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NEMATIC BENDSPLAY ELASTISlTY OF CYANOPHENYL 
COMPOZMDS WITH DIFFERENT TERMINAL GROUPS 

IaOR P. KOLOMIETS, ALEXANDER M OVSIPYAN AND 
SERGEY K. FILIPPOV 
Deptmnt of Polymer Physics, Saint Peteraburg State Unimity, 
Saint Peteruburg , Ruesia 

Abtmct The elastic pmperhw of d c  compounds with terminal cyanoaromah 
and 
structure haa essential influence on the bend K3 and splay K1 elaatic conatants 

4'-n-akyl- wries (nCPh) and cyanobiphenyl ether with ethylene- 
butylcyclohexane terminal p u p  show pirannit id divergence of K3 in the 
vicinity of the nematic-smectic phase trrrnsitiOn Outside pretnmitid t e m m  
region the altamtation h odd to e v ~ n  n in nCPh eeriea is accompBnied by 
p i t i w  jump of the ratio K3/K1 and change of the charectcr of its tempemhue 
dependence. A mmonotonow temperature dependence of the elantic splay 
m t a n t  K, wam founded fbr cyanobiphenyl ether with butylcyclohexane terminal 
p p .  The occurrence of frazen striped texture in a smectic phase &er the 
nematic-mectic tnmsitim in the presence of m-c field was found for all 

leas, the m a  magnetic induction. 

cantaining cycles alyph&c groups were in-. nhe temrinal group 

and theirtemperature dependences. The ninth and tenthmembers of 4-cpllopbyl 

mdi~~ with the temperature d i ~ m  Of K3. D i s m  betuneen Stripes WBB the 

INTRODUCTION 
I t i a h w n , t h a t  valuesof nematicelauticconstante and iteratiomdeterminedbyan 
inkmolecular interaction which depends on the form and chemical atructuxe of 
molecules. The exuihg molecular theories give expressions for elastic constante through 
o r i d d  Mder pmnmeters, pdential of interaction and form of m o l d e a ,  but do not 
permit to p m h t  an influence of perticuk uttucture of molecules on elaetic propdes of 
nematic liquid cryetals ("LC). Therefwe exprimenid determination of elastic conatants 
of Nu3 with variow structum of molecules mains an urgent problem not only for 
fimdamental ~ ~ e a r c h ,  but also fbr practical application of liquid crystals. It waa 
eatablirrhad, thnt the atruche of atomic pupa on abdp of molecule determines 
conditions of fknation and type of meeophese and essentially  influence^ on all physical 
Propahes of liquid CIyStal. 
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The purpoee of this report is to psent the reault~ of our study on a nematic bend 
deformation of cofnpounde with nitryl and containing cyclts alyphatic terminal p u p s .  

EXPERIMENTAL 
The cyanophenyl and cyanobiphenyl ethere of variow carbon acids were investigated: 

nCPh: n=5, k 85.8oC n 86.7oC i; 
n=7, k 70% n 78.3% 4 
n=9, k 40.8% e,60.8% n 86.2 C i; n=10, k 5O.lOC s,81.8T n 89.40(7 i 

n=6, k 71.2OC n 83.2% i; 
n=8, k 74.4% n 83.9% i; 

4-Chx-nCB: n=O k80oC n 242% i 
n=2 k 71% sm1250C n 174% i 

0 

k 55oC n 69OC i 7-Ph-3CB 
The unnpound~ of homologow mies  nCPh were eynthesized by P. Adomenaa in 

V h u s  University, the compwnds 4Chx-nCB snd 7-Ph-3CB were Bynthesd in 

The bend K3 and spltty K 1 elaetic consfante were debmined by the Freedericksz method 

2, photographing the inkdhme picture in parallel beam of polarized light through 
homeotropic layer defmed by magnetic field between flat and 1t-4 aurfacea of 
quartz glasses. The diameter of the dark central circle do in the picture, when polaroids 
are croeaed, corresponcls to uitical thickness 3 of the mdefmed area of the layer. The 
value of 4 w a ~  determined by the substituting of measllred value of d, in the fmmula 

(1) 
where R - radius of the ~phen~al eurfuce. The value of ratio KSlAx (Ax- diamagnetic 

anisotrow ) waa calculated by the Freedericksz formula 

InEtltute of organic Semiproducte and Dyes (MOECOW).' 

zk = R - (R2 - d,2 / 4)"* , 
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NEMATIC BEND-SPLAY ELASTICITY OF CYANOPHENYL COMPOUNDS [885]/345 

zk=K(K3 I Aa112 I H (2) 
&om the elope of linenr dependence of 4 on revme magnetic induction 1 RI. 

