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Collective director modes at the transitions to hexatic ferroelectric liquid crystalline phases
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Measurements of the dielectric constant and the modulation depth of the light intensity as a function of
temperature and electric field frequency are reported for two compounds of the homologous series
4-(S)-2-chloro-3-methylbutanoyloXy4’-[ 4-n-alkyloxybenzoyloxybiphenyl exhibiting cholesteric, smectic-

A*, smectic€*, hexatict*, and hexatidc* phases. Relaxation processes related to the helXatismectic-

C* and hexatic-to-hexatic phase transitions are characterized and the results discussed in terms of bond
orientational order and its coupling to the molecular tilt direction. Parameters describing this coupling are
determined by fitting the results of a theoretical model to the experimental[&4a63-651X%97)04905-2

PACS numbeis): 64.70.Md, 77.84.Nh, 78.20.Jq

I. INTRODUCTION fluid Sm-C* and hexatic Sm* and SmF* phases and
compare them to those by an optical method. Both are dis-
Landau[1] and Peierl§2] independently established that cussed in terms of the evolution of the bond orientational
a periodic lattice cannot exist in a one- or two-dimensionalorder, the local tilt direction, and their coupling. Following
system. Landa(i3] also realized that the vectors describing the ideas of Selinger and Nels¢24], the coupling between
the relative positions of the center of mass of particles cathe spatially fixed long range bond orientational order and
form long range orientational order, which leads to anisotthe local tilt direction becomes weak in the vicinity of the
ropy in these systems without long range positional orderSm+*—-Sm{* phase transition, therefore a reorientation of
This kind of order has been termed long range bond orientahe local tilt direction with respect to the bond orientational
tional order. Some smectic liquid crystalline phases exhibiprder is caused by the strong interaction between the large
this long range bond orientational ordef], but they lack spontaneous polarization and an electric field. A new collec-
long range positional order within smectic layers or betweeriive director mode is related to this reorientation.
them, e.g., hexatic smectic pha$és Sm-Byey, Sm4, Sm-

F. Meyer et al. [6] pointed out that the chiral tilted hexatic II. EXPERIMENT
phasegSmd*, Sm+*) should exhibit pyroelectric proper- ) o )
ties similar to the smectic* phase(Sm<C*). This gives Two members of seriedin with its general chemical

fise to a macroscopic spontaneous polarization and a ferréormula given below exhibit SrG* and hexatic smectic
electric domain structure, if they are prepared in sufficientlyPhases on cooling.

thin cells (surface stabilized ferroelectric liquid crystal, aH
SSFLC[7]) or if a large electric or magnetic field is applied. H2n+lCn()—©7COOOOC>W/

The structure of hexatic, smectic phases has been ana-
lyzed using x-ray scattering techniqugs-11]. Heat capac- Their synthesis has been described elsewli2r and
ity measurements are suitable for investigations of varioushiral properties of compoundsin with 3<n=<10 have
phase transitiongl2—16, also in free standing filmsL7]. In been reported in a previous pag@8]. In this work, the
the vicinity of phase transitions in smectics, the dynamicamolecular dynamics of different ferroelectric phases are
properties of chiral and nonchiral hexatic phases have beestudied in compoundM6 andM10. Two types of sample
investigated by light scattering techniguds8-22. Dierker = geometry different in alignment of smectic layers with re-
and PindaK 18], Nelson and Halperifi23], and Selinger and spect to the substrates are schematically depicted in Fig. 1
Nelson[24,25 proposed a theory which describes hexatic-and referred to a&) “planar orientation” and(b) “homeo-
to-hexatic phase transitions. tropic orientation,” respectively.

In materials with high spontaneous polarization (a) Commercially available SSFLC cel&.H.C. Ltd., To-
(Ps>200 nC cm ?), the nature of hexatic-to-hexatic phase kyo, indium tin oxide(ITO) electrode area 1cfy parallel
transitions is appropriately probed by dielectric spectroscopyubbed polyimide coatings, 1@&m cell gap are filled by
or electro-optical methods, where reorientations of the spaeapillary action in the cholesteric phase. These samples ex-
tial director structure can be monitored as optical transmishibit a nearly perfect Grandjedr29] texture in the choles-
sion signals. Dielectric investigations concerning the transiteric phase with its helical axis aligned perpendicular to the
tions from SmE* to chiral tilted hexatic phases are rare substrates. In the S8* phase, compoundsin exhibit a
[26], however. distorted helical structure with the helical axis aligned nearly

