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Oorrection added to the thesis after submiasion 

We have recently come t o  know that the 

extrapolation prooedure mentioned i n  page v i i  of the 

Preface and page 112 of the thesis was proposed some 

years ago by Haller (eee I .  Haller, Progress i n  Solid 

State Chemistry, 10, 103 [1975]). A8 such we no 

longer claim that the extrapolation prooedure i s  'new' .  
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chapter X I X  

Be-antran* nenatia phane i n  ame pure, 29-45 
oonrpounde and mixfurerr st afauoapheEio 
prasewe 

Orientation& mder pare met^^]:^ of 46-73 
oomaounda and a&xturea exhibiCSag 

Baatio aomnatms of nome pure 7698 
ompounds and rnirturee axJxlbiting 
re-entriant nernat%o phsoe 

Studioa an 2-oysna-4-heptylphewl- 128-150 
4 *-pentyl-4-bi1;thenyl aarbaxyXate 
and aome of its lPlxtwFee with 
4-heptyl-4*-4yanobipheayl 

X~~eotrohydrodynaato imtabiUtiee  151-168 
i n  acllaatioa haring mm2f ve 
oonduotivity anlsotrogy and 
powttive dialeatria aniaotsopg 

!Dm eleotza-optia ~boraoteristics 169-181 
of a nematio l i q u i d  oryatal a U  
with asymmetrioriLly treated 
eleotrodea 



2hla theeis  desoribee the results of a w e  a p e r i -  

mental inveatigationa oarrid out by the author on nematio 

liquid orystals. The main (91pphaeia i a  on the etudy of 

mesogene: whose ~rolecules  have the cskrongly polar  oysno group. 

!L!he work reported here a m   be^ broadly rrraseified i n t o  

three parts.  

1 2hff disoovery of r r e n f r a n %  behariow: i n  erne pure 
SIeeOgeM at artmonpherio preaenrrct and the study o f  
some ogtioal  and e l a r ~ t i o  pxoperfiesr of the  *normal' 
and the  *re-entrantr nemetia phasw of the88 oompouads 
ernd same binary xohtures (Chioptwe 11, 111 and XV). 

, 2  me etudy of the optioal and itlastla properties of 
binary mlxtuxee saae of -oh e rh ib i t  laduoed runeotlo 
mesontorphiam (Obaptere V and VX). 

3 Obserwrtiona o f  some new elm$rbrohydrodynamfo pat terns  
cmB eleatro-optia e f fea t s  (CBqptoxa KC1 and VIII). 

In  ohapter I, we give a general lntroduotion t o  the 

eubject of l iquid orys%ale with par*ioular rsferenae to  %he 

opt ica l  and e l a e t i  o pxoperties of aematia liquid orystalsr. 

Oenerally, when a asesogen exhibiting both nematio and 

rnneotia A phasee i e  cooled t h e  following aequenae of phaee 

t ransi t lone i s  observed* 



It was dlmorrr.8 by CbBie i n  1975 that some binary 

mixtures of mesogsnia oanpouadfa show a different eequanus 

of phase transltioru, +is., 

Isotropfo - N~~a~atie - 4aoctla A - Efematio -- Qcyatal. 

The nematltiio phase obtained on ooollng the ageotio A 

w e  18 willed fhe re-entrant nematic phase. Claditr e t  al 

(1977) l a t e r  obserrsd Zhat ame pure oompounde l i k e  8 OCRl 

axbibit the re-entirant aematlo phese at elevate8 presmres. 

In the beginning of 1979, we diaaovered the oocurranoe of the 

re-entxant nematio phser i n  three pure compounds at afauospherio 

pretruure. 2hese crolrpounile axe ( 1 ) -trans-4-n-dec y l m r y ~ e t h y 1 -  

&oyao@enyl 0-te (10 WPO), (2) 4-cyanophenyl-3- 

methyl-4- (6~cuadeoplb03mylary)beneoate (1 1 QPnBB) , ern4 

(3) ~oyanoph~1-~a~1-~(~(-n-dodecy3benzoylo~)benzoate 

(12 OPMBB). !ithe oeoumence o i  the re-entrant phase war, 

eanfimed by microeaopio obtrsr*atlono, dlfferent ia l  eoamlng 

ecrsilorlraetry sad mfecfbi2lty stu&lee. Beee are reportzed i n  

oherpter X I .  

