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In four substances exhibiting nematic and smectic phases the refractive indices n., n,, the
density and the order parameter have been measured as a function of the temperature.
From the experimental data the molecular polarizability anisotropy was calculated using
different internal field models. The results were compared with the data obtained by an
extrapolation procedure and by the addition of tabulated bond polarizabilities.

1. INTRODUCTION

‘The molecular polarizabilities and their anisotropy are important

values for the characterization of liquid crystalline substances because
the intermolecular interaction energies according to several theoretical
models are based on them. Molecular polarizabilities cannot be meas-
ured directly, they only can be calculated by the use of different theo-
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retical approaches for the internal field which partly lead to signifi-
cantly different values. Therefore the situation is somewhat confusing.
In the following we present the most important features of four dif-
ferent theoretical models. We compare the results calculated by the aid
of those models in the case of four substances with nematic and smectic
phases in order to find out which approaches are more trustworthy.

2. THEORY

In uniaxial liquid crystals the polarizabilities a. and a, corresponding
to the electric vector parallel and perpendicular to the optical axis, re-
spectively, are given by

a.=a+§(y— y)S (1a)
and a, = a — § (yy — y2)S (1b)

where S is the order parameter and vy and v, are the polarizabilities of
a molecule parallel and perpendicular to the long molecular axis. The
average polarizability a may be expressed by

a = (ae + 200)/3 = (yy + 2v1)/3 (3]
Combining (la) and (1b), we obtain
S = (ae — ao)/(yn — 1) 3)

Some models are known which relate the main refractive indices n., n,
of an uniaxial liquid crystal to the polarizabilities a. and a..

In the Vuks' model first applied to nematic liquid crystals by Chan-
drasekhar and Madhusudana? it is assumed that the internal field is
isotropic even in an anisotropic crystal. This assumption leads to the
following equations:

2 =1)/(n* + 2) = 4x- Na. (3a)
and (n2 —=1)/(n* + 2) = $7-Na, (3b)
where N is the number of molecules per unit volume and
n* = (n2 + 2n2)/3.

Considering the anisotropy of the internal field, Neugebauer® has de-
rived the following equations first applied to uniaxial liquid crystals by
Saupe and Maier* and later on by Subramanyam and Krishnamurti®:

nf —1=47gN-a. (1 - ae'}’e)-l (43.)
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nP—1=4xNea, (1 — aoyo) (4b)

The internal field constants v, and <, are subjected to the condition
¥e + 2v, = 4x. Taking the average polarizability « in any phase to be
independent of temperature

a = (ac + 2a0)/3 = §aN- (s — 1)/(r + 2) ')
Egs. (4a), (4b), and (5) can be combined to
4 m+2  2m+2)
1Va.+ 2/as = -7
o @ 3” N(n3—1+ ni—1 ©

Recently de Jeu and Bordewijk® have found that the high-frequency
dielectric anisotropy is proportional to the diamagnetic susceptibility
anisotropy. Therefore, the internal field of axially symmetric molecules
can be taken as independent of the anisotropy of the surroundings of
the molecule. Representing the molecules by an anisotropic homo-
geneously polarizable spheroid in an anisotropic continuum, de Jeu
and Bordewijk have derived the following relations®:

vi(2S + 1) + vu(2 — 25)

4

3: | Ta

n l+31er‘—41TN7uAn T — dmNvuds (7a)
4 —_

=1+ 5.y 22U =5 742 * 5) (7b)

3 1 —4xNydy 1 — 4aNvy A,

Ay, A, are shape factors which depend only on the axial ratio of the
spheroid, where

Ar=1—o*+lww = Dn(0+ )(w-—1) (8a)
Ay =(1— A))/2 (8b)

with w? = @*/(a® — b), if a and b are long and short axes of the sphe-
roid. According to Ref. 6 g is taken as the length of the most-stretched
molecule; b is chosen such that the volume of the spheroid is equal to
the volume of a molecule.

