
6.1 flrkcoduotion 

In the la& few Ohapbwer YO haw dlnows*~& atudtea on 

some intareat i ry phenasnene 1Ure $he ooourrcmoe of me re-entrant; 

ns~tat io  plume and induood sraeotio aeaoar-il, Zhoso ghenornennr 

are uloeeXy aesooiated d t h  a e  pemcno* of o;lano ud groups 

whoso dipole moppent8 are polntiigg almost otsow slang the major  

axfa of the molecule. Oa~npouPds aamietlsg a€ auah moleaulee 

have largo poeitlve dtdlaatsia anirrotropy. Zn bhle ohapter 

w e  pxeBent ease o b e ~ ~ ~ a t f o n s  m9ds on a ooslpound aanaiating of 

rnoleoulea having the oyapo-group at a ler@ wfah reapecat 

t o  the Loag ar ia  of tke molecule. Suah a acmrpowld wiU havo a 

&ge negative dlelatcZTio aataotropy, 

We have measured the  rcafraotivo -or and spley elaatlo 

oomtanta of the colspound st Uffexent tuapmaturur. B e  ordinary 

refractive index shows an ~ u s u a l  *end in i t8 temp~ature 

m i a t i o n .  I n  ordez t o  aonfirm the tLarpemture *ariation of 

order p ~ ~ m e t e r  dedooea from bfrcaMngena8 data, we memured the 

onlm parameter by an indepeallen* method, ria, by the widcline 

nnalear magnetic resonanoat (IOMR) method. 



We have filao atudieil the phaee &Lagram of mixture6 of 

thla  oaupound w i t h  7CIB uhieh a w i a t a  of i:oleaulea having the 

tma imal  cryana-8ro'ppt almost slospt the long axla. fPhe order 

poremetem and a p w  elamtie omurtsnts of ewe of theare rnixturerr 

have s leo been druDemh&. 

2he oosltp4Pa4 2 - 0 ~ h a p t y l ~ g n y 1 - 4 * - p e u l f y l - ~ b i p h ~ a y l  

aarboxylate [7P(2QII()SBO'J uaa obtalnd fraa  E.Hrrak (bm8tadt )  

and w a r  usad witholl* fam@mr plrrlrioatf 01%- Phe 8tructural 

formula of tha aam~oPM i a  gtven i n  figure 6.1. 2he aolnpound 

exhibits neatstlo phaae wer a d d a  temperature range. %he 

o r ~ f s t a l  m a t 8  aaf 45.5% t o  $he nematio phase and beaonres 28otropla 

a t  10aaO. But it aaur be earrily arxperaooled and memuremeate om 

be taken right down t o  roop tmperature. B e  Her& cratalo&ue 

given a r d u e  oi 4.Q far the %loleatrio aniarotrapy of this 

oanpound ( p r o e d l y  at rtaasl tearp03:atuMt)- 

!ibe xefractiro Lndlaes w e r e  determined by the p r i m  method 

besaribed i n  csbaptar V. B e  splay %Iwrtia oonetante were deter-  

mined by $he Freed*Fi~r kPnsi.Uon m e w  (see ahaptex SV). 

aie  lwt stua;t~a. The orldo-Une Nwa teohnique hxvsl beon 

extensively mod t o  determine the arder p - ~ e t ~ s  of l iqald 

axystelr (9ptme e4 *1 1%1, &lppwm and Weber 1957, Sawe and 

W m  1961, maah $972). Bmrn a namatlc U q a d  -st& *with 

poslUve d i  a~uagrut icr  aalsatxrspy l a  planed i n  tha magne%An f l e l d  



Struatural f ozmula of 2-ayano-bheptylpheny1-4 '-pentyl- 
4-biphenyl carboxylate [7P (~CH)~BC] 



(of the BIm apeotxaaet.r) the director align8 claw %he f i e l d .  

