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DETERMINATION OF K33/Kll RATIO OF A POLAR-NONPOLAR 
MIXTURE SHOWING INJECTED SMECTIC PHASE. 

BANAM ADHIKARI AND W J I T  PAUL 
Department of F'hysics, University of North Bengd, Si-734430,  India. 

minimum in other physical propertfee of thia mixture at this concentration 
Zound by previous workers. 

Measuremmb of Rank elrretic conetante play an important role in characterising 
liquid crystal display devioee. Ibpecially, the ratio of the bed  to splay elaetic am- 
stants K3/K1 is one of the contmlling parameters aibcting the aharpnw of dectm 
- optic responee of dqlay dwices. Since, generally, no pure compound has the 
required nematic range, mixtuns ofmesomorpbiccompounde am uaed in nematic 
di~~lays. One ofthe d aspects of binary liquid crystal mhturw of strongly 
dipolar and weakly dipolar rn- is the Bormotion of Bmectic pheses, c d e d  

4jected emectic phmm, fmn components which do not show mectic plppertiee in 
their p m  state l-'. Though the Zorrmrtion of isiedgd smectic pham is undesirable 
in liquid crystal dieplay (LCD) matdab, its presence at a lower temperature than 
the working temperature of the u=D may be helpful under certain conditiom5. 
With this view in mind we have meaeured the bend to splay elaetic co118tBnt 
(&PI) r a t b  of a binary liquid crystalline mixtare comprising of 4-n-pentyl-4'- 
cyanobiphenyl(5CB) and 4n-  pentyl phenyl - 4-n'- hexylcary benzuate (ME60.5) 
at different compositions. This mixture ahcnn, the presence of an injected emectic 
phase, some of the phpical properties of which have been studied earlier in our 

laboretory by Dae et a1 -. They have meseuwd the rehctive indices and 
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deneity 6 ,  as well as calculated orientation 0rde.r parametem and layet t h i b d  
from x-ray diffraction studies 73 at diihrmt compositions of this mixture over their 
nseeomorphic range. 

One of the most amvenient methods of determining elastic constants is from 
Freedericksz transition, where an electric or magnetic field is applied to deform 
a thin layer of surface aligned nematogenic sample. Depending on the geometry 
of the arrangement, eplqy, twist or bend elastic constant can be determined from 
Fbdericksz transition *. Meseurements of the bend to splay elaetic constant ratics 
have been carried out at dif€emnt compositioas of this mixture in their nematic 
phase only. Temperature dependace of (&/K,) values for disSrent armpoeitiona 
of the mixtures have beem studied The splay and bend elaetic comtauta of D peaty4 
cyanobiphenyl (5CB) have been widely reported by m w d  rutbore In thi 
paper we have taken the (Ks/K, ) values of 5CB reported fram our leboratory 1.3 by 
Das et aL Since no magnetic susoeptibility aniedropy data on these mixtures have 
been reported BO far it has not been passible to determine the individual values of 
the bend (K 3) end sphy (K1) elastic coastante. 

The phaee diagram of this eystem has already been given by Dae and Paul and the 
nematioiedropic and induced smectic A-nematic phase transition tanpe-mtures 
for different amcentratione of thie mixture, as obtained from this phase diagram, 
are listed in TBble I. 

TABLE I Mole frwtion and transition temperatures of different mixtures. 

