CHAPTER VII

EPFEOT OF SKEWED CYIBOTACTIC STRUQTMRE ON RHE DIELECTRIC
QONSTANDS 44D CQUHDUOTIVIRIES COF SOME BINARY
MIXRURES EXHIBITING THE REMATIC PHASE

7.1 Introduction

& we have seen in chapters V and VI the effect
of smectio like nhort range order is known ¢ have dire¢d
Influenve on the conductivity ani&mtmpyf On the other
hand, the effect of ahort range order an the Tow frequency
di¢levtrie constantes lo more 4ifficult Po delineate
This ic because the values ¢f the anisotruple dleleotric
constants depend AN several factors, viz., (i) the
prineipal polarizubilities of %he molecules, (ii) the
wag:itude and mutual dispoeltlion of Aipolar groups in
the molecules, (iil) the orientational order, and
{iv} the internal fleld which is not esey Po oslonlate
for the highly anizotroplo medium, and which alme depends
ON the wiructuye of the short runge order.

As We mentioned in ohapter I, smeotic like short
range ordey reveals iteself in the Lruy diffraction
pattnrm‘ﬁ The domalns which possvees short rapge trang-w
lational order in the molesular arrangement are called



eybotactio groups. If the angle bhetween the nematio
director and the smeotic like layer is not equal to 90°,
the groups are referred to as skewsd coybotactio groups.

Rocently, Madhusulans et al® have studied the
influsnce of such skewed aybotactic groups on the optlieal
properties of the nemutic compound 2-gyano~-4-~heptylphenyl~
§'~pentyl~4-biphenyloarboxylate [TP(20R)5BC]. Thie
sompound has a oyano group making a large engle (~60%)
with $the long axis of the moleocule. The tilt angle of
the skewed oybotactice structure deorsases frow ~ 48° to
~40% ag  the temperuture io rafsed from 25%U to A7°C.
Further, this hus & significant influence ON the tempe~
rature variation of its ordinary refracfdve index (33)3":
B, deoreases firet, attaim & broad minimum and them
unueuslly ivoreasres as the tesperature | S lowered in the
nematio phase, This wan apooounted for on the basis of
the tilt angle variation »f the Kewed eydotaagtie
structure. We have undertaken messurswents ON the
dislectric and gonductivity roperties of this subetunce
with a vigw to finding the effect of tilt angle wazistion
On these properties. The effect of the wvariation of the
short range order ON the thermal evolution of the cone
ductivity anleotropy 12 quite obvious But the dieleotric
conetants do not have any unusual temperature dependence.



Howewer, the subtle effect of zhort raange order On

the dieleotrico oconptants iz sanifested vhen we mix

Tr{ 208 )SHC with 4'en~heptyl-d~cyancbiphenyl (70R), a
nematogon with high positive dielectric aninotropy,

Bo a8 to get & very small met amisotropy. IThe resulte
are presented in this cvhapter.

7.2 Experimental

‘‘‘‘‘

TP{ 2CH)58C was obtained from E.Merok {Darmotedt)
and used without fursher purification. 7UB was synthe-
gized | N our chemistry ladoratory. The molecular
struotures of the two compounds are given in fly. 7.1,
fhe phane disgrow of their miztures i: ehown in fig.7T.2.
The transition temperatures were determined using a
Mettler hot stage {FP52) in conjunction with a polarising

slorosCope.

The sxperimental technljgue saployed to meazure
stutle dlelectrie commtante €,, and g; has already been
descrided in chapter 1IV.

The principal cornductivities o,, and o, were
messured over & range of freguencies Crom 300 He ~ 30 KHe
welng the wayne Kerr bridge (B642) with an exterm?
source (systronmies LF Oscillator) and detector (Look-
in-amplifier, Model PARIG6).
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(a}

(b)

FIGURE 7.1

Structural formula of (a) 2-cyano-4-hepty lohenyl=4'-pentyl-
4-biphenylearvoxylate [7p(20k )58C) and (b) 4-n-heptyl-4'~
eyanobiphenyl (7CB).
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Blelectric and oonduotivity measurements were
pade on the following syesteme (percentages indicate
mole per cernt of the components)i

1) re(2om)see

11) 154 TUB + 85% TP(20N)5RC
134} 40F T70B + 60 TP(208)580

iv) €14 7CE + 395 Tp(20M)5BC
v)  BOK 7B + 20X TR(2CN)5BO.

