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Chiral twisting of a smectic-A liquid crystal
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Chiral twisting of the molecular orientation within the layer of a smeétitiquid crystal has been investi-
gated using circular dichroism spectroscopy. The results indicate that a rotation of the layers away from the
alignment direction is induced by the surface electroclinic effect. This leads to an interfacial region where the
molecular director twists from the alignment direction until it reaches the layer normal direction. A theory is
presented to explain the observed field and temperature dependence of the circular dichroism.

PACS numbes): 61.30.Gd, 68.45:v, 78.20.Ek

[. INTRODUCTION molecular director twists by from the rubbing axis until it
reaches the layer normal direction as one moves away from

The addition of chirality to the molecular structure of the surface to the interior of the cell as illustrated in Fig. 1.
smectic liquid crystals leads to unique materials propertied he thickness of the boundary layérs determined by the
that have allowed for the development of fast, high-correlation length of tilt fluctuations in the smecficphase.
resolution display devicelsl]. Molecular chirality results in ~ Using ellipsometry, Cheret al. found the expected diver-
ferroelectricity in the tilted smectiG* liquid crystalline gence of¢ with decreasing temperature near the smeétio-
phase[2]. In the nontilted smectié phase, rotational sym- smecticC* transition[8].
metry about the molecular long axis rules out any spontane- In this paper, we use circular dichrois(@D) spectros-
ous polarization in the bulk. However, application of an elec-copy to directly probe the chiral twist between the surface
tric field parallel to the smectic layers breaks this symmetryand bulk states. Circular dichroism is a sensitive measure of
due to the coupling of the field to the transverse dipole mothe twisted orientation of molecules with an appropriate
ment and leads to an induced tilt relative to the layer normalghromophore in the chemical structure of the molecule. Past
the electroclinic effecf{3,4]. A similar symmetry-breaking studies have found large CD peaks in the ferroelectric
effect can also arise due to surface interactions. UnidirecsmecticC* phase and pretransitional effects in the smectic-
tional rubbing of a cell surface is commonly used to alignA phase when approaching the sme@it-phase[9]. This
liquid crystals so that their long axes are along the rubbinghiral order arises from helical variation of the azimuthal tilt
direction. In the smecti& phase, the layer normal is also direction from layer to layer and is observed for light propa-
typically parallel to the rubbing direction resulting in the gating perpendicular, but not parallel, to the smectic layers.
planar or bookshelf geometry. However, Nakagaal.ob-  The present work represents the first observation of CD due
served that for a smectis-composed of chiral molecules, to the chiral order induced by the surface electroclinic effect
the optic axis is rotated with respect to the rubbing directiorand is only observed when the light is propagating parallel to
[5]. This result was attributed to a polar interaction between
the liquid crystal molecules and the surface that gives rise to
a surface electroclinic effe€b,6]. Subsequent studies on an-
other material found that the rotation angle of the optic axis
can be as large as 187].

Detailed studies by Chen and coworkers, using optical
second-harmonic generation, found that the molecules an-
chored at the cell surface are oriented along the rubbing di-
rection, while the optic axis of the bulk is rotated with re-
spect to the rubbing direction by an angle[8]. Taking the
optic axis to be parallel to the layer normal in the bulk, this
suggests that direction of the layer normal is determined by N
surface interactions and remains constant as one moves from 7 - girectio™
the surface to the bulk. Thus, unlike the field-induced elec- n —
troclinic effect that results in a uniform tilt of the director
over the entire thickness of the cell, the surface electroclinic G, 1. Schematic representation of the surface electroclinic ef-
effect is a localized effect that is restricted to a boundaryect. At the surface, the molecular directoties along the rubbing
layer near the cell surface. This layer is much thinner thamjirection, while the layer norma\ deviates by an angh#’. In the
the wavelength of visible light, since a uniform optic axis boundary layer of thickness, the director twists from the rubbing
and good extinction are observed when a thick cell is viewedxis until it reaches the layer normal direction, whileremains
between crossed polarizrg]. In the interfacial region, the constant.
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stage. The cells were oriented so that the sample optic axis

60.0 |- . . . .
(a) was rotated by 45° from the optic axis of the polarization
400 |- 0 Now modulator in the spectrometer to eliminate artifacts from the
CHg—(CH,)y0 ¢—o 0—CH—CgHyy inherent birefringence of the sampleee discussion belgw
CH.

