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PHYSICAL STUDIES OF HOMOLOGOUS
Di-n-ALKYL-4,4-AZOXY-o- METHYL CINNAMATES

RANGA REDDY, R. N. V.")) MURTHY, V. R."), Anantapur

The mean polarizabilities of homologous series of liquid crystals of di-n-alkyl-4.4'-
-azoxy-o-methyl cinnamates are evaluated by using the Modified Lippincott-5-
-Function Potential (ML&P) method. From these polarizabilities the mean diamag-
netic susceptibilities of the liquid crystals are calculated. The anisotropy of molecular
polarizability of these mesogens is also estimated. The orientational order parameters
of these compounds are also evaluated using the Vuks and the Neugebauer methods.
The variation of the order parameter with temperature is discussed.

I. INTRODUCTION

It is very well established that the order parameter of hquid crystals governs
most of its physical properties [1—3]. It is possible to describe the order
parameter by any one of the tensorial properties [3—5]. In the present paper the
refractive index has been selected as a macroscopic property to represent the
degree of ordering. Most of the practical applications of liquid crystals utilize
the optical anisotropy of liquid crystals. The temperature dependence of the
order parameter gives us an idea of the nematic phase. The physical behaviour
of liquid crystals is remarkably subtle and is strongly influenced by the mole-
cular structure and the contents of the mesogenic molecules. Polarizability
studies are quite helpful in gaining a good understanding of the molecular and
structural characteristics and their influence on the physical properties of
mesogenic materials. In the present communication, we report the mean pola-
rizabilities for the homologous series of di-n-alkyl 4,4 -azoxy-e-methyl cinnama-
tes

C,H,, ,  OOCC(CH,)CHCH, = N—CH,CHC(CH,)COOC,H,, . ,

{
0

for n = 4 to 9 by using the modified Lippincott-5-function potential method
{6—11]. The mean diamagnetic susceptibilities of these compounds are eva-
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II. METHOD

(i) Calculation of mean polarizability

The Lippincott-S-function potenti
evaluation of polarizabilities of sim

?uﬁéﬁw J, M

where T is the temperature

pertaining to the study of the liquid crystal property
and T; is the liquid cryst

alline transition temperature. 4 and A
J-function strengths in liquid and liquid crystalline phases.
Now the modified expressions for the parallel bond component (Xgq,,), the

perpendicular bond component (£@,) and the non-bond region electron contri-
bution (Zd,,) can be written mm

rc are the

1 _ _
a = w AMQ_E + 2a, + 224,), : 2)

where

. 4nA T— 2 2 —X.)?
£, = 4Alexp (T - 1)/ _HW T m%@ — T\S Xp) @ 3)
R

ydrogen, R the bond length, C, is the
geometric mean molecular &function strength, X,, X, are Pauling’s elec-

tronegativities for the atoms A and B in the bond A—B,

26, = Xf,a, &
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Met yl cinn
olarizabilities AX 10* cm v of di-n alkyl A,& AZOXY-a

a
A —

] activity
7 22a Present Refractivity
“ i s ’ method method
56.87
1 112.46 1.97 52.84 mm..m 0.0
—ch_ i21.16 1.97 57.36 60. : 6157
.”—“v\ 1 129.86 1.97 61.89 MMW.\ £ 3
:%w\_ 138.56 1.97 wm.ww o o
97 i 1 7842
tyl 147.25 1.9 o
mww& 155.95 1.97 75.45 7.7

i P _\—Q a; is its
here f; is the fraction of the non-bonded electrons of the jth atom a Y
w . ct
atomic polarizability.

- M.xw Q_. GV
MNQPHEQ\—H M.vn\,n H—u |
Nis
. iven by ny, = (3N — 2):
. ber of degrees of freedom given by Ny = (34 b
Mﬂrawﬂmﬁvm M_M mﬂMHm and n, is the number of bonds in the liquid crysta
e

@
a-af1-2a-1)|
O

i era-
T, is the transition temp
is the slope of the o versus the ¢ curve, T; e The
M,;“Mnn N _Hmra ao:w%% in the liquid phase and ais the mean co_mM._NM_.”maM o o
:ME% _onSEEW phase. Details of the derivation of Eq. (6) are dis
. 9 A ansition
Em‘wwo%wowwmw% Mmﬁm on bond lengths are taken from Ref. [15]. Hﬂmhwmd::mnm
temperatures of this systems are taken from Ref. {16]. The Eo%:%%. T ong with
of :wn liquid crystals calculated using Eq. (6) are nnomaﬁoa :Mﬂ a e v indices
the values estimated from the refractivity method [7] using the re
data of Ref. [16}.
(ii) Calculation of diamagnetic susceptibility
. % g . BQ mean
The semi-empirical relation between the diamagnetic susceptibility 4
polarizability of liquid crystals is given as [8—11]