7.3 Results and Disomrwiom
(2) Bbielectrie Y& die&k
The principal dieleotric constante (g, and &)

and the mean value € = (¢, 4 2¢;)/3 of the above
systems are shown in £ige,7.3-7.7 as fuactions of
relative temperature ('—km w P}, e dlelectric anisow
tropios ( Ae) of =1l these syctems have besn plotted
in flg.7.8.

TP(200)580 has a negative A€ (£1g.7.3), becawse
of a oyano group making on angle of ~ 60® with the | ong
axis 0f the molecule (£ig.7.1). The € walue deorease:
with temperature throughout the nemstic range, hut
these is a sudden inerease of ~ 240N itz value at Tyq.
Tale pay be partly caused by a decreags in the anti-
parallel gorrelation between the long axiz components

of the dipole moments of nelghbouring molmulen.s'ﬁ but
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FIG.7.3: Temperature dependence of the low frequency dielectric
oonatanta of 7P(2CN)S5BC. (TNI-T) is the relative tempe-
rature. Different symbols show the results of independent
meaaurement a.



another more probable reason will be discussed
later. It 1z interesting to mote that e, deoreseces
practically linearly as the temperature iz inoreased
without any striking change in 1ts rate of variation

nesy Tﬁ I

Por mixtures with relatively high concentration
of 7¢8, Acg is ponitive (fig.7.8). In the mixture with
605 TP(20N)5BC (£ig.7.5) also, € deoreazes with tempe-~
rature, the rate of variation belng smuller than that
N the purr cempound. It aisu exhibits a positive
Jump of comparatively lower magnitude at rHI' Purther,
€, shows a broad minizum. In the mixture with 393
TP{2CN)SBO, &,, and ¢, show trenis in thelxr tempe-
rature variations whick are usual for a meterial Wth
poeitive A¢., € remains practiocslly constant (£1g.7.6)
with decreane of temperature, showing a vexy slight
increase at the lowest iLemperatures. Further, €
exhibite practically NO Jump at Qﬁ:{’ For mixtures
with higher conoentrations of 7/CB (for example 80% 7CB,
£3g.7.7), E inorganes with temperature. The latter
result s osused by a reduotion in the antiparallel
agorrelation Yetween neighbouring 7CB molecules with
inoresce of temwmtum.g a5 already Aiscussed in the
previous chapiers. ¥e see that |n the mixture With
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FIG.T7.4: Temperature dependence of the léw freauency
dielectric conatante of a mixture of 85 nole per cent
of 7TP(2CN)58C with 15 mole per geat of 7CB.
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Temperature dependeace Of the low frequency
dieleetrie constants for a mixture of 60 molg
per cent of 7P(2CN)5BC with 40 mole per cent
of 7CB. The different symbols indicate the
results of two independent measurements.
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FIG.7.6: Temperature dependence Of the low frequenoy
dielectric oonatante of mixture of 39 nole per cent
of 7P{2CH)SBC with 61 mole per cent of TCb.

Different symbols indicate the results of independent
measurements.
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Temperature dependence of the Low frequency
dielectric constants of a mixture of 20 mole

per cent of Tp(2Cc¥)sBC with 80 mole per cent of
TCB. The different symbols indicate the results

of independent measurements.
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39#’ W(QW)%Q (fig.?.ﬁ), the ﬂ@i}ﬂ'ﬂitﬁ trends
found in the temperature variation of § of the purs

components (B increases in 7¢B and decreapes AN
TP(20CNR)58C with iucrease of temperaturs) appear to
balance leeding to 1ts practically constant value | N
the temperature range of messurement.

In pure TP(20H)580¢ and in mixtures with rela-
tively high concentrations of TP{20M)580C, €y, Gdecreases
with temperature as in any other polar lijuid. But in
wixtures with high consentrations of 7¢8 (fig.7.7),
€ alightly incereares as the temperature 1s inoreaced
above mﬁz, and then decrenser with temperature. This
initial inorenze closa o 2ﬁ1 iz again due tc the reduo-
tion in the antiparallel short range order in the
l=otropic phase.

The mixture with 15K of 708 exhidite very

etriking and yrucupl features (fig.7.4) Fieztly,

both 4,, and g, deoress¢ with %emperature in mo:t of the
nesatio range, €,, inoreasing only olose 1o %kx' Such
a trend in which both «,, and ¢, decresse with inereesing
temperature has begen noted I N several eariier studies.?
At is very small and changes rign a» the temperature is
varied. But rather unusuaily, the sign it positive at
lower temperatures and pegalive AaC hrigher tesmperatures.