The fourth model used is a spheroidal model (generalization of the
model of Scholte’) developed first in 1971 by Derzhanski and Petrov®
and applied in 1974 for the interpretation of the microwave permittiv-
ity data of PAA.® The molecule is modelled now as an effective prolate
spheroid with the ratio of the short and long axis

g=b/a 9

Unlike de Jeu and Bordewijk® however, this ratio is determined from
the birefringence, not from the molecular shape, so that an optical
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spheroid instead of geometrical one is used. It is filled with anisotropic
dielectric the permittivity tensor of which has its main axes coinciding
with the axes of the spheroid with main values é§ = & and &. The main
polarizabilities of the spheroid in vacuo are calculated according to the
formula:

13 a—1

ar1+Dne—n ‘13 (10)

Yi

Y1IEY7 Y =

where Vo is the volume of the spheroid. For Vo we used Vo = Vi/Na.
V: — molar volume of the isotropic phase. D; are the depolarizing fac-
tors, calculated from expressions, equivalent to Eq. (8)

1 —é 1+e
=20 T

Ds — 2e), Dy =Dz=%(1 — D) an

wheree = /1 — q! is the excentricity of the spheroid. When this sphe-
roid is placed in the liquid crystal with permittivities

€ = ni7 €L = n¢2>9 (12)

the internal field will depend on the orientation of the spheroid with re-
spect to the optical axis of the liquid crystal. This dependence is neg-
lected by an approximation, similar in sense to the de Jeu-Bordewijk
empirical relationship.® Namely, at any arbitrary orientation of the
spheroid an effective anisotropic environment rotating together with
the molecule is introduced, with effective anisotropy smaller than the
experimentally measured due to the nonideal uniaxial ordering:

a=a=a+i(l—85)Ae 13)
a=e+3(1—5)Ae

Placed in such dielectric, the effective excentricity of the spheroid
changes according to

e*=V1—-g* q*=q\/E (14)
€1

Because of €3 > € the spheroid now becomes more prolate. With the
new value e*, corresponding new values of D¥ and y¥* are calculated
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from Egs. (11) and (10). Finally the refractive indices are given by:

-1 1
z 2 = N3 ReiFiyt + giFsyt + 255yt — iFiyDS] (15)
n:—1 1
o Ng Rg1Fiyt + gsFsyt — (g:F3yy — giF1y1)S]

where g; are the cavity field factors

€

= — =1, : 16
&= e O (16)
and F; are the reaction field factors
Fi=(1—vy¥)", i=13 an
where
47 D¥l — D¥)(e: — 1) .
i = ) = 1’3 18
S T DHa— 1) ! (e

The spheroidal parameters Vs, ¢, and €7, €5 are determined from the
experimental data as follows: The isotropic permittivity at a given
temperature above T or its extrapolated value below T is expressed by
the formula:

n—1
47

1 . L
= N,"; (2g|"F1'"'y1 + gai’Fs"‘ys") (19)

where g and F¥ are calculated with vacuum values of D; (because of
the isotropic environment), ¢; = n? is put everywhere. At this tempera-
ture Ni¥o = 1. It is assumed that the mean micropermittivity of the
material in the spheroid is equal to the isotropic permittivity of the
whole medium.

Y+ &) =nf (20)

Then follows from Eq. (19) that the spheroid’s microdielectric aniso-
tropy depends on the excentricity of the spheroid according to:

3(nf — 1)(1 — 3Dy)

1 P—1
1+3D3-F+3D§u

ni

Ae™ = @n
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Now, if such value of ¢ = b/a is chosen that the macroscopic aniso-
tropy calculated from Eq. (15) as

2 2
Ne — Ny

= (g:sF3yt — glFiyt)S (22)
47

becomes equal to the experimentally measured, the problem for simul-
taneous determination of g, A¢” and

& =nt—3} A"

(23)
& =nt+5 A"

is completely solved.

The calculations were done by means of a computer program. The
subroutine RTM I (IBM) is used in order to solve the implicite equa-
tion for the determination of ¢ from Ae at each temperature. This
equation is given by the function FCT.

The good constancy of ¢ at changing the temperature is considered
as a demonstration of the applicability of the model. For n; the extrap-
olated value at the highest temperature of the nematic phase is always
taken.

We calculated the molecular polarizabilities (+yy, ©y1) using the refrac-
tive indices (#., n,), the order parameter S and the molar volume ¥, by
means of the different internal field models established by Vuks,'
Neugebauer,3 de Jeu/Bordewijk,‘5 and Petrov.®

Using the mean polarizabilities (e, @) from Vuks' and Neugebauer’
we have adopted the extrapolation procedure of Haller et al.' to esti-
mate the molecular polarizability anisotropy yy — 7. by an independ-
ent way. In this method y; — . is obtained by extrapolating the linear
portion of the curve log(a. — a,) vs log(l — T/T.), where T, is the
nematic-isotropic or smectic-nematic transition temperature. The in-
tercept of the extrapolated straight line section to T — OK should yield
the molecular polarizability anisotropy.

