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DEPEHDFXCE OF HEtiATIC-ISOTROPIC PHASE TWSITIOH 
TEHPERATURE VALUES OE HOLECULAR PA-S OF 
wEAp;-POLAR NEMATICS 

VICTOR BELYAEX 
Central Research Instltute Tometa" 
5, VelozavodskaYa ul., Hoscow 109280 Russia 

Abstract Dimensions, shape and Polarlzabllltr of a 
weak-polar molecule and a space occwled bY It in 
dlfferent molecular coordlnate systems have been 
calculated. For varlous substances. the dependence 
of the clearlng temperature on a shape of excluded 
volume 1.5 consldered. The reallstlc values of 
molecular ionlzatlon Potential are obtalned from 
clearlng temerature data according to Haler-Saupe 
theory. 

INTRODUCTION 

The Progress in Haler-Saupe molecular-statlstical theory 
Cll is Known to be the basls of any modern theory of 
'nematlc llrmld crystal - lsotroplc llrmld" Phase 
transitlon (HI) .  The TNI value can be calculated by the 
followlng relatlonship : 

where V 1s molar volume at transltlon temperature and the 
constant A is expressed, accordlng to Ref. C21,as follows : 

( I L O ~  - molecule excltatlon energy ldentlfled wlth 
lonlzatlon Potentlal 1. 

In Ref. C21 the right Part of E m 1  is reduced by a 
coefflclent B when the contribution of rermlslve forces or 
excluded volume to the Interaction of molecules 1s taKen 
into account . Therefore 

Tni ( A / I g V 2  I / (  4.54 - B I-' ( 3 )  

The excluded volume 1s determlned as a VOlUme of the 
body whlch is a locus of centres of the second rod-llke 
molecule moving around the flrst one and touchlng It 121. 
If molecules are approximated by spherocyllnders wlth 
length L and dlameter D . conslderatlon for the 
excluded volume made in Ref.3 leads to the follOWlng 
emresslon for B : 
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where P=L/D is a form-factor of a spherocullnder. BY dlffe- 
rentiating Tn1 on P one may obtain the following 
expression : 

Formulae ( 3 ) . ( 4 )  are consldered to be Valid only for 
explanation of a variation in T,,-values wlth a change of 
the dimensions of the molecular core CYI. The above for- 
mulae seem to be not Suitable for homologous series if the 
molecule length is influenced by the dimensions of alKYl 

Similar discrePancY was observed - when definins 
the varlatlon of elastic constants ratlo K /K44 In 
homologous series due to van der Meer et al. t&%r.u C ~ I .  
According t o  the theory the ratio K33/K44 p2 ,I. e. its 
value increases as a square of the substituents length. 
However the experiment shows the decrease of the K33/Kqf 
ratio in homologous series. 

In Ref.6 the molecuiar aPPrOaCh was Proposed to mold 
the contradlctions mentloned.It is based on the calculation 
of the dimensions of space occupled bP a molecule and the 
suggestion that the form of this space corresponds to the 
shape of excluded volume. There was also explained a great 
variety of ViscoSitY and elasticity coefficients. their 
different ratios in homologous series of tolane derlVatLVeS 
and some other substances. 

m e  Purpose of thls Paper is the further develoPment 
of a molecular model 163 t o  calculate both geometric and 
electronlc Parameters of a molecule and t o  aPPllcate It for 
the description of the TNz change in various bi- and 
trlcuclic zematic mesoBens. 

substituents but the width not C2,41. 

CALCULATION OF HOLECULAF? DLIWNSIONS,FORA AKD POLARIUBILITY 

The molecular Parameters were CalCUlated for  some weak- 
Polar substances , mainly for 4-alK~1-4'-alKox~tolanes 

with the abbreviation n m  or,in some cases as n-m. AS these 
substances Possess low values Of dielectric constants 
(s-zn* 23) ~7.83. their Polarity is small and the contrlbutlon 
of Polar interactions is negligible in many cases. 