%
the

—x=(Ymo)a,
= (0.9 i noting
here Y = (0.9)" gives the saturation state of the molecule with » de
wher ;
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A . Table 11
—U_m:ﬁm i ibiliti 1
gnetic Susceptibilities ( x 10° CGS units) of Di-n-Alkyl 4.4"-azoxy-a Methyl cinnamate.
; -a- amates

(R) /&
Present method Pascal’s method

Buty! 28.15

Fioad .38 ot

Heptyl 32.71 32.68

Octyl 34.95 um‘om

Nony! s 1 uq.AN
3941 39.80

numbe i i
num! r of w:mmﬁﬁm:& co.:am and rings in the molecule; ¢’ is the degree of
ency of the characteristic group and is given as

o' = (almam . glmyn, -

where o ing’
e m_m Mwm..rqu are ww:.__sm § percentage of covalence characters of the bonds
I M: mamomoﬂ._mm._o group, n, » My ... m, are the bond orders of the various
Jonds < aracteristic group, m is a constant which is equal to 0.72 x 10"
,:”& ues of o; are taken from Ref [18]. . .
. i . B g
mean diamagnetic susceptibilities of these mesogens calculated from

Eq. (7) are presented in T . )
method [19, 20], in Table II along with the values estimated from the Pascal

(iii) Calculation of the molecular polarizability anisotropy

Asiti
he wmm meﬁwoé%m‘io need a So_oo_.:ma polarizability ellipsoid rather than
erysiare e po _Nw tlity to study the a.:ooaosm_ properties of the anisotropic
-l n..n o Calculation of the polarizability a, we take the molecular axis
O ._A.V:.M:m the oo:ﬁnnm Om the two benzene rings and assume the
o e € rigi ..,.:5 n.o_m:.NmU:_Q contribution parallel to the molecular
e polarizability ellipsoid of a polyatomic molecule is given by

@ = 2¢,cos’ O + X, sin2@ 9)

Mwﬂmawmwmownnmmw c.o:amv, where @ is the angle between a bond and the mole-
b oosu o,,r mMH ﬂk are the .ﬁmB.:.o_ bond component and the perpendicular

o con wcmm o Mrn polarizability.
e M.omw of the no:ﬁo.wgoa.ao_oo:_ma structures of many of these
rtane 8, o ~ooﬁwwmmwo of ::_b.u:::v\. and simplicity the bond angles are
cases me ooe ! or the bonds involving tetrahedral linkage and in all other
- otandard values of bond lengths are assumed and the angles
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between the various bonds and the molecular axis were determined by drawing

a figure of the molecule (Fig. 1). B .
Using the value ¢, obtained from Eq. (9) the molecular polarizability aniso-

tropy can be calculated as
3

(¢ —a,)= 5 (a — @),

(10)

where @ is the mean polarizability obtained from the MLSP method.

Fig. 1. The shape of the molecule di-n-butyl 4,4’-azoxy-a-methyl cinnamate.

The a, can be calculated as

~ an

5. H Qlwﬂa_, Iab.

From the polarizability anisotropy (@, — a,), the scaling factor (a/a, — a,)

can also be estimated from this MLSP method.

(iv) Calculation of the order parameter

The orientation order parameter S is defined as

L (12)

3
S ==<{cos’@) —
NA 2

where @ is the angle made by the long molecular axis with the preferred di-
rection and the brackets denote an average over the molecules in a macroscopic

volume.
263



,;,m _un.:anm: no_m:.NmE::om of the molecules, the anisotropic nature of the
ﬁo_m:Nm:o: mo_.a In the medium and the orientational order parameter §
aoﬂo:.:_:n. the birefringence of nematic liquid crystals. For calculations of the

axis.

A In the present study the order parameters of the homologous series of
a_-:..m:.Q_ A,A\-mwoxv\-a.sﬁrﬁ cinnamates have been evaluated, both the iso-
tropic internal field model of Vuks [24], and the anisotropic internal model
of Neugebauer [22] are compared. In the Vuks method the order parame-

ter is given by [25]
2 2
h“ﬁ Q gﬁxﬁlzogu
@ —a lln’-1 (13)

N »
Svnz.w n’= _\w. (n? * .Nzcwv. @ is the mean polarizability, o, and a, are the
E:o%& wo_m:ng:cam in directions parallel and perpendicular to the optic
axis. The scaling factor (@/a; — a,) can be determined from a plot of

log[n? — n¢/n? — 1] versus log[l — 7/T1)).

Using this scaling factor and mean polarizability obtained from the refractivity
method we can also estimate @, a, and the anisotropy (@) — a)).
In the Neugebauer method, the order parameter is given by [25]

a
m_uﬁ %\@, (14)
a —a
where
O ~O 172 w
\@u,_MAmNilelv g_
4B 3 + 3 _
and
2 2
B= o _T.\+N+N§N+N .
n’+2[n? -1 ng — 1
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Table 11
Anisotropy of the molecular polarizability for homologous Di-n-alkyl 4.4"-azoxy-a-Methyl
cinnamates in units of 10* cm?

