AA vvv'v = - RYZ,Z(®’¢’7VYEV):AYZ,Z/AZ' (5)
v
ol aaoooooac™ For a liquid crystalline cell of several micrometers thick-
0.0 Fomm ™ . . . . ness, the absorbance profd¢Q) of a particular bandi.e.,
Y 5 10 15 20 25 the dependence of the peak intensityn the angle of po-
U, (V) larization()) can be approximated by the equatidrb,22]
FIG. 3. The voltage dependencies of the normalized macro- A(Q)=—log; 10 Amaxt (10~ Amin— 10~ Ama)
scopic polarizatiorP*/Pg for a 6 um cell of 120F1M7 at 94V),
92.5(@), 85.5(0), 79(A), and 68 °C([J). The macroscopic polar- X Sinz(Q_ Qmax 1s (6)

ization P* was measured by the integral reversed current method

[19] using a square wave signal of frequency 52 Hz and amplitudé2max @Nd Q,+90° are the polarization angles correspond-
up to 50 V. The saturated value of the polarizati®q, was tem-  ing to the maximal An,,) and minimal @A, values of the
perature dependent. Inset shows symbols and corresponding tefdeak intensity, respectively. By fitting E¢6) to experimen-
peratureg°C). tal spectral data the parametéts,y, Amin, andQ o, for an
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absorbance profile are determined. The dichroic riis
defined in terms ofAn. and Ani, by the equationR
=Ana/Amin- FOr a certain band, the absorbanees, A,,
and Ay, defined by the set of Eqgl) can be expressed
through A naxs Amin, and Q ., of the absorbance profile by
the equations given ifl5,17:

Avy=Anmin cos’ Q maxt Amaxsm2 Q maxs (7)
Az=Anmin Sinzﬂmax"' AmaxC0§ Q maxs (8)
Ay 7= (Amin— Amax) SINE 12 COSE may- 9

2. A helical structure

PHYSICAL REVIEW E68, 031707 (2003

For B>54.44°, we have Q.,,=(0@*=90°) and R
=0.5tarf 8. The molecular arrangement in a field-induced
SmC* phase with unwound structure can be described only
approximately by this model. For a biased rotational orien-
tational distribution of molecules through Q,,.(Ug) and
R(Ug) for a band are dependent gh and the molecular
distributions through® and vy, according to Eqs(2)—(4).
The possible azimuthal distributions of the carbonyl transi-
tion moments are determined from an analysis of the di-
chroic data for the phenyl and the carbonyl bands for the
unwound SrT* structure of 120F1M7. These are given in
Sec. IVB.

IV. RESULTS AND DISCUSSION

For an ideal helical structure, the molecular distribution as

a function of ¢ is constant fore in the range of values 0°—
360°. This gives (sing)={cosg)=(singcosey=0 and
(sir? ¢)=0.5. For an approximate model of a perfect helix in
the absence of molecular fluctuations in the tilt pléhe tilt
angle® is constant for all the moleculgsand on assuming
free rotation of the molecules about their long aée tran-
sition moments are uniformly distributed forin the range
0° to 3609, we can obtain the following relations from
Egs. (2)—-(5):

AYZ: O,

Ay
Y,Z:A_Z:

2 sirf © cog B+cog O sir? B+sir? B
4 cog O cos B+2 sirt O sir B

(10

Equation(10) is commonly used for describing the IR di-

chroism of polymers and other anisotropic organic structure
[12]. For a FLC helical structure, the molecular distributions
through ¢, ®, and y should be taken into account using

Egs.(2)—(4).

3. The unwound structure

For the field-induced S@* phase with unwound struc-
ture, the expressions for the absorban8es A,, andAy,
can be obtained using the general equati@s(4). For this

structure, we assume that the thermal fluctuations in the azi-

muthal anglep (Goldstone modeare suppressed by the elec-
tric field and the molecular tilt plane is parallel to the cell
substrates. These correspondpte 90° or —90° (depending
on the field polarity for all the molecules. The distribution in

A. Dichroic parameters as functions of the field

The absorbance profiles for the bands under discussion
were deduced from the polarized IR spectra. Figure 4 shows
the absorbance profiles for & at 92.5 °C for helical and
unwound structures. The dichroic parameters.., Amax:
andA i, for a certain absorbance profile were determined by
fitting Eq. (6) to the experimental data. The reference direc-
tion of polarization (1 =0°) was chosen to coincide with the
layer normal in the S#W* phase at zero field.