Furthermore, an attempt has been made to estimate yy — <. and the
average polarizability a by addition of the tabulated bond polarizabili-
ties.'"'>"* The bond angles and bond lengths of the most stretched
molecule conformation were taken from the literature.'*'> The mole-
cule axis is assumed to be along the line joining the centers of the ben-
zene rings. The polarizability parallel to the molecular axis yy summed
for all bonds is given by

vy = z vyicos’e + E y.sin’e 24)
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where 1 and vy, are bond polarizabilities parallel and transverse to the
bond, respectively; ¢ is the angle between the bond and the molecular
axis. This assumption seems to be favorable because according to our
estimations in this case the highest values of yy — <, are obtained. We
used the bond polarizabilities compiled by Prasad.'? Following Sub-
ramanyam et al.,'' the longitudinal polarizabilities v, were taken to be
equal to three times of the isotropic polarizabilities and the transverse
polarizabilities to be zero in the conjugated region of the molecule. y;
of the terminal —CHj3 group was assumed to be equal to the isotropic
polarizability.

In the same way, by addition of the isotropic bond polarizabilities,
the average polarizability & was determined. In this case we used the
average of single and double bond polarizabilities for the bonds of the
conjugated region.

The polarizability perpendicular to the molecular axis y. was evalu-
ated from vy, and a using Eq. (2).

3. EXPERIMENTAL

The refractive indices of the liquid crystals were measured by means of
Abbe’s double prism method. In this method the liquid crystal is used
as a homeotropically oriented thin film between the hypotenuse areas
of two prisms. If the refractive index of the prisms is greater than the
indices in the liquid crystal, the refractive indices of the ordinary (n,) as
well as of the extraordinary ray (n.) can be measured from the boun-
dary angle of total reflection.’® The double prism was mounted in an
electrically heated hot stage which provided the temperature control.
All measurements were made in monochromatic light of wavelength
589 nm. The uncertainty of the refractive indices was in the order of
30.0005.

Density measurements were carried out in a capillary pycnometer
with a volume of about 0.1 cm®. The pycnometer was held in a ther-
mostate whose temperature could be controlled to 5 mK.

The NMR measurements were performed at 60 MHz with a Bruker
pulse spectrometer and Fourier transformations. We used this high
field of 1.5 T in order to get a good orientation of the nematic direc-
tors. At a lower field of 0.8 T the ordering was not perfect. For the de-
termination of the orientational order parameter S we assumed the di-
pole splitting at S = 1 to be Avo = 24.5.kHz. Then the observed NMR
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line splitting Av allows a direct calculation of S. The experimental er-
rors for the Sy phase are larger due to the poorer resolution of the
splitting.

4. SUBSTANCES

The liquid crystalline substances studied are listed in Table I.

5. DISCUSSION OF THE RESULTS

The refractive indices (n., n,), the molar volume ¥V, and the order pa-
rameter S of the substances investigated are presented in the Tables II-V
as function of temperature. It is interesting to compare the order pa-
rameter in the different liquid crystalline phases of the four substances
(see Figure 1). In the nematic phases the order parameter shows a
strong temperature dependence. A relatively low temperature coeffi-
cient of S is observed for EEBM, in which the nematic phase possesses
a larger existence range compared with the other three compounds.

In the S, phases of the substances distinct differences of S were
found. The order parameter varies between 0.5 and 0.88 depending on
the substance and the temperature. It is remarkable that the tempera-
ture dependence of S is clearly higher when the substance exhibits an
additional S phase (see HPHA, HPHC).

In the Sp phase of HBHA the order parameter (0.9) is nearly
temperature independent—with exception of the region near to the
phase transition Sz —~ Sa.

Similar results were observed for the Sp phase of other substances,
t00.?® However, in the Sp phase of HPHC relatively low values of S
and a stronger temperature dependence of S were found compared
with EEBM.

The molecular polarizabilities -y, 7., the polarizability anisotropy
¥i — 71, and the average polarizability a, calculated from the exper-
imental data by use of different internal field models as well as from
the bond polarizabilities are listed in the Tables II-V. For comparison
also the <y — . values obtained from the Haller extrapolation are
given in Table VI.