(R) (a —a)* (a — a)t* (@, — a J}**
Butyl 40.0 ’ 41.9 334
Amyl 434 459 36.7
Hexyl 45.2 46.2 37.2
Heptyl 48.4 48.5 39.0
Octyl 50.3 49.1 40.0
Nonyl 53.7 51.6 40.2

*  Obtained from the present method
** Obtained from using the isotropic model of Vuks
*** Obtained from using the anisotropic model of Neugebauer.

Table IV
Principal Molecular Polarizabilities for Homologous Di-n-alkyl 4.4’-azoxy-a-Methyl cinnamates
in units of 10? cm?

(R) Q, a; (@) (a,), (a)y (a)n
Butyl 824 42.4 84.8 429 79.2 45.7
Amyl 89.0 45.7 91.5 45.6 85.3 48.7
Hexyl 94.6 49.5 95.5 49.3 89.5 52.3
Hepty! 101.3 52.8 101.6 53.0 95.2 56.2
Octyl 106.8 56.6 106.9 57.8 100.8 60.8
Nonyl 113.5 59.8 112.8 61.2 105.6 64.9

The scaling factor in this method can be determined by plotting log f(B) as a
function of log(1 — 7/T). Using this scaling factor and mean polarizability
obtained from the refractivity method we can estimate @y, a; and the anisotropy
() — a)).

The molecular anisotropies and the principal molecular polarizabilities ob-
tained from the extrapolation procedures mentioned above as well as those
calculated from the present method are given in Tables II1 and IV.

III. RESULTS AND DISCUSSION

From Table I, it is clear that the mean polarizability values calculated by the
MLGSP method agree well with the values obtained by the refractivity method.
Similarly the mean diamagnetic susceptibility presented in Table II agree well
with the one estimated from the Pascal method. As seen in Table 111, the
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AQ. — @a,) values calculated using the present method
EH: the (a, — @, ), values than with the (o, — «a
with the studies of Van Hecke [26]. ,_ '
Though the Vuks and the N
values for the polarizability anisotropy
Haller et al. [27]. concluded that EM
method are more sound than those in t
al. [28] who measured the dichroism of dye

porting the Vuks assumption. The validi

checked by Pines et al. [29] by measuring the NMR chemical shifts of BC

spectra from which the order
! fror parameter can b
the reliability of the present results. e deduced. Allthese facs mznno:

n=9
ros .\x\
n=8
-08 ﬁlo.w

i
o
< L
m HELY
5 07 |08 ‘!o.w n=5
Q. L n:=4
s n=4
2 07 [~08 048
S
z T
(97108« Neugebauer method
oVuks m
o s Method
i i 1 3
0 20 40 60
TT (*C)
Fig. 2. ary
ig Order parameter versus temperature for the homologous di-n-alkyl 4,.4"-azoxy-a-methyl
cinnamates. , i ’

Wo_,_,w.w ,mm:m.:o: of :5. order parameter with temperature is shown in Fig. 2
R HMQEQMM :_mﬂ.: <m_ﬂnm in the order parameter may be attributed to the 9.._,3.
Mation of the scaling factor in the extra i
. polation procedure. He
however the scaling procedure suggested by Haller [30] rmm been maouﬂm%
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are in betler agreement
) values, which is consistent

eugebauer methods are known to give different
the former has an edge on the latter.
assumptions involved in the Vuks

which relies on the plausible assumption that if a liquid crystal could be cooled
to zero without undergoing any phase transitions, S would become equal to
unity. While such a long-range extrapolation can never be entirely convincing,
we estimate that the intercept on the vertical axis is determined within 0.04, an
uncertainty of 10% in scaling the order parameter.
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PUINYECKOE UCCIENOBAHUS TUMOBBIX di-n-ALKYL-4.4-AZOXY-q-
UMHHAMSATOB METHUJIA

B pab6ore npusonnres OUCHKA CpeAHelt nonapulyemocTu THIIOBOTO PANA KUAKUX KPHCTALIOR
am.:-m_xw_-a.ﬁ.wNOxv\.a.::::mZm,qOm METHA ¢ npuMeHennem MLSP MeTona. C nonspusyemocteit
BHIMUCIICHb CpeftMe MuamMaruuTHbe TIPOHULAEMOCTH XHIKMX KPUCTANIOB. Toxe oueuena
MOJEKYAApHAR noaspusyemocts 4HU3OTPONIHM MOKA3IAHBIX Me3orenos. C [IPHMEHEHUEM MeTOna
wv\xnlIomﬂnmm:n_um OUCHEHBI TaKXKe NApaMeTpbl TIopsAfka BhicTpoenocTH. OBcyxaatores napa-
METPa Nopsaka ¢ TeMniepatypoit.
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