The dichroic behavior of the sample as a function of the
electric field is illustrated in terms of the voltage dependen-
cies of Q max, R, Amax, @aNdA i, for several bands. For a band
at a wave numbew, Q... iS @ function of the applied
voltage U. An angular shift of the absorbance profile,
AQ axy, 1S defined asAQ a0 (V) =Qnmax(U) — Qmax2(0).
Saturated values 0fQ)axys Qmax(Ug, and AQax,,

AQ a0 (Ug), are obtained for a saturating voltagk; such
that Q max o, (U)=~Qnax,(Ug) for U=Ug. The determined val-
ues of Q,2{0), Qa(Ug), and AQ . (Ug) for the studied
bands are given in Table | for several temperatures. Below
we discuss the dichroic behavior of the phenyl band with
increasing field across the LC sample for several tempera-
tures. The dichroic behavior of the carbonyl bands in particu-
lar is discussed in Sec. IVA2.

1. The phenyl band

As the polar angleBigos for 120F1M7 is rather low
(B10~12°) and the FLC molecules exhibit a distribution
through the azimuthal anglg, the averaged orientation of
the transition moments of the phenyl ring-GC stretching

the tilt angle ® is expressed by the averaged functionsvibrations at 1604 cmt is almost parallel to the molecular

(cog ©®) and(sin® cos®) in Egs.(2)—(4). The equations for
the absorbance8y, A, and Ay, for the induced Si@*
phase for unwound structurep & 90°) are given if15,17.

long axis. The direction and the degree of preferable orien-
tation of the molecular directors can be characterized by
O max 16048NdR1604, respectively. The orientational order pa-

For an approximate model of a perfect unwound structuréameter(P,) can be found using the equatigR,) = (R1g04

with ¢=90°, a constant value of the tilt angt for all the
molecules, and a uniform distribution in the transition mo-
ments throughvy, the angle(},,.,, and dichroic ratioR

= A a/Anin for a certain band are dependent on ftsFor
B<tan (2Y%)~54.44°, we have), =0 andR can be ex-
pressed by the relatidii2,17]

R=2 cof B. (11)

—1)/(Ryo4t2).

The voltage dependencies 9, .« 1604 Ri604: Amax 1604
andAn 1604 for the phenyl band are shown in Figs. 5 and 6.
For all the temperatures studied,,,. 16040)~0° (see Table
| and Fig. 6. It means that for zero field the large axis of the
phenyl absorbance profile is almost parallel to the smectic
layer normal in the cell, and for the bookshelf structure at
zero field the helix in the cell is not distorted and its axis is
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FIG. 5. Q,,,, (2) and R (b) for the phenyl band at 1604 cm™! vs
applied voltage for a 6 um cell of 120F1M?7 at temperatures 98

Peak Absorbance
(=)

T 210X ). Saa 7330 (%), 94 (V), 92.5 (@), 85.5 (O), 79 (A), and 68 °C (0) shown in
3 A v 2027 the insets.
A 1747 ) .
oL o 172 eters(cos ©) and(sin® cos®) do not depend on the field.
270 ® 1604 Note that these parameters do depend on the field for the de

Vries type of S\* phaseg 23].

FIG. 4. Polar plots of the absorbance profiles for the phenyl qu:
band at 1604 cm® (.), the carbonyl bands at 1722 Cllﬂ(D) and For the Srﬁ:z phase at 94 °mmax 1604increases mono-
1747 cm* (A), and the methylene band at 2927 ci(¥) for the  (onjcally with voltage and exhibits a saturated value-df5°
sample in SiB* at 92.5°C with helical structure for zero fiele)  fo; fie|ds of ~7.5 V/um, the increase being linear for a field
and electrically unwound structure for a field 6f1.7 V/ium (b). from 0 to ~2.5 V/um [Fig. 5@)]. Such a voltage dependence
Curves are fits of the functio(6) to the experimental data. Wave of Q1604 1S qualitatively similar to that for the optical

) . )
numbers (cm”) of the bands are shown in the inset. apparent tilt angle of S@7 [10]. However, it is important to

almost parallel to the smectic layer normal for each phaselote that the value dR;04 has changed relatively little over
As seen from Figs. 5 and 6, the cell exhibits different voltagethe voltage range studiddig. Sb)]. An approximately lin-
dependencies of the dichroic parameters of the phenyl barggr increase is found in the dichroic ratio fron8 (for U

for the various zero-field phase states of the sample at vari=0 V) to ~8.5 (for U=50 V). This result shows that the
ous temperatures. averaged molecular distribution through and the orienta-

