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DEPENDENCE OF NEMATIC-ISOTROPIC PHASE TRANSITION
TEMPERATURE VALUES OR MOLECULAR PARAMETERS OF
WEAK-POLAR HEMATICS

VICTOR BELYAEV
Central Research Institute "Cometa”
5, Velozavodskaya ul., Hoscow 109280 Russia

Abstract Dimensions, share and polarizabllity of a
weak-polar melecule and a space occurled by it 1in
different molecular coordinate systems have been
calculated. For various substances, the dependence
of the clearing temperature on a share of excluded
volume 1S considered. The realistic values of
molecular ionization potential are obtained from
clearing temrerature data according to Maier-Saure
theory.

INTRODUCTIOR

The Progress in Haier-Saure molecular-statistical theory
[1] is Known to be the basis of any modern theory of
"nematlic liquid crystal - 1sotroric 1liquid™ Phase
transition (NI). The xMI value can be calculated by the
following relationship :

A/ KTy V2= 4, 54 (1)

where V is molar volume at transition temperature and the
constant A is expressed, according to Ref. {2],as foliows :

A= (AT2/135 ) ((y -o!_(_)QI-‘O” (2)

( I.op, - molecule excitation enerdy identlfied with
ionization potential ).

In Ref. [2] the right part of Ean.1 13 reduced by a
coefficient B when the contribution of repulsive forces or
excluded volume to the interaction of molecules is taken
into account . Therefore

1 (3)

Tpi B ( A/KgV> )/( 4.5% - B)

The excluded volume 13 determined as a volume of the
body which 1is a locus of centres of the second rod-iike
molecule moving around the first one and touching 1t [&].
If molecules are approximated by spherocylinders with
length L and diameter D ., conslderation for the
excluded volume made 1in Ref.3 leads to the following
expresgion for B :

{32411/675
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2
55 2pL?(1-p/L)? (p-1)
B = ~-%-emmee FTTTTIoT = 3, 75-~---~ (4)
32 (m/4)DL(1-D/3L) (3p-1)

where p:=L/D 18 a form-factor of a spherocvlinder. By diffe-
rentiating Tni on P one may obtain the following
expression .

—=== 3 meeme—meaoo-. ST (5)
dar {3p-1) {(-3. 75" +21. 12Pr-8. 29%)

Formulae (3), (4#) are considered to be valid only for
exrlanation of a variation in T, values with a change of
the dimensions of the molecular core [4). The above for-
mulae seem to be not suitable for homologous series if the
molecule leneth is 1nfluenced by the dimensions of alkyl
substituents but the width not [2,4].

Similar discrepancy was observed . when defining
the variation of elastic constants ratlo K, /K, in
homologous series due to van der Meer et al. thedry @ (5.
According to the theory the ratio Kz3/Ky ~ P2 .1.e. 1ts
value increases as a square of the - substituents length.
However the experiment shows the decrease of the Kg; /Ky
ratio in homologous series.

In Ref. 6 the molecular arproach was Ppropoged to avoid
the contradictions mentioned. It 18 based on the calculation
of the dimensions of space occupied by a molecule and the
suggestion that the form of this space corresponds to the
share of excluded volume. There was also explained a great
variety of viscosity and elasticity coefficients, their
different ratics 1n homologous series of tolane derivatives
and some other substances.

The purpose of this paper 13 the further development
of a molecular model [61 to calculate both geometric and
electronic parameters of a molecule and to applicate 1t for
the description of the T,r chan€e in various bi- and
tricyclic nematic mesogens.

CALCULATION OF MOLECULAR DIMENSIONS, FORM AND POLARIZABILITY

The molecular parameters were calculated for some weak-
polar substances , mainly for 4~alKyl-4'-3l1Koxytolanes
CpHanyq -G Hy~CzC-CeH~QCmHom.¢ Which are further designated
with the abbreviation nTOm or, in some cases as n-m As these
substances possess 1ow values of dielectric constants
(e =n2 =3) [7, 8], their polarity is small and the contribution
of Ppolar interactions is negligible 1in many cages.
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Let us introduce two molecular coordinate systems
(Fig. 1). The main axis of the first one coincides with the
direction of the maximal length of a molecule (X(moOl)). The
main axis of the second system coincides with the 1ong axis
of the molecular core (X). We shall call these coordinate
systems as the long system and the core one. B (mol) 13 the
angle between both systems (Fig.1). We surposé both benzene
rings and their substituentse in trans-configuration to be iIn
the same plane. S0 we can easily obtain the directions of
Y. v(mol) and 2z axes.