This type of reversal (becoming negative at higher
tenperatures) has been found by us for the first tisme.
We have gonfirmed thiz result by making measurements ON
a nixture with 15.2% 708 (fig.7.9). We ses that the
rasultes are similar to thoue given in £ig.7.4, except
that the oross over occurs at a higher temperature.

T™hie trend is opposite to the onv expected an
the basiz of the theory of Maler and mura {ohapter 1V)
which predicts that

€y = 1 + 413111%‘{3 @fmsa + %;;U - {1 =~ 008" ;’ﬁ)ﬁlj
" | ; 2
6, = 1+ &nﬁh?{m M% Zow + &3{1 + 51~ 3e08® ﬁ)&]}

oo (7.1)
vhare A« is the anisotropy of polarigability of a
perfectly oriented medium, § is the angles made by the
permanent dipole momwent ¢ with the long saxis of the
molecule, P = (1 - a£)"!, £ = 5%(%%«%%) is the
reaction field factor, h = 3¢/(2€ + 1) 1s the cavity
field fauctor, kBthm Boltsmann gonn dant and $ the
grientativasl order javameter. I ¢ iv culfficieutly
etrong {x8 in oyano or nitro compounds), 1% 1y clear
thut the last terw 10 the flower brackets In syuation
(T.1) p-reﬂaamimt;@;zgﬁ # 4k laurge  then both ©,, and g,

ean decresce with lotreeae of temperature.
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FIG.7.9: Tenperature dependence of thel ow frequency dielectric
constants of a mixture of 84.8 nole per cent of Tp{2CN)5BC
with 15.2 nole per cent of TCB.



¥e get for the anisotropy of tho dielectrio constant
" .
At = 4al¥n {Aa - gﬁﬁ (1 = 300s° ﬁ)} 8 {7.2)

If the two terme detween the flower tracketa in (7.2)

are pracsically equal, kt ia elear %hat Lt ean ghange
mign at gome teaperature T, and beccxs positive gt

hizher temperatures, ams is indesd found in some gymtema.9
A simple ealoulation with A2 = 50 x 10724 gg,

=30 x120% 0o, , «4p, #260° and assuming that
=1, h =1, tar the sake of makiag an illustrative
osloulation, and the typloal valuea of the order parameter
8 (temperature dependence) taken from ref.4, clearly
indicates this oxpected trend as shown $n iz, 7.10,

e therefore attribute the reverse trend obesarved
in our studies to Oohestemperature variation of the
skewed orlhoiactic type of shertd range orfer found in
7P(208)3BG. Xray studiesS reveal that the tilt angle
of the skewad cybotaotio atructure degrenses frmm4a°
at 25% to~ 40° at 87%C, the rate of decrease becoming
ateronger A% higher tempsratures (fig.7.11). Indesd
iray studies on the mixture with 15 mole per cent of 708
alg0 raveal a skowsd oybotaotio structure (fig.7.12),
and Just ag iN the oape of Te{20H)580, the ordinary
refraotive index of this msixture nleo {ngreages With

decrense of tempersture far below ‘E“.4
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FI GURE 7.10: Curves showing the temperature
variations of the principal dielectric constants
calculated on the basis of the theory of Maier
and Meier.
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PIGURE 7.12

X-ray diffraction photographs of a monodomain
sample Of a mixture of 8% mole per aent of
TP(2CN)5BC with 15 mole per aent of 7CB taken at
25°C. Four spots seen in the diffrmotion pattern
are characteristic Oof a skewed cybotactic nematic.



10 hae developed o theoretical model

Benguigul
of the dielectrie constante | O the smectie C phase.
Agcording tO thic theory, the pormanent dipoler contri-

butions to the dielectrio constantr are given by

2 2, '
Cu = EXR3E/(ZE + ¢2) ﬁ wl sos® g {1 - ?M(Euwg&mi)}
k2

. % ulain?: tagns . 2
6y -8 = 3E/(28+ ) g% u.ate {n 3 E;%Amw 6 - 1)}
am (703)

where " and 4 refer to directions Whfoh are parallel
and perpendicular to the long axes of the molecules which
are ses.zed to have perfect orientational oxder, e ie
the ¥alue at a frequency beyond the lowest relaxation
frequeney, N the nunber of woletules per unit volume, &
the t41t angle asd r an intermolecular distance i N the

layer.

