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ABSTRACT

The behaviour of molecular orientation for ahomogenously aligned cell
of aferroelectric liquid crystal mixture in Smectic C* (SmC*) phaseis
investigated using FTIR spectroscopy. This paper studies the main mo-
lecular mechanism and structure of the mixture. For this, the polarisation
dependence of the absorbance for the core carbonyl (C=0) and phenyl
(C=C) stretching bands for various stages of the electrically induced
transformation of the sample structure is analysed until the complete
unwinding of helix isformed. The angular shift of the absorbance profile
for core carbonyl and phenyl bands is found to be dependent on the
applied field and itsvalueisfound asthe dc voltageisaltered acrossthe
liquid crystal cell. The effects of ionic separation and hysteresis are
found to be the cause for the existence of a non-zero value in apparent
tilt angle at zero applied voltage. The value of the dichroic ratio and
polarisation angle for both the core carbonyl and phenyl groups are
calculated and the key results are explained and discussed.
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INTRODUCTION

Theabsorbance profilesof each stretching vibra-
tiond band arestudied and their characteristicsinrela
tion to the orientation of themol ecul es are discussed.

Theapparenttilt anglefor eachmolecular groupis
asofound andtheir valuesasafunction of the applied
electricfieldaregiven. FTIR spectroscopy isan effi-
cient technique for investigating the orientational
behaviour of thevarious partsof themoleculesinalig-
uid crystal cdlli*2, Itisknown that inbookshelf geom-
etry thedirection of thelongmolecular axisisfixedrela
tiveto the smecticlayer normal by theapplication of a

congtant eectricfield. Thisvoltageacrossthecell causes
distortion and an eventud unwinding of thehelix struc-
ture. However the molecular director can be switched
to anew but opposite sense when the sign of the ap-
pliedfiddisdtered. Inthisarrangement themolecular
director isparald to the plane of the cell windows=!.
Theintermol ecul ar interactionscan influencethefre-
guency and the shape of thevibrational bands under
investigation. Thisleadsto abetter understanding of
themolecular behaviour for switchingin SmC* phase.
Furthermore, absorption profilesobtained from these
sel ected bands as afunction of the polarizer rotation
angletogether with their rotational motion can be stud-
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iedingreater details. Generdly for chiral materiasthe
origin of Ferro-electricity liesintheaveragebiased ro-
tation of themoleculesabout their long axis. Thebiased
rotation and the permanent dipole moment located near
the chiral centre give rise to the spontaneous
polarisation. Notethat, for thismaterial duetothelow
percentage of the dopant the effect of chirality iscon-
siderably low and also thelocation of thechira centre
inthestructural formulaisnot known. Wefocus our
attention on the characteristics of the phenyl and the
core carbonyl groups in order to study the main
behaviour of themolecules.

EXPERIMENTAL

Thematerial (SCES8) usedinthisinvestigationisa
ferrodectricliquid crystal mixture synthesised by Merck
Ltd“. Thestructural formulaand the phasetransition
temperaturesin °C areasfollows:

F
RO ORO
F

Smectic C* phase - 59 — Smectic A* phase - 79 —»
Numatic phase— 100 — | sotropic

Thismateria isamixture of two componentsand two
substituents R and R’. One component is a chira
dopant with ~ 5% and the other isamatrix whichis
not chiral. R and R’ represent the alkyl chainsinthe
molecules. R represents heptyloxy, octyloxy and
dodecyl chainsintheratio 1.9, 2.7 and 1.0. R’ repre-
sents pentyl, heptyl and octyloxy chainsintheratio
3.75, 1.0 and 1.25 respectively.

Samplewasaligned between the two transparent
CaF, windowswithinner surfaces coated with con-
ductiveindiumtin oxide (ITO). For planar aignment
I TO surfaceswere spin coated with polyvinyl acohol
(PVA) and after drying, the surfaceswererubbed in
anti-parallel directionsonavelvet ral. Inthisway the
surfaces become grooved and hence, during the cell
fillingwithliquid crystal, moleculeswill lie approxi-
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mately d ong thedirection of thegrooves. Mylar spacer
of thickness 6um was used between the two CaF,
windowsfor obtaining afixed samplethickness. The
cell wasfilled with capillary effect at atemperature
above the isotropic phase, i.e. >100°C, and exam-
ined for theaignment using polarising microscope. The
structure of the cellsused in this study is shownin
Figure1(a).

