BLECTRICAL CONDUCRIVIRY MEASUREHBNTS OR
SPRUCTURALLY RELATED SMECTOGENIC CONPUUNDS

59  imtroduction

swahcrm‘ a8 early as | N 1514, noticed that

for o nematic the electrical eonductivity (due to fonic
impurities) measured along the director (o,,) is
greater than that measwred normal tOif (Q,). Por a
nemtic liguid orystal without any oybotastio struoture,
anisotropy ratio oy {» a,,/o,) 48 greater than on* and
| S known to depend only on the orientationsl order
parametar 5, decreasing monotonically with tempe~
rature,?*> the rate of deoreass ivoreasing as Py, 18
approached. But in a compound exhibiting both 4 and ¥
phasez, generally, the comduotivity anfeotropy

(= 0, ~ 0,) ohanges wign near the nematic-cmectio A
transition poink, becoming negative at lower tenpe~
ratures. (N the basis of eleotrie field studies on
athylep~( pt-methoxybens ylidene Janinosinnamte, OCur 4
originally cuggested that the anisctropy ratic oy 1s
loss than one N the A phase. The meacursments on the
influence of smectic order ware first made by m)m:luss



who found O deorease of the ratie oy, with deoreasing
temperature in some nenatlic compounds sxhibiting smeotio
1ike short range order. 3Iimllar obssrvations vere nule
by ¥iroea~Rousmel and Rondel aa6 and Heppke and %hne;lhrﬂ
Miroea-Roussel et als rade measurenments | N the A phase

as vell. oy 46 also known to depsnd upem the Dature and
cancentration of fomie species, 2,3 gy genorally

increaning with inoreasing conductivity O the medium.

Purther, the principal oconductivities are known
$0 be frequency depenient. Thie arieee from the v
frequency dispersion of orientation polarisation., Sohadt

and Von Plamtsg

obtained the following expresalon for
the frequenoy dependence of the conductiviiy of a dieleotric
¢ (e~ 1) y
a(w) = o(de) + Aw T % wé (5.1)
whera ¥ 48 the relaxation tiome of the crientation

polarisation. For we<<1, eqn.(5.1) taokes the form
o{w) » g(de) + tﬁtx - 1) $ we (5.2)
whioh shows that g(w) is a guadratic function of tﬁquemy.

Conductivity studies carried out by Mircea-Rour sel
ot ,,1,,3 in the smectic and numatie phases of several
compounde have shown that the behaviour of transgore



properties | N bilayer structures is 4ifferent frow

that in movolayer zmeotios. The compounds studled by
them are tae following: some compounds belenging (o

the alkoxy bengylidene slkyl aniline series (n0.m series),
4,4 '-4ihaptylagoxybengene (HAR), S-pecyanobenzylideng-
pn~ootyloxyaniline (GBODA)}, 4ten-oetyled~oyanobiphenyl
(8(2) and 4‘'=n~cotyloxy-4-qyanobiphenyl (8 GUB)., Though
all these compounde show pretransitional effeots in the
¥ phare near Ty they fall into two Sistimmt groupe az
regarde their electrical conductivity i n the A phase.

In the first group eonsisting of the compounds Of the
n0.m seriss and HAR, o, dJdecreases cortinuously aAS the
temperature is Qecressed oloss (O T,, both in the 4 and
K phases ant then levels off at lower temperatures in
the A phase. 0On the other hanld, as the temperature is
lowered, o, decreases lh the ¥ phase and then starte

fa inorease neur T,.. The inerease of o, 1y sc large
that 1t decomes At leant five times greater than ¢, »
Thue, these ¢ompounds have Q very low value of % in

the A phase.

In the second group of compounis aonsisting of
OBOOA, 8B end § OCB, both a, and o, deorecase with
decreane nf temperature. The ratio v, initislly rises
as the sample in cooled from Tey and then decreuses



slowly with further lowering ¢! temperature. In
8 OCB and 803, oy reaches the valus unity in the A
rhase indicating that there is 2¢ preferential
direction for the flow Of charges. In CBOOA, v,
becomes jUAl lees than unity (0.85) tn the A phave.
Henve the strong anisotropy obuerved | o the firse
group of compoands iz not seen here.