A 100 Hz bipolar square wave of variable amplitude was
applied to 1 crA ITO electrodes. All fields are given in RMS
voltage. For probing the CD along the layer normal direc-
tion, a cell having a 12¢:m gap and treated with octadecyl-
trichlorosilane to promote homeotropic alignmémiolecules
perpendicular to the surfacavas used.

AE (cm'M™)

IIl. RESULTS

The CD spectra of KN125 measured in two geometries
are shown in Fig. @). These spectra were both taken at
25°C with no applied field. It was ascertained using optical
microscopy that the sample had a uniform optic axis and was
in the smecticA phase, with no signs of crystallization. The
spectra in Fig. @) reveal a large peak around 362 nm when
the molecules are aligned in the planar geomé&tolid line),
while such a peak is not seen for homeotropic alignment
(dashed ling The small wiggles at longer wavelengths are
300 350 400 450 500 550 600 interference effects due to the finite thickness of the sample.
Two precursor compounds were also studied to establish the
origin of the peak in the CD spectra. The first precursor,

FIG. 2. (a) Circular dichroism of KN125 in planar geometry denoted HNBB, consisted of the core of KN125 without the
(solid line) and homeotropic geometiigashed ling Both spectra  acyl chains, and the second, HBB, consisted of KN125 with-
were recorded at 25 °C on thR)-enantiomer with no applied field. out either the chains or the nitro substitution. Absorption
The chemical structure of KN125 is shown with the chiral centerspectra of these compounds in solution, along with their
indicated by . (b) Absorption spectra of precursor compounds chemical structures, are shown in FighR A broad peak
HNBB (solid line) and HBB (dashed lingin solution. Also shown  centered near 360 nm appears in the HNBB spe(totid
are the chemical structure of HNBB, the core of KN125 without thenne) and is absent in the HBB specttdashed ling This
ac_yl chaiqs, and HBB, the same molecule without the laterally subghows that the peak in the CD spectra at 362 nm reflects an
stituted nitro group. electronic transition related to the laterally substituted nitro

group. The wavelength indicates that thg— 77* transition
the smectic layers. Our results show the existence of a strong slightly red-shifted due to coupling of the nitro electronic
twist over a wide temperature range in the smeatiphase.  orbitals to those in the biphenyl groupd2]. It should be
We have also studied the effect of an applled electric fiE|Cbointed out that the CD peak shown in F|g 2 is more than
that shows a complex behavior depending upon the temper2000 times larger than the intrinsic CD of KN125 in solution
ture. (Aegss=—0.035 cmt M1 in acetonitril. Comparison of
the CD and UV spectra gives a dissymmetry factpr
=Aeg/e=—-0.36.

An important test of chiral phenomena is to study the CD

The liquid crystal used in our studies, KN125, was syn-spectra from opposite enantiomers, since any effect that
thesized using established proceduf&8]. The chemical arises purely from the handedness of the molecule, should
structure of this molecule is shown in Fig. 2. This materialchange sign, but not magnitude, when the chirality of the
exhibits a large electroclinic effect over a wide temperaturemolecule is reversed. In Fig. 3, we show the CD spectra from
range[11]. The phase sequence for KN125 upon heating isoth enantiomers of KN125 at 25°C in planar cells. We
Crystal — 29°C — Smectié- — 80°C — Isotropic. The clearly see that reversing the molecular chirality leads to a
smecticA phase can be supercooled below 25 °C for severatoncurrent change in the sign of the CD peak, but no change
days without crystallizing. CD studies were performed on ain its magnitude.