C r ) H 2 n d - G  H , , - C X - % H ~ - O C ~ H ~ M + ~  WhlCh are further designated 
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DEPENDEEICE OF Tni VALUE ON MOLECULAR PARAPETERS 1324311677 

Let us introduce two molecular coordinate systems 
(Fig.11, The main axis of the first one coincides with the 
direction of the maximal leneth of a molecule tx(mol)).The 
main axis of the second system colncides wlth the long axis 
of the molecular core (XI. We shall call these coordinate 
systems as the long system and the core one. 8 (moll is the 
angle between both systems (Fig.1). We suppose both benzene 
rings and their substituents in trans-configuration to be in 
the same Plane. So we can easily obtain the directions of 
Y. ~(moi) and z axes. 

ReferrinB t o  Fig.1 we calculated the coordlnates of 
each atom. dimensionsof a molecule Ltmol1,Wtmol) and Space 
occwied by this molecule L. W. Some obvious relationships 
are fullfilled : 

tg @moll = W/L (6 )  

( 7 )  Ltmol) I t ~ 2 +  w iU2 - ~/cas 8 tmoi) 
The variation of L(mo1) in homologous series Proved to be 
monotonous and the average width of a molecule aPProxlma- 
telv constant. That can be determined with van der Waals 
volume 

( 8 )  
2 Vo = $ L(m0l)W t~l)/4(1-1/12ptmol)) 

of spherocylindrical molecules.Therefore, the form-factor 
in long coordinate system pfmol) = Ltmol)/Wtmol) varies 
monotonously and does not corresmnd the change of 
Physical Parameters with increase in length of substituents. 

ii 

L A  
r e  *, 

Fig.1. Definition of molecular coordinate systems for 
4-alk~1-4'-alKox~tolanes. X. Y, z - rlgid core SYStem, 
x(mo11, Ytmo1)tnot shown). z - long coordinate system 
(see text). L,W - dimensions of a Space occupied bY a 
molecule . 
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2.8 

P 
2.6 

2.4 

2.2 

t 
\ \rn =2 

4 6 8 40 n+rn i2 
Fig.2. Dependence of the form-factor P=L/W on the sum 
tn+m) of carbon atoms in alkvl and alkoxYsubstituents. 

It is m i t e  different with the form-factor P=L/W 
deflned in the core coordinate system (Fig.2). The P value 
is strongly dependent on both the length of a substituent 
and its configuration. Horeover different nTOm isomers with 
constant tn+m) sum have different P values. E. g. the P 
value increases in series of substances (9-11<(8-2)<(7-3)< 
(6-4) < ( 5 - 5 )  < (3-7). The isomeric effect is due to the 
difference of (CCC) and (COC) valent angles (Fls.11. The 
alkoxy chain in this coordinate system is closer to the x 
axis than the alkY1 one. 

The core Coordinate system was also used for calculation 
of Polarizabilitv tensor comonents and its anisotropr! 

2 = ( d s x  + d?ly + 4 2 2  1 1 3  I according to vws procedure 
C91. "he results are shown in Fig .  3a,b. Obviouslrr 
A d  / J ( A d =  o(\\ - 0 t ~  = d x x  - O . 5 ( d y y  + 422 I ,  

Ad tmol 1 = A ~ C O S Z  d t m o ~  I ( 9 )  
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DJPENDENCE OF Tni VALUE OH HOLECULAR PAR-ERS [32451/679 

0.68 

0.66 

0.45- 

\,n=5 \ - 

rn =5 =\. /-* 

\. T- -+ \> 
- 

*\ 

4 1 ,G , ,8 I ’\/.‘ I ,42 

&1 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
44

 1
8 

Fe
br

ua
ry

 2
01

3 



680/[3246] VICMR EELYAEV 

It should be mentioned that values of 2 calculated bY us 
and experimentally determined by the data of refractive 
indices and density for 5M1 and 7TO3 Cl0,lll coincide. 

The isomeric effect in&(/ a tn+m) variation is absent 
in the core coordinate system and weii Pronounced in the 
long one.The Pecularitr ofAd/z change 1s its quantization. 
We can see later it may be sequence of variaton of the 
orientational Part of the interaction energy in 
homologous series r61. 

More detai4ed Procedure of calculation of molecular 
dimension.PolarizabilitY and discussion will be Published 
later c 12,131. 