1% iz interesting to mote that all the oompounda
belonging to the second group are atrongly polar and
possess partially bilayer structures in the smectic A

0,11 wiile the compounds Delanging O the first
group have monclayer smectiss, Therefore, this diffe-
rence in the vehaviour of the trannport properties io
assooiated with ths different structures of We
swectlic A layers.

As weo saw earlier in ohapter I1I, strongly polaxr
oyano and mitro compounds atudied by us have large
bilayer spsoings whish are extrensly sensitive ¢
teaperature. The spacings incoreass enormously as the
tomperature is lowered 4in Yhe A phase. This has a
strong influsno2 an the dieleotrie dehavicur alse &s
Ve have seen in shapter IV. To study the infiuence of
such structural changes on the transport properties,
we have asoasured the tempercture variations of the



principal eleotrical conductivities of the vompounds,
The results are presented | N this chapter.

- 19 &mrm?ﬂ&l

The compounds studied are 12 PMUBB, 10 PMeGORB,
11 PHeOCED, Y PMNBB, 10 PMSBB, 12 PMKEB, 11 CQpHeOBRE,
12 CPMeORE and 11 PMeOBrBB. Struoctural formulae, nDames
of the compounds and the heats of trancitions are given
in fig.3.1 and table ¥.1 of chapter III.

The ounductivities ¢, and o, were determined at
1592 Hg uweing a vayne Kerr (B642) autobalance bridge
using the experimental art up described in the previous
chapter. @, and ¢, were alzo measured for a few com-
pounds at 300 Hg by using the wWayne Kerr bridge in
conjunction with an axterns)l 40 souwrcs {Systronloe Sf
oscillator) and a PAR 186 lock-Lin-umplifier ae the
detector. A2 mentioned in ghsapter IV, the zample taken
between two tin oxide coated glaxz plates war aligned
by a magnetic field «f strength ~» 14 KGaunss. & good
alignment in the A phase was ohbtained by a slow cooling
of the sample from the B phasze | N the presence of the
menetio fleld.



53¢3 Results and discussion

The principal elesirical ecosductivities of
12 PMCBE measured at 1592 He are shown in rig.5.1,
The conductivity anieptropy whish 1 positive in the
K phase changes sign and bedomes negative in the A
phase, ag in otheyr smectogonio compounis. As the
temperature is lowered (N the A phame, the ratio
% (= 0,/0,) decrensens. Further, both o, and g,
decveaning initially. However, at Ty, « T — ac*ce,
o, attalne a droad minimum, and starts inorearing
olightly ax the temperature is further lowered. 7This
fa eaumed by $he gffevt of the relaxation of ¢,, on g, .
With decreaning temperature, the relaxation ti—
corragponding to ¢, dispersion inereases rapidly ang,
g 0an br gesn from the wyn.(5.2), it enhances the
measurad value of a,, « e relaxation of e,, thua
oauses Ao at 1592 Ha to reoverse mign again, becoming
pouiilve at very low temperatures. The variatian of
9y i S @leo shown in the figure. 1I we reduce the
frequensy of oparavewent o 300 Hs, however, A,, A—
tonivally decrensen with desreasing temperature (fig.
5.2) and there ls no reversal of the sign ¢f Ae which

renalng negutive.
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The tempsrature variations of the prinoipal
conductivities of 10 PNeOOBB and 11 PHeOUBE are shown
in fige.5.% and 5.4 respeotively. In 10 PMelOBDB, ou
does aat becoms < 1, DUl tends (O inorvase at low
temperatures beoause of the relaxation effect of ¢,
an discussed above. The animotropy Av¢ doss not change
sign N the A phase ae it is monotropic occeurring at
~40%Q below Ty and at such low temperatures the rela-
xation effect oan be expeoted to dominste, In the
ocase of 11 PKeOCHEE, the mnlisotropy changes zign at
temperatures very oloce (0 T,y decoming negative N
the A phase. As the temperature is lowersd, ¢, decreases
firet, reaches & value of ~ 0.9 and then inoreases due
to £,, relaxaticn leading o positive anlsotropy at
very |lOW temperatures.

