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i i a r  +ray amll ( 0.5%) wuafielr* (4.4) slad C4.S) 

fnlglg tbaf " t w  alaou3.b pxso Wic~dly aoinoid* wirsh eill 
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Let#@ QhW a6 extrapaldated Y&W lfsWl the ikaaQ~0pi~ 
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%% poetiOiwe jwp in tha voJw d obewrmd a t  %IF &dr 
5ntrsrprra4 aa due to  a dil~aaur4inuaarr desmarro An %ha 
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FIGURE 4.1 

Theoretical variation of the dielectric constants C:,, , (;L. , 
cis and 'T = ( + 2 €-L) /3 evaluated for A*/B* 0.5 

(Reproduced from ref.17). 



a,, vsar f i r e %  obmesood by mlsier an& &5er1' i n  

rerersS nelrbera of the p a s o v a i s o l e  ( P A A )  m ~ i e s .  

2hey cbrrro$ig s t t r i bu t e& $56 $a the e i f e o t  bf $ha aombio 

pot@ntiILO. 

Phs dipole masent p olt a gnQl%abIl% naltina an a g l e  

B w i t h  t h e  long molweular ax% ar hgla EOhapanenIs )sh wooladl 

i n  %be I@r&SttadianJ direat i tm aad y% * t r a l ~ @  in $he %ran.- 
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the  aamatio wd*r r e m l t t n @  ta  a low iaquaaoy relarabiaa 

of c,, . Oa t h e  other hand, oan reor ient  ram eedLg 
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av@Ld Ssrarperatario @&ie*s i n  %kc aswla. Okea win- 

dew8 (w)  wen, pmwidect at th* sentre fa rim& 

o@u1d be co$ahadl about aa 'Ow'b&ID& &xi@ gad &%ur pwition 

oou24 be +wd @a a arrculeuc ocoabls) rbts&sd to $$a 

boheere to ra wouxaay a f  6%. tC. 4Phfe *nabla@ uap b (u~rabr 

bo$h t,, and tt ara.\rrclracsn%e oc the 5- tdwpXe by raws- 
t iag 'th a q h  by $0'. 2M heate* i a  amneed on a 

PI- Betwma M e  pale gaaaes (191s) of a slrong ahe t sa-  

~prsrmf. %ha amxmJ: @apply ho Wo hoatr* ixs  bar^ *a 

a atsebilioreb aowad (ID&lxebg 169). 
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1,-I>-alkylphenyl ---3 - melhyl -I+-(6-nttrohenzoyloxy) benzoales 
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B I O W  4.2: Stru~tural formuUe and roronyms o f  various 
oompoundltr usad in our studies, 



(it&) B&elacrtria QoJ1 --.---- 
Be dkai.laotrLo oia&itaf s wore de.esrerrlna4 bp 

aeaeuring %he aswaitsurae csf o p a r k l l a l  gLats capaai tor 

wlttraut nnd w i t h  tkr mapXe. Pho ~O11watLa d l  wP%m QX 

Oh@ BZ~ttl@~fr.%a o@Tb used i n  dhavn in fig.4.3be %ha c r l l  

Quiaais$Qd of two t i n  axida absltej platerr (0) whiQh 

ohiah enru~o  c$ood eksetri <sd contreat. TYI* orre 1, w w  h@ld 

rL#id'L$ in a aoppar fmae (t) ueing tacrawa Bl and " 2as 
&ma in f'ig.4.fb. Tho fmw aorrXd be ia~clxtad inta tho  

harntnr atrob the% (;he acr3.1 was poeitttm~d at thn asntrs 





Schematic diagram of (a) Heater (b) Bielectr ic  ae l l .  

C - Circular par t s  w a r  which the  heater is wound 

W - Window f o r  the vfsual observation of the  sample. 