Eror a typlcrcol mesogur, the l i ne  joining the o r a o  protone of 

the b a w m  xlng is approdgately paral le l  to the 1- axle of 

the molecule. W b  ortho profon l a  aoupled to the dLpolar 

f ield of the other ortho proton, i n  addition to  being coupled t o  

the utarnal. erg;lletl;o flald. It is a lso  owpled to all the 

othez protam p r o m  la ths moleaue. But these couplinge a r e  

usually very weak in ot&pgariaon v i th  the coupllng betanen the 

ortho protons, ib. dipolebipele ooupling betwen the ortho 

protone result6 in a dodblet splitting of the  HMR ElignsZ when 

the oo~lgound i n  i n  the memphree. %!he doublet spacing l a  

d i r w t l y  prrgortio3lpl t o  the ardor parmeter i n  a nena2ia 

liquld mys%ail. the isotropic phase, sine* the molecule6 

fumble rapidly fn all dlxeoticnur, the 6pZittlng mmlshes. If 

r $6 the di6taneo botw.rwr the artho protono and and pp l a  the 

ma&netio ncaaent of the pmlion, 

rh.re n~ 1. t he  m q u a n q  a t  in harts ('*%%a the ..pa- 
L ratLon betrssn tho peerk;sr) and $# l a  the ang3.a between the la8 

Joining the ortho protone an8 tho long axin o i  the moleaule. 
P 

On s u b & i t u t l ~  the wlue* of p and r (2.45 A), equation 6,1 3 
rednow $aflinf and rho& 1975) t o  



In Oho rrehal a m l y ~ e  o m  hFu t o  oamdd.r not  tm3.y 

4he i n t e r s ~ t i o n  between tha axtka protom buh a l so  fbQ 

l n t a a a t i o n  between em21 orthe proton and dJ, tmth.r grotoxm 

p2?OOeZtt in the molecule. In 0th- wOrds, t o  get W~ur t l f e  d u e @  

of a, one ha8 t o  make a line shtiqpa aaprJsirr of the EEdB apeatrum 

(Qhosh 1972). An our ptsin &atereart w9e t o  shady tho tempe 

raturs variaMon o f  m we have not made a lzao shape analyrafs 

of the lPMR si43naX. 

lEhe lWR sgcaafra w r r a  rwordod wing Z%-EHR 8p~tXtro- 

meter $ruftftr W-270). me Zreqpamay of operation was 270 MRS. 

l'he ample  vas taken inalde an NHB tubs o f  lat;efaprl cllamat~r 

n~ 4 mu. It w a s  heatad by blow&n& &ry, be'$ Z&tro&an. B e  temp* 

sa tu re  croula be crontrdlled snd me-& t o an of 9 . 5 * .  

Before oonducting: the gxgeriment, $anrpexabsa Cbilibration waa 

done wing the ]mom te~fperatuse rarLaUon ai the cthomiacrl 

ahif$ of etbylme glycol. For the purpose @f %oaklag the  si@ 

heavy uatex (D20) taken in  a se&& cr@lhxy tube mra glruoed 

izmide fhe ample  tube. Xn the nmat1.0 pbaae o f  tha cample, 

the BMB spectra were ~soorded a* dlffomnt  #toady tcaapexaturee. 

One typioal set of reooxdinlys i s r  &own i n  fY.gwe 6.2. '. 

%e value of $ was eatimJterd by o o n a t r u a t ~  o geornebical 

model of the molecule. The line jatainht the aentxee of the 

extreme gheng3 ring8 o f  %h@ molecule waa takQn iae %be long aria 

and the  angle JI was found t o  be ~ 7 ' .  One a i  the  bename dqer 

of the molecu2e (aee figure 6.9) QOIX%BIUB an ort#xa owo gxoup. 



Traces of wide-line NMR spectra o f  7~(2cN)5~0 at different 
temperatures i n  the nematic ghase ( 1 )  ~ o Q . ~ ~ c ,  )2) 98.5OC, 
(3) 96'0, (4) 94.5'0, (5) 92 0. The central sharp l i n e  
arises  fran a s m a l l  amount of water present i n  D20 sample 
used for locking the signal. 







I) Pure 7P(2rn)fiBG 

i i )  Mixture f 7CB emd ~P(~(TP~)SQ boles W i o  8 0 ~ 2 0 )  

% f i )  & x e  2 of 7 a  and 7E(BaB)%O b l a r  sat io  61839) 

&+) Yiixfure 3 of 7Q3 and 7P(2eP3)SG Qolw rauo 38862) 

r) Kixfase 4 o i  ?a and TP(2tX)%O bpolar ratio I f i tB5).  

B e  t r ~ l ~ o n  ~tmpexatuwa of theeu aystms are 6Irm 
i n  t a l e  6.1. 

