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ROLBCULAR FLEXIBILIZY AND O IENTATIUNAL
STATISTICS: RAMAN STUDY OF 7CB AND 8 OOB

6.1 Insroduesion
™he anisotropis properties of mont Cherme~

tropio ligquid orystals are explained by assuming

the moleocules t0 ba slongated rigld rods possessing
oylindrionl symmetry. In the uniaxial nematic phase
of the liquid orystal, if the symmatry axis of any
individual moelecule is assumed %0 make an angle @
with the magroscopic syrsawtyy axis, Whe nalecular
ardering can bs spevified cmpletely, in principle,
12 we know the maleoulsr orieatational distribution

muon' f{ves Q) given by

floos @) = x‘% QF‘- <Pr‘(a¢u ) g P!,‘(cos ), ‘1)_

vhere rn(eon 8) are the I.“ even order Legendre
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pelynomials. Here f{cos ) is normalised and the
angular brackess denote averaging over all the mole-
oules in the medium. The soeffictents (Py(cee 9)>

are dafined by
1

{Py(o0n 8)) = ?;(aos 6)f(cos 0)d(0os 8) (2)
-1

and are Wreated as arientational order paramsters.
Bxplicitly, the first three coufficients are

{Pylees 8)> = 1,

LPyleos 8)> = 3 Loee® 0>~ 1),

(P (om@)> = é(!ﬁ Lot @D = 30 Loow’s) + 3)
eeel3)

An experimental determiration of the erientational
erder parameters (P,(oos 9)) and 0‘(‘»» 0)>,
designated hereafter az (P,> and <CP,5, i of conmi-
deradle interest from the standpoint of ths etatistioal

theaories of molecular oxdering in ligquid erystals.
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The axisotrepies | N Vul— miorosvopic and
maoroesoopic properties of liquid orystals have besn
extennively etudied in the past in order to dever-
mine the variation of (P, , both with Semperature
and molecular struoture.’ Hewever, relatively 1ittle
is known Ul yet about the behaviow of (P, in moss
liguid erystals. Recently, polarised Hauman soattering
hae omsxged as a powerful method for the Almaltansous
determimation of the absolute values of both <?2>mﬂ

>-é The reasonunce

{P4> in wiaxial liquid orystals.
Renan effect has lso been euployed! for the same
purpose.

In Appendix A the theaoretical dackground converning

the Renon measurements of (P,> and (P,) is swsmrised.

A pusaling result that has energed from the Ranan
stulies ie that <?‘> sonld assume negative values in
soms oases, empecially within & tenperaturs range close

%0 Yo nematio~iactrapic tranaition. Although this
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behaviour is yet to be yeconoiled with predictions
based on mean field treories, sole speculations were
pus forward regarding its possidle origin.' In thetr
sarliest study, Jen ot al® suggested thas megative
(P, values may be ratiomalised if the flexibAlity
of mesogenio malecules is Saken iaty acoount - n
feature that 1s ignared in theoretical caloulations
wilch assume the malscules to be rigid rods. dlnce
molecular flexibility is snhanced by inoresaing the
alkyl end-ohain length Lt in of interest to sxanine
the behaviour of {P,) 4in elossly related or hamo-
logous mesogens in ordex to assess e influence of
molecular structure on this order parumeter. With
this in view, wo have employsd Rumn scatSering for
the study of the Semperature variation of (Y;,) and
{P4) in two strusturally related oymnobiphenyl
1iquid orystals, vid., TCB (4,4 '=n-hep tyloyanobiphenyl)
and 8 OB (4,4 '=n-cotyloaxyoyancbiphenyl). For 708 ouwr

41") Valust are cancistentiy lower than those determined



sarlier by Hoger.* A comparisen of our Q‘)
results for 705 and 8 OCB with Miyuno's data’ om
5388 (4,4 '-o-pentyloyanobiphenyl) suggests that
moleoular flexidbility ie an important faoter thad
Serves %o lower (ﬁ) wall below the predicticem
of nnn fiedld Shearies.