Referring to Fig. 1 we calculated the coordinates of
each atom, dimensionSof a molecule L(mol),W(mol) and space
occuried by this molecule L, W. Some obvious relationships
are fullfilled :

te Pmol) = w/L (6)
41/2

Lwol) = ( L2+ w2 )%~ Lcas® mo) (7
The variation of L{(mol) in homologous series proved to be
monotonous and the average width of a molecule arPproxima-
tely constant. That can be determined with van der wWaals
volume

Vo = 4 L(mol)W2(mol) /4 (1-1/12p(mol) ) (8)
of spherocylindrical molecules. Therefore, the form-factor
in long coordinate system P(mol) = L{mol)/W(mol) varies

monotonousiy and does not correspond the change of
Physical parameters with increase in length of substituents.

H)

Fig. 1. Definition of molecular coordinate systems for
4-a3lkyl-4‘-alkoxytolanes. X, ¥, Z - rigid core system
x(mol), v(mol)(not shown), Z - long coordinate system
(see text). L,W - dimensions of a space occuried by a
molecule .
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2.4

A N 1 . Az . i i |
2.2 L 6 8 A0 pem 42

Fig. 2. Dependence of the form-factor p:=L/W on the sum
(n+m) of carbon atoms in alkyl and alkoxysubstituents.

It is 4quite different with the form-factor Pp:=L/W
defined in the core coordinate system (Fig.2). The P value
is strongly dependent on both the length of a substituent
and its configuration. Moreover different nTOm isomers with
constant (n+m) sum have different P values. E.g.,the P
value increases in series of substances (9-1)<(8-2)<(7-3)<
(6-%#)<(5-5)<(3-7). The isomeric effect 13 due to the
difference of (CCC) and (COC) valent anegles (Fig.1). The
alkoxy chain in this coordinate system is closer to the =x
axis than the alkyl one.

The core coordinate system was also used for calculation
of polarizability tensor components and 1ts anisotropy
DAL s L AN oy -H =gy -0.5(Xyy + Az ),
A = (dxx +fLyy + olz2z )/3 ) according to Vuks procedure
[9]. The results are shown in Fig.3a,b. Obviously

Aol (mo1) = Acseosz B (mol) (9)
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066l . 6 . 8 ¥ 4

Fig. 3. Dependence of the relative anisotropy of

polarizabilitY A o{/ o{ on the sum (n+m) for nTOm 1n
core (a) and long (b) coordinate systems. In Fie. 3a
m is even - continous Iine , m is odd - dashed line.
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It should be mentioned that values of of calculated by us
and egxperimentally determined by the data of refractive
indices and density for 5TO1 and T7TO3 (10,11} coincide.

The 1someric effect inAo«{/ & (n+m) variation 1s absent
in the core coordinate system and well pronounced in the
long one. The pecularity ofAo{/o{ change 18 1ts quantization.
We can see later it may be sequence of variaton of the
orientational rpart of the interaction energy 1in
homologous series [6].

More detailed procedure of calculation of molecular
dimension, polarizability and discussion will be published
later (12,131,

Here we aPplicate these results to explaln the T,
dependence in frames of the excluded volume model [2,31. AT

DEPENDENCE OF CLEARING TEMPERATURE OH FORM-FACTOR P
AND ARISOTROPY OF POLARIZABILITY

Fig. 4 shows nTOm clearing temperatures $~i-with a
change of n+m from 4 to i2. Temperature values were measured
for some substances 1in 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
TAa:value 1s pronounced when both n and m vary.Let us
consider the Tpyr variation in 1isomeric substances. For
substances with the odd sum of (n+m), a differénce of TN
values seems t0 be a natural consequence orientation of
both end C-C bonds liKe 1in PAA (4,4'-dlalKoxyvazZoxrybenzene)
series.When the sum of (n+m) is even the isomeric effect of
another tyre is observed. So, the T,y values for compounds
with m=2 are higher than these for substances with m=t or
m=-3. For (n*+m)=10 isomers, the following sequence is valid :
Iﬂr(9~1) < Ty (T-3) < Tar (6-4)< Ta(5-5)< Ty (3-T), 1. e., the
sequence of chaneing of the form-factor P 18 oObserved
except for substance 8TO2 .