SmA: tional order parametegfP,) for SmC* are almost indepen-
For the SM\* phase at 98°C, a linear increase in dent of the electric field. This implies that the Shphase is
QO max 1604 With field is observedFig. 5a)]. The observed characterized by reduced intra- and interlayer correlations of
behavior arises from the electroclinic effect, which results inthe molecular tilts as a result of the competition between
a linear dependence of the molecular-induced tilt angle wittferroelectric and antiferroelectric order arising from the fluc-
field. The dichroic ratidR;504[Fig. 5(b)] and the absorbances tuation forceg24]. This results in a reduced interlayer order-
Amax 1604 @and Anin 1604 (Fig. 6) remain approximately con- ing in this phase even for high fields.
stant in the range of fields from O to 10 Mh studied here. SmC:
This shows that for measurements at a fixed temperature in For the SnC* phase at 92.5 °QQ) ax 1604INCrEASES rap-
the SnA* phase, the order parameté?,), the orientational idly with increasing voltage and saturates-al6.7° for a
distribution through®, and the resulting averaged param- comparatively low voltage of~9 V. Such behavior of
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0 5 10 15 20 25 FIG. 7. Schematic illustration of the molecular orientation in
Uge (V) unwound structures for S&f (SmC¥;) (a) and SnC* (b). The
(X,Y,Z) frame is the same as in Fig. 8 is the molecular tilt

0.5 — . , , b angle, and the angl@,, 1504for SMC}, is described in the text.
-%- . . . . .
04l AAA .:r‘/ DT\J aby i large increases arise from a rapid deformation of the helix
: :u:::E‘:fé%é%—D—cm %ﬁtﬂ —8-925 ; ; ; ; ; ; ; ;
085 with increasing field. The increase R4y, arises again
1 - i _ e .
osl —0-68 | mainly from a decrease A, and a slight increase A,y

min1604

(Fig. 6), as for the Sr@* phase. For the range<2U<6V,
] ?:W_,AX* the increase i) .y 16048Nd R1g04 has a lower rate than for
< 02 N e the lower voltage rang@-ig. 5. The state of a comparatively

Arandoi-=— slow increase in may 1604@Nd Rygo4 With field is connected

01r with a continuous phase transition to the field-induced-3m
phase through a variety of intermediate induced subphases

0055 5 10 . % 25 and further distortion of the helikl7]. At the final stage of

u. v the field-induced process, bofb,., 1604 2Nd Rig04 demon-

de strate considerable increases in their values for the voltage

FIG. 6. The voltage dependencies of A, (a) and A, (b) for range 6<U<10V. A saturation in their values fotJ
the phenyl band at 1604 cm™ ! for the sample at temperatures 98 =10V is reached and this state corresponds to the field-
(%), 94 (¥), 92.5 (@), 85.5 (O), 79 (A), and 68 °C (O0) shown in induced Sre&* phase with unwound structure. We note here
the insets. that in contrast with the results obtained for a cell with ZnSe

windows[17], Rqgo4 for the cell with Cak windows is sub-

Qmax 1604r€flects unwinding of the helix. For zero fieRig04  stantially higher. In this case the large decreasBig, for
for the SnC* phase is lower than for the S¥i and SnC?,  high fields(arising from the striped-bookshelf structyre-
phases as a result of the presence of the helical structure apdrted in Ref[17] was not repeated; only a small decrease in
comparatively larger molecular tilt angle. In contrast toR;g, by ~5% from its maximum value is found for a volt-
SmA* and SnC%, helical unwinding in Sr&* results in a age in the range 9-10 YFig. 5b)]. From this result, we
substantial increase ifRygp4 Up to ~10 for voltagesU conclude that the layer structure in a cell with Gastub-
=10 V. The increase ifRR,g04 arises mainly from a decrease strates remains bookshelf-like for the entire range of the bias
in Amin 1604, ON the contrary the relative increaseAn 1604  fields applied across the cell. We also note that the voltage
is rather small(see Fig. 6 When the helix is completely dependence df . 1604[Fig. 5(@)] is qualitatively similar to
unwound, most of the molecules are tilted more or less in th¢he voltage dependence of the macroscopic spontaneous po-
same direction. The reason for a decreasé\if, 1604 With ~ larization for the temperature range corresponding to the
helical unwinding and consequent increaseRify, is that  FiLC (SmCY;) subphasédsee Fig. 3 and Ref$8,17)).
the direction of maximum absorbanc€ (., 1504 Shifts in SmC; (SMG,y):
the direction of the molecular tilt with unwinding, and con-  Application of a low field 0of~0.5 V/um across the cell in
sequently the absorbanée,, 1604 (Proportional to the aver- the SnC* phase at 79 °C results in a rapid and almost linear
age value of the squares of the projections of the phenyhcrease inQ 1604 from ~0° to ~11° [Fig. 5@)] and a
transition moments in the direction normal to the moleculargecrease iR, from 5.3 to 4.4[Fig. 5(b)] for U from 0 to
directors in the tilt planedecreases. 3 V. A decrease R0, With increase in bias can occur from

The ferrielectric phase FILGSMG5): the combined effects ofa) helical unwinding andb) the