It is seen from the Tables II-V that « is temperature independent
for all internal field models in all substances studied. The a values ob-
tained from the Vuks model,' the Neugebauer model,? and from the
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FIGURE 1 The order parameter S of the nematic and smectic phases of HBHA,
EEBM, NPOB, and HPHC as function of the temperature.

bond polarizabilities agree very well, whereas the de Jeu/Bordewijk
model® and the Petrov model® give higher resp. lower values. The
values are constant within the experimental errors which can be seen
from the calculated standard deviations. On the other side, vy and
Y1 — 71 show a more or less pronounced change with temperature.
Provided that the experimental errors of n., n, or Vn are relatively
small, two reasons could be responsible for the inconstancy of the cal-
culated polarizability anisotropies: Firstly, the order parameter S can
show a systematic error because in NMR measurements S is connected
with the orientation of benzene rings, but the refractive indices of the
liquid crystals are related to the orientation of the polarizability ellip-
soids. Secondly, the internal field can differ in the nematic and smectic
phases, so that the same model gives different «y, — v, in different
phases.

In all substances studied the molecular polarizability anisotropy ob-
tained by the relation of de Jeu/Bordewijk® is markedly higher than
that determined by the Vuks,' Neugebauer® or Petrov® relations. With
one exception (HBHA) the data of the Vuks approximation are some-



00s §§°Lt [ 844 L9 sanijiqezitejod puoq
Lo [ £€0 80 6T £t Iy (23 91 £ ¥l [X] Tl 141 LT I'e UoneIAdp piepuels
8Sy  PPS 68y £8F 761 £Ts £9€ 96T $6E 69t 69t  ¥BE L'8¢ £68 1'EL 0'89 anjeA ued
[ LA T % L 951 1414 Loy 0T SHP §9E 8t %13 1'es 9'p8 $SL €9 160 0T'95€ 896%°1 ozzLl 9T
99 8TI¢ g8y rey L5t 114 T8 €6T ¥y (9E 96k L'8€ rLs 0'¢8 ovL 6't9 $06°0 yTI9e 6E6Y°1 S9ILL P9t
L9 1'¢§ L8y vy o gst £'8p 6S¢ €T ¥IP  0LE  L9E  O6F L 141 9T £y €060 14333 8i6v'1 It 1344
99  $ES 8P gLy 091 $'8¥ 6T€ LT eIy tLE 8LE Tet €S 658 L'0L 6'v9 £68°0 91'0LE 688%°1 yooL’l 133
T 0¥S  68p 6Ly 8Ll IS SveE 08T €0 69f pLiE 98E 1'8§ 1] 6'lL 999 0 £0°TLE 088Y'l 0s0L°1 98¢ ”°
oy €95 68 €8y 81 ¢S 7€ ¥8T O00F TLE TBE 68t €8¢ 9'88 VoL £L9 Lo 05°9LE 006%°1 p69°1 £'09
6Sy  9%S  06p s8y 061 ¥'Ts IE €6T  96E I'ie ¢8€  L8€ 9'8¢ $'68 oL 0’89 SELO 1§°8L¢ 68¥°1 $069°( $9
sy LPS  zey 9B §6l 878 $0€ 106 €6t e 166 98¢ 8'8¢ 006 9'69 L'89 o T108¢ 068%°1 £L89°'1 89
TSy vSS  T'ev LR S A 44 6'9¢ 07€ 6€E  8LE  Y9E  CBE (2% 009 £'€6 0L P 190 00'€8¢ 168r°'1 20891 LEL €3
v 0%S  Ter 68 1ML LRy I'Le  vie #8E LULE 89¢ $'8¢ $6§ $'68 6'€L 6'69 $§0 S$'E8E 07051 0199°1 1
I'sy 8¢5 ey E60 g 6'sS iy Iee LLE e st £'8¢ 009 1) oL vl 8¥°0 $6'58¢ 9L0S°1 LTSN 9L
6vP LSS TP I'ér  1'€T L'9¢ T I TiLE 89 S6E 8'LE €09 $€6 L9 61 o 78'98¢ 10151 6LE9°1 L
8vp LSS Tev ey  9¢z LS §TP  8PE 69€E 99 I6E  pLE S$09 6'¢6 gL T £8¢°0 18t 01181 £££9°'1 S'LL N
d g/ N A d g/ N A d a/xr N A d a/r N A s low ur u u Do/ aseyd
W2,.01. 2 W00 - (A — ML) - W2,,01 A (- W3,,01 1A “yq

