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The second- and fourth-order apparent orientational order parameters of the core part of the {Rjpgyle
and(P4)4pp have been measured by polarized vibrational Raman spectroscopy for a homogeneously aligned
ferroelectric smectic liquid crystal with three dimethyl siloxane groups in the achiral terminal chain, which
shows de Vries—type phenomena, i.e., very large electroclinic effect in the sme(Sic+-A) phase and a
negligible layer contraction at the phase transition between thé®md SmC" phases. The apparent orien-
tational order parameters of the rigid core part of the molecule are extremely small both with and without the
external electric field in S These results provide evidence for the existence of the de VrieA Bhase,
where the local molecular director is tilted at a large angle.

DOI: 10.1103/PhysRevE.71.041705 PACS nuni$)er61.30.Cz, 61.30.Gd, 64.70.Md

I. INTRODUCTION suggested that it is caused by a disordered molecular orien-

. - . tation in the smecti& phase, which becomes more ordered
The smecticA (Sm-A) liquid crystal phase is constructed e gecreasing temperature or increasing electric field.

by piling two-dimensional layers in which the in-layer direc- sjnce then, liquid crystals exhibiting this behavior are gen-
tor n is parallel to the layer normal. When the constituentera|ly called de Vries materials and a class of materials in-
liquid crystal molecule has chirality, an application of exter-yglyving chiral smectics have recently gained importance due
nal electric field induces an average tilt of the molecules withg their potential for applications in photonic devices. Sel-
respect to the layer normal. This phenomenon is known aggeret al. [8] have reported the results of experiments of tilt
the electroclinic effec{1]. Suppose that the smectic layer angle and birefringence of DSIKN65 and TSIKN65 with one
spacing is simply determined by the rigid molecular lengthand two siloxane spadey and have concluded that these
the tilting due to the electroclinic effect should cause thematerials have a disordered distribution of molecular tilt di-
layer contraction by a factor of céswhered is the tilt angle  rections that is aligned by the electric field. This is found to
between the in-layer director and the layer norfigdl This  pe the basis of the large electroclinic effect. Recently several
layer contraction is observed as stripes parallel to the layesther groupg9-14] investigated this behavior using x-ray
normal in homogeneously aligned sandwich c¢B$ and giffraction and electro-optical studies of such chiral smectics.
these stripes are found to be detrimental to the working of gheir results are consistent with the de Vries concept that the
good display. o molecular orientation is initially disordered but becomes
In some chiral smectic liquid crystals however, the mol-more ordered under an applied electric field. However, the
ecules tilt but the layers do not contrady. These materials |imjtation of those experiments is that they provide only in-
have a large potential for useful applications in displays andjirect information about the orientational ordering of the
devices. This behavior can occur as a function of decreasing,glecules.
temperature into the smect&- (Sm-C’) phase, or under an | this paper, we go beyond those earlier experiments by
applied electric field in the smecti®phase. Adrien de Vries  ysing polarized Raman scattering to study one of these ma-
studied this behavior in nonchiral smectics of+-7], and  terials. The technique of polarized Raman scattering provides
direct measurements of the secaii®}) and the forth order
(P,) orientational order parameters of the liquid-crystal mol-
*Present address: Advanced Core Laboratory, Fuji Photo Filnecules. We denote the experimentally measured values by a
Co., 210 Nakanuma, Minami-Ashigara, Kanagawa 250-0193subscript “app” which implies that these are apparent order
Japan. Electronic address: naoki_a_hayashi@fujifiim.co.jp parameters which are generally different from the molecular
"Electronic address: jvij@tcd.ie orientaional order parameters. Our experiments show that
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FIG. 1. (Color online@ Chemical structure,
molecular shape and phase sequence of a liquid
crystal  4{3'-nitro-4'-((R)-1-methylhexyloxy
phenyl  phenyl  4{6-heptylmethyltrisiloxy-
hexyloxy) benzoatg TSIKN65).