Fig.5 pPresents relationships of TWT(P’ for various bil-
and tricyclic derivatives of tolane, butadiyne, pPhenvylpyri-
midine and biphenyl. The coregs of molecules of these
substances have pronounced 1ong axis . It makes possible to
vary the quantity of P in a wide range (from 2 to 3.45).
This dependence 18 disintegrated into several branches with
various steerness which 1s compared with one calculated
from formula (5).

First let us consider the results for molecules
containing two short substituents (n,m¢3) which are charac-
terized by 1little emergence of gauche-conformations. The
line passing throueh the points corresponding to T, 3CT2
and 3CT3 , 3PBD3 , 3TO2 has the incline value close to the
theoretical one.When m32 all the points fall on a straieht
line for any nTOm, nPYPOm and nBPn compounds. The magnitude of
the derivative dtNI/dp decreases to a half of the magnitude
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Fig. 4. Clearing temperatures Tyr of nTOm Here and
after the orientation of end C-C bonds in substl-
tuents is designated as + (--). X (\W, 0 (_N\), (\_).

n+m




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 18 February 2013

682/[3248] VICTOR BELYAEV

_’L 3-(f o
NI +
o - CT
C \r\]?T+ Haf;// 0 . n /T
200 5-F §E+;x =
2 2 C T-Haf
_A3-3

P

Fig. 5. The dependence of the clearing temperature T on
form-factor p for various weak-polar nematic LC con-
sisting of molecules with riglg 1)1near core.

3T4 - CzHz-C.H,-CzC-C¢Hy-CyHg (4

® - hHZVH-:L 861'{1‘ -C=Cz @ OCmHvawin

T - CpH2n+~ CGH" -Cz g‘ OCmH 2m+d}

SPPS - CgHyq cguq CeH,%CsHyq (151

= - -CH—( Y2 Cqu -C=zC- CgH,,l'CF3, m=-3 or 6fi6};
nPYPOM~ CnH2wi3(8 ¥ -Cety ~OChHomf1 7] (4 -m 0dd, O -m even);
NPEDN - CpHy, .4 ~CoH,~CzC-C=C-C H,-CyHzpet [18):

nCTm - CpH2n4g ceHi ~Cg Hy ~C=C- C‘,Hu CrH2med $

2CT-Hal - czub-—cenw C Hy-C=C- CGHQ—F.CI Br or CH;
nPT-Hal - CpHy,,; ~C H,-C H,-CzC-C H,-F or Cl.
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calculated according to (5). A decrease in steepness of the
Tnr(P) derendence becomes the more pronounced, the shorter
alKoxysubstituent (m=2 and m=1). It would be quite natural
to exrlain this phenomenon by the emergence 0f rotational
1somers with a small width W of a space occuried by such
molecules. In this case the "y"-coordinates of each atom in
a short rieid alkoxysubstituent are less than these ones in
aromatic core. The rotation around even qj—C3+4_ bonds in
a long alkyl chain results in gauche-conformations with
smaller width of a molecule too.

A change in Tpr With increase of flexible substi-
tuents of other classes of substances may also be exrlalined
by the changing of the form of rotational isomers. So, for
the third and fifth PBD homolougues  there is found a
decrease 1in T,,r by 20K with a decrease in p by O0.46.This
corresponds to a change in Ty by -20K with a decrease in
P by O0.34 for substances with nearly equal dimensions of
substituents ( 3T02 and 5TO4 ). When comparing the pairs
3TO02 and 4TO2, 3CT3 and 4CT3 one can see that values of
[§T 7/ P are close to them in terms of the order of
magnltude {(-17.5/70.17 = -103 K and -1170.23 = -55 K
respectively).