V¢ oxn expect that velatiom (7.%) are velld for
skowed cybotactic groups with & 'weoetio ¢ type of zhort
range order also. It e then eclear that as § decreases
In 7P(2CK)5BC with Bemperatire, the cantoibution to g,,
is reduged while that for e, is iporessed. In pure
TE(2OW)SH0, § ~60° and the wedium had & moderutely
stroug nezutive Ae¢ and the contribution frem the
tenperature variation of 8 ominater over that of 6.



However, | f might explaim the practiocally linear
decrease of €, with tepperature, without any pronounced
inorease in its rate of variation near Igq (£12.7.3).
The rate of deorease of ¢, should have increased near
Tyy 4f it depended Only on that of the Orde parameter.
Howgver, the tilt angle sf the cybotactic structure also
deoreanses capidly nesy "J!m. and the effect due (O this
appears %a vompensate for the order parameter variation
in TR(2CH)5hHU. |t s also easy to werify from the
egn.{7.3) that if & decreases with & Jump at Tyge 4t can
countribute {0 the observed positive jump in &.

Ia the mixiure with 15% 708, Ae¢ han Deen reduced
to & auall value and the effect Of temparature warintion
of & |a immediately obvious., For the sake of arpgument,
we asswre thot bhe elffective value of i ~ 54%, wo that
Qﬁﬁﬁzl u% %8 furbdher assume that (2¢ « ¢?§ ) = {24+ eT).
It 19 eauny to verdfy that tne smlil difference between

&0 ana g5

Agads TO e BXTOP O owmly~~e=3x in this relation.
Ucing eqnc.(7.3), we can now write that the tesperature
dependeut part of the dislectrio anlzotropy

(Se08® & = 1)

faY 4 C’(”" - I‘Z {?:’?)

Yuing the obeerved variatien of & with tenperature,

(3eoma 6 = 1) ingresces more strongly than 7 and hence



At eshould become more Degstlve ss the temperature is
inoressed, in agreement with the result found |Or the
mixture with 154 T¢8 (fig.7.8), It il interesting to
soppare the measucred values of At and 5 of the
rixtures with those caloulated on e basis of an
additive luvw of the typo Mgy = X, 08, +X; 0y

where X, is the mele fraeiiwn of tho component 1, ete.
The results sro shown | N table 7.7. Ths valoulated
yalueg of A€ are Jarger thar the mesasursd ones,
whereas € Yalugs have the opposite trend. yuing
eqne.(7.3), both these resulte c¢an be explained by
assuning that the $11t angle of sthe skewad oybotactic
gtructure |a the mixture is less than that fwplied by
an additive law. The interaotions between 77(2CH)5BC
and 7CB molecules tan be expected %o lgad tO this rezuls,
Thisz ascumption also sxplains the observation that ¢,
values of some mixtures Ore higher than those 04 doth
the pure componente {(figs. 7.3« 7.7).

(v) Oonductivity Studiea
The principal condnetivities a,, and o, WAE

rearuzed on all the systems over the freuency range
300 Ha - 30 KHs. The conduetivities for & typleal ciase
i ghown in £ig.7.1%, The importunt results obituoined are

sunmarized below.
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Table 7 _-_1

Uompariszson of mescuved and calculated valuae
of Ae and £ for various mixturses at ’m"””“‘%oc

ey

Y 4
Hole per o
cent of Caloulated Maasured Onleulated Maasured
Te{20R)580 valae value value value
100 - - 1,60 - 4,99

50 .80 2.5% .66 - 6.90

28 6.64 540 7.54 8.00

2:} E:'aw"} 7‘85 5#3§ &.ﬁfx
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In all the sywtesy, a, and ¢y inerease with
frequsney. In TP(20B)SBC (£ig.7.14) both of thew
vary in practirvally the same woanner., The dlelectrie
abaorption ssecoiated with dipolar relaxation contri-
butes to the resnursd values of the uanﬁmtmny."
and i N the frequency range covered | N OUI experiments,
¢ oan be expressed aS u guadratic furction of wW

{chaptexr V)i

2

a{w) = glde) + ‘o“‘ - 1)sw (7.5)

where t 1o the relaxation time of orientational
polarization.