We hare also shrdied the phase diagrms of binary 

m i r f t l r e s  of theae Boaapounds with other mesogene. The phase 

iULagrm ere oangarwl with tha resul t s  ai some reuent %henno- 

dynramio theorfee (Eeppke e t  al 3980, Billorrd 1980). 



A l l  the co~~goumds &bi$ing Ute re-eni&?ouzt acr~aatia 

phase oonaist of moleo~l.es h a d w  ahe c y a ~  grid-group b @ s t  

along the i r  long axes. I n  ahah oampowrde the naighbouri~g 

moleaulee have stsong antiparellel aorrelatfona (6lad&wudanst 

and Dhandxaeakhar 1973). Thts, in turn, Xerads t o  a bUayer 

atmature (Leadbetter e t  al 1975). It i s  presume& that eubt3.e 

ohangem taking p2aue i n  the bilayers are  reepoaaible fo r  the 

ouaurrenus of the re-entrant nersatia phase (Uhandrwekhar 

st a1 1980). 

The diaoovesy of *;he rwmtirant phamenon i n  pure 

oonrpounda at abioepheria preaaure haa openad up the ponaibt- 

l i t y  of many new experimental Znveetigationrr. In an a f t a p t  

t o  underotand the re-entrant behaviour 1x3 liquid aryf8tsle. 

we have conduoted a few experimente t o  datenaine the orienta- 

t ional arder parmeter s and the elaatia aonatants. 

I n  crhapter XXI, we give the da'tsila o i  the meeisure~nent 

of s . It ie very di i f iaul t  t o  gat good homogeneou~ly 

aligned aamples i n  the meotict A phPrs9 and i n  the nematio 

phme alose t o  the slneotfa knemaMa (AB) t r ami t ion  points 

of the oempounde under ratudy. Henoe a had t o  be determined 

by methode w h i o h  make uee of homeotropically aligned amplea. 

One auah method is  the infPared diahrolmaa nethod wherein an 

unpolarlaed radiation could be ueed ( ~ e l k e r  st al 1973, 

Fernandea and Vextugopalan 1976). s wse determined by this 



method by laearruriw the dlchrolo r a t i o  om?reeponding to  the 

localised -a s t r e t o h i q  eta8e. ifowever, %Me method ha@ 

onlg. 1 1 a t e d  wour-y due to  oertain inherent experfmental 

liu9itertlone. Henor a was also determined by meawing 

birafringenae. 81me w e  oould use only hofneutropicallg 

alignad rmeslples, a new method wa8 &opted fo r  the pwporme. 

A l i g h t  beam warn laaidant at an oblique angle on the sample 

and the  phwe retardaUon produaed by it rneaaure8 by wing 

a quareer wavs plase snd a polaxiaer. %he order parmeter prae 

Sand t o  vary in a falrlf emooth mamr aorosa both AN and 

AH (a tnec~o  A - re-entrant naaatio) t~azwi t ion  points. r 

ahepter TY deals uim the STeederfukas t ransi t ion 

teuhnique 09 measuring the splay and bend elalatia aonrtturrta 

of neaaac l i q u i d  crysttile. 'Phe reaulfe of measurement of 

o f  the  norm3 neaatic and re-entrant nesuatic phasae of 

mane croiapound~ and IPirturee sre presented i n  %kt8 c h p t s r .  

It wan obaerved UIat in b d h  the nematlo phaaes kg3 ah- 

pretrlineitlonal inoxaaem 68 the  tramition t o  the smactio 

phase is approached. 

IEhe pretransitional. inwaase i n  kZ2 could not be 

studim¶ by the 4keeberlckez t ransi t ion tcaohaiqua a ttlricl 

meedti a ho8~ogoxwowl.y arltgasd sample. A li&t aoattexing 

experiment was aotl%urrtarll $02 %he purporse* In an appxopriate 

geometry, We lnten6ltg of fhe depoleriaed aompaned of the 

Ugtbt ecratterd fim a hoateotropiaally eiiignsd ample is  



p r o p o r t i o a l  t o  ( ihea!. A n  is the b i r e f l o g m o .  

]&lrperimerrtaZly, i t  waa obsemed t h a t  aa the ~ u o p l e  wart 

cooled, the in tenei ty  dropa doun t o  a h o a t  sero a% the 

t r e n d t i o n  point, remains at the &aimtun value all a L o q  

the emeotio phase and r iaea  rapidly at tho 5 t rans i t ion  

point. !&le in8Saatea the  presanoe of pretrmfditional 

inareaeee i n  kZ2 i n  both the noraal and the re-entrant 

nematic phaeee. N1 therte obeamatSona eonfirm that the 

phaas obtained on ooo3ling the eaeotir, A phase i s  newatso an8 

that S t  is rsfmtlar i n  i ts  properties t o  tihe n o d  nmcrtic 

ghaae. 