Let us consider a rieid substituent of a substance
(m=1) or a molecule containing the lateral moiety which
distance to the long (X) axis,i.e. the "y"-coordinate,
exceeds the corresponding distance of any atom 1n alKoxy
chain. If m=1 even-odd change 1in Tyr{n+m) takes place.
For odd n . the Tyrvalue arpears to be constant. It may
be also explained by the emergence of rotational isomers
that stabilize the molecule’s orientation 1in ione
homolougues. If a molecule contains o-F or o-CH lateral
substituent, the tilt of Tyz(P) dependence 13 Close to that
calculated by (5) when this derpendence 1is extrarpolated from
the section of 3PBD3-3TO02 of the main line (Fig.5).

For bicyclic substances, the right branch of Tyr(P)
dependence 1s a line running in the vicinity of 3PBD3,
3TO2, 3TO1, 3T4 points with the incline dTyr/dp = 193 K.
Taking into account the weak polarity of tolane derivatives
one may assume that the extreme line along the whole Fig.5
{ Pplane Tclearing temperature-molecule’s form-factor® )
separates the zones where “nematic-isotroric liquid" phase
transition 1is ©Possible . We may call this line as the
geometrical border of nematic mesophase.

Above the extreme line the transition temperature riges
due to the influence of rotational isomers or higher pola-
rizability of the molecular core or its terminal substitu-
ents, €. €., halogens, CN-group etc. In this case a change 1in
TyT May be result of increasing the molecular 1length or
anisotropy of polarizability. So, for nCT-Hal the observed
increase in Tyr with a rise in P (dTyr/dpr=227TK) corres-
ponds to the calculated one (200-220K).For 2CTCN and 3PTHal,
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the value of Tar is also affected by anisotropy of Ppolari-
zZzability, apart from the size.

From Eq. 5 it follows the thermostability of mesophase
with any values of P > 5.21. For thermotroric LC,
significant variation of the form-factor seems to be
slieghtly variable. Lyotropic LC have much wider range of
the form-factor variation whose micelles form may be
controlled by +the change of concentration of one of the
components [19]. Hany phase diagrams in lyosystems have a
sharp change in the transition temrperature under a slight
change 1in the mesoprhase composition.We think it may
exrlained to a great extent by the variation of the
geometric shape of a miscelle [201.

Let us consider the suitability of the calculated
values of anisotropy 1o estimate the ionization
potential JIion of a particular molecule from (1), (2)
equations from which it follows

135 v 2
Iiow = ——=—- T, ( ——————— ) (10)
10n 4 KQNI

where Ny 1s Avegadro’s number. The molar volume in the
nematic phase V was determined for nTOm from the average
refractive index <«n> when comparing refractions of STOi.
TTO3 and other substances i8, 10, 111. Te maKe
calculations it was assumed that anisotropy of
polarizability 12 eaual to Aol(mol).

From the data presented in Fig.6 1t follows that
addition of a methylene Eroup to any alkyl eor
alkoxysubstituent results in increasing the Iion Value by
1.2-1.4%10-4% J = 7.5-8.3 eV per one molecule.

The C-C bond ionization energy is equal to E(C-C):=
343 kKJ/mole [18] and for C-H bond it is equal to E(C-H):=
395 kKJ/mole [19]1. For CHq grour 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 obtained from T,r.

The ionization potential Ijgn amounts to 130-180 eV,
which is 16-22 times more than the estimations obtained in
Ref.2,23. It 1is worth emphasizinege for the truth that in
{2] the Ipn value is presented only for certain molecules
which are cores of ordinary mesogen molecules.

Thus, egeometric and electronic Pparameters of weak-
polar molecules with two flexible substituents may be con-
veniently described in the coordinate system related to
a rieid core of a prparticular molecule. This enableg to
exrlain the influence of substituents configuration and
molecular Ppolarizability on the values of NLC clearing
temperature and other physico-chemical parameters.
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Fig. 6. Dependence of ionization potential Ijon of nTOm
molecules calculated according to (10) on the sum (n+m).
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