%he ordinary euad artrdrraay rdzecrtire iadicea 
0 

(no and s,) uero uiemurai for  the wa*.ratagth 6326 A. me raluerr 

me given i n  $able& 6.2-6.6 and srscl pZottrd ag&nat relative 

temperature i n  figures 6.4-6.8. 'Ehe ordinary refraotive indiaes 

of rP(2W)fiBC aurd mixfuxee 3 and 4 a c w  on unuau;rl * a d  i n  

terrrgera%axca variation. Ae the sample is 00016 d m  frm ICBI, 

n, deereaees usual but after rimehing a broad alnirrnmi it 

ahwa a ali&Sht but s i g n i f i u a a t  Lnoreiure with  then? lc~wtering 

of temperature. n, do6e not ehow any mob aunwual teaperatwe 

variation. %he ternpawatuse ~ariatAan of zf, 1~ muoh larger 

c ~ ~ p a r * d  t o  that of no and henee the OIUtsud tsriati.on o f  no 

kaxdly Prfieeta t h e  ta.qmxa.tuse vsrriation o f  birdringeace. m 
f i ro t ,  the bd.refringence deoxwea8aa monotomiadly a ~ ,  the temge- 

ra*uc:d inezssaasa, ara in other naaticto. 

A glaueible sutplanaeion for the unwual tempesature 

varia2ion of no is perhapa asaoafated with a- struotural cbnges 

taLin(~ place i n  the aedium aa the tpmpexature is mwied. Indeed, 



The ordinary and extraordinary refractive indices o f  
~ P ( ~ Q J ~ ) ~ B C !  plotted agalnst relative temperature, for 

A= 6328 i. 



FIGURE 6.4 

The ordinarg and extraordinary refractive indioes of 
7P (2C10) 5BO plotted against relative temperature, lor  

A =  6328 i. 



1) Bur. 7P(2rn)%O 

ii) -tare t of 74\ end 7P(2@f)5BO (molar rot&@ 8 0 ~ 2 0 )  

ill) KWmre 2 of 7m 19 7I?(2QIO)SC hdLPr Ebt io 6 l t 3 9 )  

17) aixture 3 ax 7(38 and ?P(ZCPB)SB~ Qozax ICBUO 38162) 

7)  Mixture 4 of ?@ and 7P(Z(;FE)SBO 6aobm ratio 15r85). 

kanai+dtiion tamperatursrr of  theaa s~retune are siten 

i n  table 6.1. 

ardinary eurd ertraarbix&ar;p rdracztire indices 
m 

(no and n*) were nemwed for tho wa+dts~@h 6328 A. !the W u e e  

ara @ten ia Qsblen 6-2-6.6 srad arse ploated agai;aa* relahive 

temperature i n  fiwres 6.4-6.LJ. %he ordinary reh:aofioe indtoas 

of TF(2CE)WU ruld Blixtutes f end 4 ahow on unusual bernd in 

tcaraperattzro variation. & the ample lo Oool.d d m  from TNx, 

no dearsmea as umsl but after xeaohiqg a bxead lDioiarmP it 

8hw8 o al i&t  bu% aigaitiuant ino~aiiee with Surther l ~ u e r i n g  

of tamrparaturar. ne aoes not show any euah ammuail. temperature 

Variation. %I) tslmywatuxe vaxiaWan o f  n, lo xuoh larger 

ccrnparatl t o  tha t  of na an4 haaat the wmmaul variation of no 

h a r d l y  &feet8 f ha t;mperratuse vurlation a i  birefr-ewe. U 

fact, glze bisefringsnce deczwaa moaatoniasiiUy e ~ ,  the tempe- 

rat'wtrcj fNzszaaoe, mi i n  other n~matfca, 

A p2aueible explanation for the umwual terngerature 

rarlation of no f e  perhaps assotkfated with sene struchral  cfinngee 

taking place in the ~nedfum ss the tempexatwe is varied. Indeed, 



The ordinary and extraordinary refractive indices for  o 
mixture 1 plotted against r.elative temperature for  A= 6328 A. 
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me ordinary and extraordinary refractive indfcee $or mixture 2 
plotted agalnet relative temperature for h= 6328 A. 



FIGURE 6 -7 

The ordinary and extraordinary refractive indicea for 
0 

mixture 3 plotted against relative temperature for A= 6328 A. 