6.2 Rpexinenwnl

e Uransition temperatures of 7C8 and 8 00D,
synthesised in our ladoratory, were determined from
thermal microscopy. Their respeotiw phase Sransitions
upon hwating ares

I
| 314.8 K
Solld ~——> nematic —————p isotropic

2.000

327.0K 340.0K 353.%%
80114 > BEMOSI0 A =P BEMYLC =r-sw=d LBGRTOPLIO.

The nematic phase of 7GB and the saewic A phase of
8 0B wexe Doth found S0 supersoel sudbstansially em slow
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oooling from thelir mesophases and this feot
effectively inoreased the mesophase rangs of the
1iquid orystals.

The oriented liguid oryutal sasples,~ 100 um
in thicknens, were heid betwesn glass cover alips
o polished fused Guarts plates. Homogeneous align-
ment was ashieved by cbligue waouum eoating of a
layer of siliom oxide an the inner surfaces of the
windows. Homsotropie alignment was obtained by
ewmporating on the surfaces a dilute solution of
oetyl trimsthylanmenium bromide in dhleroform. Align-
ment of sanples was chescked using a polarising
miorosoape. The sample Oell vas embedéed in a
heated capper blook (see figure 2.7, ohaplter 2) and
ite Semperature oould be malintained at any desired walue

%o within +0.2°0.

Raman scattering experisentes were perfomed
in the bDaoksoattexring geometry (cee figure 2.2,
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2.3 Jesulss and Riscussien

he molecular struotures of 5B, 708 and & OOB
are shom in figure 6.1. It 1s reasomble to assume
that in all thres eases the molsoular leag axis coin~
eides with the line jJaining the centres af the Wwo
bensene rings. The intreamolecular vidbration corze-
speding %0 the = J E K  stretoh band alse liss aleng
the sane axis. Jur Asesant and infrared expexinents
utilised this strong, isclated band in the speotza of
708 amd 8 0UB.

Pigure 6.2 12 a sohematic representation aof the
sxperinental geometries employed in meamuirensnts of
Raman depelarisation ¥atics in the aligned liquid srystal
suples. Yigure 6.3 is representative af the Raxen band
profiles of the = 0 B N wvibration mode of the melecules,
From the integrated intensities under the Aamul band
profiles, we cbtained the thres depolarisation ratsics”*>
Ryo By and By in the liquid erystalline phases:



N=
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PIGURE 6.1

S8tructures of 5CB, 7CB and 8 OCB moleocules



FIOUIR 6.2

Schemtic representatiun of experimental geometries
esuployed in neasuramants of HReaan depalarisation
mmtios in aligned liquid oxrystal samples.

(a) and (b)  Hamogeneous aligment

(e) Homeotropio aliment.

Ml arrows indioate the k veotor of She radiation
and the broken arrows show the polarisation, In

eaoh gass the moletiler axre alighed in the s-direotion.
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ZIGURE 6.3: Raman band profiles of the - C & N vidbration
mode ot_?OB in the isotropic phase. M1l and broken curves
carrespond, respectively, to polarised and depolarised spectra.



], --?'» ’ R, n-—::- and l, .....:.ll.

a8 xx
vhare the firet subacrips denotes the polarisatien of
the soattexred light and the second y¥efers to Shat of
the ingident light in she ladwratory frawm of axes '
(x.7:8), the 11quid oxystal being aliged parallel o
the s-axis (see figure 6.2). Pax the isotrapio phase,
n‘“-a‘-nz. Foxr the ligquid sryasalline plases the
obesrved depolarisation ratios K, and i, were duly |
coxrected for the affest of salid angle changes and
transmission Joss at the sample-sell interfase.>'?
™he sarroeted MuWMaMb:x,/Q‘mnzdn
whare

q = (Q:—-:—-;:)z , (%)

Ml‘ln&lnfnm“m“dth.mph«ll
vindow material and n, and n_ are, Fespesiively, the
oxdinnry and extraerdinary refractive indioces of the
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1iquid orystalline ssmple. The pertinent refractive
indiees of 7GB and 8 O0B were obtained by extrapalating
the Saia of XKarat and Madhusudana'l %o the ZFvokes-
shifted wavelength (~ 735 mm) of she ~ G BN r—
band. The fiml eampusations of (F,)> and {P.) at
sash temporature m earried out following an 1muv§
method, as ocutlined Wy Miyeme.” Details of these cal-
oulatsions togetier with the ocmputation program used

are givem in Appendix B.

