CHAPTER 111

X-RAY GTUDIES O H: SHBCTIC A PHASE BXHIBITED
BY SEVERAL STRUCTURALLY RELATED COMPOUNDS

3.1 Introdustion

The smactis A phase Ls characterized by s layered
syrangement of rod 1ike moleculesa, the long axieg of the
molecules belng on the averege mormal to the smectie
planag, though thoye is & random distribution of molee
sulor centres within esch layer. Xray diffvaction
pattorn of a polydowmain smootic A saxple hés a large
angle diffuse wing which corresponds to the meon inter-
molecular distunce norpal to the director and is indie
sative of liguid like arrangesent within the layvers.
in addition, there is & storply defined low engle ring
waich sorresponds to the perdodicity along the layer
normal {layer thickogss or layer spacingl. These agpoots
soncerning iray diffraction pattern bave already boen
ddncussed in detall in chapter I.

Intuitively, one aexpests the layer spaclog in
the snectic & phase to hea approxisately equel to the
moleoular length. This seems o be true In the odee



of compounds consisting of weskly polar molecules.’
However, the layey spacing ia found to be wuch larger
than the molecular length in compourkis whoso moleoules
have 8 strongly polar terminal group.’ This structure
arigses from the antiperallel correlations heltween
neighbouring molecules bLrought about by the strong

dipole mmwﬁ

& typisel nesugenic moletule has a rigid central
gore which iy often aropatic with flexible alkyl chainas
at one o both the ends. Uenerally speuking, the lower
howolopuss show only ¢he oenetio plisse. The swectie
plwse s exhibited by howmologuss with relatively longer
chuin lengths, the mupber o0 earpun abtova (n) in the
ghains bedny usally seven or higher. 4s n ingreases,
the nowalio range is decreassed, and beyond a certain
chain longth, the nenatic phase dissppears and transition
takes plece directly from the suectic 4 the lsotropie
phcas. As we noted in chapter I, these sbgervatiomag have
baen acowunted for on the besia of the feet that thw
strongest part of the intefmolecular attractions vosura
batween aromatic ooren of the molscules. Obvisugly for
polegules with long alipbutic end ¢halns, the intovactions
between srovatic cores leads o the fovmatiom of @
iayered opganization of the moleculos, characteristic
of smeotia phases.



ﬂﬂﬁ&l&a&? proposed a moleoulay theory of the
A phose which i{p an extension of the Moley-laupe®s
4 teking tnto account the density
wave along the director.

theory of nenatioe,

Lomgitiiinal oomponents of glyong pevsonaent
dipoley groupsz of mesogimnic noloculos are now kbhowm
1o sake an lmportant contribution to the atahillity of
the H and A phasos.” Xroy and neutron diffraction
atuﬂiaw"ﬁ’? an eysnobiphenyls showed that the lnyer
spacing is o2 1.4 molecular length. & bDilayver atructare,
ay indicoted $n £ig.1.7 (ehapter I}, wag peoposed Lo
1 43 & veoult of the
abtractive interactions betwean the nelipbbsuring wole~
Gsles, aromatic cores overlap in the middle of Hiw
iayers and the alkyl chaing extend outward., This
arpangenent of the solocules ia oulled bilayer, or

sgcount for btheose oboemwvationg,

more appropristely, pertial bilayer struchure (£1£.9.7).
The structure of the (partisl) dilayer gilves an extre
dogree of frogdon to such gysterns and lesds to goverasl
interesting phenovenc, like resntrance™ 10 and gnestio A
polymorphism.”

The obyusture of the blilayer cuponds on $he
ahenigal structures of the aromatie core. It s Lfound



€0 depend on the sutusl disposition of all the
¢ipolar groups that the cores way ponsoss. As was
disousasd by the Boprdeaux group, 1t the dipele moments
af the linkege groups in the aromatic emre oppose Shat
of the terminal group, the conpounds oxhibit large
Bllayer spacinga, For instance, UPS, h-n-pontyl
poonyl-b {4 esyanobonzoylony Yoenzonte, 'ws a luvor
apReing in the suectic & phase ~ 2L L being the molew
Gainy lmg‘m,” om the ofher band, 10 Sthe dinole
monants of the bridging groups o the arovatlie sore
are allgned iu tho direotion of the Jdipole comoant of
the teruincl polar grouvs, the sompounds hove o PMlayor
syecing =2 1.4 Adn @iﬁ@x\i&w,«ﬂw wirdeh i3 deslmeted s Ay
pliise acourding to the possnolature introduced by
Lavalul e M.m SGome compounds having the Ay vhi se
alec exhibit reentrant phases. The 140 and m*m
woibors of the serios b-oyanophenyi~Bt«pethy -4«

Ve epealikyibensoyiony Ibenzosates (nCPYRR) synthoslzed
in ouwr daboratoPy sone yours BLo were apongot the
Liret compounds whlch exhdbited the resntrant nematic
phage at atmosphoric mﬁmmﬁ Thaza combounds hove
two cater linkage groups with Shelir dipoles oriented
parallel to the end eyano dipoles, and fuvther, have
a lateral wethyl group (fig. %.1).