Of course usually oenly the long axis eomponent
of the dipole moment relaxes at & relatively low
freyuency, i.¢., the sorresponding value ¥, ls long
encugh | O make an ifmportant contridbution tO the freyuensy
dependence of A fa the |OW frequency range wesd I N vur
measursnents, A¢ W\ have seen |S earlier chapterws, this
opntributes only tO the frequency dependence 0of Q,,s« In
7p(2CH)5BU, on ¢the other hand, the strong skewed oybo-
tactic short rangs order in the medium leads %, %o eontri-
bute { O the observed frequency dependemne of g, also
(fig.7.14). Foxr the sake of simplicity, we can assume
that the orientational order within a eybotaotic group
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e perfect {(l.¢., all the molscules are parallsl to
one another) and assosiate a cvordinate sys tem Eng
with the zame as shown In fig.7.15 such that £ plane
gontaine the normal g B to the layers. The tilt¢ angle
& iz the angle between the G axis and ¢ p. An eleotrio
field parallel to the 7 sxis, say, leads to an electrio
conduction both parallel and normal to the layers. If

the correspording oconductivities are given by aP and
¥

%y respectively, W can write
c,; - o, mna 6 v o0 ainz 5
4 2
arg} = o, SIN S*arpwaa &,
and q, = a {7.6)

Ve ecan now inagine a epace fLixed coordinate
systenm LYZ sueh that the & axis is along the nematie
director ® « Defining the Zulerian angles in the usual
manney between XYZ and §'ﬂj syastems, and averaging over
these anglea saking into scgount the uniaxlal symmetry
of the nemstic, we can Write

2 S006° 6 =
a, = gy B 2000 - o)

and 2 Ss08° & = 1
+ 28 So8 -
- (*&W«m) '-'g (e P ~){ey, z,) (1.7)

Ya

-‘*ﬁ .
where § is the orfentational order parameter (= 229521y
& being the Eulerian angle hetween 4 and 9‘ axes. The
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tilt engle in TR{20N)SEC goes up to ~ 50° ae the
temperaturs iz lowered, and beth o,(w} and qp(w)
have contributions from the relaxation of u,. Thie
in tUrn leads te the obeerved cimilar freguency depen-

dences of both ¢,, and g,.

In mixtures of TR(20M)SBC with 708, the oconduc~
tivity anisotropy ratio og(= ¢,/0, ) iz always greater
than one. [N ths mixture with BOF 7CB, at low tempe~
ratures o, inoreases with fregquency mors rapidly than
in the case Of 3 (£1g.7.13), se that o, becowes large
at nigh frejuencies, As is illustrated N f£ig.7.16
for the mixture with 6174 708, with increass of tempe-
rature, the frejuelsy depeniecmnces »f o, and o, becone
similar and therefore oy dose no% vary much in the
freguenoy. This reasult can he errily understoed IN
terns of the sontridutions to the oonduetivity from the
law freguency e, relaxation of TCB molecules which have
a very large u due {0 the cyano snd groups. The tilt
angle in theve mixlures can be expested to be low (~0°),
and aw the temperatwre is lowered, tie relaxation time
gorresponding tO €, relaxation inoreases and therefore

lnoreanes fuster than o, a8 can de seen from the
oqn.{7.5).

The tewperature variations of the ratloms of the
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FIG.7.16: Frequency dependence of the ratio of the principal
conductivities (op) of a mixture of 39 mole per cent
of 7P(2CN)SBC with 61 mole per cent of 7CB.



principal oondustivities (op) at 1582 He are shown

for all the syntens stulled in £1ig.7.17. in we men~
tioned earlier, o; is & senzitive function of the short
rarge order I N the nedium and anlae (O some eXtent on
the nature and conoentration of the lonis mpeaina,w'w
% generally increasing with inoreasing conduotivity of
the mediun, Our samples contained some unknown conduge
ting impurities. We have Indicated the average speoifi:
wnﬁwtﬁv& ty (at « commen temperature = 4270)

£ w -1 g, whare (l/A) is the geometric parameter of the
wearuring cell which ip caloulated using the measured
value of the capacitance of the empty vell. @ %a the
measurcd value of the conduotivity if the sample is 1N
the isotropic phase or ¢ » (aQ,,+ 2¢,)/3 if the sampls
is i N the nematic phase. I% 15 clewr that ocur 7UB sample
has & muoh higher impurity content than 7P{2M)SRC
gsample, the mixiures having aome intermediate valuesn.