N S  - Pole pieces of a permanent magnet 

S - Circular soale M - Mylar spacers 

P - Platinum f o i l  LC - Liquid Crystal  

G - Glass p la tes  F - Metal frame 

S, & S2 - Sarews used f o r  holding the g lass  p la tes  
i n  posltion 

L - Lead wires (shielded) 

T - Copper-Constmton thermocouple 

N - Nozzle. 



rwmr uy aald tm@a4 mdr then t;bcsrou@Lj waked YSW 

The aeU, w e  fil led rim %he wapl* vhfb X t  

warr in the mmtlo phaua. 'Phe eraU u ~ u  than iaparQld 

in%@ $he hreantu asrrembly wBl& trauar w~ouatod slhd tam 
f12XeQ w i l t h  nitregoft. aam worr t&@n t;o @muroe $ha% 

aha39 wbre 110 a bubbk* In t~re r ~ m ~ p ~ .  

i aaargn0tiQa i t c s l d  o f  s&~wM 2 14 P#aiawra @as 

uasd tor the amp26 eaXi@samn%. Far aaarwrrt~trnf 6f 

E,, r *be RWZB war all@& ~t@epal@iaaZly 641);CJ me 

s h c $ ~ i o  fi;~iel~ wata apg~iea azoay& C B ~  .caArearar (3' rr il' >, 
k, waa aesrtruxed by srlimlw %he aeurlp'Le hmga?neourf;tr 



mb applyfw bhr eSecrlieiQ ;Clad& gerr;lrePdiatcler $0 a% 
direafkox! ( 3 J 3 labsame of  &a ai.@otia 

XSeld bbr darae%n vralres frbroa poSn% to  @@Axit a& 'k&e 

waaaum8 d3.elsotirio oanrew* h.s 81 va;Luo br$w(ran irh. Ow 

pinoiwX &iarScr$xi~~ ~6rnrsnO;s. A# f b  aawatSs f ie ld 

ir  inoxwraw3, fM sraz~ssusweQ t&wau of r ,, awl a, aha- 

unM2 'aaturafion* +alms are rsaarhed whaa Oh, m2eakatSon 

i a  d E e ] i r r ~  Mrorrgihouh 'Ikh~ e8~~1pZe. %%A# aratwatiaa $$st 

uar nurQe i n  a22 sup *r9be;ur?*arxlPm* A fieXlti rrblrsmgth o f  

&J4 Phuaaa orow fot~und t& yield nsa-&Men s a h e s  i a  alS 

hhs aanpaurxffr skdi04. 

21'1~s 3rsw fc@$uexl@y blahidrchslo ocmtunJ;s wart) 

nouaciure;d by w f r ~  a idwne Xexe LLbrMge, mPlOd@Z 8642, BI 

u irretd;lu.encg QS 1592 Ha. T?w aag,~?saa&.tZmea YWQ =a@-6 

%D ea raaawasr beCfer S1.0,g md heme f?a@ cmld be 

Ibam as aaauraoy l a  %he se2mntlee =&&$%a 0% k, ,  

&5~rfiusmbn%# a 5  p f ~ i j r r l  QialAlatrAo aam 

t~Orsn$zrdiar usxe mde in fha iroO;xapio, nsProtia onb rmolrio A 

pkao*r. alt  

bp arlwlf oooalng bhe arim$L@ # m m  We aaaaia *a a% 
erras@%&@ s pharsa in ill%@ pmaernoe o f  @be laergnorfio ifaf(l. 



(ri) DieloeWo rolatation r tudioa - 
"m. exprrimn$lal @a$ uS, ware th *am *&t 

uaed im eOQBia araaurrr$a$r. Xcrwm&r, me %An ox&Qa 

wan UP&, 

Ir)rr Qtqterrien weta aaar~rrraQ up iro 13 PIII5 am&* 

Hew2886 Bacsbr4 LO irg*daaga* runwJxs@s (FJcrb.1 4PBPI). 