M i x t u r e  4 

60 50 4 0 3 0 20 10 0 

!l!he ordinarg and extraordfnary refractive indicea for o 

IlrLxture 4 plotted against )relative temperature for h.16328 A. 



t h i a  appeare t o  be the oaeo w i a a a t r r d  by X-rq .- 

fnmbati$at%on of the aampound aan8uot.d in ortr lpbarat~ae~.' 

%he x - x q  diffraotfan patterns photo~aphed at two different 

tamperaturea i n  the nt~naatio phaee are &oun in figure 6-9, 

f!heee photosaphe were taken wing non~ohrolpaticr eoppaar Xa 

radiatian and the sample taken i n  a Undeuurn cap%- tube. 

?PB. mmple w a s  ciLit&ned by appl;lring a miwpe%ia f i e ld  of str- 

N 3 KOmas. 2he x- ray photographe elearly tndiaate tha prelrence 

of okewed-aybotaatia groups (i .e., raneotia O type of short range 

ordering) i n  the e q l e  (de *Lea 1973). %e tilt ankle i e  49- 

at  25.0 and it deerewes t o  /uU* 88 the Q.mpe~aturo l a  lnareaoed 

t o  70eQ. A t  athigher temperatures, the x-ray & t w a ~ t i o n  patterma 

become difftmo and me&~urement o f  tho W l t  gsgle i e  somewhaZ 

d i  f f ioul t -  

We haw mde an attsnagt t o  understsnd tha tmsperature 

variation of no i n  terina af the temperature rsriat-ioxl of the 

tilt angle of the skewed oybotaotia p a p a .  For the eake of 

eimpUoity, we aonetrmot the okewsd aybotaotlo atrucrture in the 

following fasbion. We w i l l  first esaume that the ayllndriaally 

syromcttrical molecules have their  l o w  atea noxmal t o  t;he 4 e r #  

es i n  r aneotio A, but they are i n  a hexagonally close paaked 

arran&bment. We w i l l  now allow the moleaulee t o  s l ide  parellel  

t o  their long axes suah that a t i l t e d  arrangament as shorn 

sohematically i n  the right hand side of figun, 6-10 i e  obtained. 

H l!he author is grateful t o  Dr. 1I.A.SUNsh fo r  the r e m l t s  of 
the X-rw inverrtigntion. 



R(WRE 6.9 

X-ray Waticun pho*og~apbn of a monodwnain 

asarple of 7P(2aBi)SB0 $akea at (a) 25"0, and 

(b) 70.4. She dSN~ti@n of orientation o f  the 

direstar is i-oated by an amow meu?k. Four 

~ p o t a  oecwrln& ia tbe diifraetion patter- 

are oharaatexistlo of a b w t s d  cybataatia nsmatiaa. 





Stshamtio Uagran of the raOleaular arrangement i n  ciybotaatio 
groups. 'Ibe %aft d d e  of the figure ehows a eeutiomil view 
of the iayar end the right rldrs J, si3e view. In ameoticr A 
type o f  oybotsctio grcupe electria fie3.a BEg egplled along 
the:ari.igivea d a e  to e i l ipo l t  naaftnt only d o n g  the 5 axia 
u or ;gar* of the fiiyra). In a eikewad oybotncrtic axrcurge- As a .sun 2s the 10-wer par* af *ha figure the moleculee ere 

tilted with respect t o  the layor nornral at an -la 8. In 
t N a  ease an ciieotrio field -plied dong 3 axfs gLvw rime 
to  a dipole l ~ o l ~ a a l  not only dong the 2 axie but a l ~ o  dong 
the exis. 



Ehe lang uea of the mdLawalea u?r slag th. 3 d o  aad the 

sngZe of Ult, via., tbe *ogle bewe- t;he msrr n o d  ond 

the 7 PXJ.a is  B. We ehwee the 3 +air rpoh b;hf it l o  in 

the plane aontaiaiag the layer z10rm& *ad th* 5-Bxis. 1l 

an extarmal . Isotric f i e l d  118 qgpli.6 d o s g  Ohs 3 PXia (me 

ELgure 6.10) the lnduoad gipolea 3 rill, dus t o  the W t e d  

afmrature of the aybotoatla gronps, produo* pn ileotzrdo f i e l d  

along the 7 axis. Comaquantly, wo have t o  ooa~sider fhe 

nay note ahat p 0 vrhsn the ti14 angle i e  mxo). local 
7 

field at the s i t e  of a glveur atalecula is osloulated by t d n g  

l&o aoaownt the anisotropy of the rdteaplar polarirsabllity 

anB the t i l t e d  mtruotura $31 a rnhuuur a l r o ~ t  alaki2ar to  there 

given by B r a g  (1924). 