M easurementswere carried out by recording the
polarised IR spectraas afunction of the polarisation
anglefor different dc voltagesacrossthecell in SmC*
phase. For thisinvestigation the absorption peaks at
1737 cm™ for thecorecarbonyl stretching (C=0) and
at 1605 cmrt for phenyl ring stretching (C - C) vibra-
tionshavebeen andysed. The polarisation angleisfixed
to bezero when theaxisof thepolarizer isparale to
the smectic layer normal. A Bio-Rad FTS60A spec-
trometer witha2cm® resolutionwith anaveraging over
16 scansisused. Thewiregrid polarizerisrotated with
acomputer controlled device with acapability of aro-
tational step by 2 degrees
| 1— o,
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Figure 1(a) : Sructure of the experimental cell showsthe
sdeand plan views

RESULTSAND DISCUSSION

Figure 1(b) illustratesthe absorbance versusfre-
quency for two vibrationa bandsthat have beeninves-
tigated. Theangle of polarisation for 0° and 90° repre-
sentsparallel and perpendicular spectrawith respect to
thesmecticlayer normal.

The selected bands correspond to the molecular
vibrationsof the core carbonyl (C=0) at thefrequency
of 1737 cm™ and the phenyl (C-C) vibrations at fre-
quency of 1605 cnr.

The polarisation angleis defined asthe angle be-
tween the layer normal and the el ectric vector of the
infrared beam. In SmA* phasethelong molecular axis
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isessentially parallel tothe smecticlayer normal and
thereforeliesa ong therubbing direction of thecd | win-
dows. Figure 1(b) displaysthe differences between
absorbance peaks at 0° and 90° polarisation angles
which represent ahigher degree of orientation for the
phenyl rather than for the core carbonyl group in SmC*
phase at an applied voltage of +12V. Thesmall shift of
frequency between peak positionsfor core carbonyl
group seenin Figure 1(b) can beaddressed to the ex-
istence of dopant inthe compound.
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Figurel(b) : Absorbanceasafunction of vibrational frequency
(cm™) for which DC applied voltageacrossthecell is+12V.

Plot showstwo absorption band intensitiesat 1737
cm(C=0) and 1605 cm* (C-C) for two polarisation
angles, dash line Q = 90° and full line Q = 0°. Polar
plotsof theabsorbance profilesA(2) for thetwo bands
in SmC* phasewith biasvoltageat +12 and-12V are
showninFigure2. Itisnoted that, in SmA* phasethe
maximum absorbance(A ) for thephenyl ring profile
occurswhen the maximum polarisationangle (2 ) is
approximately 0° or 180°, whereasfor the core carbo-
nyl profileA _ issituated at 90° or 270°.

Molecular orientationisexpressed intermsof the
averagedirection of themolecular director. If thisdi-
rector isnot collinear with thetransition dipole mo-
ment then A does not occur for which Q2 __ hasa
zerovalue®.

In SMC* phase, wefind that both phenyl and core
carbonyl profiles show angular changeswith the ap-
plied voltage. Thedirection of theangular motionisthe
samefor both profilesfor any sign of the applied elec-
tricfield. Figure 3 clearly showsthat both profilesro-
tatewith smaller polarisation angleswhen the sign of
theapplied dc voltageisnegative. Theangleof rotation

T
1800 1750

isgpproximately equivadent totheopticd tilt anglewith
respect to the pol arisation axis. Furthermore, we no-
ticethevalueof © _ fortheseabsorbanceprofilesdoes
not changein the same manner asthe polarity of the
applied field changeswith respect to zero voltage posi-
tion. Thisis expected to be due to the effect of the
hysteresiswithinthecdll, seeFigure 3.
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Figure2: Absorbanceprofilesin SmC* phasewith the ap-
plied field of —12V (top) and +12V (bottom).
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Figure3: Voltagedependenceof Q2 for corecarbonyl and
phenyl groups.
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Thedependenceof thetilt angleonthegpplied volt-
ageintherangeof -12to+12V isshowninFigure4. In
thisrangeof voltagestheunwinding of thehelica struc-
turein FLC takes place’®. However for both polarity
of voltages>12V, the helix hasbeen completely un-
wound and the gpparent tilt angleisthe same.
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Figure4: Tilt angleasafunction of themagnitudeof applied

voltagefor corecarbonyl and phenyl groups.

Jang et. a@ showsthat the variation of the absor-
bance profilefor various bands depends on the degree
of biasand on the polar angle of thetransition dipole
moment with respect to themolecular axis. Theabsor-
banceasafunction of theangleof polarizationisgiven
by thefollowing formuld?7:

A(Q) = - log(10Am> + (10Amn - 10Ama)

Sn(Q-Q_)) )
Inequation1,A __ andA . areobtained whentheelec-
tric vector of the polarised infrared beamisparalld and
perpendicular to thetrangition dipole moment respec-
tively, Q isthe angle of polarisationand Q__ isthe
polarisation angletothedirectionat whichA __ occurs,

Thedichroicratio (D) for asingleabsorbance pro-
filecansmply bedefined as.