In opder to study the effect of yraeveraing the
ester dipoles in relation to that of the oyane end
group of the above compounds, L-n-alkyl phenyli~3*~
wothyl-4' - (4" -n-ayanobenzoyloxy Jhenzoates {(nPHCRE),
their altro apalogucs, and sther structurally related
ponpounds vere symthesized in ouyr laboratory. In

this chapber, we present the thorsal evolution of Layer
gpecinzs In the ) phase of these coupounds. Indeed
bacaust of the bulky luteral substituente (methyl or
wekhomy i the interpolecular interactions are weakenod
ooppired Lo compounds wlithoul such 1atorel subatituents.
A% we shall find Io this snd the aext ochapiers, the
Iaberal subatitution rosulis in sswe new fearures in
the teuperatups veriations of the physiesl properties

af these nonmssunds.

Jeii  Lxpeginental

A

(1) Matarlads

ALL the coupuwiis were gynthesized in our

Bf'&m& ;“"W 1&&"@%»%’%“&%? R “ 5 Py 4h

The trasition tenperatures
were detorsined by welog o dettlor hobt eluge {(Model FP52)
in canJuncbion with o polarizing slcroscope, 28 well as
a8 differeatial soanning culovimeter {Verkin Ulmer DECe2).

The heats of trausibionsvere detarmined fror the €



trocen. The trangiticon texperatures and heats of
transitions are listed in tuble 3.1, The structural
formalae and aoronyms of the conpounds are shown in
£ig. 3.1,

(11) Sample Holder and Hester

The sumple holder and the heater uvsed to
mainiain the tenperature of the sanple at any desired
value are shown in fig. 5.2.

heatey {(£ig. 3.2b) conaisted of Q oircular
pper rod heving a wectangulse alot along fts length.
The csntral portion of the rod wos mechined %o have a
rectangular oross ssction $0 ap to fuclilitate mounting

between the pole plecen of & pervanent segnet. Nichrone
wire was wound on the bottom and top eliroular parts of

rod on 8 slon sheet used asg ifnsulator, A tapered

(04) was drilled at the centre of the heater, and

parpendicular to its long disension for the pays to
pags through. The tapered hols bad & amall diamater of
Jeb m to collimate the Xray besm at the entrance side,
Toe conical angle of the owit aperture was about 457,
which was more than adegunte for the Xpray diffraction
studios of our oconpounds.



Llcynnophenylﬂ*j meihyi-— {4 - ~alkyl benzoyloxy) henzoates
IhnCPMBBI
NC—C> L—'“04§ >_C“*O""</ \>’_Cr\HZH+W
CH3

& -n—alkylpheryt - - methyl - (f-':--cyanobenzoyloxy) benzoates

(nPMCBB!
OyN {>~ é -—L.——O@-CnHQrV*J
CHy
4—n—alkylphenyl - 3 methyl ~4 '"(l;'ﬂnnroherwzoyloxy) henzoates
in PMNBB]
Br——< >--—C~——O / >— (o O \*nCnH‘,}nH
Nazie/
OCH4

4 -n - alkylpheny! - 3| - methoxy v--'-'.l- (!.”—bromobenzoyloxy) benzoates
{nPMe(OBrBB)

O O
NC 4</;;\>‘“"( '_"O'“{ \ AC"_O /_4.\ ~~CnHep +1

OCHa g
4 —n  alkylphenyl— 3= methoxy IARTEA —cyanobenzoyloxy ) benzoates
{nPMeo CBB)
8 j g :
CF\“?N+1~‘< 3 '"‘”‘”é"‘_o / \—~C ————O-—@— CN

CHy

4 -cyanophenyl - 3- methoxy - AN 4" - alkylbenzoyloxy ) benzoates

{nCPMeOBB)

AU A W

4~ biphenylyl - A”— n - undecyloxy benzoate

(BO11)

FI1¢.3.1: Structural formulae and acronyms Of various
compourd s USed in our investigations



The sanple holder {£ig. 3.28) consisted of a long
reoutangular copper atiip ('lip') whioch fitted exactly
into the revtangulor slot of the hester. This enahled
us to plage the senple holder in the sane position svery
time the ssuple was mounted. Conasyuently the sample
to file distance rescined constant in & given sevrica of
experinents. The Yp had & hole {ﬂmj of 0.8 mm dioveter
along the wider side and at on appropriate helight.
Through this hole a Lindesarm caplillary tube containing
the gaeple could be inserted. The Lip alsoe had & tapered
hole {%2 at right angles o the hole for the capillery,
the forcer watehing with the hole {ﬁﬁ} o the outer
Jueket of the heater. This was used Lfor the passage of
Avuys theough the saple, & rm thick wylar gheets were
pasted on both aides of the tapered hole (0,) on the
outer heater to prevent alr currents and thoreby svolding
tompersture fluctuationg of the semple.