Oorm~ortly, when two mernatogaS are mixed together, 

the mixturee exhibft only the namatza maaqphacss. But when 

one of the oamponents o f  the mixture 130~18itlta o f  moleo*;llw - 
having strong polar end group# aloag; t h e i r  long axes, t h e  

mixtures show 'induced smectio A' pbane in aaae aompoeitlon 

ranges (Park a t  al 1975t Oh 19TI). We have etudiad th@ 

phase aiqrams of three binary mixtuxerr axhibitine: induced 

~lnocCia rnoeomor;lhism. These a re  (1) mfxtwes of 4-n-hoptyl- 

4'-oyanobiphenyl (7 Clf) and (2-by&toxy)-+etbo~benajrid(sn8- 

4 'du ty lanf l ine  (011-BBA) ; (2) leiYtures of b e y a n o p h e ~ l -  

%sane-4'-n-heptyloyolohexane (POX-7) and OtEEDBA; and - 
(3) mixturos of 7CB and 4,4'-dUleptgrloxyas~benzew (1iodB). 

'Phe casponeata o f  the f i r a t  two arfxhurer~ #how orZLy the nematic 

meaoplzwe, but the mixtures show induaad Bpaeotia A (Bf ) phase 



i n  aoaae range o r  ao~lpoaAtfons. I n  both the  aizsen, the JL;tN 

txanaitfon ~ u ~ l r e a  exbibit  a peek. 8or higher concentrations 

of the  oysno aainpaund, the AX and nematic ghnece ooexl.st 

over fairly wide ranges of tempexatiaxe. Ths third m i x b e ,  

7Ca/koAB rtleo exhlbfta Saduosd m e a t l a  mesomorphimn, For aorae 

oaepolti t ion~ o f  thfs dxhrre ,  fhe AX phase ooea over direot ly  

t o  the itrotropio phase. 

lingelen et al (1979) mewwed the layer  eyaaing of 8 

binary rairkare exhibitiAng the AX phase, ae a function of 

compoeftion. %BY round t h a t  the Zayer epacims of tho 

m i x t u r e %  soughly oormspond t o  an appropria%e averwe length 

of the moleeula up t o  a cwtain aonoentration of t he  atr-y 

pol= araaponent of the raixtura. W8 aoaposition rougkty 

uome~ondrr  t o  the  peak in the d;10 t rmwition uume. With 

Aucther inorease i n  the ~onoentraticln of %he otromlg polar 

canponant, the  layer  6paaing inorepsee rapidly appro~ching the  

b i layer  rrpaoln& of the polar ocraponant. We have propoaetl a 

possible mechanism of  fornat ion of .the Ax phwe on the bade 

of the expeximorxataX reaalts olentloned above. 

Box lw uonaen t r a t lm  of the e t r o w y  polar  oumponent 

(say, 7m) the Pndividwrl malaoules of 7W tllay be expeat& t o  

be eusrounded by ehe moleoules of the, o%hex oanponent (rray, 

08-BBBd). The 748 maleoulee w i l l  polariae the nei&bouriag 

OB-3DBA molsoules Bnd tktu in te raa t f  on would favour a aol lec t ion 

05 OH-IEDBb maleex&are arolrrrd a 7CB molecule giving rise t a  the  



ionna$ion of a layere4 arrmg~ment. Beyond a o w t a i n  

oonoentration of 7GB, the  X~iyarrd a r r a n & ~ n t  take@ on 104p 

xange ah(31!aoferist%oe leamng t o  the fornation of t h e  df 
phase. & the aonoentrot2on of 7CB is inoreaaed further, 

eone of thrb neighbours of a &tan 7iB soolacrule v i l l  be 708 

rnolaoulert meinrrelveer an8 beyond a ocrrtain ooaasntratkon 

( N 3!5$ of 7QB f o r  7CB/(BfPBJfA qs tcm)  whiah r&ly aorresponda 

t o  the peak i n  t&e A I4 transition ourrr ,  a pa r t  of 7QR w i l l  T 
retain tho bi layer  s t~ t ro tu re  and cromequently the layer  spsoing 

starts t o  inorease. Bor these oonoenk-ratiam, %he medium 

w i l l  oomie t  01 mixture.ee of bilayer and monolager epecies. 