We, ao2lPlider a spherical xegion of lmowa railhe wound 

the given rnal.eoule* 2ha medium 1s rmppoaed t o  be kniform b-eyond 

thir, region. !the aantribu%ioaa f 4  the jhooal f A d d  at iihe 

oentre dua t o  the moleaulelrt wlthfn %he spherloEil r W o n  we 

obtainad f o U o w l n g  a detsilea oaloulst ioa  ihe l o a d  fleldu 

along the tbrae ares 3 , r) and '5 are 



whore '?j , 9 .p are the croordinatee of the noleaulee with 

re~lpeet t o  aba oaWe of th. spherical region and the aumma'kion 

is o m l e d  out over oll the molecrulee wl%t;Nn the region. (P i e  

the dipole maam par unit volume and z) i e  the number of 

aaleoulea per unit volumeJ) 

I = U a 3  q3 eto. (whra a using the relatlim 1~ f l a  

a prinatpal polarleabUtf ai the molecule'), an8 s impl la l* ,  

we geh,  



3 72 x2 
where u -2 3 ?3' 

* '3s- 'Z 7 p eta. 
f-T- .5 

~asuming that the direator of tho &go& n~l~latla ample 

is along the n axia of o spaae itxed aoordinate ayate~n snd 

areraging .the l o a d  i i e l d s  oter the  Eularlan H e r ,  betwo- th. 

gnr syetcmr nuad y r ) ~  myatem, w e  rran d e v e  tha pxinrripstl reiraotite 

2ndio.s of the medium. Ueing the reletion D = n2g = B +4@ 
S I a II 8 

rmd after ame algebraio eimplifiaa$ion re get, 

where o is the order  parmc~tar, n, a* uaP % = no. Ths 
i 

rairaative i n a o e e  depend on the struoture af a e  aybotaotia 

groups through Fhe t m e  A, Y surd U. 

I n  the above model, w6 have aernuaed that eaah molecule aaa 

be xcrplaaed by one o a t r e  of anieotE'opic polarirrabillty w i t h  

a > a (- a ). However ,  the molenulee foaPing l iqu id  aryatale 
f rl 

are highly aonjwnto8 rind further the dhllarLty of tho medium i e  

quite high. Ooneequently, the aesrpnption of a sin?gle aentre is 

a rag orude apprmcfmtion. We have t r i e d  t o  improve the model 

by replaafng each moleauls by two oentrea - of.. anirrotropia 

polarieebility. lPhe iarmulaar w i l l  then be a m e a t  =ore 



oolopliaa%eb and w l l l  not be xepxoduoed here. For a bet ter  

approximation we have t o  rrplaoe eaoh rnoleaule by a muoh 

largar number of c.ntr8e. But even w i t h  tho two oentre approxi- 

matlon we find *at far arrrbalsl range of parmetera,  the 

axperlmental t r a  fa  f3re vwiartion of q and no oan be 
0 

r.preduoed. For ezaqple, for aoleoulea of length 20 A, ditaaeter 

we get the f dllowing mlwm. 

Hame an 8 dear8~.aa, 1 ~ a  cfeareaee, attiria r mlniiuuiu 

and then inoraa6a. Howcnar, for a detailed ampariaon w&th the 

crpctrire%nkirl result., t apma tu re  IBTiationa of s and d d t y  

adll have t o  be Caken in to  aotrourzt- Wwertheleas, the &ova 

aaleulatfona reme t o  iUlurrtfate that the tetlperatuxe m i a t i o n  

of 0 oan. i n  principle, laad f o tho obaarvsd rarlati en l8a no . 
tEhe prcraenocr of r k d  aybotaetia wortpa i n  ~ P ( ~ ~ H ) ~ B E I  

the Zamgtaratwe  e ria ti on o f  t Z l t  aPgXe is perhapa arr60alat.d 

with the greetanoe 81 the abranglf pol= c p n o  group mking  a 

lmge sn@e with the long ad;. at the molawlen. Here, we IMQ? 