SmC#* - 25 °C — SmA* — 56 °C — Is

(P2)app is low under zero electric field, and increases under II. EXPERIMENT

an applied field. This result is consistent with the de Vries

concept, and with the earlier measurements using other tecgizzgebChNeergi(r: %Itsglr u[‘i[g]rzr?(: i;:;eﬁgfe“gu;?]gx:tﬁl Eiyntrlle—
niques. Our experiments also show tkB),,, is very low y . 9.

with or without an applied electric field. This result showsA homogeneously aligned sandwich cell was prepared. The

that the molecular core has a large tilt with respect to thénaterlal IS mtroducgd _betwgen Fhe two quartz gllass Sub-
molecular long axis. strates coated with indium tin oxide using the capillary ef-

These chiral smectics in general show a large electrocliniéegtc') Theshg II(TO Ic_oa_tded NS.UbStrats; Y;ée T.p'n. co?lted with
effect with a small or without a measurable layer contraction -nm-thick polyimide(Nissan, N )S_a igning iims
nd only one of them was rubbed in one direction and sense,

[9-15]. They do have a large potential for applications to fast®

response electro-optic devices because no defects due to Race this material may also show the very large interface-

laver contraction mav appear during the switching proce gpduced electroclinic effedtl6-1§. The gap of the cell was
4 I y app uring SWILCIng b S t at 2.5um by the ball spacers. A well-aligned sample was

These materials may have disordered azimuthal angles of t . | ] . .
molecular directors, when the transition to &heccurs, the  ° tained through a rapid cooling from the isotropic to Sm
’ ’ without applying any electric fielFig. 2). There are still

azimuths align into one direction and sense. Hence the Iaye'fA‘ Il defects visible in the text dh it
spacing is kept constant while the average local directors tilt§'3"Y Small GeTects visible in the texture, and hence scatter-

with respect to the layer normal at the same time. The appar”:‘g was gbserved S weII—aggngdhunlfgr'\rAnlgg%a Xy using
ent orientational ordering of molecular long axes in §in- & Micro-Raman spectrometer, Renishaw - An argon

becomes higher than in de Vries SnThe long molecular ion laser was used for the excitation source. The wavelength
axis is defined such that it gives rise to the lowest moment o ss g?(ed t:’ be f5tlh4.5f nm ar;d thet powelr Wa?hSEt at'l?)r? L
inertia for the molecule. We introduce the term “in-layer di- € diameter of the focused spot was 1ess gm8 The
rector” as already mentioned in the beginning of the Intro_magnlflcauon o_f the objective lens was 20. The samplg cell
duction. In this context the “in-layer director” is defined as was mounted In a temperature—cpntrolled oven that IS at-
the director of a swarm of molecules with the same azi_tached to a rotational stage. Polarized and depolarized spec-

muthal angle. The azimuthal angle may vary within the IayelIra were mizasured f‘s_ a function of the rotation gngle .Of the
as well as from layer to layer. What really exists or is pos_ceII from 0° to 180° in order to evaluate the orientational
sible in a chiral smectic, which exhibits large electroclinic order parameters.
effect and a small or unmeasurable layer shrinkage at the
Sm-A to SmC" transition, is beyond the scope of this paper. IIl. RESULTS

The material under studyTSiKN65) synthesized by
Naciri et al. was found to have significantly large electro-  Figure 3 shows the polarized Raman spectra obtained in
clinic effect[8,15] and exhibits a small layer contraction in the isotropic phase at 65 °C. Three Raman lines were ana-
the SmA phase even when a large electric field is appliedyzed for evaluating the orientational order parameters.
across the cell11] as well as from SmA to Sm-C" phase in  These are assigned to the C-C stretching vibration of nitro-
the absence of a field. The experimental results obtained hghenyl (line 1, 1604 cm?), the C-C stretching vibration of
using dissolved dichroic dyd44] and infrared spectroscopy phenyl(line 2, 1620 cri*), and the C-O stretching vibration
[10] show that the orientational order parameter is indeedf core part carbonylline 3, 1733 crii!) groups of the mol-
found to be very small compared to that obtained for con-ecule. The longest principal axes of the Raman tensors for
ventional SmA or SmC” even when a large electric field is these lines are known to lie almost parallel to the long axis of
applied across the cell. However, the origin of the small ori-the core part of the moleculgl9,20. The depolarization
entational order parameters is not understood because no datios in the isotropic phadgs,=1,/l;, are listed in Table |,
tailed direct information about the local molecular structurewherel, andl , are the polarized and depolarized intensities.
has so far been reported in the literature. The overlapped Raman lines are deconvoluted by assuming
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FIG. 3. Polarized Raman spectjaandl | measured at 65 °C in
the isotropic phase.