In this paper we report results of dielectric measurementgparallel to the substrates as inferred from the observation of
in the cholesteric and different tilted smectic phases, e.gdistinct, equally spaced disclination lines. Polar anchoring of
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(a) planar orientation (b) homeotropic orientation (") Both types Of_ Samples are placed .in a pOIariZing mi-
substrate substrate croscope. The application of an electric field causes a small
' ! modulation in the intensity of transmission of visible light

Tg (546 nm. The depth of modulation is detected by a photo-
diode as a function of temperature and frequency of the elec-

tric field applied. After preamplification, the signal is trans-
ferred to a lock-in amplifiefStanford Research Systems SR
530, which is synchronized by the ac voltage applied to the
cells (HP 4192A for SSFLC cells or function generator Zo-
pan KF140S and power generator Zopan P0-27 for home-
made cells, which stabilizes a “homeotropic orientatipn”
Output signals are accumulat&2b6 times and averaged by
the HP 54602A oscilloscope connected to a computer for
data storage.

For both types of samples, the driving voltage is chosen

as low as possible (10 mV per micrometer order to pre-

Tlight beam Light beam vent any irreversible distortion of the spatial director struc-
ture. A comparison between the electro-optic and the dielec-
tric method, a discussion of their advantages, and details of
the setup are summarized elsewh3§].

smectic layer

FIG. 1. Principal geometries of sampl€a) the “planar orien-
tation” in SSFLC cells(b) “homeotropic orientation” obtained by
unidirectional shearing.

IIl. RESULTS AND DISCUSSION
molecules at the substrates stabilizes a pr&dt and smec-

tic layers form a chevron structuf81]. Dielectric measurements for compoultb are reported

(b) Strong, unidirectional shearing in the SBt- phase and discussed in the first part of this section with special
forces the smectic layers to align parallel to the substrates {tention to temperature regions near the phasg transitions,
hese results are compared with those obtained by the

a homemade liquid crystdLC) cell with a cell gap of less . : ) .
than 1 um being composed of two untreated glass platesg!ectro—optlcal method and discussed in terms of collective

One of the glass plates carries two parallel metal electrode |£ector rrlodes related to the phase transitigag., Sm-
—Sm+*). In the second part, measurements in the vicin-

with a distance of 1 mm, hence the electric field is applie v of a hexatic-to-hexatic phase transition of compound
parallel to the smectic layef§homeotropic orientation” or iy xatl xatic p - pou

“in plane switching geometry}. The tilt direction is aligned M10 are described in terms of the bond orientational order

nearly parallel to the direction of shearing and a stronglyand the local tilt directiong directop in hexatic smectics. In

deformed Snc* helicoidal structure is formed. an electric field, the coupling between both directions is dis-
All samples are placed in a modified Mettler model no.turbed by theP,- E interaction, which has to be added to the

FP52 hot stage equipped with a temperature controlling unifree energy density expansion.

(Unipan 650H. The temperature is controlled within 0.02 K,  CompoundM 6 exhibits the following phase sequence on

the absolute temperature calibration withinl K, respec- cooling:

tively. Electric field induced distortions of the spatial director [/ Bp* N Y §m-C*
structure are recorded using two metho@s,the dielectric 190.8 °C 189.9 °C 138.5 °C
and(ii) an electro-optical method, respectively, and depicted
schematically in Fig. 2. (‘_’ Sm-F*) T cryst,
83.4 °C 25 °C

(i) The low frequencyLF) impedance analyzer model no.
HP4192A is used in combination with a computer controlled
setup for measuring the complex dielectric permittivity where the parentheses denote the monotropic plthseap-
e*=g'—ie” as a function of temperature and frequency.tion to Fig. 3. The dielectric permittivity is determined in
The electrode area in a sample prepared in “homeotropicells with a “planar orientation.” The dielectric constant
orientation” is very small, the dielectric method is not appli- ¢'(T) at a fixed oscillator frequency of 200 kHz is depicted

cable here. in Fig. 3. Generally, the values @&f increase on approach-
Photodipde <«——| Lock-In Amplifier | ¢—————> Oscilloscope
Preamplifier
T A
Analyzer /
Hot st'age& FIG. 2. Experimental setup.
Sample <«————> | Function Generator Computer
Polarizer :
\‘i\ —> LCR Bridge < T