point out *a* d* ' fr;Les Pnd Cldrl (1980) hare found er da i2ar  



teaperatare rariat ion of a t  angle of skernd oyboterofAc gtoqps 
(r 

In  a ompouad ooneirctln& & molrcwllss w i t h  &%.ral Warine at*. 
L 

0. .OemikLes. %!be density of  piu?e 7P(2CI?)Z80 waa 

measured at o Purolvn tentpara-a (%.079 &a0 at 41'0) by the 

oapillary tube method. Subsf i tx t la ie ;  $hAs W u a  i n  equation 1.9, - 
a w a s  oaloulated. U s i n g  th is  value of z, the values of densley 

at different tsmperahures wem aalcttalatsd iMB fhe birdrina5ence 

data. Ibr the mlrturra, ii were odlcrolotsd ue iw the m o w  

additive l a w  (table 6.7). !be values of dQnd$y are given i n  

tablea 6.2-6.6 and are gl&t& egafnet relat ive tenpsratura i n  

6.11. X t  aan be uaen that  at w tgltcsr ralatirs temp* 

ratme, the demity of 7P(i!Qt1)5BC i a  (by a faator o f  

4 3-04) than thse of 70B. Mixtures have dea~iUes whioh en, 

intatmsdlate between thoee of the pure aompoudle. 

d. Order parametma. In the lI&M of the slbov8 disousalon, 

i t  may not bo very proper t a  a m  Vukrs* fcrrmuZs i n  eralaat- a 

Sriran the bireiringemat data. However, a# them is no hope of 

an exact oalculnrtion of the tamperatxrdb depeadonaa of t n t e z m l  

f i e l d  aorrectlon, we have W e  use of hhe Pulre fornula. 9!he 

equation used i s  

- 
me value of --& uas obtained atairy the extrapolation 

method descrfbed i n  ohapter 8. Pox Xk7(2Ul)BC, the best f i t  



o 7 ~ ( 2 c N )  5 B C  
o M i x t u r e  4 
A M i x t u r e  3 

A M i x t u r e  2 

The denelties of 7GB, mixture 7, mixture 2, mirture 3, 
mlxture 4 and p(2CH)BC plotted s$;ainst relative taperaturee. 



t o  uu st~tarpt i im rm obtll*a im  s& - m - 1-20 

(figure 6-12). 'Phe order parameter hsa b r a  plotted ~a inot  

re la t loe  tesiperature i n  %&we 6-15 uld the viLl.1~8~ are given 

i n  tabla 6.6. 

In *few o f  tha wPual rarLxrtton o i  %, tm .lao salou- 

lated the valuea of a ond a* f ndeperpdently ordng U1e aquation 1 *7, a 

t o  find lube4h.r the polerlarrrbill~lee ehw any psculiar t anpb  

raturs variation. It was fcand &at aia OYd a* Yi* two- 

ratare i n  tihe wual manner. In p a r t i ~ u l o r ,  QIO $mreslaea 

tonically with inorease of temperature. Zhe raro fr*nd wa 

obearved when lJaugebauervs formula (eae, for ansupla, gBUplb and 

Naler 1961) was used t o  calculwte so. Bmao th* ura of the 

f oUowing equation0 

i n  evaluating 8 appewira justifled even in .t;h. present oaee, 

Xn eraer to confirm that  the tanporatura variiaMon o f  

order  parameeer: obtained f r m  birsfr1ngmoe rP;rta l o  r a t a b l e ,  

we aada an independent measuromcnt o f  8.  !&is ompound has a 

cyzlno-group m a k i n g  a large, angle with the low Pxie of the 

moloaulla. Hence i t  i s  very di f f i cu l t  t o  align lt haaeotropicsilly. 



2 P - 2 

1 plotted against la4 ' 
72 

"1 i o ~ ?  7P(2W)5BC 
n - 1  



Order parameters derived frcan birefringenue data of 7CB, 
mixture 1,  mixture 2, mixture 3, mixture 4 and 7p(2CI?)5BC 
plotted against relative temperatures. 