The infrared absorption intennity of the —~Q @ N
sSretohing mode of 8 OOB in the liquid orystalline and
isotrepic phases is shown in figure 6.4. Hmllar results
were cbtained with 7GB. The liquid oxystalline semples
were homsotropically aligned. 1f R denctes the wetie of
She integrated absorbance of this band in the hemeotropi-
ammuwumtummmmm.

4t oun be shown thtg _

<2 = (1=-R) (6)



FIGURE 6.4

Infrared absorption intensity of the ~ G u

styetehing mode of 8 OUB in smeciiec A, Rematie
and isetrapic phases. The ligquid oryssalline
samples were hamedtropically aligned. The

sampls Sempersture oorresponding to sach timoe
18 also shown. e peak coeurs at ~ 2250 om" '

The full width at half maxtisum intennity is

~ 12.5 “.‘.
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FIQRE 6.7

Tenperature dependence of <P,(cos 8)>

An 708 and 8 OCB,

Tiangles : Raman resulte

Squaves s  Infrared results

Cireles t Birefringsnce daw (Reference 11)
!Al is the smeotic A ~ Bematic Srasition

Semperature of 8 OCB.
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.7CB and 8 OCB. %, is the smectic A - nematic transition
temperature of 8 0GCB.
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uﬂmﬁ.n. Also i owna here is the coxvesponding
result cbsained by Myano® from & Stuly of the —Q B N
Resan band of 50B. ALl Shree mesogens have identioal
eyanehiphanyl rigid sores, but &iffer 4in thelir end-
chain length. Mrthermore, fAsxihly parta of the
molecular end group are idention) for both 8 OB and
9 B, fums Ogity,. This is because, in 0B the first
methylens group which fs linked to the phenyl »ing is
esamiinlly immebile. To Shis gxtent, there is &
Lurthar justification for intercompari-<l thw data on
8 O0B, 708 and 50B. AS any given relative Semperature,
(Tgy =~ 7)) within the Bematic rangs, Shese data show
& desrense in 42,5 with an increase in snd-ochain

In view of the indiocated experimsntal unoersein-
Sies in (7,% ., this cbesrved trend is necessarily
gualitative. The droken curve which depicts Hiyano's
mﬂuu_MhM‘amnﬁwmumum
sample Shioless, wille owr data ent 7(8 and 8 OB
pexrtaln $0 a aample thiokness of ~ 100 um. However,
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the reported thicicwss depencense of the depalawise-
tion raties is quive mxﬁ and the above conglusion
would remain valid even if our data could be extre~

polated to sexo sample thiakness.

Prom figures 6.7 and 6.8 we note Shat in the
Smectic A plase of 8 OB both <P,> amd (P> register
an inexease. This zeflects the greater degree of
erisntational order expected for this phuse as ompared

to the nenatic phase.

Our (P,> results on 708 differ from those
reparted earlier by Heger.® In the latter case, the
estimated (P,> valuss are all higeer than those
wmbr”omvmumu!n. his is at
wriance vith the trend sesn in figure 6.8 with inerea—
sing ohain length. Heger's (2,5 values were culow-
mmmmummtummum
QB E band s uniaxial within the molecular freme
of yeference.'> Our calmilated tencer parameters, @
and b (ses Appendix A), for 738 and 8 UCB are shown in



tables 6.1 and 6.2, respectively. Twse results
show that the relevant Ranan tensar is biaxial ferx
bosh oases, in mcoord with Miyamo's data’ on 50B ae
well. Ve thevefore feel that the above assumption
coupled with the less straightforward experimental
geimetry ndopted by Heger ocould have caused signifi-
eant departures in his estimates of <P . On the
other hand, we mote that Heger's <(P,> results are
in reasonadble agremmnt with ours. This is comnictent
with the fact that the experimental uncertainties
aasgolated with the Rumn technique always eause a

much smaller perdentage error in (Pp > than in (2,5 .