We have measured the  refraotlve indloes of TUB, OH-EMU 

and two of their mlxtucea exhibiting fhe % phaeca, t o  find 

the temperature varlatfon of the  order plrrcameter e . M n g  

the rofxantive i n d i ~ ~ a ,  the r e l a t i v e  tampcsraturo Yarfation of 

s Qnn be dtvternfned. I-rowevox, t o  find the absolute vctZues of 

a, one should know the  value of z /aa  whwe le tho average 

pola r iaab i l i ty  of a molaaule and Qa 19 tho misotropy i n  the 

gularittribilfty or* a perfect ly orderad mca&lma (with e s 1). 

Poor OIf-EBBA, this d a t a  f s  not available. We, have obtdnsd  

thir! vcrli~e from t h e  relutzve tmperature  Ywiiition of a, 

foflrrZTowing u mru olctrapolation proebduru. In t h i s ,  we have 

zuadta use ol t h ~  fact tha t  If the kiI t rans i t ion  were of seaond 

order., rt would have continuously deoreaecda t o  xsro at a tempe- 
36 ra ture  TIPI > TXI- lnla have amumed rr re la t ion  of t he  form 



'l? - T  
B ( )X where x Ys a posltSve index. F~)FODL the 

%x 
twparature variation or  the re la t ive order ycu?mefer, 1;11(3 

mlus of GI "hiah gives the  beet f i t  t o  W a  re la t ion  warr 

obtained and henae the temperature variation of &aulu%e 

value of s rrsrs deterairnil. !&la method lnakee use of  the 

values of refraatlve I W e a  corre6pondiug t o  the en t i re  

range of nanseio phwo unUke the  other extrapolation proce- 

dures (Hitller et  aX 1973, Gubxaglhuny881 et R3, 39'14) whtjre3.n 

the data i n  onLp a relat ively sartZl tmpexaturc range a~iay 

from lm aould be uae8. 

We have alno cSetcsrmined kli 
and k33 

for the ayetemtl 

mentioned above. It vas observeit that f o r  7% (k,./kl ,) > 1 

at temperature8 well below %I and i t ;  BLecremae $0 one a s  

TKI i s  npproaahed. In OH-mBA, k ) < 3 and i s almost 

temperature independent. LFor mixture I (whi& harr i6$7Cr)), 

(k /k ) < 1 at temparoturee aloee t o  Tlgx t33C A t  dtareaeee 33 3 1  
Bo fairly low values ( (0.6) ae the  terupexature is  lowered. 

For t he  other mixture (11) dzLuh 62% 7QB. k33&ll i3  

ablLghtly lem than one cloae t o  TIJI and it inareasee slowly 

as the temperature ie loweirad. both the Iuixtures ahow 

pxetraneitional Snarewe i n  k oa the AIR t r w i t i o n  point 33 
3.8 approaohed. 

Some of these rsaults nrrn be undexatood i n  terms o f  

m ~ e a t ' a  (lnl) themy. Aeaording t o  this theor).. (k3,/kii) < 1 



ususUg lmpliee that the order pmmetter F4 l o  negatlve where 

P4 is the average f o u r t h  . order &egoadre p w m .  !A!h%8 

i a probably tho case i n  011-lBBB. still lower value af 

kg3/tll i n  mixture I is probably o w a d  by the fmaatfon of 

monomolecular layere aontuiniag 7aB and OH:-BU3A moleculesr, 

f f the lateral. aomelation length f, i e  nuoh larger than 

the loagifudinal ooaelat ion length T,, , k3~/kl ~ a n  becone 

quite small (Xteenhouts st a1 1979, Karat and 19adhusuaana 1977). 

/k f o r  mixture 11 Uee  between those of 7C;B and mixtare I. S3 11 
This i a r  a consequence of the f a c t  %hat mixture XI Is indeed 

a mixture of monrmoleoular and b ~ o l s ~ r  speoiee ao denoribea 

ear l ier .  These studies are  the subjtaat matter of ahaptar V. 