®
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FIG. 3. Dielectric constarg’ versus temperature for compound & T 3 . %§
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M6 at 200 kHz in the “planar orientation.” A hysteresis in the Sm- - y A
C* phase is observed between cooling and heati@gstallization - M
of M6 must be avoided since the Jai- phase is a monotropic e
phase). 60 80 100 120 140 160

T(O)
ing the N* —Sm-C* phase transition on cooling and repre-
sent a distinct peak at thé* —Sm-C* phase transition. The FIG. 4. Dielectric constant’ versus temperature for compound
action of an electric field or hydrodynamic flow induced by aM6 at frequencies of 100 kHz, 50 kHz, and 10 kHz in the “planar
displacement of ionic charges negligibly effects the structurerientation.” The peaks indicating the phase transitions are hidden
of the N* phase since the magnitude of the electric field ison lowering the frequency.
small and its period is at least a hundred times shorter than
the characteristic time describing the transport of ionic im-cate a modification of the spatial director structure for this
purities across the cell. However, the formation of smectiGyrocess: Equally spaced disclination lines indicate the pres-
clust_er_s .connected to an increase of the;_cholestenc pitch i8hce of a distorted SIE* helicoidal structure, which is ob-
Fhe vicinity of theN* —SmC* phase transition may cause an goryed in the SnG* phase in a slow cooling process,
increase of the dielectric constant, which might be related tQ . o .o o< these disclination lines are absent in theFSm-

the linear electroclinic effect of the chiral nematic phase neabhase and they remain absent after the cell is heated to the
a transition into a smectic phap&2,33. Similar to the elec- SmC*’ phase again. The disclination lines return after the

troclinic effect in chiral smectic phases, a tilt of the optical o .
axis was established by electro-optical measurements in trapatial director structure relaxes overnight. These texture ob-

chiral nematic phase of infinite or sufficiently large pitch servations and dielectric measurements suggest that the heli-
. : .

[34]. Further dielectric measurements in the high frequencyf@l structure of the Sri* phase is absent in compound

region (f>100 kH2 are required to characterize the corre- M6 prepared in this SSFLC cell. Generally, it cannot be

sponding dielectric mode with respect to its dielectric incre-concluded that the St phase is not helicgl36], but the
ment and relaxation time. bond orientational order, surface, and elastic interactions

Within the SmE* phase, the values of’ linearly in-  Might suppress the formation of a helicoidal structure or its
crease with decreasing temperature. The slope remains dl€lical pitch exceeds the sample dimensions. However, in
most unchanged after passing the Sth-phase transition. the SmE* phase, the dielectric constants obtained on heat-
The overall increase of on lowering temperature can be iNg are related to a splayed state, whereas the values of

associated with an increase of volume density of compound (200 kHz) measured on cooling are connected to a dis-
M6. A distinct peak in the curve of’ versus temperature torted helicoidal structure. Since the former values are larger

indicates the Sn&* —SmF* phase transition as shown in than the latter, compounkll6 exhibits a negative dielectric

Figs. 3 and 4. anisotropy in the Sn€* phase, if the dielectric biaxiality of
The permittivity is reproduced within instrumental error. the phase is neglected. . o
On heating the same sample starting in the Stphase the Figure 4 depicts the dielectric permittivity’(T) mea-

same values are obtained as on coolie§ Fig. 3, but sured'at Iower'frequencies. Unlike in the - phase,
within the SmC* phase, the values of' are significantly €' (T) is almost independent of frequency in a range between
larger in comparison to those obtained in the preceding cooll0 kHz and 200 kHz, in both thé* and SmF* phases. At

ing process. The larger dielectric constants obtained for th@ fixed temperature, the strong collective director mode due
heating process relax to the smaller values measured on codé a small reorientation of the director in the Sme* phase