The heoter was kept between the pole pleces of &
pormanent magnet (N5) of strength & XKGsuss such that the
sanple position was at the centrae of tiw pole ploces
anc the fleld was sorual to the incident Xyray boam,

The heater and the magnet aosesbly were mounted on a
gtand of adjustoble height.
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he tecparature uf the sample could be adjusted
to any dealred value By varying the ourrent through the
heater using & highly stabilized power supply (Digireg
23%).

(111) Tesperature measurement

A copper-congtanton thermogouple (T) waa
ingerted inte the heater fyom the bottor such that the
Junction wis 93 cloge as possible to the scmple, The
thorwo s.5.0, Was sessured with & h% digit panel weter
' The therrocounle was eslitrated Ly
tuking stonderd seamplee in the Linderomn sapillary tubes
and ohgerving thaly trensitions visually. Toapperature
of the sample could b meesmired wnd maintained to an

acesragy of x0.25%C over long perdods of time.

(iv} Xeay Studies

Afpar £illing the Lisndousnn oeplllary tube with
the sapplie, the ends of the tubes ware sealed, The
tabe was souated o the semple holder in & pusition
perpendicular te the ilncident sray bees. The sumple
vas frredluted with wonechromitic Luld (pediution eoming
Lrow $1750 Palllips dpay Generutor and & bendt guarts
erystal monochrouator (Cari~foiss Jona). The sample



wag heatsd o the nemntic phase and slowly gooled in
the presence of 8 sagoetic £ield of strongih & Lhuuss
to get alizgned samples in the smectic A phease. The
giffracted Kray besw wha collected on a fiat Uilm kept
at e digtunce of approximately 30 om frow the sample.
The exposure tise varied from 10 min. to one hour
depending on the semple under ipvestigotion., Aftep

the gowmpletion of the esperivent, transition temparature
of the swnple was roveasured and found o be unsltored
within the limits of experimental ervor ilndiceting tiax
the saaple 418 not deteriorate during the espooure time.

The csmaple to £iln dlatance was stindordized by
using the (100} reflection of ndvcanaie pold, the g
value of thin reflection belng telen o be 2%.9 g.ﬂﬁ
The cistones Betyeen the Ciffsaetion sroty on the film
v meosured usine on ascurcts copmrator {Adam-Hilger
LEd.}. The accursoy of layer opacing veagurenont was
genorally 0.1 A.

3«3 Resslty and Disounsion

{1} Thernod udmic Properties

Tue stractural forpulae and agronyms of the
soppouncs of interest are shown in £ig.2.1. The moleaules



of nCPHBB have two eator groups whope dipole moments
aro psrallel to that of the end eyuno group. The q4th
and 12 meubers of this series exhibit swectic A and
raantrant nosatic zmmmmg aPCRE goupsunds are
obteined by intershanging the two end groups of nCPMDR
89 that the longitudinal oopponents ol the two eater
groups are nov antiparallel with the terminal gyand
group. It ig interesting to note that the soleoular

cores of the pesulting aCHER compounds ars very sinmilaer

to that of DBS eompound wimee hopologuey have been

14,16 aunosnt

extenaivaly atudied Ly Lhe Dordesux growns
et & Jetersl nethyl whstitoent s nou alttaghed o
the core. Yo Lave aise shallod soveral structurally
related gompounds {(£ig.5,1) and present & detallied
compparative study of then., We have studled only & fow
higher homologues in ewsoh series, sloce cur rain inte-
rast was b lovestigante the & phage.

From table 3.1, wo mee that {a) ni¥iDB caupounds
relt st much lower touperatures thon the corresponiing
nlHVBE compounda; (b)) an enantiotropic A phase appears

At the ninth wenber of nPVCRE while 11 CHMBE ia the
lowest homologue which exhibits the A phase; (e} doth
AN (snootie A-nosatic) and HI (nesatio-isotyropie)



tranaition tenperatures of 12 FBR are higher then
the sorrespanding Sarperatures of 12 Cmny  {4) wihile
nCrMBE with n o« 11 and 12 exhibit o reentrant nonatie
phaase, there is no such reantrant phase in the ¢use of
nchss (@) the DSC run of 10 PHCHR shows 8 slope
change at 126.5°C indicating 8 phese transition at that
tenparature. However, interestingly under a mlavizing
wiorosgope, the same A phase texturs s found Doth
sbove and below 126.5%C,

Comparding bk Wansition tonparoturss of nPMibE
wdia thowe ol aECES, oe Jurper have highor molting
polnks but wer A<l aed o3 tpengition points. Replace~
ment of e labtersl methyl spbeiitusnt of nofilhs ond
el bE by bhe walbler setnoexy group results in hgher
selting pulats ol nEOCES end pulheul, but sunsiderabdly
lower -l and b4 transition puints. The lattor results
Gan Pe attribmted o the weshening of the intermoloomiiar
fondepractions resaliing ivoes Lhe baikier adde group of
Lo AEER aaod nCROeULS mologuias. Unldke A Lhe pCebamn
aed e, aoie o the nulBelnl coupounds show resntront
phidgeds  oOEpering afRellls and artleuleill; we see thot
tiw aatber compounis bave slightly lower selting ypoints
gand guow ammobtrople liguid crystalline phases.