I n  ohaptar Vlt ,  we report some etudfea made on 2-~yano- 

4-hepiqlphenyl-4 '-pentyl-&biphenyl @arb oxylate [W ( 2 ~ ) 5 8 ~ ]  

which hELs a oyano group waking o large angle ("60.) with the 

moleaular axis. Phe aapound -bite ne~lotio phase over a 

wide range of temperatures erJld hoa 8 large m8:ative d ie lmtz ia  

anfeotropy (N - 4). !l!he ordinary refraotive index no of this 

ampound shoore an umsual ternperaturs variation. 88 the  sample 

i e  aooled down from the NI t r and t i onpo in t ,  no ial t ial l ,y 

deorsaeee es usual, but, on a r k h e r  oooliag it showe an 

increasing trend a l t e r  reachlng a broad rsinimm. On the 0th- 

hand ne shower the normal %mpexatura varlaeion. !the birefrin- 

gence also shwe the nomad temperature variation since the 

ohange i n  ne Is considerably larger than the corresponding 



ohawe i n  no. X- ray i nveatigations of a monodomain ample 

of the ccuapound e h o d  that  Ln the nanatio phase the  oompowl8 

has the skewed cybotaotia ( foeor  a meatla Q) type of short 

r w e  oxdtrc.. Further it waa found that  the tilt angle of the 

skew& a_jrbotacrtlo group8 derrraasee ae the tmpsm- l a  

incseased. We hare made attempt t o  correlate t he  variation 

of tilt ene;le w i t h  tha peaulfar temperature variation of no. 

However, the  oaloulatlon of the  or&- parameter itself 

i r r  not very sens i t l re  t o  these amall variatione i n  the stmature. 

2he value of r oslculated wisg the Vuka * formula Bhow the 

norm& trend i n  tamperafurs v a ~ f  ation. f ndeed, the teape- 

rature variation of 6 agree6 quite w e l l  with t ha t  obtalned 

by WAX the wideline Pe $eohaipue. 

Ws have also  studied the  pbase diagram of binary 

mixture& of 7CIB and ~P(Z~IJ)SIBC and PO& that  these mixtures 

do no% exhibif fnduoed aaeaUo mesomorphion. Among the various -- 
intexaotioos between a molecule of 7CB iml one of 'lP(~aEl)fiB(t, 

the  dipole-dipole intsrao$lon between the terminal cyano goup 

of 7CB and the l a t e r a l  aymo group o f  7~(2aEt)SC is  the 

strongeet. m e  Pxteraoeon does not favour the fomatfon 

of layers rthioh awld give r i s e  t o  the ameatlo A phaee. 

The order pwae~etera and splay slastio conatanta of a 

fev nixtuxen of 7QB and 72(2W)5BO were memuma. The mixtures 

having hi& aorrcrentratlons 02 7P(2GN)5BC eSso ~how the unwual 



tmperertuze 7ar ia t ion of no* kl, -4 of W(2m)ZBC 

are greater than fhocsa of 7QB. is the oonaentzation o f  7 a  

i n  the mixture is inoreaaed, b ~ t h  kl* and e deorease, 

a t t a t n  a broad mlnf.mum arrowrd a aoaaanfxation o f  60 pex oent 

of 7CB and thereafter inorease rrligtrtly. 

Xn ohapter VII, we report  8-e studies on elecrtrahydro- 

dyaa~lio (m) n o w  pa%terna exhibited by zlcrmatics hating 

porritive d io lea t r ic  aaieotropg ( AS) and nsgative conduativlty 

anisotropy ( AU). I n  some Plixturea of 7U8 and naA23 exhibiting 

induaed m e a t l o  A phase, the nematia phase h a  these chazacfreri- 

stiota i n  a emall temperature range above the M f rans i t ion  

point. It is a w e l l  known fact that netmatias having negative 

~c and posi t ive lur exhibit  EEU] pattarne i n  .the form of 

\JiUarns domains under the  sroti on of M1 or low frequency A0 

e l ac t r i a  f iezds  above a thrwhoY.d volCage. Zhia 16 w e l l  

undexetooa i n  f erme of the  Uarr-Halfxiah theory. I n  prinaiple,  

sJmoet 8fmilax type of i n s t a b i l i t i e s  rhould oeaur i n  nanzstlor~ 

having poaattive ~e and negative no. In the latter a a e ,  

the  i n s t a b i l i t i e s  a r i s e  due t o  the amplifioation of splay 

fluctuationr, (Durand, 1976) wheream i n  the i01meer aeHe they 

arise due t o  bend Sluotuationa. We hato made observations on 

a hmeotropically aligned sample taken i n  a aandwloh geometry. 