We sewbar& aa@*Ctitruraaa and oo&uo%ames wsrs aormahrrd 

for Xe&d Zaduot~noe. Bob: @a~ll. crapruttnd, %he reart anit3 

isuzh;ln8u:g erlcnr e r f  b@"UI e,, and 9, wms msa@us& a8 

oarlow to\nrg@ra-twgasa. The tem$aratwa was r%hblllisad 

&ti f tolil dre;lne& v~Lu8 f c a  a6 X bwZ  h!%W-Ui-nbltx befor h 

takAw Icll9ssur~1li@nCrf. T'n arIPerc Zo @beak WT g x p w i m n ~ l  

I;@% Up fPI1" d l ~ p 8 i ~ b S ~ f t  ~~(~dll~i~mma%@. W b  Q ~ S I P ~ Q ~  O U ~  bt11diiE44 

cm n-hry~y~oj~o'BtS~?Usny~ (7m). &ku? lrrlsparirsrcsntal raauLt~ 
were Sa wetasaanc: wlth %be ca~XSemr awki&kP,la in %he 

c ,, t"ealurno8 Sn %r, ars;weuW ixe%uasw ~ m g a  for 

all fha c6pIpoundr shl i isd vrhile o brmd slatanation 6 f  

s4 war abat*lt.ved i n  Oh* a m p a &  *Wr%y&phagyL*f 9- 

~rethcx$-4*-~4~-~~mbsaa~j10~;1~b(1~~;0eO~ ( 1 Y ~ & e m B )  * 



( A  I iE..t&~ &tsz_Bz2gAu-cn~P.n& 
2Pm $t2imlm% diellraatrfo erprtsenn%a s ,, en& &ti , 

averwe ralw CI ioats~rgio vaillue at, apdt *Re 

dtr~2ec.tsla anlcsotropj (A&) ahwn tn figwe 4.4 

ios:  12 BBWB. ?&a srallcaa;t; Xeotiuraa~, ore (a) st, inar?c~@@ear 

w i t k  the dearadictg o f  b*nngJ6S&WZ6 i n  trh@ rrrmtia phOw 

bul @ t & ~ t s  daarsrasiw fair ly  r~jr l%ly a@ tM teap@r@&ire 

itil lowsurad i n  t h e  meaLia A gharre. me raGe of deeselasls 

&oe@ cllr~wm at lowar teq~o~sat~xaa;  (b) e* h s r ~  emertly 

Ghar q p o # f  tlr tr@nb t5)rougk %he eta?~.t;e, @f varhP ;t tf on f ~a 

@omwhat rawla SAM %hati 02 &,, I ( a )  &her two crwvear 

arom at  - E " 40% rare B h t  A t  ahsvngcaei ialgn f i m n  

p ~ s s l t i v s  t o  w@%,tfwe at  that O@mwrrzkhrrca; 8) T Aneramae as 

the %n~er@tu.ura is X C I W B S ~ ~  in the i@oGroglo pbaar slnd 

&errrearpaat. i n  tb suss0pheneara. 'Patie vasllatioa af 'ii: appaart* 

%c aksw ti rrusy at Tgf tb an~1~ti~)tio~iaotropio Wamlltf o ? ~  

tamparatuse. 

'&gee t;afsrse$in& r6vsull;rc ban ba undwtrrstosd as 

Jolloors. We bavcr, &ova W e  s i rn f iea~r l ,  dlpeSs wmntcP 
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TNI-T 

FI0.4.4~ Temperature variations of the low frequency d ie lec tr ic  
constants (upper part) and the d ie lec tr ic  anisotropy (lower part) 
of 12 PMCBB measured a.t 1592 Hz. TNI - T i s  the re lat ive  
temperature, TNI being the nematic-isotropic transition tempe- 
rature. The arrow mark indic;ltao Cha nematic-smectic A transition 
point (Tm 1. 