%erefore w e  d id  not use the IP diebzotrtat method deecribed 

i n  uhqpter  flI t o  dotemine  a. The tnluee of a were deter- 

mined by the ad.-Ulu glldR twhnique an& the d u e s  obtained 

w a  plotted agafnert rralatite teaperature i n  f i m e  6.14. !Fhe 

-or imolved i n  t w a e  mcnraur-ents la eomswbt high ( ~ 8 q  
due t o  %e tmoectafnties f n  the meaeurePPent af  temperature and 

allso due t o  the fa@% that no lime-shape analysis of the EPlEL 

speo.hrum was oondt\of.(l. %he values a 1  s obtrrimd f'rom the 

M R  data is lwar (b? 110.07) @oarpared t o  thome obtained f rom 

optlotdl data. & we menfioadl earlier, BoiliaL Ohosb (9975) 
0 

otaed r? - 2.45 A fw .thr distcsnoe be*etm the orthoproto9s. If r 

and S t o i d e t f  1956) the a-taltko@ evdluerted from m3fl 8ata go up 

by d4S. I n  a q  oase, the Cenparature variation8 are raiPlilar 

in the two oseoe. Hsmccr via haw8 used Wle bireislngrancs~ data t o  

find #B order permaetare, o i  all %he mfxtwe8. 

Zhe talucss of a atuS 0.0 ;tor &e &sturea ware, crrtlaulated 

using molar additive larva (area opuPfZan 3.11). rPheee vaXuw are 

given in table 6.7. %!he * rsluer fox  the lalxtwces a ~ e  

i n  tabl.rr 6.3-6.6 and are plotted waintat relat ive tenngexature 

i n  fimre 6-13. 

7P(2OX)5BiBD hea &sf 8 v&luen %hioh are Bfghm ( -1.3 ljiman) 

thsn thoso of 7 8 ,  P(fttwe6 t and 2 which have high aonuentra%iana 

of 7031 h-6 values of s w h i a h  are nli$htlJ lowar than thosa ol 



Order pansmeter of 7B(2CB)5BC obtained from XWl data 
plotted again& relative t empe-ure. 



7m. Ebr Pfrtuno 3 an8 4, the WUQS or  a P U : ~  intorme&it;late 

besween thosle of 7CP) and TP(2m)WC. Uufte obviously, the 

molar ardditllvo Law aoeier not hold good fax order paxe~letsxrf8 fn 

O P S E ~ U ~ ( P B  7 ~ 3  a 7p(zca)aa. 

9 3 4  elantie aoaetantcl. m e  aplw &&ratio aonnt;ante 

of the systems memtSoPsd above ware measwed ae iunrrtionc of 

taarpcrrahtrs by the ;lrreedrri~irss franeition t;crohnfque. The 

aaloulationa vsr. done piririg aquation 5.5. 'he value of A X  

f0t ~ ( 2 a ) 5 8 ~  lMul &tl%lioUb%ad f@llo~i% ~ ~ # % X ~ * B  (1974) p X @ Q e  

dtrrr.Baeerlbed in rrhaptar XT. Par the mixhtsbcs the valuate of 

AX were obta iM using tho molar mdd;ttive law and them values 

are given in table 6.8. %?m tnlues o f  kll axe given ln tables 

6.9-6.15 and axe plotfed i n  figwee 6.15 d 6.16. Z t  oan be 

seen that the kl, 7 8 3 , ~ ~  for mfxturas 1 and 2 are Less than thoae 

of pure 7CB rhich i'L8al.f is mmh lower ( .J 0.75 timee) t%ran the 

k\l 1 vrrluee of 7P(2GB)5B3. N r W r e s  3 and 4 have valuere 02 k,, 

m c r h  aro intarmedds%o bercwew aPt;trotia of %he purs orwapanents. 

a we have f i t h a  these 00 the rdal;ion kll  = ax by 
foUowing tho pxoes8ure girsm la chapter V. !the values of x anb 

C no obtained are @van &a t&e 6-19. !&a f d e x  x l a  Sound to 

Imreaea as the ceru18n.trartlatr of 7QB dsoreiures, fhe aalg -asptSon 

belng puxe 7~(2QA)%0 vhich bas &of a rduco less thnf o i  

-B 4. 

In  1:igprsa 6,*7 anP 6.18 we hate plotted the Palurn or 



!fhe splay elaaticr cowtanta of 7CB. mixture 1 and 
mlxtum 2 p l o t t e d  agaiiinet rela%ive temperature. 



2he splay e l a t l o  conetante of mixture 3, mirture 4 
and 7P(2QN)5BO plotted against relative tapmature. 