2akie J.1

]
in C
wrmmaiﬁimn,tamyaxmturauyymd enthalpien of the oompounds
. | atud fed
Y X Ny A R 1
nCPMBBS | |

11 » ‘1@3 (l mnﬁ} % '32? - ’1%-5 »
[0.0154) [0.0147]

12 . 102 (. %%.8) . 138.5 . 148 .,
[0.0464) [0.0255] |

B X A fﬂ W _"i
) NPYCBE )
¢ o G4.4 « HiH.6 # 375 -
10 . 58 o 124.5 o 139,59 . 16%.9 .
[14.1] (0.06) [1.38)
12 . 1.5, 77.¢ . 155,% . 158.%
[16.8] [0.42] {1.48]
n K A | | ﬁ.' | ) S | |
neMEBD
? L] 75%0% (l 6£§1) - 15&.5 *
(16,37 {0.019] {1.11]
10 . TTO . 108,59 . 1500 .
[29.6]  [v.062) [1.13]
12 e« T3.% . 141.% . 146.9 .
{euey) (G.16Y [ 1.28]

SR O T A N g A S




Table 3.1 contd.

u K A i 1
nPHeUUBB |
10 . 97.8 (. S4.4) . 135.4 .
L3347 [ 1,96
i1 .« 105 . 122 . 136 .
C35.1) [0.0%5] [1.8]
12 .« 101.7 . 130.% . 1w,
{2a.8] [Ce21] L1.7)
BUPNeUBD
11 . 124 s 1801 . 1uN,3 .
r41.2] [0e1?] [1.6]
!? . 123‘,& ™ 1?”:7 » %?}3-2 >
[43.5) [%.13]
nPHebR i
11 . 1G2.5 (. 85.3) (. Y5.6) .
{0.26] f1.46)
12 . 9% {. a&8,7) .+ 93,7 .
{&0.9] (0.24] [1.43]
BOI1° - -
» ] ‘i}&)"} - 1‘39"5 - 134@5 »
[83.2] [1.4) fo.e]

The numbers in syuere bruckéle indicate enthalpies in
k3/mole. ( ) invdicate movotvopin Lranaitiocns,

Byaren from ref. 9 Yraken from raf. 27.



(i1} Thernal svolution of layer spacings

The tenperature varistions of the layer
spacinga in GMWCHD and 10 PHUED ore shown in figs.3,3
and 3.4 reapactively. In both the oasts, thoere is a
large expansion o the layer asg the Tomparature is
decronaed, the rate of emyan#&am doorcaging at lower
tenporatures. The woleoular lengths of ¢ PHOER and
10 PG caleulated using Drelding models ars ~) 31.8
andg %3 R respeotively. Thus the nessursd layer spaocing
corresponds to 1,7 L and 1.8 A glose to Ty, and invresves
to 1.56 Land 1.85 L{ L boing the molesulur length) ag
the lowest temperature before Srvetullization takes
nisee in tho ﬁtﬂ ang 10 homologues reapeotively.

BEope interestingly, 2 clear Jusp of .4 K is ohworeed
in 10 PMCEB at (T,, - T) = 15%, The rate of inorease
in apecing slows down sopewhat ag the sapple 18 cooled

to this tempearature, befure the junp oceurs (inset in
fig. #.4), The Jump was confirped by thwse indepondent
trials. it covrospondg to an A-A transition of the
Zype found by the Mardesux group in several cssag. D
The jusp in the layer spacing is from ~1.7Alto ~ 4,724
The lower tempercture A phase gives riae to s relatively
invense gecon: order reflsction, whose intensity inorvames

with deerease of temperature. Fogitive prints of the
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transition point.