Jasco J-720 spectropolarimeter. All data are given in units of Although this large CD signal implies a twist of the chiral
molar circular dichroismAe=¢ —eg, Wheree gy is the  molecules, we have to carefully eliminate all possible experi-
molar decadic absorption coefficient for leftight-) circu- mental artifacts that could be contributing to the CD signal.
larly polarized light(e.g., the ratio of transmitted to incident One obvious problem can be caused by a misalignment of
intensity isl,/1;=10"°°Y wherec is the molar concentration the rubbing directions at the two surfaces leading to a small
andd is the pathlength in cin twist through the cell. We have performed experiments using

Studies in the planar geometry were performed usingiumerous cells, both commercially obtained and fabricated
commercial liquid crystal cell§E.H.C. Co., Tokyd with a  in house, taking care in each case to see that the rubbing
nominal cell gap of 2.5um. These cells had a rubbed poly- directions at the two surfaces are accurately antiparallel
imide surface layer and were mounted in an Instec MK1 ho{within 1°). We find thepeak magnitude varies by less than

Wavelength (nm)

II. EXPERIMENTAL PROCEDURE
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FIG. 3. Circular dichroism from opposite enanatiomers of -_
KN125 in at 25 °C. The solid lines show the spectra from KN125 in FE 60 |-
cells with an alignment layer on both sides, while the dashed line g
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shows R)-KN125 in a single-sided alignment layer cell. =40 1.
o

10% between cells under similar conditioftemperature, = 2o}

field, alignment layer More importantly, we always observe . 10

a negative CD peak from theRj-enantiomer of KN125, '2'0 3'0 4'0 5'0 6'0 7'0 8'0

while the (§)-enantiomer always gives a positive peak. Temperature (°C)

Another important factor to consider is the effect of linear
dichroism. A number of authors have discussed the difficul- FIG. 4. Temperature dependence of the circular dichroism of
ties in deconvoluting the linear and circular contributions toKN125. (a) The CD spectrum of theR)-KN125 at different tem-
signals obtained using polarization-modulation spectroscopperatures in the absence of an applied field. As the temperature
[13-15. In particular, Shindo and co-workef$5] have el-  increases, the magnitude of the peak decreases and becomes unob-
egantly addressed this problem using the Stokes-Mueller foservable above the melting temperature. The position of the peak

malism [16]. They find that the CD signal measured in a does not change with temperatufe) The magnitude of the CD
polarization-modulation spectrometer is given by peak versus temperature f&R-KN125 (O) and (S)-KN125 (L)
in cells with double-sided alignment and foR)Y-KN125 in a

1 single-sided alignment cell<¢). Also shown is the temperature
Asmeas=Astrue+§[(LD’)(LB)—(LD)(LB’)] dependence of the electroclinic coefficie®)
+(LD’sin 20— LD cos 26)sin« (1)  term. The final term in Eq(1) is a rotationally dependent