MOLAR PERCENTAGE OF 7 C B  

pIGURE 6-97 

k1 1 
and e plotted againat the ooncentration o f  7C3a 

i n  mixturae of 7Q and 7P(2CN)5BC at 2 - 2 - 2 ". HI 



kl 1 and e plotted crgalmt the aonaentratian of 7CB i n  
mixtures of 7CB and ~P(~CW)~BC at TNI - 'I! = 15.. 



kll and 8 oorreeponding: t o  tho aepie r&aUva tunperatwe 

against ~ampoaition of  the mhturse. A t  'Fa - 'iP = 2. atp well 

a~ 8% f 5 * ,  both Is1, arid a decrease as hb;e p.tcrente&o of 

7CB fe incprsese8. Ihrcsy attPLn mininwrP valuers far N 60 per oent 

ocangosiLlan o f  7QB and inoxeatIe elfsb.bly aa tho ooncentration 

of 7aB i a  -her fnamaaeff. 

We have not detenarined kgg for WIslae qgsts~se ae it wlls 

not poaaible t o  got a hameotropio ciUgranant 02 7P(2OR)5B0 and 

ecnae of %he a%xturepr. 



dr Orlea, A. 1w3 Procadinip of the Xntoraational Liquid 
w~ta2~ Coni-e, BsnlyTore. D ~ m b w  1973, &do S.Qhsmdraa&ha 
SrgIpam supplsment 1, 93, 

d r  Vxiea, A. urEl qodrs, &Be 1980 Prooe~ngrr of the Xntarr- 
x&t&onal. Eiquid Crg.talrr 4011fsrenoe, Bhnn&aloss, i)eoaber 1979, 
Ed. 9. t%am!trstookbar, Heyden, London, g. 179. 

rrJgiaxe, W.H. 1974 Cmea. BrP. 19, 653. 
Qhoah, 9.E. 1972 SOUd State CQBnrn~1. 1763. 



"cronrerrponds t s  IiquSduo, point 



lCABIJE 6.3 

Befraotive Lndiaerr, &.luri%ieS and order parmetere of M;fxturs 2 

21ABLB 6.i 

Refractive inUces, &esslti&es an8 arder parmatare o f  PIirtura 3 

0 

(+af.ws of n, and ntt oorreapond e o A P 6328 A) 



TABU! 602 

Refmtative indfceef, denelties Mid orda  partmet,t.ra of 
Wxture 4 

%*-fL! n n p grr/BO a 

0.40 1,613 1.519 $0031 0,592 
0.85 1.617 1.517 I.031 0.417 
2-75 1.624 1.517 1 034 0- 445 
3.75 1,629 1.516 1.035 00 469 
5-60 1.635 1.515 1 036 0.497 
7.80 t -6% 1.513 1.0s 0- 522 

11.25 1.644 1.510 1.0% a, 5% 
l%?S 1.648 1,508 1.041 Q.581 
18.50 1 -656 1 509 1.043 0.608 
29025 1,662 1.509 3 0047 0,631 
21.50 1 .66B 1.510 1-951 0.649 
32.25 1 674 1.511 1.055 9- 667 
37-75 1 679 10512 1.059 0.681 
430 00 1,665 10513 1 o 0 6 J  0.690 
48.00 1.688 1.513 1.065 0.710 
520 50 1.693 1,514 1.069 0.724 
58-!XI 1.698 1.516 1-073 9.732 
[raluse of % llnd 8$, cofiespond to  >- 6528 

!fAlEB 6.6 P 

Refractive indiaea. dsnaltles and ordm pcucaPPdera af 
w(2a)SBC 

13-35 1 *645 l o  506 1 042 0.601 
16-35 1,652 3.506 1.046 0.629 
20.95 1.657 1,506 10049 0.649 
26 00 1.663 1,507 1.053 0,668 
31.50 1.669 1.508 1,057 0.687 
38-70 1 678 1.509 1,063 0.717 
46. 60 1 685 1.510 1.068 0.740 
52.10 1.690 1.511 1.072 0,754 
58-30 1 695 1.513 1.076 0*7@3 
64.00 1.700 10513 1 079 0.782 
71.00 1.707 1.516 1.086 0,794 

[values a f  ne and no aorrcapond t o  X n 6328 i] 



at ma %& for the irpstem 
studted 



Anisotropy i n  molar d&amaeyletiu 
susueptib1Uties 



Splay elwtio uooartmte 
of mxims. 4 

xo = 31-2 p 
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