The most imporlank dipole moments o f  different groups 
o f  an n-PML73B molecule 
(taken from referenoe 26) 
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rsveaarwtal o f  ?&r sfan iaf at i n  l a  PWgtfa aha, but we 

mot not@ raatw ar'l8ittoarat gaAnt~pt U f t  i a  the ealy 
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FIG , l t .  6 :  Sckic'rria.ti.c tiiag~axiis showing .the disposi.t:ion of 

v a r i o u s  d i p o l a r  groups of a p a i r  of ( a )  n-CPf.mB, 

( b )  n-PI~ICUR niol.c:cul.i?s w i t h  an  ovcu.l.ap of 'ihe ~1Y01113ti.~ 

c o r e s ,  and ( c )  a pair. of n-PI.~CL~B rnolcci~].(?s wi.l:h an 
over.l.np of the polrrr  cncl groups.  
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TNI-T 

FIQ.4.73 Temperature variat ions of  the low frequency d i e l e c t r i c  
constants (upper part)  and anisotropy ((lv~er par t )  of 10 PMeOCBB 
measured a t  1592 Hz. The arrow mark indicates  TAN. 



FIGURE 4.8 

Temperature var ia t ions  of the low frequency 
d i e l e c t r i c  constants of 11 PMeOCBB measured a t  
1592 Hz. The arrow mark indicates  TAN. 
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FI0.4.9: Temparntwre variations of the low frequency 
dle'lectric constants (upper section) an4 
anZnotropy (l.mer section? of 9 Pt%BB menmrred 
at I592 Hz. The arraw mark indicates TAN.. 



FIG .4. lOt Tecipernt;ure variations o f  the low STrecluenoy 
dielectric cnfisLanLs (upper part) and anisotropy 
(lower past) of 10 RltdSB measurn8 a t  I992 HZ. The 
arrow mark indicates TAN. 



FIGURE 4.11 

Temperature variations of the low frequency d ie lec tr ic  
constants (upper part) and anisotropy (lower part) of 
12 PMNBB measured a t  1592 Hz. The arrow mark indicates TAM. 
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FIGURE 4.1 2 

Temperature variations of the low frequency dte lectr ic  
oonstants of 11 CPMeOBB ~rieasured a t  1592 Hz. The arrow 
mark indicates TAN. 



Prorm 4& 

Temperature variations of the low frequency d ie lec tr ic  
constants of 12 CPMeOBB measured a t  'J592 Hz. The arrow 
mark indica'tes TAN. 



Ss again dua Oo tha rr8ulol;ion ctf n w e x  01 auPtiipa~rahl 

pairs 88 the tarap@ro$ura i r a  inarmselit i n  Ohs i;leoWopic 

pImee. e,, B@QP.&D(BB a8 bhe Oenpera$ur?.e i s  toware& i n  

t 3p ) )  A. pMee, AB we bva alseadiy dirauaeed, pair Posrssrtiaa 

%a rmora effeatliwe a% lower ~ Q ~ ~ D I ~ B ~ c o @ *  end %hi& L ~ O A L I  

t o  rn afSIPoblve Sowarrlna of' Ohe d f p o l e  nr~wlnt along ths 

long axla a t  %he m~2aauJlee at& hama bo ths ob@alz+.d 

re%ucllion i n  ct ,, . 



Temperature variatiana of  ,the Low frequency dielectric 
corrs t ; m t s  of I ?  WeClarBB nleesurcd at $592 Hz. The 
arrovr mrk Fndicatoa TAN. 
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FIGURE 4.1 5 
I \  

Frequency dependence of s,, (dieLectric loss )  a t  various 
temperatures i n  the smectic A phase of I 1  CPMeOBB. The 
numbers against the symbols indicate the Cemperatures i n  OC. 
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FIGURE 4.1 6 

Cole-Cole plot for &,,relaxation in the case of 
11 CPMeOBB. The numbers against the symbols indlcate 
the temperatures in OC. 
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Frequency dependencre of  d,: at; various ternparatwos 
(indle&eld against the different symbols) In the 
srnectic A phase of 12 GPMeQBB. 