Within a hamologous series af liquid ocrystals,
{(2;7 418 kmowa to exhibit the well-known odd-even
oftect. ' A simtlar effect 1s yet % be entublished
in the ouse of (P> for any homologous series. We
note, however, that % Yesul®s in figwre 6.8 axre not
ted by any puuhlt »od!dm sffect, in as

oomplion
‘waoh as 8 OB oan be regarded as
‘{ﬂunlm to 90B with regard %0 the flexible pars of



e molesocule.

Any evaluation of <2,> and <P, which
relies on ¥in optical or diddevtric amisotropy of
the medm muiss, in prinoiple, include appropriate
sorrections for local field effects. 4 satisfactowy
theoretionl sstimate of these effeets in liguid
orystals remins as yet a diffieuls problem. However,
based on other availedls empirical evidence Jen st a’
cancluded that sugh garrestions should not signifi-
cantly alter the results abtained from the Ramn
techhifque. ey attriduse Shis %0 the notion thas the
shory range cerrxelations betwesns malecules are
ossentially insensisive $0 temperature chuanges. e
Bote that with the goumetry adepted for our infrared
measurenents, possible looal field eorrestions to
(2> are axpected 1o be wall within 247 Mus, the
agreementy seen in figure 6.7 betwesn Ww ( Py Fesults
of doth our Reman and infrared data indicates that the
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NEOSSSAryY eoxTeotions to the Aanal NASUYGNSNRtH
are again well within the experimental uncertainties.

Ab painted out suxlier, the negative valuss
of <?‘> obtained from Raman measursmeints ars yet to
be reoonesiled with the positive valuss predioted hy
mesn field theories.' Huwewer, Jem o% al’ have shown
that there is nothing wmphysical about megative values
of <r‘> + They peint out that negative <2,> walwes
wonld imply & atronger Sendency an the part of she
molecules to be tipped away from the directar than
pra#dioted by the mean field theories. This tendency
would bs strungest near the Jematio-isotroplo transition

Samperature where Lr‘> bocomes most negative.

In omolusion, the presest stuly desonstxrases the
influence of inorsasing sad-chaln legth, wd henoce of
moleoular flexibility, on the order parmseter < P,>.
It 48 of inserent to extend these axperiments S0 other

mesogenic moleculaes which possesa the same .M' alkyl



groups, but & nare elongated rigid cors struture.
In this contexs, a stuly of the corresponding homo-
loguas of 4,4‘'-n-alkyloyanoterphenyl series of liquid

erystals would be sspecially relevant.



144

TABIR 6.1

Galoviated Rmamn tensor paraneters, a and b, of
the =0 B E band of 7CB as differens temperatures

L {x) - b
1.0 - O, 186 0.129
2.5 - 0.184 0. 127
5.0 - 0u159 0.0%%
7.0 - 0.135 0. 065
9.5 - 0.156 U.091

12.0 - 0.157 0.092

15.0 - 0.166 . 104




PABLE 6.2

Caleulated Raman tensor parameters, a and b, aof
the -0 &N band af 8 O0B at di ffexrent tempe-

&
2.6 had Bom 0»3‘9
345 - D239 518
6-0 - 0-2‘3 003”
905 . 0-.227 ﬁ‘*‘

12.9 - 0,204 0. 260
14.9 - 0.186 0.232
t‘t.j had 0.1” 0.2’1

22.5% - 0,156 Q. 188
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