term due to the interaction between a nonideal optical modu-
where LD (LB) is the linear dichroisntbirefringence with  |ator and a sample with linear dichroism. Indeed, we find that
respect to the optic axis of the material, LDLB') is the  the measured CD signal has a small rotationally dependent
linear dichroism(birefringencg with respect to an axis ro- component which does not change sign when the chirality of
tated 45° from the optic axis around the direction of lightthe molecule is switche@17]. The angular dependence of
propagation,6 is the angle between the optic axis of the this component is consistent with a small misalignment of
sample and that of the spectrometer, as defined by its opticghe photoelastic modulatorE=1.1°).
modulator, andv is an angle representing any imperfections  Shindoet al. also consider additional artifacts due to a
in the optical modulator due to misalignment or residual bi-partially polarizing detector and imperfect harmonic re-
refringence. Note that in these units EI—e, and LB sponse of a lock-in amplifigil5]. A quartz depolarizer in-
=4m(n—n,)/(c\yIn10), wherec is the molar concentra- serted before the detector produces no change in the mea-
tion, \q is the vacuum wavelength of the incident light, and sured CD ruling out the former. The latter is very difficult to
N1y is the index of refraction parallé€perpendicularto the  quantify. However, no evidence of such artifacts is seen
optic axis. Similar relations hold for LDand LB'. The first when an achiral, linearly anisotropic sample is studied.
component of the measured signal is the true CD signalvhen the sample is aligned so that the optic axis of the
which is independent of. The second term is a combination liquid crystal is 45° with respect to the modulator, the con-
of the linear dichroism and linear birefringence as measuregribution to the CD due to linear effects is expected to vanish
both along the optic axis of the sample and at 45° to it. It isin a uniaxial sample. All measurements discussed in this pa-
also rotationally independent and is only nonzero for a biaxper were made in such a geometry.
ial sample where LD, LB’#0. Since we find the linear Having thus eliminated experimental artifacts, we shall
dichroism at 45° to be at least 1@imes smaller than that now discuss the effect of temperature and applied electric
measured along the optic axig(LD’)/(LD)<10 2], our field on the CD spectra. Figure 4 shows the temperature
sample is approximately uniaxial and we ignore the secondariation of the CD peak in the absence of an applied electric
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FIG. 5. Field dependence of the circular dichroism of KN125 at ()
25°C. The magnitude of the CD peak versus applied electric field is . -60.0 |-
shown for R)-KN125 (O) and (S)-KN125 () in cells with '_§
double-sided alignment and foR{-KN125 in a single-sided align- -
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field. CD spectra at five different temperatures are shown in < 200
Fig. 4a) for (R)-KN125. As the temperature increases, the
magnitude of the CD peak continually decreases, but its po-
sition remains unchanged. This confirms that the observec 0o . . , . . .
effect is due to preferential absorption of right-circularly po- 20 30 40 50 60 70 80

larized light, as opposed to a preferential scattering effect,
where the wavelength of the CD peak is expected to shift
with temperature. Figure(d) shows the temperature depen-  FIG. 6. Field dependence of the circular dichroism of KN125
dence of the CD peak magnitudag,, for both enanti- fields at higher temperatureg) The magnitude of the CD peak
omers of KN125 at 25 °C with no applied field. We see thatversus electric field for forR)-KN125 (O) and (S)-KN125 (O0).
both enantiomers show a similar decrease&ig‘bk with in- The open symbols represent data at 40 °C, while the filled symbols
creasing temperature. However, the CD peak does not coe at 60 °C. The dashed lines are guides to the eye, while the solid
tinually vanish as the isotropic transition is approachedline represents a fit of theR)-KN125 data at 60 °C to the quadratic
Rather, there remains a small remnant value over a widgehavior of Eq(12). (b) Temperature dependence of the magnitude
temperature range in the smecficphase right up to the of the CD peak of R)-KN125 (O) at applied fields of 0.0 \itm
melting point. (O), 2.6 Vipm (O), and 5.2 Vjum (O).

When an AC electric field is applied across the sample at
25°C, we also find a change in the magnitude of the CDan intermediate field of 2.6 \/m, the peak CD is relatively
peak, but not in its position. As the field is increased, the CDtemperature independent, while at large field, 5.2 W, the
peak magnitude continually decreases, as shown in Fig. feak initially increases with temperature to a maximum
Both enantiomers show a similar field dependence of thealue around 60 °C and then begins to decrease. At all fields
peak CD. However, the CD peak does not completely disapthe peak goes to zero at the isotropic phase transition. Simi-
pear at high fields. Instead, we find a small residual CDlar behavior is also seen in th8)-enantiomer. This complex
signal at high field pep=—14.7 at 25°C, 5.2 Vkm)  dependence of the CD on both temperature and field pro-
which is similar to that seen in Fig.(d) at higher tempera- vides further evidence that the observed results are not arti-
tures and no field {e,=—14.9 at 75°C, 0 Vim). This  facts due to linear effects, since measurements of the linear
remnant CD indicates the existence of a small twist whichdichroism along the optic axis reveal that it is weakly depen-
cannot be unwound by electric field or thermal effects. dent on both temperature and an applied AC flald].