E=0 V/um; this indicates a change in the orientational or-
der of the molecules.
The fitting procedure described in a previous pajadi
gives results for the second- and fourth-order apparent orien-
O tational order paramete®,) o, and(Py),,p for the longest
::Im" principal axis of the Raman tensor with respect to the aver-
_ ] ‘ - R aged orientational directigii9—-23, as summarized in Table
01mm I. Note that the uniaxial Raman scattering tensor is assumed
in obtaining values fofPy) 4, and(P,)ap, Since the longest
FIG. 2. (Color onling Optical micrographs observed by polar- principal axis is parallel to the long axis of the core part,
izing microscope at 30 ° @) without any electric field an¢b) with (p2>app and <P4>app given in Table | represent the apparent
an applied electric field of 24 \iim. The analyzer and polarizer qrientational order parameters for the core part of the mol-
are parallel to the vertical and horizontal edges of the photographacyle. Experimentally, only small differences (Ry),,, and
respectively. The edge of the sample is parallel to the rubbing di- ’ . app
(Pg)app @mong the three Raman lines are observed here.

rection, which is indicated by arrow R. The optical axis is parallel L . -
to the horizontal line of the photograph, which is indicated by arrow'Vhe€n no electric field is appliedP2)app and (Py)app are

O. The white bar at the left bottom of the photograph represents theXtremely small and these are found to be almost indepen-
length of 0.1 mm. Only the lower substrate is rubbed and the field iglent of temperature. The very small values(Bf),,, have
directed from lower to upper.

TABLE I. Depolarization ratiosRs, and apparent orientational
the Lorentzian shape arids and|,’s are obtained by inte- Order parametertP,),p, and(Py)ap, obtained by polarized Raman
grating the fitted Lorentzian curves. scat_terlng measurements. The depolarization ratio was measured in

For a homogeneously aligned cell in a liquid crystalthe isotropic phase at 65 °C.
phase, the depolarization ratio of the polarized Raman inten-

sity R(w)=1, (w)/1,(w) varies with the rotation angle of the line 1_1 line 2_1 line 3_1
cell w. Figures 4a) and 4b) are the polar plots of R(w) (1604 ¢nt) (1620 ¢nt) (1733 cnt)
profiles as a function ok obtained at a temperature of r_, 0.453 0.413 0.255
30 °C in the SmA phase in the absence of electric field 0 V/um at 30 °C

(E=0 V/um) and on the application of a high electric field (P,) 0.30+0.02 0.27+0.02 0.28+0.02
(E=24 V/um), respectively. The maximum point of R{w) ® >app 0.05+0.02 0.000.03 0.0640.03
profile indicates the average orientation of the longest prin-~ 2P e R D
cipal axis of the Raman tensor. The average orientations for 0V/umat50°C

three Raman lines investigated here are parallel to the Iaygp2>app 0.26+0.01 0.27+0.01 0.25+0.02
normal for E=0 V/um while these tilt by 32° atE (P2 ~0.04+0.01 0.01+0.02 ~0.11+0.03
=24 V/um. The electric field of 24 Vam was found to PP

almost saturate the tilt angl&0]. The polarizing microscope 24 V/um at 30 °C

observation confir_ms that the apparent molecular tilt angle i§pz>app 0.48+0.05 0.44+0.06 0.51+0.05
32° as shown in Fig. 2. The shapes of Rld) at (Papp 0.12+0.04 0.13+0.04 0.07+0.06

E=24 V/um is found to be clearly different from those at
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(@) E=0V/um
0 0 0
line 1 line 2 line 3
300 60 300 60 300 60
4 8 4 8 8
240 120 240 120 240 120
180 180 180
(b) E=24 V/um
0 0 0
line 1 line 2 line 3
300 60 300 60 300 60
o
4 8 4 8 4 8
240 120 240 120 240 120
180 180 180

FIG. 4. Polar plots of reciprocal values of the depolarization r&fe) =1, (w)/l,(w) at 30 °C, wherew is the rotation anglédeg) of
the sample cell(a) E=0 and(b) E=24 V/um. Solid circles are experimental values and solid lines are the theoretically fitted curves. The
line connecting between 0° and 180° shows the direction parallel to the smectic layer normal.