ing after the system is kept overnight at a temperature o€auses an increase of dielectric constahwith decreasing
100°C. This process is related to a structural change in th&equency. The peaks related to phase transitions are hidden
sample. Simultaneously performed texture observations indien lowering the frequency as can be noticed from the lower
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FIG. 5. The dielectric constast versus temperature upon heat- FIG. 6. Comparison of the dielectric and optical responses ob-
ing for compounaM6 ("planar orientation”) in the vicinity of the  tained in cells stabilizing a “planar orientation” and filled with
SmF*-SmC* phase transition at frequencies of 10 kHz, 20 kHz, compoundV 6. Both signals are simultaneously measured at a fre-
and 50 kHz in the absence of a bias electric field. quency of 10 kHz on heatingsame cell as used in Fig).5

panel of Fig. 4. It should be mentioned that the mobility of behavior supports the general assumption that the application
ionic impurities affects the dielectric measurements for fre-0f @ bias electric field suppresses the strong mode related to
quencies lower than 100 Hz and the resistance capacitand@e SmE* phase more significantly than processes associ-
(RO) relaxation of ITO electrodes influences the spectra foated to the Sni*-Sm<C* phase transition.

frequencies exceeding 300 kHz. Substantial work on dielec- The optical method has an important advantegjg: The

tric properties of the Sn&* phase has been performig¥]. direction of the electric field applied can be chosen indepen-
However, phase transitions into hexatic smectic phases ha@ently of the direction of light propagation, for instance, per-

scarcely been studied and have gained our interest. pendicular to each other for the "homeotropic orientation”
(cf. Fig. 1). In the vicinity of the SmF* —Sm-C* phase tran-

sition of compoundM 6, the modulation depth of the light
A. Sm-F*—-Sm-C* phase transition intensity (546 nm is measured as a function of frequency
In compoundM6 the strong mode related to collective and temperature in "homeotropic orientation” and depicted
order parameter reorientations in the §h-phase overlaps in Fig. 8. Even in the absence of a bias electric field, the peak
with processes connected to the $M-SmC* phase tran- associated with the phase transition is clearly revealed in a
sition as can be deduced from Fig. 5, which shows a confrequency range between 10 Hz and 50 kHz. This mode ex-
tinuous increase of the dielectric constantwith increasing  hibits a relaxation frequency of approximately 3 kHz. It van-
temperature in the vicinity of this phase transition for fre-

guencies lower than 50 kHz. 10
If a cell is mounted in a polarizing microscope and its L M6
position is optimized with respect to the modulation depth of [ bias field strength: 5 MVm™
the light intensity (546 nm the dielectric permittivity 9 Sm-F* Sm-C*

€'(10 kHz) and the optical signal can be simultaneously
measured on heating. The results are compared in Fig. 6. In
a heating process, the modulation depth of the optical signal
increases similar to the dielectric permittiviy, thus both
methods provide equal information here. With increasing 7
temperature, both the hexagonal order parameter and the

coupling between local tilt to bond directions decrease, thus

l\lll\lll\llll

dielectric increments of collective director modes related to a 6

reorientation of thec director rise in the vicinity of a Sm- C

F*-Sm-<C* phase transition. sl v v v b
The application of a bias electric field is appropriate to 81 82 83 84

suppress collective director modes in the Sfphasg 38]. T (°C)

Figure 7 depicts the dielectric constat in the same tem-

perature region as in Fig. 6 with a dc bias electric field ap-  FiG. 7. The dielectric constant’ versus temperature for com-
plied. Unlike in the absence of the bias electric field, thepound M6 (“planar orientation”) in the vicinity of the Sm-
peak associated with the SR¥-—Sm<C* phase transition F*_-SmC* phase transitions on heating at frequencies of 10 kHz,
can clearly be observed down to a frequency of 10 kHz. Thi0 kHz, and 50 kHz and a bias electric field of 5MV thapplied.
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smectic layer

FIG. 9. Structure of a homogeneous slab of a chiral hexatic Sm-
F* phase. X,Y,Z) is the laboratory coordinate systeﬁwsmeetic
layer normal,l?S spontaneous polarizatioﬁ,unit vector describing
the local tilt direction, ancE electric field alongi. The hexagon
symbolizes the long ranged bond orientational order withinxhe
37 plane, but a long ranged positional order is absent within the
smectic layers. In principle, an electric field induced reorientation