Cole-Cole plots lor  6,,ral.axet%on en the case of  
12 CPMeOIlB at two different temperaturee ('c). 
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Frequency I Hz1 

Frequency dependence of dl: aC various temperatures 
(indicated against different symbols) i n  the nematic 
phase (N) of 11 PMeOCBB. 



Cole-Cole plot for E,, f?@b%al;Z~n in the cans r r t  

11 PfidmD a t  two d5 f f eren t %crhpcretwes ( 'c) . 



out trhr fa@$ OhaO there axe aadtti91).~)3 rct21axa0tona a t  

M a o r  hrepu*naier for tlrfsr tatmpouaQ, udllke i n  trh. cram 

of 11 QgPt.OH)%, ic g~obab lp  aaulrgd by fPIe a~eTPrxabL6n 

of the xsoxlsnt~t ionrl ,  mottos of yq, tacr obaponmt of 4~bo 

dipole rolailat grrgon8iouZar $0 'We 1 orig ah. me .aua$iim 

tols Chs overs l l  &%pols mawnt sileryq the dLreotarr w M o h  

as laes  bw h a  the i rpr r feeh wder i n  %he mamabm (xepmeenPed 

sohear~tlaaXly la iiilg.4.22) L 3 v m  b P 9  

wMre an4 (rt axe t)r* dip010 nountre ar loa anCl perprsdi- 

oa lar  t o  tho r o l e a l e  and S (*@oos2 8 - 1)/%> ) 18 tho 

orlentat ional  wder parmeter.  A #Wlar ryurrtlon a m  be 

m i t t e n  f o r  the overall, dipole mo*ent perpmdloular t o  the 

d l r e c t  o r  

!i?b influenee of La no* o c d M  wan la  tho *+ s@lorfb- 

t ion,  since Cho xeox&o&artfonal moQSon of yk i a r  a m<rh 

rlewec prccsars Chm bath the l&bxiatimsl mohkon (about %ha 

Qtrea tor)  o i  the ma2eou26e an$ hha rae~r lantot isn  o t  @* abouti 

tbs l o w  axle. O f  11 PXIOW Ohwe Vefy broad ~eF(a- 

xoalon (f$i~g.4.23 ma 4.21)) w i t h  a brood lluuJamur d 6  mt. 
%la rrpprrrr~ t o  be a gar t iaular ly  low fregwmar Ear the 



FIGURE 4,22 

Sohematic representation of dipole 
components i n  an aligned nematic. 
(~eproduced from ref .  29). 
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FXGURE b.23 -. 
I1 

Frequency dependence of GL in thb) daae o f  11 FavleoCnB. 



FIGURE 4.24 

Cole-Cole plot for GL relaxation in the case of 

I 1  PMeOCBB. 
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FIGURE 4.22 

Plot  of in fR against I/T in  the smectic A and 
nematic phases of 11 PMaOCBB, where fR is the 
relaxation frequency . The arrow mark indicates TAN* 



FIGUIIE 4.26 

Plat of In + against I/T in the ~lmectllo A 
phase of 11 CPMeOBB, whore % i a  the relaxation 
frequency. 



FIGIRE 4.27 ----.-- 

Plot of i n  912 against I/T in the smectic A phase 
of 12 CPMeOBB, -.vnrhorc frt is the relaxation frequency. 
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FIGURE 4.28 
v--- 

Schematic diagrwr~ depicting the vurintton of loca l  
energy of a pair  of highly polar molecules a s  a 
function of the angle between their  long axes 
(Reproduced from ref .  33). 
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FIGURE 4.29 

Plot of relaxation frequency ( fR)  against 1 /T for  
11 CPMBB. T, i s  the normal nematic-smectic A transition 
temperature. T2 is  the smectic A - reentrant nematic 
transition temperature, (Reproduced from ref .  32). 



Plot of relaxation frequency (fR) against I/T for 
12 CPlrIBB. TI i s  the normal nematfc - mect io  A 
transition temperature, T2 is the smectic A - 
reentrant nematic transition temperature. 

(Reproduced from ref. 32). 
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