In view of theze Aifforenves in § values of differont
aysteny, We asn only dissuse the temperature varistione
of gy values, rather than thelr sboolute waulves. For a
panatie liyuid orye tal without any oylotaontie atructure,
oy depenic only on the orientatiuvnal order parameter 3,
and should monotonicnlly Jdeorease with tempersture,12,13
he rate of decrease inoreasing us 'TM iz approached.

745 tas a eybatactic ctructure of tho smectio 4 type,
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ZPIQ.7.17: Temperature variations of the ratio of conductivi-
ties (at 1592 Hz) in the nematic phase of the systems
studied. The numbers appearing immediately after the
symbols are the mole percentages of TP{2CN)5BC and the
next number IS the mean specific conductivity

E x 107 (ohm em)=! at 42°.



which 1s mede up of hilaycra‘* which arise due {0

the antiparallel eorreiutions between the highly

poelar neighbouring malaunleu.s The cybotaotio order
beocmes somewhat stronger {i.e., its correlation

length increases) with decrease of temperaturs, thoag
708 does not exhidit the sumectic A phade. A8 sueh op
of 7C8 which 1s pelatively high tends to level off gnd
even dgoresse slightly at lower temperatures (fig.7.17).
(We hawe alrgady disouseed in ohapters V und VI that
smectie A lagyering incresres o, and lowers o, leading

to a deorears in the ratio oy » @, /o, .} On the other
hand, a® we hove dimcucered earlier, 7TP{ZCN)SBC has a
vary strong skew oybotactiec ordsr whone strength as

well as tilt angle Jdeeronse with incrsaze of tempe~
rature. DBoth of these parsmeters deternine LY asouning
that lone can flow more sasily in the plane of the
layere than in the perpsndiculsr direction. At tempe-
ratucers close to TRK' the tilt angle in swall, snd

oy, < 4 {£3ig2.7¢17)¢ dee., the compound hes negabive @OFQ—
ductivity anizotrony 9@ * @— #&). Az the temperature
| a lowered, there ie a very rapld inorease of Gy the
rate of incresse dDecoming larger at lower tenperatures,
painly becaure both the girength and tilt angle of the
eyboutactio groups inorease. This can be understood from

eqn.(7.7) for o, aud 6,. (g, - 0,) muct be negative,



since (¢, - ¢,) iv negative even a% the higheet
temperature. As Ma temperature 2S lowered, & increases

Z 1)}/2 decreaves rapldly. This decreune

sy (Boos
is Stronger than the inersasze of bdoth I and the pagni-
tule of a?fan gt lower temperatures, and ¢,,40, inoreasea
at lover teamperatures. The lowering of the relaxation
frejuency of £,  might also contribute to this srend

|n the 63 Yi&lﬁ@'ﬂni'

Gven for the mix%ure with 159 708, a» we disou-
sead | N connection Wth the dleleetric properties, the
gtruacture should retain the skew cybotuvtic nature, dut
ita strength iv reduced (asz evidenced frow Xzsy stuldies)
(£1g.7.12) mo that oy, values go Up eompared to those of
Te{20K)58¢. The temperature variation of oy i s vinilar
to that of the pure compound. With 407 T {or €05
7P(20N)58C) 4n the sixture, o value showr u broud
mizimum snd then ¢ sinimum befcre It 2tarit 1o lnorease
again clove to THI' the slrength of thy ¢ybotactic order
ghould he so small that the temperature variation of Oy
1o determined by that of the oxdertational ordsr pura~
me ber. a2 the lepperatui e 16 lowered, $ha oybotactice
erder siaxrte bullding up ard o deoreszen, With further
deereane of teuperature, $he Incresnss In 1ilt angle
£inally leads 10 an inereasing trend of Cge with higher



conoentrations of TGB, the peak in oy is shifted
towards QHI' probably besause the aybotactie groups
are more and more amectie A like for these concentra~
tioxa. In any cese, the vematic range is aleo roduced
and We see a gensral levelling off of g, at the lowest
temperatures (fig. 7.17).

In conclusion, We have found that the tempe~
rature warlstion of the tilt angle of wkewsd cybotactic
structure has an cheervsble effect on doth the dislectrioe
conatants and conduetivitics of the syntems #tudled.
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