An inclinaton of a nematic axis to d i m h  of hght flow in def& ma of the 

layer cawes a biniimg- and an occmmce of in- rings. The angle 8 of 
inclinationofanematic axis han maximum value 0, in the middle of the layer d grows 

with increasing thickness, i.e. along radial directians in the lqm. The growth of 0 
followed by radial increase of extraordinary rehctive index n', and, heme, birefringence 
n',-n,. The diametera of dark interference r i n g 8  conreepond to the value z, where optical 
path difference is multiple of the wave length hz632.8 m for m e e d  polaroida or of A12 
for parallel p h i & .  The relation of n',-n, with a diameter of the ring di is e x p m e e d  by 
the formuta 

where i ie a number of dark ring by way of the increese of 4. The finmuhi (3) and (I), 
in which values 4 WBIB eubetituted fbr do, wem used in order to get a dependence n',-n, 
on a layer thickness. 

The control tests of an influence of a layer curvatlrre on -tal data were 
carried out on smples with m t  values of radius R. There was no appreciable 
influence onmemting vduea, whenR was varyinghm 10 mm up to infinity ( flat - 
p d e l  layer). 

To describe din, as a function of the layer thickness z the fbllowing theoretical 

nIe - n, = i (h /2) I [R - (R2 - 4 2  / 91'2 1, (3) 

W h  

lu2 

K= I{(~-K ~ i n % ~ s i n 2 ~ )  I [(l+v(l- sin2emsin2w)](l- sin20 s inz~)}  1/2dv, 
0 

%I2 

E= (Z / 22d = [(1-u SinQe,  sh.12~) I (I- sin%, sin2~)]1/2d\y, 
0 

0, - maximwn angle of inclination of optical axis in the middle of the layer, 
= arcsin (sin 8 / sin 0 3 ,  v = (%2 -%2) f n,2, u = (K3-K1) I K3. 
For comparison of the theory with experiment, the computer program was made. 

Experimental dependence n',-n, from q/z, approximated by cubic splrun, waa compared 
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with calculated dependence  US^ formula (4) by fi- of panuneteas K3K1 and %-%. 

optimum value8 of fitting p€mmtem were ckhmmed * by minhimtion of the sum 
squarw of diffiaencee between expimental and M e a l  values at the same 

thicdorese z. "he minimum rod-mean-square & d o n  of measured values n',-n, fbm 
calcukd aneshad& 10-3.Thefit~~didnoterxsedafewpeacentfor~-n,and 

The hting of the memring method and the procdwe of data proceasing on the most 
complefe investigated ~ l ~ b i p b 1 1 ~ 1  hae shown, that obtained v a l ~  Of KsIAx, 

15 YO h K3/K1. 

K3KI  and n',n, ooincide with the literahue data within the limits of experimental e m .  

RESULTS 
The dependemce of critical h c l c r w s  4 on m e  magnetic induction 1/H for all eamples 

Elastic tmmert~ 'ee of homolottow aeriea nCPh. 
Values of the bidhngence n,-n, m e i d  by comparison experimental and thearetical 

fix nCPh coincides with the difkmce of refiracGve 
indices n, and n,, meaeured mlier.5 To &tennine elastic conatants of nCPh h n  values 
K3IAx and K3K1 magnetic ~ ~ ~ t ~ @ b i l i t y  of 9CPh m the nematic p and isotropic xis 

phases was m w d  by the ongud absolute method 4. Specific dmnapehc anisotropy 
AVp was calculated by formula AVp = 3 ( x ~  - ~ t 2 .  Using values of density p 5 and 
the order perameter S 6 m e a s d  earlier for ncph, molar diamagmtic anislottrgry of 
molecules 9CPh A b = A W p S  was calculated. Assuming that the main contribution in 
Axm of molecules nCPh is brought by arOmatc cycles, and neglecting the influence of 
the other atomic gt)oups on megnetic anisott.opy , we used the value Axm=4.40 10-5 

mole-l for 9CPh to calculate the elarrtic amatants of other homologues fiom dle ratios 