Here we appllcate these results to explain the T 
dependence in frames of the excluded volume model c2~31. m 
DEPENDEHCE OF CLEARING TEEPERATURE ON FORM-FACTOR P 
AND ANISOTROPY OF POLARIZABILITY 

Fig. 4 shows n m  clearing temperatures TNZwith a 
change of n+m from 4 to 12.Tem~erature values were measured 
for some substances in the Laboratory of LC of the 
university of Vilnius (Lithuania) and taken from Refs.7,14 
for other tolane substances. The even-odd alteration of the 
T ~ ~ v a l u e  is pronounced when both n and m varu.Let us 
consider the T m  variation in isomeric substances. For 
substances with the odd sum of tn+m). a dff4WBCe of TNT 
values seems to be a natural consermence orientation of 
both end c-c bonds liKe in P M  (4.4’-dialKox~azox~benzene) 
series.When the sum of (n+m) is even the isomeric effect of 
another tme is observed. So. the T~~values for comounds 
with m=2 are hieher than these for substances with m=i or 
m.3. For tn+rn)=io isomers.the following sequence is valid : 
T&9-1) < T~z(7-3) < Tm(6-4)< T~r(5-5)~ m(3-71, i. e., the 
sequence of changing of the form-factor P is observed 
except for substance 8M2 . 

Fig .5  Presents relationships of TNI(P) for various bl- 
and tricyclic derivatives of tolane, butadiyne, PhenYlPurl- 
midine and biphenyl. The cores of molecules of these 
substances have Pronounced long axis . It makes Possible to 
vary the quantity of P in a wide range (from 2 to 3.45). 
This dependence is disintegrated into several branches with 
various steepness which is comared wlth one calculated 
from formula (5). 

First let us consider the results for molecules 
containing two short substituents tn,rq(31 whlch are charac- 
terized by little emergence of sauche-conformations.The 
line passing through the Points CorresPonding to TNZ 3CT2 
and 3CT3 , 3PBD3 3TO2 has the incline value close to the 
theoretical one.Wfien rnp all the Points fall on a straight 
1 ine for any nTOm, nPyP0m and nBPn compounds. The maenitude of 
the derivative dTNI/dP decreases to a half of the magnitude 
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DEPENDENCE OF Tni VALUE ON MOLECULAR PARAPETERS [32471/681 

i00- 
tN1,  
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* /  I *\ .- 

I I 7 -30 qn35 
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,n=5 

Fig. 4. Clearing temeratures ~ ~ / r o f  n m .  Here and 
after the orlentation of end C-C bonds In substl- 
tuents is designated as + (--).x (\U,o ( - \ I ,  h-!. 
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DEPENDEHCE OF Tnl VALUE ON HOLECULAR PARmmS[32491/683 

calculated accordlng to (5). A decrease in steepness of the 
TNI(P) dependence becomes the more Pronounced, the shorter 
alkoxusubstituent tm=2 and m=l). It would be quite natural 
to ezPlaln this PhenOrWnOn by the emergence of rotatlonal 
isomers wlth a small wldth W of a space occwled by such 
molecules. In thls case the "Y"-coordlnateS of each atom in 
a short rlgld alKoxvsubstituent are less than these ones in 
aPOmatiC core. The rotation around even Cj-Cj+L bonds in 
a long alkyl chaln results in gauche-conformations with 
smaller wldth of a molecule too. 

A change In T,v~ wlth lncrease of flexible substi- 
tuents of other classes of substances may also be eXPlalned 
by the changing of the form of rotatlonal isomers. So. for 
the third and flfth PBD homolougues there is found a 
decrease in T ~ ~ b u  ZOK wlth a decrease In P by 0.46.This 
corresponds to a change In TNr by -2OR wlth a decrease in 
P by 0.34 for substances wlth nearly ewal dlmenslons of 
substltuent's ( 3TO2 and 5Tw 1. When comParlng the Palrs 
3TO2 and 4TO2, 3CT3 and 4CT3 one can see that values of 
A T ~ ~ / A  P are close to them In terms of the order of 

respectlve139 . 
Let us conslder a rield substltuent of a substance 

(m=l) or a molecule contalnine the lateral moiety mlch 
distance to the lone (XI axls,l.e. the "Y"-coordlnate, 
exceeds the correswndlng dlstance of any atom ln alkoxy 

tmes piace. chaln. If m= 1 eVen-Odd Change In TN 
For odd n . the TNZvalue appears to e constant. It ma7 
be also explained by the emergence of rotatlonal isomers 
that stabilize the molecule's orientatlon In I ong 
homolougues. If a molecule contalns 2-F or 2-CH lateral 
substltuent. the tllt of TN~(P) dependence 1s close to that 
calculated by (5) when thls dependence 1s extrapolated from 
the sectlon of 3PBD3-3TOZ of the maln llne (Fle. 5 ) .  