For the cell at 85.5°C, the observed voltage dependencgirectors in the layers of the unit cell becoming planar with
of Qmax 1604 Fig. 5(@)] is typical of the state of a ferrielectric  the field(see Fig. 7. Note that the distortion angles by which
FiLC phase (Si@F,3) at zero field[17]. For the low voltage the directors are nonplanar in ferrielectric phases of
range 0<U<2V, a rapid increase in bot a1y 1504 (from 120F1M7 have been found to be rather snpdJB], i.e., the
0° to ~65% of the saturated value 6¥ ., 1504f0r this tem-  distortion from the Ising model is small. Helical unwinding
peraturg and Ryg94 by a factor of 1.5 is observed. These is therefore the main cause of a reductionRiyy, for the
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voltage range 0 to 4 V for SB¥ . The reason thaR;go, for 30 ' ' ' ' ' — 1 a

Sy 03¢ decre_ases with hellcal_ L_mwmdmg, unlike for the 25| '\-\. |

SmC* and FiLC phase$where it increases monotonically

is that the direction of maximum absorbance in theG3m  _ | ]

phase does not shift very significantly with increase in the gf’

bias field, as it does in the 3o and FiLC phases. The ~, 15} \ 4

absorbance along the normal directi@,, 1604 for the ?g

SmC? phase will therefore increageig. 6) with total helical 10} ]

unwinding for the planar molecular orientation shown in Fig. @

7 and consequentlR;4q,will decreasd Fig. 5(b)]. The pres- i i

ence of Srﬁ:’y‘ with unwound structure for voltages in the o , . , . , .

range 4—-10 V is characterized by the minimal valu&kefy, 65 70 75 80 85 90 95

and a quasistable value 6.4 1504 ON increasing the volt- T (°C)

age from 10 to~16 V across the cell, a phase transition from

SmC’; to the field-induced S®@* phase is observed. In the ' ' ' ' ' ' b
. . . .. . L 141 ° J

dichroic properties, this is accompanied by a substantial in-

crease in botl) ., 1604@Nd R4 The latter increases by a 12l & A A Py i

factor of 3, caused mainly by a decreasé\ig, 1604 (Fig. 6)

for the reasons given under the section for theC3nphase. 10l S A j

ForU=8V, Qqax 1604iS @bout 45% of its saturated value 3 \/A

O max 160420 V)=26.5°. This result is in good agreement o s} —

with the model of the molecular orientations for the un- ¢+ . o //

wound structures of S@f; and SnC* shown in Fig. 7. For 6F 0---eo-emmemeeoet ":/' i

both phases, in the unwound case, the molecules are paralle —

to the surfaces of the substrates in thé 4) plane. For ar * ]

SmC? with a periodicity of three layers, the molecules in 65 70 75 80 85 90 95 100

two consecutive layers are tilted clockwise with an angle of T €C)

0 to the smectic layer normal, whereas in the third layer the

directors are tilted by the same angle counter-clock{#sg. FIG. 8. The temperature dependenciegaf( nayx 160{Ug) for

7(a)]. For the unwound S@* structure, all the molecules unwound structur¢M); (b) Ry5040) for helical structure at zero
are parallel to each oth¢Fig. 7(b)]. The polarization angle field (®) andRys{Us) for unwound structur¢A). Sample: 6um
Q! . Which corresponds to the maximal absorbance of théell of 120F1M7. Solid symbols correspond to fits of the experi-
phenyl band at 1604 cit for the structure shown in Fig. mental data using Eq6). Open circles inb) show values oRy y

. afte,) = calculated using Eq(10) for Biso~15° and® = ay 160{Us).
Zé?), (Z‘” bE 82“”d;:)(3rm ttf;]ee quzggrvgdt va|uetan(()fz?;)) (Values ofUg are given in Table I. Lines interconnect adjacent data

1604— . -~

~ O max 160420 V)= 26.5° at a temperature of 79°C, we ob- "0 s)
tain Q,,~11.9°. This is in good agreement with the experi-

o * . :
mental value of), ., e 12 V)~ 12°. sition from Sn€C’ to SnC* is observed. The helix of the

latter is already unwound as the field is too large. This leads

SmG : . . .

to a substantial increase in bdih, andR;g04and their
The LC sample at 68°C is in its helical &} state for  ¢otration occurs fot) ¢~ 25 V. ax 1604 1604
voltages in the range O to a threshold o2 V. For this Temperature dependences of the molecular apparent tilt

voltage rangef) .y 1604€Xhibits a very slow linear increase gnd the dichroic ratio