FIG. 8. The modulation depth of the light intensity for com- of the tilt direction is divided into two contributiongf) A reorien-
poundM6 (“homeotropic orientation’ as a function of frequency tation of the bond orientational ordénexagon with the local tilt
and temperature in the vicinity of the SF-—Sm-C* phase tran-  direction locked to the hexagon afii) a reorientation of the local
sition on heating. No bias electric field applied. tilt direction with respect to the bond orientational order being spa-
tially fixed to the cell walls. The substrates of the samples are

ishes 1K above the S#* —~SmC* phase transition, which normal to thz_ai direction (“planar”) or normal to thez direction

occurs at 83 °C. Within the SI6* phase a rapid increase of (homeotropic”).

the modulation depth is detected for frequencies smaller than

10 kHz. three dimensional long range positional order is absent in
Far below the Sn*-Sm<C* phase transition, the bond hexatic phases, this process is different from a rotation of the

orientational order is assumed to be long ranged and spatialample.

fixed with respect to the cell walls. If the coupling between (i) If the bond orientational order is assumed to be spa-

the bond orientational ordgr and the local tilt direction iStia”y fixed with respect to the cell walls, any rotation of the

strong additionally, both the director and the spontaneous spontaneous polarization is affected by the coupling between

polarization are locked. Collective director modes connectedhe local tilt direction and the bond orientational order. In

to order parameter phase c*hanges are small. this limiting case, thec director must leave its equilibrium

On approaching the Si* -SmC* phase transition on  gjrection at zero electric field, which points towards the apex
heating, the cquplmg petween the bond orlentatlonal_orde6f the hexagon in a Sri* phase and towards the side of the
and the local tilt direction becomes weak, thus allowing exagon in a Sn* phase, respectively

reorientation of thec director with respect to the bond ori- Contribution of collective director phase fluctuatioms-

entational order, which remains long ranged and spatially . . > . .
fixed. This process might be associated with the peak diprlentatlons of the directop to the complex dielectric per-

rectly indicating the Sni=* —Sm-C* phase transition, which mittivity in tilted _smect_ic phases_are _de_signatgd__a “Gold-
is detected in the dielectri¢’planar” orientation) and the sto_ne mode._ This deviates from its original def|n|t|{1'_39],
optical signal("planar” or "homeotropic” orientation at which describes a zero_-frequ_ency, symmetry restoring, a_nd
different frequencies, respectively. On further heating, the 9@Pless” mode. In a dielectric experiment, such a mode is
correlation length of the bond orientational order also deundetectable in a chiral tilted smectic phase either in a helical
creases, thus allowing small pertubations of the spatial direcf in a surface stabilized director configuratieif], because
tor configuration of the LC cell. In the SB* phase, the it requires a small, but energy consuming perturbation of the
bond orientational order is short ranged and comparativelyPatial director configuration against elastic and surface in-
weak elastic and surface interactions couple the local tilt diferactions[41]. In some chiral tilted smectic phases the tilt
rection with respect to the cell walls. direction is intrinsically locked in a certain position on the
These experimental results may be explained in terms of kpcal tilt cone, e.g., in antiferroelectric phases or in hexatic
collective reorientation of thé director in hexatic smectic PPases. This paper deals with the latter case. Since forces

phases, which are influenced by the coupling between thgtabilizing 'Fhe tilt direction. can bg large in comparison to
spontaneous polarization and the electric field. This induce&vezk,,elé‘snc and surficillntheractlons, the term "Goldstone
process can be divided into two contributions depicted jynode’ becomes unsuitable here.

opt. sig. (arb. units)

Fig. 9: N
(i) The local tilt direction (Edirectob and the direction of B. SmF*-Sm-™ phase transition
the bond orientational ordghhexagons are fixed with re- Homologues of the seridgln exhibit a monotropic Sm-

spect to each other, if the coupling between both is assumdd* and Smt* phase, if the alkoxy chain contains more than
to be infinitely strong. In this limit, any rotation of the spon- six carbon atoms. Compour 10 with its chemical struc-
taneous polarization requires a rotation of local bonds. Sincture and phase sequence given below is used for further in-
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-
M10 cooling trace
— <T->
z 2 _ E
g g polarizer
£ g
= @
E w0
g é- analyzer
: smectic layer
Sm-F*
heating FIG. 11. Variables used for a description of the coupling be-
L T SR S tween the bond orientational order and the local tilt direction in the
65 70 75 80 85 90 vicinity of the SmF*—-Smi{* phase transition.