Xray pholographa in the two phages are ghowt do

L£ige DeBe This transitlon cOrrToLponis Lo an Agwig
transition ascordiing to the nonenciatere of uhe
Dordonus Wpﬁ {ag wo have digoussed in chapter i).
The eharocteristic frature observed ot thiz Sransition
is the appesrvnce of a sirong sesond oxder reflisction
on going over to the % phiase. it is appropelate o
pantion at this point that our miersseopic ouserveilons
o @ homectropieally aligned ssuple tuken between a
siide and o covorslip shweel a gunsral shednbsge of the
Duowralary we the saigle wos oosled.  MPosucably the
pusher f layspes Letwgen the glide aod govarelip roeuwsin
unalbored ol wz the layoers empond on sooling, the
bowadasy sirioie to cunsurve denuily. There vag song
enhancement In the shelnlege &% the Louperalare oorre-
spanding o the A0, teaceltion.  On heoling the ssuple,

Mg Doy apndn t&ﬁﬁp&miﬁﬁ#

Plg. D6 ghows the woarlation ol vhe layer speelug
in tho gage of 12 06, The goneral Joatures are shal-
Tar to thoge of 10 PRCED . There i o ohwngs of siopwe in
tho thorsol ovolutlon of the loyer sweclug wh Tyt a2,
with ¢ lowaring of the rate of axpunodon as the sauple
$a cooled to thot touperaturs and a fester expension at
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FIGURE 3.5

Xray photographs in (a) A, (b) A, phases
of 10 PMCRBB
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lower tenperatures. %he setond order rediection is
strong ot lower tongeratuwres. s trawt is pesinigcont
af that sbown by 10 WCBR, Lut without my Jurp in the
Loyer spacing. It most probably voprcesents & socond
AR gy trangition,. However, we could not losate
thia tranaition s Lhe LIC surves.

The touperature veriationes of the layer spacings
in 9 PHUIDG, 10 PMES and 12 PSR are shown in figa.3.7-
T8, In O BB (Lig. 5.73. the gurvatupe appears to
chonge sign st E."; e the rate of orpansian beoming
lapger ab lowsy terperatupres 1g the A ohase,  The
Tabtir trend e poardioularly obwions o 10 R (£ig.5.0),.
indeat Lrow A eogperison with €ha doto on 173 RGBT (£ig.
reirf pee ateiklug Aifferancos are seen whon the oyano
and sroun 1o rerlsoed W the ulteo ond geoum (o) the
ervature of the thermel denerdoocce of She Tayer anacing
chanyes sfgng and v A4, teangltion Lo vont in the
nitwn aovudaand.  Sinos the oeTgenlor lenpthn in the two
Gases are vyastiosiliv the some, 3t iz o algar that
Tae Bllaver sosoing in the ndtes covmmes Do atnewhat
Lomap Bhan fe Bhe avane esonmert,  Ir Bhe ooace of
12 WLR {Fle .00 the gupvnturs ebenses oton in the

A phoas, the vate of swpaosdom hoepolns Lower at the
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loweat tomperatures for which measurements could be
Suken, In all these cases, the second order reflaction
is sesn only at very low tewmperatures: the intensity
of ssoond order relfleotion gredually inovessing with
detreuse of tempersture In all the aiiro compounds,
the layer spécing evolves ocontinuously with fTenperature,
without eny Jusp or ¢hanga of slope,

Figa. 3.10-3,12 ghow the results on 10 PHeOCHB,
11 PHeUCHS und 12 PHeOCBB respectively. Again there
is a feirly large and continuous expansion in the layer
spaaing 4y the tunpereture ls lowered, without amy lodie-
gation of Jusp or change of slope. The seammd order
reflection was vory difficeult to get even ot the lowest
tenperatures.

The regults on 11 CFHeODE and 13 CiMeDBE, which
are sbhbained by interchangiog the end groupe of 11 PMeOCHEB
and 12 PHeUCBS respestively, are depleted in figs. 3.3
and 3.4 respectively. In both the cases, the layeyr
contracts b 1=2 A as the teuperature in raised by ~ 70°,
the rate of oontrsetion beconing neglipgible ¢lose Ho ng
The molsoular Mﬂgﬁm of the two homologues measured
uging tne Drelding updels are ~ 53,6 3 and ~ 38 2
g layer specings lndicute

respectively. The weasurs
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interdigitated partial bilayers with d = 1.3L at the
iowest temperature of neasurement in the twe ecases. The
bilayer spacings are thug much sualler tewm the corres
sponding niMelCrd compounds which have ¢ values ~ 1,74
8t low tamperaibures.

Though the tenpersture variation of g is by no
mauns linesr in sost crses gtudied, it is Lnteresting to
compure the average velues of (Ad/aT) over the eubire
range of weagurement in all the ossea. The remulis are
ahown in toble 3.2, The values increase fur the higher
homologues. This trend is similar to that found verlier
by Cladis et a1*17 in the case of A-nwalkoxyphoenyl-st-
cyanobenzoates which have one ester linkage groupn whoge
longitudinel component of the dipole mowment opposes Lhat
af the gyano end group. “‘hen the compoumndd has two cater
linkage groups (s in the conpounds that we hove stwiled),
buk without any lateral substituent, one finds A-4 Lrangltion
| N wany homologues »f both the oyend aml nitro @ﬂmpaun&a,g
and fupther the loyey apacing dovs not appesy Lo b
strongly Senperature dependent. Howevar, when one of
these cyusno compounds (087) is mized with octyloxyoyanobiphenyl
the Ay-Ay transition becomes weuker as the £ UGB concentra-
tion is inereused, and the layer gpacing olse Beocunmes