D =A__IA @)
Inthisinvestigation the absorbance profilesof the core
carbonyl (C = O) and phenyl ring (C-C) for various
applied voltages arefitted to equation 1 and thevalues
of A _.A,,andQ _ areobtained.

Figure 3 aso showsthe variation of angular shift
(AQ, ) astheDC voltageacrossthecell increasesfrom
-20to +20V. Figure4 displaysthe changeintilt angle
obtained, fromthevauesof Q__ asthepolarity of the
gpplied voltagechangesat any particular valuefor both
phenyl (C - C) and core carbonyl (C = O) groups.
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Figure5 showsdichroicratio versusbiased volt-
age. It canbeseenthat D, of phenyl ringisdependent
ontheapplied dectricfiedintherangeof -12to +12V
andisdifferentinitsresponsetofieldsof different po-
larities (i.e. D,=4.16 at O voltage, 4.44 at +12V and
4.61 at -12V dc). Fromthiswe can infer that prior to
the compl etion of unwinding processby thegpplication
of dcfield; themolecular orientation is dependent to
the degree to which the helix isdisturbed. Oncethe
helix isunwound, the orientation staysconstant for both
positive and negative voltages; therefore the value of
dichroicratio staysunaffected at higher voltages®™. For
athinner cdll of thickness4um, distortion of thehelix at
the samevoltage can be stronger.
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Figure5: Dichroicratioasafunction of applied voltagefor
phenyl band (C-C).

The surfaceeffect tendsto alignthemoleculeson
the surface better than inthe bulk for athinner sample.
Therefore surface effect dso playsavitd roleinfixing
the position of themolecular directort®.

Figure 6 showsthat D, for the corecarbonyl group
hasalow vaue~ 1.33in comparison with the phenyl
ring and isnearly independent of thebiasvoltage, see
Figures5and 6. Thisindicatesthat orientation of the
core carbonyl group does not change dramatically by
theapplication of dectricfidd. However, for both groups,
therotation of absorbance profileshow differenceswith
respect to zero polarisation axiswhen pogtiveand nega:
tivefiddisapplied. Againthisinteresting phenomenonis
expected to be due to the existence of the hysteresis
relatedtotheinterna e ectricfield produced by theions
whenthepolarity of thefiddisdtered.

Using apolarising microscope, the cdl showsstrips
withtheappliedfield a saturated vaues. Thisisaconse-
quence of abookshelf structurepresentinthecd 11514,
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Figure6: Dichroicratioasafunction of applied voltagefor
corecarbonyl band (C=0).

Wefound that thedi chroicratioisdependent onthedif-
ference betweenthevaluesof A__ andA . and ulti-
mately on the shagpe of theabsorbanceprofile.

CONCLUSIONS

Polarised infrared spectroscopy isfound to bean
efficient techniquefor investigation of thelocalized ori-
entation of thevariousmol ecular ssgments. Wefindthat
for chiral smectic C phasetherotation of the both phe-
nyl (C - C) and core carbonyl (C = O) absorbance
profilesare unidirectional asthevaue of the applied
voltageisdtered acrosstheareaof thecel. Theangu-
lar rotation is also different with respect to the
polarisation axisasthe polarity of thefield changesin
the range of -12 to +12V. The hysteresis effect was
foundto bethereason for thisangular difference. The
ionic separation effect isthe causefor thishysteresis
effect. Theinternal electricfield produced by theions
causesanon- zero valuein apparent tilt angle at zero
gppliedfidd. Thevauesobtained for thedichroicratio
under the applied dc voltagewith two different polari-
tiesindicate that the orientation of the moleculesde-
pend on the degreeto which the helix isdisturbed by
thisvoltage. At higher voltageswhen thehelix iscom-
pletely unwound, moleculesexhibit symmetrica orien-
tation with respect to the zero volt position. The sur-
facestabilized liquid crystal isone of themain causes
for thedisturbanceof thehelix prior totheappliedfield
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acrosstheareaof thecdll. A further increaseinthedich-
roic ratio with the application of dc voltagefor phenyl
group associateswith adeformation of thehelix and a
presence of the chevron structurein the cell. Asthe
appliedfield of both polaritiesreachesto saturated val -
ues, the helix isunwound and the chevron structureis
converted into abookshelf structure. At thistimethe
moleculesaretilted withinther smecticlayersand mak-
Ing amaximum apparent tilt anglewith respect to the
layer normal. Thedirection of thetilt dependson the
polarity of theapplied fied.
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