T (°C)
(Due to the tilt of molecules, symmetry of a single smectic
FIG. 10. Comparison of a DSC cooling trace of compoundlayer isC,. Hence, a nonzero, local spontaneous polarization
M 10 with measurements of the modulation depth of the light inten4s built up) Selinger and Nelson pointed out that the coeffi-
sity obtained in “homeotropic orientation” without a bias electric cients a,, decrease rapidly with increasiny therefore the
field applied. Phase transitions from and to hexatic phases are prop-ourier series might be truncated after the second term. The

erly detected by both methods. SmF*-Smi* phase transition can be described with a
o fixed a,>0 and a temperature dependent coefficient
vestigations: a,=a(T—T,), which changes sign at the phase transition

temperaturd ;. In the absence of an electric fiel the free

C H
energy densityf (®,T) reads
e P g Wg W ay densi (0.7

f(P,T)=~- %a(T—TC)cos(&D)— %Zazcos(lzcb). 2

1 BP N* Sm-A* Sm-C*
177°C 174°C 159 °C 157°C o N
In the vicinity of the SmF* —Sm1* phase transition, a

spontaneous polarization of 210 nC chhas been mea-
sured forM 10 [28]. SincePy, the layer normak , and the

directorn form a right-handed system in compourids, a
he vicinity of . * oh . h negative term —P,;Eco§d+(7/2)] must be added to

In the vicinity of a SmF _—Sm4 _phase transition, the f(P,T) in the presence of an electric fieltl
local tilt direction changes its position with respect to the
bond orientational order: In the SFi* phase molecules are 1
tilted towards their next-nearest neighbors whereas mol- f(®,T,E)=fq— za(T—T)cog6P)— —a,cog12dP)

: . . X 6 12

ecules are tilted towards their next neighbors in the ISm-

( Sm-I* Sm—F*J cryst.
76°C 70°C 50°C

phase. The modulation depth of the light intensity for a T
sample of compoun 10 is measured in "homeotropic ori- - PsECOS< P+ ()]
entation” and the results are depicted in Fig. 10 along with a
differential scanning calorimetr§DSC) trace (Perkin-Elmer Minimization with respect teb leads to
DSC 7, mass 4.7 mg, cooling rate5 K min~1). The opti-
cal method is sensitive to the SR—Sm4{* and the Sm- d _ _
I* —SmC* first order phase transitions as can be concluded g f(®.E.T)=a(T—Tc)sin(6®) +a,sin(120)
from a comparison of both curves.
The bond orientational order is assumed to be unaffected +P,Ecoqd)
in the vicinity of the hexatic-to-hexatic phase transition. —o @

With @ being the angle between the local tilt direction and
the bond orientational ordésee Fig. 11the part of the free T
energy density functiorf describing the tilt-to-bond cou- The thgrmal equilibrium vaIueQ)O(E,T) are calculated.
pling can be expanded in a Fourier series due to the loc s a function of temperature and electric field strength using
pseudohexagonal symmetry formed by the center of mass 7e computer_p_rqgranWAPLE v f(*)r sovalg Eq.(4) nhumerl-
molecules[24] in the vicinity of the SmF*—Sm4* phase cally. In the vicinity of the Sm*-Sm1* phase transition,
transition calculated values oby(E,T) are displayed in Fig. 12. Sign
inversion of the electric field applied induces a reorientation
of the local tilt direction with respect to the spatially fixed
long ranged bond orientational order of a magnitude

(@)= 2 grancod6nd). O ADy(T.E)=|®o(T, — E)- Do(T.E)|, which is plotted in

©
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FIG. 12. Calculated values of the azimuthal an@lgas a func- FIG. 14. Change of transmission of the call calculated with
tion of temperature for different electric field strengths. The follow- Eq. (5) using values from Fig. 12. For comparison, the modulation
ing parameters are used for calculatioRsE=21 Jm 3, a=4.2 depth of the light intensity at 110 Hz and amplitude of the electric
JK™tm™3 a,=0.22 Jm 3. field of 10 kV m™! is displayed.