The pattern8 observed grow w i t h  a i r o u l u  symmetry. A t  a given 

temperature, the threshold voltage of inetakiUtSe8 inoreases 

monotoniaalSy with fraquenay. A t  a given irequenay, as t he  



tentperatwe is imsraee& isom the BN traneltion point, the 

threehold voltage deareareea i n  the b e g l a w ,  reaches a braad 

miaimm and inoreases #aredeer. A130ve a certain t a p e -  

rat- no inartabilitiea axe observed even at voltages ae high 

84 250 V. We have explained these observations i n  terms of 

tihe O ~ H e l f r l o b  mtlohaniaa. 

In the lest ohapter we describe an interesting e l e o m -  

optlo phenomenon obaemed i n  u e l l a  having d~eypvoetrioally treated 

eleotrodea a d  aontainix# m a t i c  Eiqufd cryetala of high 

positive dteleatir$a anisotrogy. oe l l  usually aoneisted 

of one eleatrode aoaf ed with silioon monoxide ( S O )  at  an 

oblique angle of ~ 6 0 *  with respstct t o  the norrnal another 

eleatrode rubbed uaidtreutlaaPj3y. when the  ell is subjected 

t o  an eleokciu f ie ld,  it i e  oberrrted that the sample undergoee 

vigosaue EHD aOti0n when the Si0 ooaOed electrode is positive. 

On .tihe other hand, the ICHD motion i s  very much lea8 vQjoorous 

when the S&O mated oleofrode is at a negat;ive potential. 

-8 palmi ty  dependenf eleotro-opt10 effect is found unaer 

low frequenoy A0 eleotxlo f i e lds  also. 

Sueamam (1978) found a reotfiioation action i n  acaruatio 

l iqu id  axyatals ooxtained between S i O  ooated and rubberd ellgotrodes, 

Iio erplainod t h i e  by asaPrming that  negative ions presen!nf i n  

a0 eaxnple me eleotrorrarbed more retidily at the poaitive 

eleotsdles than the poeitive ion6 at the negative electrode. 

aha same meahanha eXplalns  the electroogtie effeot mentioned 



above. 

]In the abraenoe af SID aotien, pad* the anti= of 

an cateatria fie16 largao! %baa the %re&artokao threruhuld, 

the solmules vill dim i n  a dit'arruan aaxndk t o  tho @wu 

platein ainuo AS i a  pwitlve. 5%- the 6ystam a~~apxA:iBiag 

of tha ee l1  plaued betmwa uorassd pdlnrldiex~ ufU not trane- 

r n i t  %n,y 116315. The pxasenolt of tonlo iPgucitiea alvee rise 

t o  3Ii.D motion i n  the sample. 'Phil moUoa diahucbs the 

allgmnant of molaauXes reRultlng i n  the branamisslon o f  

a o ~ d e r a b ~ e  masaunt of U&t througlr the mystsn, fn the  

present oaee where the m p l e  ha0 Ugh gbgositlm nr and 

mall p o s i t i w  nu, the BHD a r i ~ 1 8  most probably 

due t o  injection of ahargee a t  the bouadruey ( W i a t  1369) or 

cr3lwtro-aonvect%.ivo prwaseea (8- et  ah 1976). When the 

S i O  ooated eleatrode fa at a positive potsatlal, the ElfO 

motion i o  mme plgomua omparad t o  thaa in the revwee ease. 

Conaequerrt;ly. more li@t griaaeea through the wrcFEer~ AX1 the 

fomer om6 ompared l o  that la the lat9rr. SaPe arcyer&usnW 

evidanaes oonPisniw thirx maa~w&aa have alao betan dlr~aurrsed. 

Some of the r61sulta Bie~ousaed i n  thia O f i e ~ e  w e  

reported i n  the iallowi n& p u b l i o a t i o ~ .  
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Holrscul~~r C r y s t a l s  and &%quid aryatnle 2, t 77. 
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Liquid OIyataLs Oor~Cerence, Bangalore, December 7979 
EdEd. 9. a h a n ~ e e k h a r ,  Hegden, London, p. 121. 

4 Irduaed 8m.otio meecraorphism i n  some binary mixtures: 
A new type of eleatrohyiirodynamia pa t t e rn  I n  the 
namatio phase o f  the mfxbtrea (IC.P.L.Ploodithaya and 
N. V.Madhunraudana) - 1980 Proaeedinge of  the Internat ional  
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