Name of the Mole fraction Induced SmA - N N - Iso. 
mixtures of 5cB tranaitioo temp. transition 

H 0.1504 37.0 50.6 
D 0.4017 53.3 56.7 
C 0.5001 56.7 59.0 
A 0.6455 - 47.1 
F 0.7316 49.5 61.6 

(4 TAN(0C) temp. TNI('~) 

The experimental eet up for the determinetion of elastic constants have been 

described in detail in our enrlier publication". The liquid crystal samples were 

filled in a specially surface tmated &moell ofthicknme of h u t  50 m. A p e  

larizad light beam from d u m  vapour k p  was.pmad throngh the cell and a 
cro88gl a n a l y ~ ~ ~  was placed before a photomultiplier tube (RAC 931) UBBd for mea- 
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RATIO OF POLAR-NONPOLAR MIXTURE (96 11/42 I 

swing tbe traasmltted light intmIAty* Thel Curmnt output h.am the photomuitlpliar 
tube wm amplifkd and measured. The output currant fmm the photomultiplieir 
watt calibrafed f6r rehtiw light intensity wing two plane polarieers with di&.mnt 
angk. beheem their plane of polarisation. The magnetic fldd WYW mamured with 
the help of a callbration hall probe. The critical magnetic add for the Ftaedesick;et 
t d t i o n  d d  be dmrd from the sudden change in the currant from the pho- 
tomdtiplk tuba T ~ o  raleMnt &tic conshnt K;(i = 1,3) ww Caculated 
the equation 

where I& is the critical hld with geosmetry relevant for the particular &tic am- 
s@ut meswrrement, d the thkknem uf the sample and Ax the magnetic ~uacepti- 
Wty anbtmpy. R<Rever, ainw 110 magnetic eueceptibili@ data is available fot 
this mixture, the d u e  of the ratio &/Kl L only given in this paper. 

Ki d’Ad~’  

AND DISCUSSION 

The band to spley alaetic -ant =ti- (Ks/KI ) ~ O C  S ~ P O s i t b M  of the 
binary mixture (MEBo.5 + 5CB) were measured by ue in the nematic phaeedy, 
riace the bemd elaetic COBlBtent tende to bi3nity in mnectic liquid rryetsle. The 
resulta plotted in Figures 1 and 2. As mentioned in the intduction, the bend 
and splay elastic amstmta and their ratio (Ks/Kl) for 5CB hrrve been reporkxi 
earlids from ourlahtory. Fkam Figure 1 it isseen that in theregionofthephsee 
disgram whtm the mixturee &ow iqjeckd mnectic phame, (i.e. Mixture A(mo1e 
fraction of 6CB, x= 0.8455), Mixture C(IC= O.SWl), Mixture D(x= 0.4017) and 
Mixture H(d.lSO4)) thcm b a sharp increase in the &/KI valua partjcul~rly 
near the cunectic A - nematic transition tempratunm. This divergemce of the 
bend to splay ratiae has also been reported by Btsdrhaw et din hybrid mixturee 
containing phmy1 benzoate estare . Poeeible CBBBO~ for thie may be W t i o n  
of smectic cltlsters II% prstransitionsl effect. Since Eor smectics K& b a h a t  

inBpity, the preuence of them mectic clwtam cmhmoea the value of Ks/K1. In 
mixtm F(x= 0.7316), boaeva, euch rapid inuwue~ in &/K1 duee i s  not found, 
POsgJbly becaw this mixhum wm studied in the temperatum range which bfar 
awqy f m m  the iqjected omectic p h  mgicm. The K& valua~ of ME60.6 are 
Iwnd to be higher than that of ICB. ‘Ibnperatum variation o f K s / K ~  mhie ipr 
MMK).S ir aL0 W d  to be gssber than that hr SCB. 

In Figure 2, we have pbttd  the K& valueu at (TN-~)Q C agaht  mde 
finetion of ISCB. It ie clear from the iegUte that &/K1 dues, near the dearing 
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RATIO OF POLAR-NONPOLAR MIXTURE 

help in providing better phydcd undemhnding of this Bystam. 

[963]/423 

FIGURE 2 The bend to eplrry alastic amotant ratios plotted Sgainst mole 

guide to the eye only. The dottad vextical linee indicate the extent of the 
i q j e d d  smsctic phase. x is the mole fractim of 5cB. 

fracMon of 5cB at 8 flxed relative temperature (Q - 2)Oc. Line drawn ie 
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