As the temperature is increased in the smeétiphase,
the situation becomes more complex. The field dependence
of the peak magnitude is shown for both enantiomers at 40
and 60°C in Fig. @). Near 40°C, the peak magnitude is A number of possible explanations may describe the ori-
relatively field independenfopen symbols At higher tem-  gin of the large CD peak observed in the planar, but not
peraturesA e, begins to increase with field, as seen in thehomeotropic, geometry. The possibility of experimental arti-
data at 60 °Cfilled symbolg. The temperature dependence facts was discussed in detail above. Another possible expla-
of the peak circular dichroism ofR)-KN125 is shown for  nation is in-plane chiral fluctuations of the type proposed by
three different fields in Fig. ®). We find significant differ-  Lubensky, Kamien, and Starkl8]. While the smectiA
ences in the temperature dependence of the CD peak at dithase has no macroscopic chiral order, it is possible for the
ferent fields. At zero field, the peak decreases monotonicallynolecular chirality to bias the thermal fluctuations of the
as the temperature is increased as also shown in Fy. At molecules giving the system local, or short-range, chiral or-

Temperature (°C)

IV. DISCUSSION
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der. However, since a smectic-cannot support long-range temperature £50—80°C), the CD increases with field. In
twist deformationq19], these fluctuations can only extend the low-temperature region, the material responds as though
over a few molecules and are unlikely to be responsible foit were near the smecti&-to smecticC* transition. This is

the large enhancement we see in the CD spectra. also seen in the optical response of KN125, where the elec-

Instead, we believe the large chiral effect is due to a twisttroclinic coefficiente, is found to increase sharply with de-
ing of the director induced by the surface electroclinic effectcreasing temperature as shown in Figb)4(solid circles.
discussed earlier. Here, the polar interactions at the cell wallfhe divergence ok, indicates an apparent transition to a
liquid crystal interface act like an applied field, causing thetilted smectic phase at20°C, whose occurrence is pre-
molecules to be tilted with respect to the layer normal by arempted by crystallization.
angle¥. Since the molecules are strongly anchored by the Similar pretransitional behavior is also expected to affect
rubbing, the layer normal is then tilted bl from the rub- the surface properties of the liquid crystal. Near the apparent
bing direction as depicted in Fig. 1. The direction of the layerbulk transition, the surface region should freeze into an or-
normal established by the surface propagates unchanged irdgred phase — either a tilted, chiral smectic phase, with a
the bulk. The layer normals induced by opposing cell inter-twist of the molecular director from layer to layer, or the
faces are rotated in opposite directions since the interfaceghiral-stripe phase discussed in Ref3], with a twist of the
are mirror images of each other. This implies that the mol-molecular director in the smectic layer plane. In either case,
ecules in the two interfacial regions twist in the same directhe chiral environment of the director should enhance the CD
tion so that the net twist induced by the two cell walls is signal compared with the uniform smecficphase. As the
twice that from a single interface. However, this also impliestemperature decreases, the penetration depth of the ordered
that the layer normal rotates by¥2 between the two sur- phase into the interior should increase, and hence the CD
faces. Since uniform twisting of the layer normal is energeti-signal should increase. Indeed, Cletral. confirmed that the
cally disfavored in the smecti8- phase[19], this rotation  Size of the interfacial region diverges as the smecCtictran-
presumably occurs over a very small distance in a twist graisition temperature is approachggl. This is consistent with
boundary inside the ce[l20]. Patel, Lee, and Goodby ob- the result shown in Fig.(®) that|Az | increases sharply as
served such defects in thin cells, but not in thicker cellsthe temperature decreases near the apparent transition. Fur-
where only one domain was segf. In the thick cells, the thermore, when a voltage is applied across the cell, the twist
observation of a single domain with optic axis not parallel toof the director in the ordered phase should be at least par-
the rubbing direction was attributed to preferential growth oftially suppressed, leading to a decrease in the CD s[@4&l
one of the two possible layer normal directions into the bulkThis agrees with the observation in Fig. 5 thatep,| de-