[Fig. 5(@] while Ry does not change with voltage and  The polarization angl€ sy 160{Us) corresponding to the
remains low [Fig. 5b)]. The slope for the curve mayimum absorbance of the phenyl profile for the saturating
Qmax160{U) is exactly similar to that for the voltage depen- \jtage is related to the molecular apparent tilt angle, since
dence of()may 1g04for the SnA* phase at 98°CFig. 5@)]. g, . ~12° and the average orientation of the pheny! transi-
These results show that for &1y as well as for SIA*, low  tion moment is almost parallel to the long molecular axis.
electric fields cause only a small angular shift of the phenylrhe temperature dependence @f, ., 160{Us) is shown in
absorbance profile. For ¥2J<15V, the induced phase Fig. 8. For a decrease in temperature from 94 to 85.5°C, a
transition from S, to SnC} and simultaneous helical comparatively rapid increase in the saturated angular shift of
unwinding take place. This is reflected in terms of the anguthe phenyl profileA Q. 160{Us) from 14.3° to 25° is ob-

lar shift in O,y 1604a8Nd @ decrease R4 after the change  served. However, for the range 85.5-68 °C, the rate of in-
from the nonplanar to the planar molecular orientation hagrease in{) ., 160{Us) With a decrease in temperature is
occurred. The likely reason for the unwinding of the helix atsubstantially lower. Note that for a certain temperature
68 °C to occur for a significantly larger voltage is that the )., 150{Us) is found to be close to the molecular apparent
helical pitch for Sn€} (zero field is much shorter than for tilt angle determined using polarizing microscopy, as is typi-
the other phases. For #8J=<25V, the induced phase tran- cal of cells of FLCs and AFLCE13-15.
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As seen from Figs. ®) and 8b), the dichroic ratioR;g4
(as well as the related order paramgt®p)) for helical and
unwound structures in the LC sample is temperature depen
dent. On cooling the sampl&,50{0) and (P,) decrease
with decrease in temperature in the temperature range studg 105
ied. For S\*, the dichroic ratio of the phenyl band is de- =
termined mainly by the thermal fluctuations of the molecular
orientations through the angl®, sinceBg04~15° is rather
small and the experimental value Rfgo{0)~8.4 cannot be
explained in terms of the rotational distribution through
only. For the tilted phases nax16040)~0° and R;5040) .
=Rz y. For the helical molecular distribution through 0 5 10 15 20 25
R16040) is dependent orB,g04, the molecular tilt angle DC Voltage (V)
00=0max160{Us), and the molecular distribution through 190 — ' ' . . .
0. The latter is connected with the soft mode. For an ideal b
helical structure and a small enough valugBefg,, Eq.(10) 00 00 /AA““‘%;"=°=°=
reflects a tendency for a decreaseRiyp4{0) on increasing 1851 d £ ]
the molecular tilt angl® o= ., 1604 Us) when the sample OJ / i:
is cooled at zero fieldlopen circles in Fig. &)]. However, 180 - 0™ —o—a2s] 1
the approximate equatioffl0) gives a significantly larger  § °,°°°° ST e
value of R;5040) in comparison with the experimental re- € 175 ol
sults, as it does not take into account the molecular fluctua-
tions in the tilt plane(through®) as well as out of the tilt 170
plane (through ¢), which do exist as the soft and the Gold-

115

110

8y
~
%
£

a

. ; . 0p0o0cn 0 0 0 00O-00 0 O ‘:/
stone modes, respectively, for zero field. The discrepancy 65 \ . . . .

between the experimental results for the helical cell and the ~ © 5 10 15 20 25
values ofR;y estimated using Eq.10) is especially pro- DC Vottage (V)
nounced for the temperature intervals of the GGmand
SmC* phases. This can be explained by relatively large fluc-
tuations in the tilt angle and the reduced order parameter ¢
higher temperatures.

For the unwound structur®;g4{Us) increases with de-
creasing temperature from 94 to 85.5 °C and remains almost
constant for temperatures in the range of 85.5 to 68%g.  structure, the experimental values Rf7,; and Ry747 are in
8(b)] For the approximate model of the perfect unwoundqua”tative agreement with those estimated for the dichroic
structure and the order parameter of unity, Eif) gives an  ratios obtained using Eqs10) and (16), respectively, by
upper limiting value ofR;g0~28 for Big0=15°. This is  substituting® equal to{) .y 160{Us) (see Table)l
substantially higher than the experimental values of Forthe bands at 1722 and 2927 thi(),,,(0) values are
RisodUs) for the studied cell. Molecular orientational fluc- found to be close to 90fsee Figs. 4, @), and 11a) and
tuations may still occur even when the structure is electri-Table ). This is typical of a “chiral” carbonyl and the me-
cally unwound. This may be the main reason for the ordethylene bands of chiral FLC material43,15. As can be
parameter to be much lower than unity in the smectic phasegeen from Figs. @), 9(a), and 11a), the voltage dependen-
A reduction ofR;50{Us) in the experiment can also result cies of the angular shiftd () ,,.(U) for the bands at 1722
from the boundary layers in close proximity to the substratesand 2927 cm* are similar to that for the phenyl band at

where the molecules may lie parallel to the rubbing direc-1604 cni *. This result can be explained by the properties of
tion, i.e., in a different direction from the molecules in the the molecular orientational distribution functions of a chiral