also been pointed out in the previous woifld®,14. It is  principal axis of the Raman tensor and the molecular long
remarkable thatP,).p, values are approximately zero, and axis[19,20. Since the longest principal axes of the Raman
those calculated for the lines 1 and 3 show even negativiensors for the lines used are almost parallel to the long axis
values. At a temperature of 30 °C, the electric field ofof the core part of the molecule as pointed out previously and
24 V/um almost saturates the tilt angle as mentioned befor@specially detailed in Ref20], 3, is assumed to be equal to
[10]. Under this high electric field, values fdP,),,, and the tilt angle of the core part with respect_to the molecular
(Pa)app are increased. Nevertheless, the orientational orddPng axis, Bc. Moreover, we have to take into account the
parameters still remain very small and the valugRy) ,p is distribution of the local in-layer directors in the de Vries

approximately only 0.1. scenario. . . o .
PP y only When the molecular orientational distribution function

f(B) has uniaxial symmetry, where the symmetry axis is par-
allel to the in-layer directorf(8) is described by an expan-
sion expressed in terms of the Legendre polynomials

IV. DISCUSSION

A. Relation between the apparent and the molecular

orientational order parameters
P 2L +1

f(B= > W(PQPL(COS,B), L=2and 4. (1)

To interpret the extremely small apparent orientational or- )
=even

der parameters correctly, the relation between the experimen-
tally obtained “apparent” orientational order parameters Here the anglgs is the tilt angle. The second- and fourth-
(P2)app and (P4)app and the “molecular” orientational order order “molecular” orientational order parametér,) and
parameters(P,) and (P,), must be considered. Since the (p,) are given by

longest principal axis of the Raman tensor possibly tilts

somewhat with respect to the molecular long axis as shown T
in Fig. 5@), (P2)app @and (P4)ap, may generally differ from fo sin dBP (cosp)f(B)
(P,) and({P,) even in an orthogonal S-phase. Therefore, (P)= p- ,L=2and 4. (2
(P2)app@nd(P4),, depend not only on the molecular thermal f sin BdBf(B)
0

fluctuations but also on the angje, between the longest
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(a) ®)

n 1B
/ z Zc

w flexible chain

rigid core

Bo

flexible chain
with siloxane moiety

FIG. 5. (Color online Schematic illustrations representite@ the molecular long axis is defined such that it gives the lowest moment of
inertia (the z axis), the averaged direction of the molecular long aftbs in-layer directon), and the longest principal axis of the Raman
tensor(the z, axis), and(b) the molecular long axighe z axis) and the long axis of the core pdthe z- axis) when the core part is assumed
to be a rigid rod with a uniaxial symmetrg is the molecular tilt angle at an instant of tim&, the angle between theandz, axes, and
Bc the angle between theandz. axes. The molecular orientational distribution has uniaxial symmetry around their long axes, of which the
distribution around the in-layer director is uniaxial. TReandz, axes are almost parallel to each other and hence we ag8gm: in this
paper. The conformation of the chemical structure illustrated may not be real but is drawn just for the ease of understanding.

HereP,(cospB) andP,(cosp) are the second- and fourth- (PL)app,0= PL(cosBc)(PL ), L=2 and 4. (4)
order Legendre polynomials. These order parameters are not h lectric field i i h lecul
explicitly dependent on the azimuthal angle of the director, When an electric field is applied, the average molecular

We define the directior to be the molecular long axis such tilt is |r_1duced o!ue _to the electroclinic effect. Slnce_the n-
that the moment of inertia of the molecule across which iSIayer directors tilt with respect to the layer normal uniformly,

the least. We define the directiap as the long axis of the the apparent orientational order parameters under sufficiently
core part; the angl@c as the angle betweenandz.. The ~ 'arge electric fieldPaappe and(Pa)appe are given by
experimentally obtained “apparent” orientational order pa- p =P, (cosB)NP L=2and 4 5
rameters Py) ap, and(Py),,, May still not be given by Eq2) ( _L>appE u 'BC)<_ Ve _ ) ®)

if Bc#0 since the apparent order aprameters are measured In de Vries SmA, the local in-layer directorédirector of
relative to the layer normal; these are related to the “molecuthe region over which the order is smec@elike) tilt with

lar” orientational order parametet®,) and(P,), as follows  respect to the layer normal and randomly distribute on the tilt
[21,22: cone as shown in Fig.(8). The apparent order parameters