For bicrclic substances, the rlght branch of T&P) 
dependence 1s a line runnlng In the vlclnlty of 3PBD3, 
3TO2, 3TO1, 3T4 Points with the lncllne dTNr/dP = 193 IC. 
Taking lnto account the weak Polarlty of tolane derlvatlves 
one may assume that the extreme llne along the whole F i B . 5  
( Plane "clearing temerature-molecule's form-factor" 1 
separates the zones where gnematic-i~~tr~~lc llsuld" Phase 
transitlon is Posslble . We may call this llne as the 
geometrical border of nemat 1c mesophase. 

Above the extreme line the transitlon temperature rlSeS 
due to the lnfluence of rotatlonal lsomers or higher Fala- 
rlzablllty of the molecular core or its termlnal substltu- 
ents, e. g. ,  halogens. CN-group etc. In this case a change ln 
T h ~ m a ~  be result of increasing the molecular length or 
anisotropy of Polarizability. So, for nCT-Hal the observed 
increase In TNxwith a rlse In P (dT#1/dP=227K) corres- 
ponds to the calculated one (200-220lU.For 2CTCN and 3PTHa4 

magnitude (-17.5/0. 17 = -103 K and -11/0.23 = -55 E 

5?+m) 
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684/[3250] VICTOR BELYAEY 

the value of T N ~  is also affected by anisotropy of Polarl- 
zabilitr. apart from the slze. 

From En.5 it follows the thermostabilltr of mesophase 
with any values of P > 5.21. For thermotrOPiC LC, 
significant varlatlon of the form-factor seems to be 
slightly variable. LYotroPic LC have much wider range of 
the form-factor variation whose mlcelles form may be 
controlled by the change of concentration of one of the 
components C191. HanY Phase diagrams In iuosystems have a 
sharp change in the transition temperature under a slight 
change in the mesophase comosition.We thinK it may 
emlalned to a great extent by the varlation of the 
geometric shape of a mlsceile c201. 

Let us consider the suitability of the calculated 
values of aniSotroPY to estimate the ionization 
potential Iion of a Particular molecule from (11, (2) 
ermatlons from which it follows : 

where N, is Avogadro's number. The molar volume in the 
nematic Phase v was determined for n m  from the average 
refractive index <n> when comaring refractions of 5TO1, 
7 M 3  and other substances E8, 10, 11 I. To make 
calculations it was assumed that anisotropy of 
PoIarizabi1lty is equal to Adtmol). 

From the data Presented In Fle.6 it follows that 
addition of a methylene grow t o  any alkY1 or 
alKoxYsubstituent results In increasing the I;on value by 
1.2-1. 4*10-1* J = 7 .  5-8. 3 eV Per one molecule. 

The C-c bond ionization energy is equal to E(C-CI= 
343 kJ/mole l181 and for C-H bond it is equal to E(C-H)= 
395 kJ/mole C191. For CH2 grow? the ionization energy seems 
to be equal to E(CH )=E(C-C)+2E(C-H)=1133 KJ/mole=12 eV, 
which exceeds slightly the values obtalned from TNI. 

The lonlzatlon Potential Iion amounts to 130-160 eV, 
which is 16-22 times more than the estimatlons obtained in 
Ref.2,23. It 1s worth emhaslzlng for the truth that In 
t21 the I;on value 1s Presented only for certain molecules 
which are cores of ordinary mesogen molecules. 

Thus, geometric and electronic parameters of we*- 
polar molecules wlth two flexible substituents may be con- 
veniently described in the coordinate system related to 
a rigid core of a Particular molecule. This enables t o  
explain the influence of substituents configuration and 
molecular Polarizabilitv on the values of NLC clearing 
temperature and other PhYsico-chemical Parameters. 
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F i g . 6 .  Dependence of ionization Potential lion of nTom 
molecules calculated according to (10) on the sum (n+m). 
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