bulk of the cell. smectic liquid crystalline sample, which are related to the
parameters of the absorbance profiles of the various dichroic
bands for which the polar anglgsare substantially different
from the critical angle of~54.44°[17]. The relationships
The dichroic behavior of the carbonyl bands at 1722 andcan be analyzed using Eq®)—(4) and(7)—(9). If the degree
1747 cmi ! and the methylene band at 2927 chwith bias  of rotational biasing is small, the relative angular shifts of the
field is illustrated in Figs. 9—11. These bands exhibit substanabsorbance profiles of the various bands are dependent on
tially lower dichroism than is observed for the phenyl bandchanges in the molecular distribution throughThis distri-
at 1604 cm*, mainly because of the differences in the polarbution is affected by the field-induced processes of phase
anglesg for the transition moments. In particular, the valuestransitions and helical unwinding. Furthermore, the voltage
of B17,~63.5° andB,7,7~53.5° are determined from the dependencies of the relative angular shifts of the profiles
IR dichroic data in Sec. IV B. For a helical structure at zeroAQ ., (U)/AQ,,.(Ug for the dichroic bands at 1604, 1722,
field and for the field-induced S@F phase with unwound and 2927 cm! are found to be qualitatively similar to the

FIG. 9. Q,,. (@) and R (b) for the carbonyl band at 1722 cm™!
vs applied voltage for a 6 um cell of 120F1M?7 at temperatures 98
“(3%), 94 (V), 92.5 (@), 85.5 (O), 79 (A), and 68 °C () shown in
the insets.

2. The carbonyl and methylene bands
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FIG. 10. O (2) and R (b) for the carbonyl band at 1747 cm ™! FIG. 11. Q,,, (@) and R (b) for the methylene band at 2927

vs applied voltage for a 6 um cell of 120FIM?7 at temperatures 98 em™! vs applied voltage for a 6 um cell of 120F1M7 at tempera-
(3), 94 (V¥), 92.5 (@), 85.5 (O), 79 (A), and 68 °C ((J) shown in tures 98 (¥), 94 (), 92.5 (@), 85.5 (O), 79 (A), and 68°C (O)

the insets. shown in the insets.

voltage dependence &*/Ps (Fig. 3). This similarity fol-  Thjs result is in good agreement wikhestimated using Egs.

lows from the fact that both the IR dichroic parameters and10) and (11) for B1747~53.5° (determined in Sec. IVB
the effective macroscopic polarization of a chiral smecticThis value of Bi747 is close to the critical angled
liquid crystal possessing head-and-tail equivalence are de:-tanfl(zllz)%54_44o for whichR=1 for both the helical

pendent on the orientational distributions. These distribuyng unwound structures in accordance with Ed€) and
tions, particularly ing, can be altered by the external field. (12).

However, for the tilted phases at temperatures of 94, 92.5,
85.5, 79, and 68 °C, the absorbance profiles of the carbonyl
and methylene bands are asymmetric with respect to the ma-
jor axis of the phenyl profile. This is reflected in the substan- We determine the orientational distributions of the-O
tial differences in the saturated valuesXf) ,.(Ug) for the  vibrational transition moments in terms of the azimuthal
various bandsTable |). For example, at temperatures 94 andangley from the observed dichroic data for the phenyl and
68°C, the values oA Q),,,(Ug for the bands at 1604 and carbonyl bands at 1604, 1722, and 1747 ¢énfor several
1722 cm'* differ by 3.6° and 8.8°, respectively. This result temperatures in the range of 68—94°C. The field-induced
is direct evidence for the existence of a biased rotationaBmC* phase with unwound structure is investigated. A nu-
orientational distribution of the molecules around their longmerical analysis of the dichroic parameters for a set of three
axes[13]. The dichroic behavior of the band at 2927 chis  bands is carried out using the improved procedure developed
related to the molecular structure discussed in Sec. lll A. An [17]. For a band of wave numbet we consider a set of
noncollinear orientation of the two aliphatic tails in a mol- two equationg5) for a fixed temperature. The dichroic ratios
ecule with 8,9,7~60°—70° and the orientational distribu- Ry ; andRy are expressed as functions of the an@es,
tions of the molecules in a LC sample give rise to a lowvy,, and B, using the set of equation®)—(4) for ¢=
Ryg27 In comparison withR;g04. The low dichroism of the —90°. This corresponds to the unwound G structure.
methylene bands has already been reported for a number he numerical values dRy ; and Ry, are determined in
FLCs[13-15. terms of the values oAy, A,, andAy that are obtained

The “core” carbonyl band at 1747 cit exhibits very  from Eqgs.(7)—(9) using the fitted parametef¥may,, Amaxy»
low dichroism, <R;7,7<1.15, for the temperatures studied and A, , of the profiles forU=Ug. The molecular orien-
for both zero and higher fields across the ¢€ilg. 10b)].  tational distribution through the tilt angl® is described by