strongly tenperadurs ﬁ@yﬁnﬁ@mts1&



2able 3.2

Average rate of thermal expansion of the

layers
AQ/at in I/"Q |
net neil n=11 nei2
nMCh B wlii, U5 -3 o GT - P |
nPMibs .13 =), 16 - w(le 1T
nPMaOORT - w12 «0.15 -ile 14
nlrMeOBB - - w( , 04G wlia T

nrHelBrAR - - + 0,06 #0305




An exsmsination of our resulis clearly indicates
that when the dipole wooents of the ester linkepges oppose
that of the terninol polar gyoup (as in ofHCEE, nPFNBBR,
niedUBB ), the compounds show (1) relatively large bilayer
spaoing 4 2> 1,6 and (11) a fairly large sxpansion of

the spacing &z the temperature is lowersd in the A phase.
I the dipole mopents of the ester linkages aye aligned
parallel to that of the end polar group {as in nCPEBE and
nCPMeORE ), the bilayer spacing is considerably smaller

{ =~ 1.3)) and the thermal dependence of the apacing is
algo waamars1g

thermal
One possible interpretation of the ﬁtrmagzdapaﬂﬁ@ﬂaa

af ¢ in all the casgs ig that the ifaterdigitotion in the
bilayer varies continuously with temperature (Lfig., 3.15%).

A wmore plauvgible ianterpretution van, however, be obtaloed
by conslderiag the mutunl Interactions batweesn i paly of
mplecules, as we have disgussed in & paper prapented at the
Ninth Interostional Licuid ﬁryat&liaaniarmnﬂa, ﬁ&ﬁgﬁlﬂﬁﬁmaﬂ
For the sake of couparison, we shall first conzider a pair
aof nOPMBE molesules (Fig. 3.16a). 3Since the longitudinal
componenta of b@tgﬁgatar pgroups are aligned parslliel to

the ¢ipole mopment of the cyano group, the lntersetion energy
con be winimized Ly & complete overlap of the aronalic ocores
as shown in fig.3%.10a., On the other hand, in nPHORR
sompounds a similar overlap of the aromatic cores (£ig.%.16d)



FIGURE_3.15

Schematic drawings of a possible gtructure of the
bilayer in (a) higher tenperature range, and
(b) lower temperalure ravge of the A phase.

Actually, the three phenyl rings are not likely to
be coplaanar.
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() (b) (c)

Aff.3. 16 Schematie diagrams mhowing the disposition of wvarious
dipolar groups of a pair of (a) n-CpHBB, (b) n-PMCBB nol ecul es
with an overltap of the arommtic cores, and {(c) a pair of
n-PHCHE molecuiss wilh an overlap Of the polar end groups.



would rosult in strong repulaive interactions 24—

%@ dipole —-—00 of the gyans @— of one nolooula

and that of ene of the ester groups of the nelighbouring
smoleoula. The dipolar contribution to the interauction
engrgy would be minimized by an overlap of thw two mole-
sules only near the oyano emd grouns sa shown in fig.s.16c,
Gince the dipole wowment of the cyano gnd group is = 4D,
the dipolar interaction energy gq,Qﬁfpﬁ) in W fow tines
the thermel energy k,T. Parther, sinece this interaoction

| S confingd to ane end of tiw molecule, 1% is slear bhet
the stracture sz shown in £1g7.3.100 should be rathoer
fragile. As the temperature is reised, the structure can
easily break up. This physieal podel ewn easlly explaein
tho rapid degrensns in the layer spucioe as the temparaturse
| s radged,. &z the moleoules betoss heavier with longey
chaing, the structure showm R fig.3.106e on be expected
to betone vrore fragile scomunting for the largor eoelfi-~
clonte of theromcl emipraction of the layer spacing

{table .7} The lateral subgbitucnt alee wakes the
wileaulos Walllop adding Yo Lhe fyopility of the structure
Furthor, thae intermeleculay repulsions of the single
maletulees (as in fig. %.160) which Lreak away frow the
ptyucturs shown in fig. 3,166 would he ssaller then in
coppounds without the latersl substituent. This poy



account for the relatively stronger thermel éontraotion
aboerved in compounds with the lateral substltuentsa thon
in the compounds without lateral substituants. Purther,
this interpretation acpsunie for the aseeuhst larger
thersal contraction of nPHelCHE compounds counpared Yo
thase of afNCER conmpounds asa the mothoxy group is
bulkior than the methyl group, aPNDDE conmpounds have
the largest thermal contraction of the layer apacings,

oven though the longitudinel dipole noment of the WO,
prour 1z almest the spon as thot of the cvand group.
Ohelminly the loteycctions betwssn the lateyral conponents
af the Adipole mopentsSnf the HO bonds would be repuisive
on tho average and woerld sontribubte o a redustion in the
attractive intersetions botween the end grouns,