The matics 9cPh and lOCPh when cooled below melting point show abnormal 
incawme K3, leading to monotropic transition in smectic liquid crystal (SLC). The 

change of mfractive indices, deauiity and the order parameter at monotmpic tramition 
NLC-SLC occurs smoothly without eplwecinble jumps. That is an indication of a second- 
order phase tnmsition. The temperature divergence K3 is caused by fluctuations of the 
smectic order parameter. The rather h e  K3 of lOCPh, which has narrow temperature 
region of exintence, can be explained by the influence of fluctuatim. 

w8p well app.oximated by straight line €lccQfdlng to the farmule (2). 

(4) depe&ma of n',-n, on qh 

K3IAxand K3K1. 
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FIGURE 2 The elastic cmiatmtu K3, K1 and their ratio K3K1 VBIBUB the mmber 
of uu-bon atoms n in terminal group of homologou~ series nCPh at To-T = 5 OC. 
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‘Ihe cicmmnce of even-odd efiixt in the nematic elastiaity  err found early for mother 

homologoue aeries.7-*0 At incrwrsing n the tmdency to the vanishing of the difference 
betweenK3ankK10f nCPhieobeenred. 

Elaetic urouerh -W Of 4-Chx-nCB and 7-Ph-3CB Cantaininn the wclea in terms. 
ArouDs. 

( F i v  3) have unusual character. 
The tempetature of K31A~ and K3M1 of 4-Chx-nCB and 7-Ph 3CB 

’ O i  
- 1 5 0  -100  -50  0 

2 .6 

2 . 4  

2 . 2  

2 .o 

1 .0 

1 .6 

1 .4  

1 .2 1 
- 1 5 0  -1  0 0  - 5 0  0 

T-To , OC T-To , “C 

(4 @> 
FIGURE 3 The temperature depandence of the ratio of the bend ehtic m t a n t  
to diamegnetic anisotropy K 3 / A ~  (a) and the d o  of elautic constants K3K1 @) far 

4-Chx-2CB has umectic A phase and shows the tmprahm divergence of the bend 
elagtic wnutant K3 near to the NLC-SLC transition. The ratio K3K1 and, hence, the splay 
elastic m t a n t  K1 of bChx-OCB have mwnotonow temperature dependence, which 
hiw no analogues. The peaharity of 7-Ph-3CB is the unwual combinatim of value and 
chrpacter of the tempcraturr dependence of the ratio of K3/K1. When the value of K3/K, 

is greaterthan 1 it usually decreases BP the temperature inrreaSes whereas K3K1 of 7- 

Ph-3CB increases. 
The abncunal defbrmation at the nematic-mectic phaee tnrneiticm in mametic field. 

4-Chx-OCB (I), 4-Chx-2CB (2), 7-Ph-3CB (3). 

FOX dl invdgatd liquid crystals with the divergen~e of K3, the occutrtnct 
of the h z m  striped texture in the nmectic phase (Figum 4) wae obeerved, dunng the 
nematic-mnectic phase tranaitim in presence of magmtic field. 
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NEMATIC BEND-SPI.AY ELASTICITY OF CYANOPHENYL COMPOUNDS [889]/349 

FIGURE 4 
H=5200 Ga (a), H-12300 Cm) (b) 

Photos of the striped texture in the layer of 4-Chx-2CB. 

The stripes wwre parallel to magnebc field. The dietance between stripes became the less, 
the more magnetic induction. It is h o r n  that the reaeon for the occurrence of the striped 
texture is inatability of the bend deliumhn at large values of the ratioK3/K1 in the 

vicinity of the NLC-SLC transition, when it is cloee to the aecond-order phase transition. 
A s i m h  phenmenon hae been observed earlier 11. The dismvered phenomenon can be 
explained by supposing that in the vicinity of p h e  transition on the side of the smectic 
phase there am strong fluctuations of the orientatonal order panmdex, resulting in the 
duction of the elaetic m t a n t  of the interlayer compression or etretching. Just the 

relatively small rigidity of SLC near to transition in NLC makea for appsarence and safety 
of deformation caused by weak magnetic field . 
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