B. Molecular distribution through the azimuthal angle y
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TABLE Ill. The azimuthal parametersin y), (sir? y), a,, a,, 7 T T
and y, of the transition moments of the carbonyl vibrations at 1722 —_— (1)
and 1747 cra® for the unwound SiB* structure at several tem- 0.20 - Sresep
peratures. ceee79 54;
o 68 (5)
e (6)

T Band Yo
(0 (em™Y  (siny) (sify) a, a, (deg

94 1722 -0.028 0.502 0.017 —0.003 -—-31.3
1747 -0.013 0.504 0.017 —-0.003 -—14.7
925 1722 -0.033 0.501 0.018 —0.002 -—-35.4
1747 -0.015 0.503 0.018 —0.002 -—15.5
855 1722 —0.049 04999 0.022 —0.002 —453
1747 -0.022 0.502 0.022 —0.002 -—18.8
79 1722 —-0.057 0.4999 0.024 —-0.002 —48.7
1747 -0.024 0.503 0.024 -0.002 -18.4
68 1722 -0.071 0.501 0.031 0.01 -47.0 ! L L

fty)

1747 -0.037 0489 0031 001 -225 180 90 0 %0 180
Y (deg.)

tribution of the molecules in terms of is described by the moments of the carbonyl vibrations at 1722 cinfor unwound
function given by Jangt al.[15] SmC* structure 120F1M7 at temperatures @4, 92.5(2), 85.5

(3), 79 (4), and 68 °C(5). Curves 1-5 in polar plots correspond to
f(y)=1/2m)+a; cog y— o) +a,cos A y— yo), the molecules with the “chiral” GH,; tail oriented toward the
(12 reader. For the molecules with thghf;; tail away from the reader,
the distributions correspond to functiofié— y) for various tem-
wherey, is the biasing angle, ana, anda, are the biasing peratures. For comparison, curve 6 shows the distributiop)

coefficients. The averaged functioqsiny) and <sin2 7) =1/(2m) for zero degree of biasingag=a,=0).
can be found as(siny)=amwsiny, (sirfy)=0.5(1
— a, COS 2yp). of an angle of~10°-20° between the-£0 stretching tran-

To determine the unknown parameteBs (siny), and  sition moment and the carbonyl boftl2]. We remark that
(sir? y) for each band, and the director paramet@ss' ®)  the determined values @,;,, and 8,747 are lower by~4°
and(sin® cos0) for the unwound SIB* structure, a system than the values reported earlier [ih7] for the same com-
of six equations of typ€5) for the bands at 1604, 1722, and pound. The values determined here are regarded to be more
1747 cm ! for a particular temperature is solved in severalaccurate since higher dichroism for the phenyl band is
steps using the packageTHCAD 2000 PRQ At a first step, achieved for the bookshelf structure for a cell with GaF
we set (sirf4)=0.5 for the various bands and also setwindows. This is different from the striped bookshelf struc-
B1e0s=0°. The initial values of8,7,,=76° andB,7,7~=68°  ture observed previously in a cell with ZnSe windoMs].
are taken from the results for the polar angles of the two Figure 12 shows the azimuthal distributiohgy) of the
C=0 bonds(Sec. Ill A). The parameterg and(siny) for  transition moments for the “chiral” carbonyl band at
the two carbonyl bands and the parametéres ®) and 1722 cmi?® for the field-induced unwound SBf phase at
(sin® cos®) so obtained are used as their initial values forseveral temperatures. The anglg gives the most probable
the next step. In the second ste,(siny), and(sir’ y) for  azimuthal orientation of the transition moment for a certain
the 1722, 1747, and 1604 crh bands and(co$®) and band. Figure 13 illustrates the orientations of the “chiral”
(sin® cos0) are varied for the set of equations. Stable solu-C=0O groups for head-and-tail equivalent molecules with
tions are obtained for the polar angles to have vajggg, the most probable azimuthal orientations of the 1722tm
=11.9°+0.1°, pB170=63.5°=0.2°, and pB;74,7=53.5° transition moments. Note that both angles and (180°
+0.2°, for the temperature range investigated. At the next-y,) correspond to the determined values(sfny) and
step,(siny) and(sir? y) for the bands for each temperature (sir? ). As seen from Table Ill and Fig. 12, the molecular
were determined by solving the set of equati@B)sfor fixed  distributionf(y) is temperature dependent. With a decrease
valuesBigo= 12°, B170=63.5°, andB;7,7=53.5°. Finally, in temperature, the absolute value of the biasing anpgl®r
the biasing parameterg,,, a;, and a, were determined both carbonyl bands increases. Figure 14 shows the possible
from (siny) and(sir? ). The coefficientsa, anda, are as- azimuthal distribution function$(y) of the “chiral” C=0
sumed to be the same for the various bands. This assumptignoups for the unwound SGi structure at 92.5 °C. In agree-
can be justified on the basis of a sufficiently rigid molecularment with the analysis reported in Ref&¢3-15, an effec-
core. The results obtained for the carbonyl bands are listed itive spontaneous polarization appears alongGhesymme-
Table Ill. We find that the fitted values @,;,,andB,747are  try axis due to the existence of the head-and-tail equivalence
~14° lower than the polar angles for the twe=®D bonds and the biasing in the azimuthal orientational distribution of
(Sec. Il A). This can be explained by the possible existenceghe FLCs molecules. For the unwound Ststructure, the
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FIG. 13. Schematic illustration of the orientations of the “chi-
ral” C=0 groups for the head-and-tail equivalent molecules with 0.1
1722 cm? transition momentsvl, and M, characterized by the
most probable azimuthal angles ¢f and (180% v,), respec-
tively. The frame K+,Y1,Zy) is related to the molecular tilt plane
(Fig. 1. For simplicity, the G—O director(vectorr) is assumed to
be collinear withM. In this caser, andr, are characterized by the
azimuthal anglesy, and — vy,, respectively. The vectons;, M,
andr,, M, correspond to molecules with thgld,, tail oriented up 0.1
(positive direction of theZ; axis) and down, respectively. The ef-
fective polarization appears along tig axis, which for an un-
wound structure is normal to the substrates.