(P2)app,0@nd(P4)app0 are given in terms of the average of

_ B the molecular orientational distribution in a single layer over
(PL)app= PL(cOSBc)(PL), L=2 and 4. () all azimuthal tilt orientations

Here, we assume the uniaxial molecular orientational dis- _ _
tribution around the director though the orientational distri- (PLapp.0= PL(COSO)PL(COSFc)(PL)o, L =2 and 4, (6)
bution in the field induced ferroelectric state is really biaxialwhere ¢ is the tilt angle of the local in-layer director with
[20,21] and hence this representation{®g) is only approxi- respect to the smectic layer normal. In field-induced tilted
mate and is based on the assumption that the molecular r&m-C’, all the in-layer directors are oriented in one direction
tational bias in general is practically rather smalland sense as illustrated in Figb® Since there is no spatial
(~10-15 % [24]. The influence of the biaxiality on the distribution of the in-layer directors as shown in Figbl
results obtained will be discussed in the Sec. IV B. Note thathe orientational order parameters under high electric filed
the rotational bias would only affect the value of the tilt (P2appe @Nd{P4)appe are given by Eq(5). The origin of the
angle that is calculatetBec. IV B), it should have no influ- extremely small apparent orientational order parameters
ence at all on the measured value of the orientational orddisted in Table | is discussed in terms of E¢8)—6) as
parametelSec. IV Q. follows.

In a usual SmA phase, the in-layer directors are parallel
to the smectic layer normal in the absence of the electric  B- Possible interpretations of a small molecular order

field, the fluctuations of which must be small and negligible. parameter
The apparent orientational order parametées),p, o and The orientational order parameters in electric-field-
(Pg)app,0 are given by induced tilted SME™ are examined first. In this state, the

041705-5



HAYASHI et al. PHYSICAL REVIEW E 71, 041705(2009

@E=0 ciently large electric field. SincéPy),ppe is as low as 0.1,
P,(cospBc) should be close to 0. Heng: should be close to
A the magic angle for the fourth-order Legendre polynomial
Bc=30.5°, for P4(cosBc)=0. When(P,)g=0.7 and(P,)g

n 0
=0.5 are assumed as the typical values, we ohBain26°,
(P2)appe=0.50 and(P4)appe=0.10 by using Eq(5). Simi-
larly, when(P,)z=0.8, and(P,)=0.6 are assumed, we ob-

tain Bc=28.5°, (P2)appe=0.53, and(P4)appe=0.05. In this

way, largeB. is deduced for all Raman lines that have been

investigated here. However, it should be noted that the de-
(b)E#0 duced values of8. are based on Eq3), the validity of

6 n which is being investigated here for the case of a real biaxial
B system. These values would be found to be even slightly
higher when large biaxiality is considered than the angle
found for a uniaxial case.
It is possible to estimate the influence of biaxiality on Eq.
(3). For this estimation, we assume Gaussian distribution of
the molecular short axis

— 12
FIG. 6. Scenario based on de Vries $m{a) de Vries SmA f(¢) = ;_ expl - (‘ﬁ—d’O)} (7)
phase in the absence of applied electric field, where the local in- A7\ 270 207

layer directors tilt with respect to the layer normal Byand ran- h is th le b h I | h . d
domly distribute on the Sn&” tilt cone even in a single layer as where ¢ is the angle between the molecular short axis an

well from layer to layer andb) the electric field-induced tited (€ @xis parallel to the tilt plane. The latter is parallel to the
Sm-C’ phase, where the local in-layer directors align in the sameSubstrates whel is applied. The molecular short axis lies in
direction and sense so that the tilt plane is perpendicular to théhe molecular tilt planegy, is the angle around which the
app“ed field, keeping the tilt angl@to be a constant. Note that, as short axis is distributed. When the electric field is applled to
already explained in Fig. 5, the longest axis of the core (ihetz- the sample cell, the in-Iayer director also parallel to the sub-
axis) tilts relative to the molecular long axishe z axi9) by angle  strate plates anghy=0. c=0 corresponds to the perfect ori-
Bc. entation of the molecular short axis and thus the maximal
biaxiality. For this|{(cog¢— ¢))|=1 ando=0. In a uniaxial

in-layer directors are oriented in one direction and sense agase, |(cog - ¢))|=0 and o=x. The biaxiality may be
illustrated in Fig. €b). Consider two possible cases, which foyng using Eq(8):
can interpret such a small orientational order parameters in )
terms of Eq.(5). (cod &) :f G} exp{— (- d’o)z}