Fopr thoe saike of comparison wo have also studied

the Senperature varictimms of layey aspacings of 11 PHlelDRyBB
and 12 MelBrild in wilch the ¢yone end group of nftedUis

iz replaced by & bromine atom lesding to 4 large decrrasze
In the polarity of ibe tePpinpl group. A8 shown in figas.
217 and B, She layey ppaclug now gurrespexis to one
molaoular langth, let.s, the eotine conpoundg form & mono-
lay.x smectic A phase. Durther, the layer spucing gxpends
by o~ A2 X as the tenporature is reised by ~ #Oeds3, and

the layor egpansion coelficient inereages ap 7., 16
v
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FIGURE 3.17

Tempersture variation of the layer spucing of
11 pM=208rRB. The arrow mark indicates TAN .
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FIGURE 3.18

Temperature variation of the | ayer gpacing

of 12 PMeOBrBB. The arrow mark indicates TAN'



approsched,. This expansiocn appears to be auch larger
thvin thet ocbasrv  in esrlier studies on ponolavey

mma&tiaug1'ﬁa

which wore wade on coupands without sny
lateral substituent. Our own measurements on the pono-
layer compound BO11 (table 3.1, fig.3.1) which doeas Not
have any latersl substituent is sphown in £ig.%.19 and
this conpound alsy exbiblis only & vory weak layay expan-
slon with pperature. The lavey cxponsion eoufficient
i& %%) =2 20 % 10™ tn nivevBrBy near Toy Woile it is
ehout 10 tioes msaller in BOM1.  Ye believe that this
ditference g . due ¢ the reegence of a bBullty pothoxy
putatituent in the Torocr coppounis, lending € a
wesyicor attractive intepsction bobtwesn the aromstie

o tian,  fhas the layer oxvansion coefficiont is of
the arder of volupe expansion soelfliclont obwerved sear
A« transition oolnt of sovoral m@mﬁﬁunﬁﬁ,ﬁ' . Lhe
wiher hand, thoe atteadtive forges Betwesn the aromatic
parta of moleculas Like %O awve mich atronger and the
layeyr axpansion coefficiond is weak and in such oassg,
the volume expansion should therefore be accounted fop
by the ereation of voide in the plane of the Leyeras. As
e Vriﬂﬁﬁa hag poted. the average iatersl spacing tn
mach & sraten inersases with teoperature more rapidly
In the A phase coupared to that in the isotrople phase.
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Temperature variation of the layer spacing of

BO11l. The arrow mak indicates TAN'



Phe thermal contraction of bllaver In the A phene of
nCiteOnl vwana that the molsoular psirs with intop-
digitation of the arowatic pafta are slso not atrongly
bouni 1n these compounds. As we dlscussed sarlier
the oase of niMelBrib) the mutusl internctions are
not very steong due $o the presence 2f the lateral

nathony group,. As the tenperature 1ls raleed, in aCiMeODH
oompounds the pairs can breask up, yiving rise to the leyer
contrastion. However, there should also he an opposing
vreval, sinoe, 48 i N Ghe cuse of nPteOUrid, the volupe
avpansion sghould le9ad Lo & layoer swpansion. At Lowey
temporatures, the lattor offvct is much sualier tian the
eombruotion effoct duo o Lhe Lreaking up of pairs. As
the tenperature approashes @ﬁﬁ, the tvo effvets appear
La balance gach othor leoding 0 & lovelling oif in the
layor spaoing (£igo. 315 and %.14). n the other huand,
I N the case of ANeUlnl, the broakiug up efluect on the
large biiayer specing ls 50 atrong that the volume sxpan-
phon bapdly eafleobs the trend in tho Shoruai evolotion

Soer Layer sproing (flgs. 3.V0-H.18).

It L3 intercsting at tkis polnt o yefer to an
garld sp at&ﬁyﬂg on song alEENE goopounds (Sable %,1)
whleh axhibit the reentrant nematie vhase., These bave
& latersl unothyl groun whioh is mmaller thon the methoxy



group of nCPMelBE compounds. Temperature varistions of
layer spacings in the A phase of eloventh and twelfth
honologuss of the forser series apre reproduced from
rof.19 in Ligs.3.20 and 3,21 pospectively. They exhibit
layer gontraction ag the temperature is ralged from Tﬁ”ﬁ’
snd with further inoresse of tenperature exhibit a broesd
on of the bllayer spacing.

Probably the breaking up of palrs is responsible for the

minkongn, and then an gxpansi

low teonperature behaviouwr and the large volume expansion
g T approsches U,y leads 1o the nigh tumperature behaviow,

Coming back to the large Iaper spaclpz coutraction
exhihited by the plHOEY agd oD coupounds, Guillon
at al ﬁ& havg apalyaed ~ur date on the ‘If}m wanbhars of
Both the series to ealoulsie the soan areng scouplod by
the paraflin shalns., Tt i3 asgy Lo aes thet this area 8

i glven by

where V is the molar volume, g the layey spacing and N
Lhe Avegadro number. Since the densities of these com
pounds bave oot bees seasured, they use variatione which
ars Tbypleal' of liquic crystalss V = 500 « 0.4t (%C) and
coloulate 5 (fig. 3.22).
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Meclecular area of paraffin chains as a

function o tesmperature. (Reproduced from

ref. 24).