ol
P AV

-
-
e, Theamen=”" .

0.0

fy)

0.2

270

. . . o . FIG. 14. Possible distribution§(y) of the “chiral” carbonyl
C, axis is parallel to th&X axis, which coincides with th¥ groups for unwound SE&* structure at 92.5°C in polar plot&)

axis for o= *+90° (see Fig. 1 f(y) andf(— ) are the distributions for molecules with thgH-

A decrease in temperature from 94 to 68 °C results intail oriented toward the readé¢solid curve 3 and away from the
Yo1722Varying from—_31.3° to—47° andy, 747 varying from reader(dashed curve )2 respectively(b) Solid curve 1 shows the
—14.7° to —22.5°. A substantial increagapproximately by  average distributioff(y) +f(— y)]/2 for all molecules for a given
a factor of 3 in the parametes; is also observed with a polarity of the applied field. The resultan_t pplar?zation is nega_tive.
decrease in temperature. This reflects an increase in the dgashed curve 2 shows the average distribution of the “chiral”

; . —O groups[f(y—m)+f(—vy—m)]/2 for the opposite field.
gree of polar azimuthal biasing of Ehe:ED groups._ln the Dotted curves 3 show the functidi{y)=(2) ! in the absence
temperature range f_rom 94 to 79°C, (_:orrespondmg to the¢ zimuthal biasing.
ferro- and ferrielectric phases at zero field, the quadrupolar
biasing is found to be low. The absolute value of the param-
etera,, which characterizes the second Fourier component
in the function(12), is lower thana, by a factor that varies The IR dichroic behavior of a homogeneously aligned cell
from 6 to 12. However, for a temperature of 68 f€rre-  of a chiral smectic liquid crystal 120F1M7 under an external
sponding to Si@} for zero field, the quadrupolar biasing is electric field is found to be strongly dependent on the phase
rather important as, is only a factor of~3 lower thana; . state at zero field. The observed voltage dependencies of the
This may imply an important relationship between the quapolarization angle of maximal absorbance and the dichroic
drupolar rotational biasing and the degree of anticlinic order+atio of the characteristic bands are interpreted in terms of
ing in the SnC} phase even in the absence of dc bias. Théhe phase structure, the molecular orientational distributions,
results obtained quantitatively yield the differences in theand the polar angles of the transition moments. The dichroic
molecular rotational orientational distributions for the field- ratio of the phenyl ban®R,40,4 is found to be lowest for the
induced Sr&* phase for various temperatures that corre-SmC, and Snt’ phases and highest for the corresponding
spond to the different phases of a chiral smectic liquidfield-induced Sr&* phases with unwound structure. For the
crystal. SmC* and FIiLC phasesR g4 increases on helical unwind-

V. CONCLUSIONS
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ing whereas for the S@j and Sn@*; phasesR; ¢, Shows a phasegqat zero field, polar biasing is found to be p_red_omi-

minimum for the planar unwound structure and then in-nant. In contrast, for lower temperatures, the contributions of

creases with the induced phase transition taC3mThis is  the components of the polar and quadrupolar biasing have

explained in terms of the differences in the director distriou-been found to be comparable to each other. The quadrupolar

tions and the dependence of the polarization angle of maxibiasing coefficient is found to reverse its sign and increase

mum absorbance on the bias field in these phases. by a factor of 5 for a decrease in temperature that corre-
For the field-induced S@* unwound structure, the rota- SPonds to the S@7 and SnC, phases at zero field.

tional orientational distribution of the carbonyl transition

moments exhibits a temperature-dependent bias. The angle ACKNOWLEDGMENTS
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