[7]. We observe good optical extinction when the cell iscreases as the electric field increases in this temperature
viewed between crossed polarizers with one polarizerange. However, the twist in the interfacial region cannot be
aligned along the optic axis and find the optic axis of theunwound by the field, leaving a remnant CD at high field.
sample is rotated by about 10° from the rubbing direction. At high temperature, the behavior should be quite differ-
Interestingly, this 10° offset is similar to the zero field mo- ent. In this temperature regime, surface freezing becomes
saicity measured in x-ray diffraction experiments on theunimportant, and the liquid crystal is purely in the smectic-A
same materidl21]. We find that the offset angle changes by phase. For that reason, the chiral twisting of the director
less than a degree over the entire smeétighase. should be dominated by the surface electroclinic effect. To

Further support for the surface electroclinic effect modelfind the profile of the electroclinic tilt angle near a surface,
is obtained by studying a cell with single-sided alignment.we must minimize the free energy subject to the appropriate
Recent work has shown that KN125 can be well aligned in doundary conditions. The free energy can be written as
cell where only one side has rubbed polyimide on it, the
other surface being plain conductilf O) glass[22]. The _ 3url 2 1 2
thickness of the cell was approximatelygthe same as the F_j d*X[zKz| V6"~ 2a(n-N)*=s(E-nxN)(n-N)]
double-sided alignment layer cell described earlier. Figure 3
shows the CD spectra from such a single-sided alignment :f d3X[1K,|V6|2—lacoLo—sEsindcosd], (2)
layer cell containing R)-KN125. We find that the CD peak
is decreased compared to the double-sided cell, but still quite . . . .
large. In fact the peak magnitude is slightly larger than hafVheren is the molecular directol is the layer normalg is
that from the double-sided cell, possibly indicating a reduc{h€ tilt angle betweem andN, andKj is the twist elastic
tion in twist at the grain boundary. This observation rules oufonstant. Note that this free energy is invariant under the
chiral fluctuations in the bulk as a major contributor to theSymmetriesn——n andN— —N. The final term represents
observed CD, since such fluctuations should only depend offt€ bulk electroclinic coupling of the tilt angle to the field,
the thickness of the cell and not on whether one or both side¥ith S known as the structure coefficiefz5]. In the limit of
have an alignment layer. We also find the temperature angmall 0, this free energy reduces to the more familiar expres-
field dependence of the CD peak in the singled-sided alignsion F= [d3x[ 3K,|V 6|+ 3a6°—sE#], plus a constant.
ment layer cell follows that of the double-sided cell, as To minimize the free energy, we rewrite it in the form
shown in Figs. &) and 5, respectivelydiamonds.

In order to explain the complex field dependence of the
CD spectra with increasing temperature, we consider two
temperature regions. At low temperature Z5-35 °C), the
CD peak decreases rapidly with applied field, while at highplus an irrelevant constant, where

Fo [ oK VO farcosao- )], (3
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a’'=[a’+(2sE)?]Y?, (48  This result shows that the average chiral param@E) is
nonzero only when the system has a nonzero surface electro-
1 2sE clinic tilt W. This average chiral parameter is nonzerdat
00=§arctan?. (4b) =0 and grows larger in magnitude &sincreases. For that

reason, in the high-temperature regime, we expect that an
In the bulk, the minimum of the free energyds- 6,; i.e.,6,  applied field should also give an increase in the CD signal.
is the bulk electroclinic tilt. Near a surface definedyoy 0,  This is consistent with the experimental results of Fig. 6.
the minimum of the free energy is given by the Euler-Furthermore, we can estimate how much the applied field