Fig. 13. The width of the peak indicating the S#i—Sm-  have been performed with an oscillating electric field
I* phase transition is significantly influenced by the ratioE=Egsin(wt) with a frequency off =110 Hz, because at

ala,. This reorientation changes the transmissidr{T,E) lower frequencies ionic impurities will affect the measure-
ments. Therefor@ is a function of space and time and it is

of the cell,
the solution of a differential equation of motion describing a
AI(T,E)~sirt{2[¥ +Dy(T,—E)]} reorientation of the local tilt direction with respect to the
) bond orientational order. This differential equation will in-
= Si{2[ ¥ + Oo(T,E)]}. ) clude the tilt-to-bond coupling(®,T,E) and additional con-

. . . tributions due to viscose, elastic, and surface interactions,

The angle¥ d_escrlbes t_he posmo_n of the cell .W'th ' that have been neglected in a first approximatior® Ibe-
Spe(.:t to .the polanzer(s_ee. Fig. 11 .Durlng the eernments, comes large, the solution of this equation of motion involves
W is fixed to maximize Al in the Smk . pha_se nonlinear contributions, which are not detected by the
[V =—(m/24)]. The calculated change of transmissibhis |0y i technique. The distribution of tilt directions with re-
deplgted n F'g'. 14 and cpmpared o the moglulajpn depth o pect to the direction of mechanical shear is neglected for
the_ light |nter_13|ty. T_he width _Of both peaks |sl similar, from simplicity, and the liquid crystal is assumed to act as a ho-
which _the ratioa/a, is determined to l_)_e 19K. mogeneous slab. Furthermore, any reorientation of the bond

Unlike for the measurement conditions, the calculations, jenational order in space or time is neglected. For these
refer to a “static” experiment, with the system in a thermal reasons, absolute values of calculated and measiirezhn
equilibrium state. Nevertheless, “dynamic” measurementsnardly be compared to extract absolute valuesrGind a,.
Therefore measurements®fas a function of frequency and
amplitude of the oscillating electric field are required.
MI0 The influence of the cell thickness is another interesting
topic. We have chosen a cell thickness of approximately 1
pm in order to achieve a nearly uniform director structure by
shearing. If the cell thickness increases, a nonuniform or
modified helical director structure might be formed in some
tited hexatic phases. This will affect the collective director
modes in hexatic liquid crystalline phases. Further work con-
cerning the dynamics of thedirector in hexatic phases is in
preparation and it will provide additional information on the
nature of hexatic-to-hexatic phase transitions.

Ady, (arb. units)

IV. CONCLUSIONS

70.0 70.5 Collective director modes in chiral, liquid crystalline ma-
terials reflect smectic-to-cholesteric, hexatic-to-8i- or
hexatic-to-hexatic phase transitions in the homologous series
Mn. For detection of these modes related to pertubations of
the spatial director configuration, dielectric and electro-

69.5
T (°C)

FIG. 13. Electric field induced reorientatioby(T,E) of the
azimuthal angle with respect to a spatially fixed bond direction.
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optical measurements are applied and equivalent information Both mechanisms are observed in the vicinity of the Sm-
is provided by both methods. Collective director reorienta-F* —Sm-C* phase transition in compourid6. In the vicin-
tions in the vicinity of the Sn=* —-Sm-C* phase transition ity of the hexatic-to-hexatic phase transiti¢g8m+*—-Sm-
are influenced by the temperature dependent hexagonal dr*), the coupling between the bond orientational order and
dering (long ranged bond orientational ordleand its cou- the local tilt direction becomes weak. By adding the ferro-

pling to the local direction of molecular tilic(directop. In  electric interaction to the free energy density of the sample,

principle, a reorientation of the director in hexatic tilted the electric field induced reorientations of thelirector can

phases can be divided into two mechanisms. be calculated as a function of temperature and electric field
(i) With the local tilt direction 6 directoy strictly coupled strength. Reduced coefficients proposed by Selinger and Nel-

to the direction of the bond orientational order, a rotation ofSC" ¢an be deduced from fitting the measurements to the

> . : _ calculated data.
the c director requires a rotation of local bonds with respect

to cell walls.

(i) With the bond orientational order being spatially fixed
with respect to the cell walls, a rotation of tiedirector
affects the coupling between the local tilt direction and the One of the authors, J.S., is indebted to the Gottlieb
bond orientational order. Daimler- und Karl Benz-Stiftung.
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