Guillon snd Skoulioa® have aleo made & simple
paloulation using the sene phyaical jdea that we discussed
eariior. Asmuning that the interaction wmergy of a paly
agaceiatad ag ghown in £ig. 3.160 an &;“ and that corrs-
sponding to £ig, 3.160 as By the PBoltezmann probabilities
of finding the soledilar pafre in the two confipurations
apes P w1 = Pp o axp{*&?a/kg@* P, w exp(-~8, /e, T). 1f

T 4o the degree of head to head sasociation (asz in fig.
3160}, (Py/P) » (T/1-T) » oxp(~ 5% /i) where
OB i, ~5  and let awe LB/KT.

Furtbaer, asguning that the hesd o hasd »ales
hove & Length » 20, where L 1is the length of & single
mardeoule and thot thelyr polesalar ayes is very ¢lose, 32
ot identienl, to thet of the single m&m@um@f they
nave galenlated the bilayer spacing ds {a/L) = 2/(2-7),
Tha results are shown in fig. J.2¥. It ia seen that
tha trend f20 @ » ~0,.% 1o sdnilor to that for the niidiBn
Qunptuads . wialle the nibCEB eompounds have Srends for
g = -2 or uokre, with the nFHelCHE suwpourks have trendsy
For e wvalues stuowhers in Letween. wWe have already
discugsed the orlgin of the differences in the Intereation
snerglens Lor Ltheae tidree series.

The Ay - Ay transition ssen in 0 PMOTN 1 pioflse

e the ono dlsounaed by oot and E?%eax‘izm% in tores of &
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FIGURE 3.23

Temperature dependence of the ratio of the
layer thickness (d) to the molecular length (L)
us a function of & = GJE,/kBT. (Reproduced from

ref. »5).



general model that they have developed for the

' fruatrated’ smectica exhibited by compounds with
strongly poler end groups. I% is @ phenomenclogical
Landau type theory with fwo order paramelers; oorre~
sponding to (1) the naas denuity wave and {ii) the
dipolar potential ® (which iz defined by P(r) = Eﬁf-rvqb .
where P{r) 1s the dipole density). Tho mass density
wave 18 supposed Lo have an opiloam wavalamgﬁh'gﬁ,lq the
wmoleeular leongth while the electric potonticl bas an
optivus wavelength :ﬁ.lf, the thicknaess of & moledular
puiyr. The forw of the effective Iraee annvay'éapwﬁﬁa

on the ratio uU{L. Vaing the model, thaey are able to
give a description of the sany spectic phuses 1ike, Agr
Apy Ay and A exhibited by oompounds with highly polar
end groaps. In pearticulay, they have alas given & pheno-
monotogical deserdption of the Ay - Ay transition of the
type obeerved in 10 ERChb,

In conolugion, the sutual 4laposition of pernansnt
dipolar groups, in the molecules of mesomorphic compounds
whiah have gtrongly polar snd groups, has & profound
influence on the bilayer structures and the natare of
phuges exhitbited by them, If the gyano or nitro dipole
moment is paralliel to the oster dipole poments, the cop-
pounde have 2 partisl bilayer spacing ~ 1.4 L and may



show reentrant phages., If the ester dipole wmwenty
oppose that of the terminal polay group, the conpoanis
have large bilayer apscings. If the polar group is
replaced by the relatively weakly polar bromine atom,
wo obtaln monolayer smectics. The hulky jlateral methyl
group deoreases the interoolecular interactions, thus
leading to & large thermal influence on the layer
spacings. Thus the nPMCBES compounds exhiblt a large
contraction of the spacing with temperatore, the m“‘*"
and Wm pembers having an Ag - ,&.3 transition s wall,
The bulkier methoxy lateral group of wPheOCHE leads to
iargoy contractions. The weaker internctions between
the nitre groups rosult in a rather susy bresking up of
the bllayver gstiructure of nliZiRB compomunds. Tha nOepBh
and nCPelBB ocompounds also oxhibit thernal variatione
ol the layey apacings dominated by the brealiing up of a
partial bBilaver structure at low teoperatures and the
sfieet of volume expansiom of the nediun at higher tonpew
ratures {close to the AN transitiom polnt). m monolayper
brone compounds alse exbibit an expansion of the luyer
spacsings, which is such atyronger thaen in the case of
pomolayer conpounds like BONY which do not have a latoral
substituent.

In the next chapter, we will atudy the strong theymal
influenge on the diclectric properties of these compounds.
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