Lagrange equation should increase the CD signal. The result above implies that
K d20+1 'sin2(6—6p)=0 (5 - 1
—Ky,—=+ za’'sin2(6— 6,)=0. — — -
“dy* 2 ° Qs(E)—Qs(0)  cos 2 )
— = _ ~aE?, (1)
This differential equation is a standard sine-Gordon soliton Q3(0) 1 sin2¥
equation. Because of the surface electroclinic effect, we im- 2P

pose the boundary conditiof=V aty=0, whereV is the

surface tilt. In the bulk, the boundary condition d®/dy  With a=3e%/W?, wheree,=df,/dE|z_,=s/a is the bulk

—0 asy—x. Solving the Euler-Lagrange equation with electroclinic coefficient, and the approximation holds for

these boundary conditions gives the tilt profile small 6, and¥. We have¥~10° at all temperatures and
e.=0.78 deg (Vikm) ! at 60°C, and hence we expeet

V-0 _ ~0.018 (V/um)~2. By comparison, the solid line in Fig.

= n—— ylé /2 y p ’ g
0(y)=6o+2 arcta+ @ 2 )e } ©) 6(a) shows a fit of the 60 °C data to the parabolic form
whereé=(K,/a')? is the tilt correlation length. Aep(E)=Agp(0)(1+aE?), (12

In principle, one might want to calculate the CD signal . . - _
from the tilt profile (y). In practice, however, the CD signal V‘{h'Ch gives thg coeff|C|emy=0.046 (Vi) 2. Thus_, our
is a complex molecular property that depends on the detaile jmple qu_el gives at Ieagt the right o.rder of mggmtude for
interactions of the liquid crystal with light. Even without a the sensitivity of thg CD signal to applied electric field.
theory for the optical properties of the molecules, we can say ©Of courseQs(E) is not the only pseudoscalar measure of
that the CD signal is a chiral optical property that depends ofhirality. While Q,(E) was independent d, we could con-
the chiral parameters of the system. From the tilt profile, wesider
can determine how typical chiral parameters depend on the Y de
applied electric field. The simplest chiral parameter that one Ql(E;Y):j dy—. (13)
might calculate is the integrated twist o ~dy

» de whereY would be the lengthscale over which surface effects
Ql(E):f dyd_y' (7)  modify the smectic order leading to an enhanced CD signal.
0 Because of the nonlinear dependencé(@f) on E in Eq. (6),

This integrated twist is fixed by the boundary conditions tothe chiral paramete®; (E;Y) will depend quadratically on
be Ql(E): 00_\If Because the experiment averages OVEIE'_ Moreover, ifY~ g, the Coeff|C|.ent of the quadl’atIC term
the front and back surfaces of the cell, and over the fulWwill have the same order of magnitude@salculated above.

period of an AC electric field, it is appropriate to calculate This will be a generic feature of any chiral parameter con-
the average chiral parameter structed fromd(y) — the quadratic coefficient will always be

of ordereﬁ/\lfz, in agreement with the experimental result.
— Q1(E)+Qi(—E) In conclusion, molecular twisting within the layer of a
Qu(B)= 2 =-7. (8) chiral smecticA has been studied using circular dichroism
spectroscopy. The results have been discussed in terms of a
Note that this chiral parameter is independenEofiowever, model based on the surface electroclinic effect. At high tem-
there are many measures of chirality which can correlatgeratures, where the bulk is purely smedican applied
with the CD signa[26]. One possibility, allowed by symme- field leads to an increase in the chiral parame&@grwhich
try, is can account for the observed field dependence of the CD
3 spectra. At lower temperatures, surface effects enhance the
%) o) chiral, pretransitional behavior.
dy/ ’

[

Qs(E)Zf dy

0
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