The first interpretation could have easily been #R)c 0 47.,\;%(, 202
and(P,)g do have very small values due to the microscopic o
segregation between the siloxane part on the terminal chain ><cos¢d¢/f 1_
and the molecular core part on the basis of the x-ray and o 4m\2mo
dilatometry measurements in analogous liquid crystals con- 5
taining the siloxane grouf®5]. However, the assumption of XeXp{— M]d¢ (8)
the low molecular orientational order may be questioned be- 207 '
cause the observed large electroclinic effect does indicate fhe spontaneous bpolarization is broportional (tw &)
large spontaneous polarization. This inevitably requires hig:% P b brop ’

molecular orientational order parameter. Such a large spo —?X(tj welwant ]Ecig'nd the eﬁ?Ct 3f the b|aX|aI|Ety on 5h?35|mu-
taneous polarization as already mentioned is actually op&t€d values ot the apparent order parame(ess and(P,).

served for an analogous series of materfal. Let us assume thatP,)-=0.8 and(P,)=0.6 as the actual _
The second interpretation is based on the molecular strug2lues of the molecular order parameters for a complete bi-

ture of this compound: a highly noncalamitic molecular@xial case, and the core tilt angle Ag=28.5°. _

shape with a largely tilted core part. Note that the compound, The apparent order parameters are simulated by assuming

which has the same core part but no siloxane substituent i€ biased distribution of the azimuthal angle of the core part

the terminal chaifKN125, [15]), shows a typical value of around the long molecular axis. For the uniaxial cases

the orientational order parameter. The modeling by semiktfor which Eq.(3) is strictly valid] the apparent order param-

empirical molecular orbital calculation suggested the preseters as simulated are found to K&),p,=0.53 and

ence of a large angle between the core part of the moleculd’s)appe=0.05. For the case of a 15% biaxialitgos ¢

and the average molecular long axikl], i.e., Bc. Hence  —¢p))=0.15 ando=140°, the order parameters as simulated

Py(cosfc) and P4(cosBc) may have very small values due are found to be(P,),ppe=0.54 and(P,),ppe=0.10. These

to a largepBc. It is natural to consider thaP,)e and(P,»e  simulated values are approximately the same as those ob-

have typical values in the smectic phase under the suffitained for the uniaxial case. A comparison of the order pa-
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1.0 7 — 1.0
@ P2
—S— P4
—@— <cos ¢>
-
T FIG. 7. (Color online Simulated values of
o A (P2)appe and(Pg)appe for Bc=30° as a function
a of o (deg For o=0°, assumed values qP,)c
< and(P,)g are 0.8 and 0.6, respectively. Procedure
of simulation is given in Ref[21], except here
the core is tilted with respect to the in-layer di-
rection, whereas in Refl21], the molecule is
tilted with respect to the layer normal.
0 50 100 150 200 250 300 350
a()
rameters for these two cases: the uniaxial and for a limited (P =(Po=(P)g L=2and4. 9)

biaxial case, shows that the E() derived for a uniaxial _ . L
case is also valid for the case of a limited biaxiality. How- According to Egs(5)—(7), the Lth order “apparent” ori-

ever, we can simulate the orientational order parameters fghtational order parameter in the absence of the electric field
any degree of biaxiality and indirectly calculate the angle ~ (FLlappoiS related to(Py)appe With

This core tilt angle would increase with the increase in the _

biaxiality. The procedure for simulation of the order param- (PL)app0= PLICOSO)(PLappe- (10
eters is detailed by Hayaski al. [21] in Sec. V of their As shown in Table | and Figs. 2 and 8732°, (P,)appe
paper. The simulations are carried out as a functiooahd =0.48 and (Pg)appe=0.12 are obtained for line 1 at

are shown in Fig. 7. Due to a competition between the privio4 v//,m. Equation(10) gives (Py)app.=0.28 and(Py)app.0
leged direction of the transverse dipole moment close to the_._0_01 for the de Vries Smphase. These simulated values

chiral carbon atom and the almost free rotation of the Mol oyimate the experimentally obtained values in the ab-
ecule around its long molecular axis, the biaxiality in most