The trends in the omductivities of YPMiBE
(fig. 5.5) are similar So these of 10 PMeQURB. In the
case of 10 PVNBB, sz& the temperature iz lowered, the
condustivity ratio at 1592 Hg beocomes less than unity
~15% above Tune but dces not go to very low values.
It starte inorgasing a8 the temperature is lowered below
By - 15° (£1g.5.6). In 12 PMNBB (£1g.5.7), the
conduotivity ratio at 1592 Ha takes o wvolue oconsiderably
leng than unity before 1% starte inorecsing as the sample
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IS evoled in the A phase. At 300 Hm (£ig.5.3), the
conduativity ratio takes lower valuss ae dan Ve
expected, DUt tho relaxation effect is felt sven At
this fregusnoy at low temperatures. The progresslve
reduction | A the minimum value of o, at 1592 Hz, as we
increaze n from § to 12 in nPMIUBE, I(» convected with

the progressively increasing smestic erder of the higher
homologues.

The results (at 1592 Hs) ON 11 CPMeCBB, 12 CPMeOSB
and 11 PMeOBXBB are shown in fige.5.9-5.11 respectively,
N &1l the nuses, the conduetivity anlsotropy is negative
iN the A phase. In 11 CPNeOBB and 11 PMeOBrBB, asx the
temparature is lowered, o, decreases fivet, reaches a
minimum and jhen increases.

It iz gererally obzerved, as |a areain sur studies
also, that ¢, deoreases faster than ¢ fear s nematioc-
smectio A Sransition point. This ean be most probably
attributed i the perssation prmau.m wiich dominates
flow along the layer nermal, due {0 the layering. The
incrsase | N vizoocsidy due to the permeation process is
snormous when dompared to the incresse in the norml
vigeosity due tov the lowering ¢f temperature. This can

lend to the faster wvariation 0of a,,
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It ia instruotive to compare the ercss over
temperatures i N the sign of conduotivity anisotropy in
the three compounde, vis., 11 PHMeOCDB, 11 CPMeOBB and
11 PMelBriiB. The respeciive ¢rons 5ver taonperatures
are T, ~Tc2 2% (in the A phase), T,4 =2 = ~3" (in the
K phase) and I,, ~ R «7* (in the B phase).

The heste of smectic A-rnemiie transision (LM, ) of
these compounds axe 0.035 KJ/meole in 11 PHeUGCBER,

0.17 KJ/mole in 11 CPMeOBB and 0,26 KJ/mole i N 11 PHeOBXHD.
If LMy, is emall, one would expect the smsotle like
short range order 1O bulld up far above T, and hence

the oross OVer should oeeur at a relatively higher taspe-
rature (relative {0 T,,) iN the B phame. But experimental
vesulte indfioste exactly the reverse trend. W atiridute
this reverse trend in the orose over temperatures to the
ditferenca in the layexr siructures of the A phase of the
compounds. The layer spacings in the A phave are > 1.5L
in 11 PReOCEB,~ 1.30 4n 11 CPNeOBB and ~ Lin 11 PMeOBrED,
where L 1o the molecular length which is practically the
same in all the three compounds (eee chapter IIX). As
pentiorsd earlier, the permeation proceas (LB to layering
hae a profound influence on the fonic mobilitiez. It is
well knewn that the permeation parameter i given by

YL Q3)"! where § s the averuge vincomity
P



cosffielent amd g, (= 2/0} whera 4 is the layer
thicsknese) | S the wave vector along the layer norzal.
Purther, )\F ie & meagure of lonle mobility. Bince
)‘p ey 42, ths lfouic moblility aleng the director and
hence ¢, should be higher in the bilayer atructumes

1e

than | N menolayer smeotice leading to a highexr value

of o in the former. Hence, o, begomes lezs than unity
at lower temperatures relative to I,, |a bllayer mmeotios
than | N monolayer smectics as le indeed obaerved in our
systems as well as in other systems described in We
introduction to this chapter.

Thus, our rerulis clesrly demoncirate the
influence of the short range order in the wediumw on
the conduetivity anizotyo pya
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