: . o, Sence of the external electric field. The de Vries scenario can
[cgg?pounds in Sn&" is found to be of the order of 10-20 % ,,5 explain not only the results obtained by the Raman ex-

h | I - . ional Iperiment but can also offer explanation for the results of the
Hence the extremely small “apparent” orientational orderyp o, experiments reported previou§ho,11,14.

parameters can be understood in terms of the core part of the 1,4 molecular weight of the rigid terminal chain contain-

molecule having been largely tilted with respect to thej,q gjioxane substituteriig. 1), is calculated to be-2/5 of
molecular long axigFig. Sb)]. This interpretation reason- yye entire molecule, the molecular structure possesses a

ably accounts the expl)erlmental observation of thel smalhighly noncalamitic overall molecular shape. This may cause
apparent” orientational order parameters or it may also b&, isyrhance in the long-range ordering of the molecules in

supplemental to the mechanism already given by Collinggmectic layers and therefore may lead to the formation of the

et al.[14]. de Vries structure as was indeed earlier pointed out by Sel-
inger et al. [8] through their experimental and theoretical
works. The Monte Carlo simulation method also shows that
The observation of the small apparent orientational ordethe “bent-rod” shaped molecular structure, found in this
parameters in the absence of the externally applied electristudy, causes the molecular tilt with respect to smectic layer
field can be explained in terms of the de Vries scenario asormal and makes the vortexlike point defef2§], which
follows. Application of a sufficiently large electric field of appear in the modulated phase. Recently, Meyer and Pelco-
24 V/um makes the in-layer directors align in one directionvits [28] theoretically proposed the existence of a modulated
and sense perpendicular to the applied field and the fieldSm-C" phase for the de Vries Si-phase. The local in-layer
induced tilted state is identical to the St-phasgFig. 6(b)] n directors in a smectic layer tilt relative to the layer normal
[10]. It can be assumed that the “molecular” orientationaland these are azimuthally disordered on the tilt cone even in
order parametergP,) and (P,) are independent of the a single layer though some correlation of the azimuthal di-
strength of the applied electric field rection may exist in the adjacent layers, thus forming an

C. de Vries SmA or usual Sm-A?
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array of vortices or defects. If the spacing of these defectsf biaxiality can be simulated. The change in the apparent
were to appear in the subvisible region, this modulatedrientational order parameters between the states with the
Sm-C" phase would look similar to a Siphase. No direct externally applied electric field is discussed in terms of de
experimental verification of this theoretical proposal has yewries SmA scenario. The analysis of the results of the ex-

been reported to our knowledge. periments using polarized Raman spectroscopy provides an
evidence for the existence of de Vries $xrphase in the
V. CONCLUSION siloxane material investigated here.

The apparent second- and fourth-order orientational order
parameters are investigated for the ferroelectric liquid crystal
showing the so-called de Vries—type Skphase using the The authors thank Nissan Chemical Industries, Ltd., for
polarized Raman spectroscopy. Extremely low orientationasupplying the aligning material. The Raman scattering ex-
order parameters have experimentally been obtained eveyerimental part of the work was carried out in Trinity Col-
when a large external electric field that produces the directoliege Dublin(TCD) for which T.S. Perova is acknowledged
tilt angle as large as 32° is applied across the cell. The analyfer introducing us to the spectrometer. J.K.V thanks the Sci-
sis of these results indicates that the core part is largely tilteence Foundation, Irelan@FI) [02/IN.1/1031] for supporting
with respect to the long molecular axis. The model calculathe visit of N.H. to Dublin and for funding the research.
tions based on Ed3) shown here to be valid for a biaxiality Atsuo Fukuda also thanks the SFI2/W/102] for financial
of ~15%, lead to the result that the tilt angle of the core is ofsupport at Trinity College Dublin. We sincerely thank Dr.
the order of 26°-36°. It is also shown that at least in prin-Jonathan V. Selinger for informal discussions about the de
ciple, the tilt angle of the core part can be estimated for any/ries type of materials. One of the authddsK.V.) thanks R.
degree of biaxiality since the order parameters for any degrelorlacki for discussions on IR spectroscopy.
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