(veam)  Cta®o~«O)-n=no~<O)ro0¢ta%

“sannpiqezizjod puoq Jo uoulppe ay) Aq pue ‘() aoxsdd ‘(g/f) AMmapiog/mar 3p ‘(N) 1oneqagfnaN
‘(4) sAnA Jo suonepal ayy Aq pare[nofed © Ajjiqezisejod ueaw ay) pue A — ¥4 Kdonosiue Anpiqeziejod ayy A 4 sanijiqezuejod sendsjow ayJ
-armjeradwia) Jo uonouny se saseyd d11osws pue SNBWAU Y3 uf § s19joweIed 19pI0 Y1 PUR g SWINJOA JB[OW YY) ‘(°K **U) SIOIPUL IALOBIJSI Y]

€T0c Aeniged Tz 91:TT e [o1pey pue sweisAS [04u0D Jo AisleAlun amels yswo 1 ] Aq papeojumoq

11 379VL



[R44 85T §'o¢ £19 sanjqeziiejod puoq

90 7o 1o 70 81 60 s s Tl £0 S0 o 90 80 ol 't uonsIASp piepuels
¥'6t g'6v (444 T 9T viES PIE I8¢ 6'1€  0TE 0PE  S'IE  §'9vs v'$8 1's9 9'69 anjea veaw
oy 114 (444 ey €0 €T 91 T vEE 61E  LEE LIE LES 8 €69 6'L9 $88°0 00°p0E Epis] 0£88'1 ¢

oy 9'6¥ i A44 oy ¥O0T 1S 80t T9€  €€E  TIE I'PE 6IE LS €8 6'v9 1’89 L8°0 0£°L0E SEIS’T st 34
6'6¢ L6v (444 t'ee TIT  6I§ 606 TULE 8TE ITE  I'vE  lIE OPS 0'¢8 <9 6'89 2E8°0 07'60¢ SPIST] SPO%°I ST

9°6¢ 66 (344 Tvk 0T gEe 1IE T8E €T 0TE  6EE  SIE €9S 368 S9 L'69 $6L°0 0E0IE §915°1 £658°1 LL 'S
L6 008 (344 Svy 61T TES 16T vLE PIE  E€TE 9vE  0TE €S (311 L'E9 ¥'69 9L0 wie 097571 §9¥8°( 8L

1'6¢ 008 (444 vye  S€  6€s 006 88E fIE  O0TE  p¥E  SUE 8PS 668 v'r9 €0L 850 sTLIE LLEST SL8LY S01

68¢ (X4 1444 pyr I¥T 6ES  SIE 06 60t 6IE €€ ¥IE 06S 8%8  v'$9 oL 1311401 0f'61€ 09v$°1 SSSLL sil

68 6'6v (444 vry €9 €EC 00t  §8E  8O0E ITE  pYE  9IE  IGS 141 (as) |43 14 [2.4174% 143391 SLTLT 0z1

€8¢ 6'6v (344 €vpr 6T ¢S 8P TP L6 vIE 6T 90 96§ 698 L' 8L STE0 99'1ze 07981 001L°Y [44] N
d a/r N A d qa/r N a d g/t N A d a/r N 4 s \-low wo °u u Jo/¢ aseyd

- W2,,01 -2 w2, 01 (4 — ¥4) w201 . T4 (W3, 01 4 7
6, C A
(waax)  “u%0000-0=Ro~Q)-N=H0~O)-0°H%0
:6)

‘san[iqezuejod puoq Jo uolippe 3y) Aq pue ‘(d) AoxiRd (g/r) Afimapiog/naf ap ‘() seneqadnoN
‘(1) SARA JO suouelal oy AQ pajejnofes © Aufiqeziejod uesws ay) pue A — 4 Kdonosiue Aypiqezuejod ays (A ‘A saniqezuejod re[noajow Ay,
-arnyeraduwa) Jo uonduny se saseyd S103WS pue SHEWAU Y1 Ul § S1ddWesed 13PIO Ayl pUe ‘™4 JWRJOA JB[OW Y] *(°¥ ‘) SIOIPUI dA1IOBIJAI DY ]

I 3T79VL

€T0c Aeniged Tz 91:TT e [o1pey pue sweisAS [04u0D Jo AisleAlun amels yswo 1 ] Aq papeojumoq



1844 891 $'8¢ £'¢s samquzuziod puoq
170 v10 L0'o vio 80 Lo L1 80 s0 70 90 €0 €0 90 01 Lo uoliBlAdp piepuels
6L 9op (444 Ty 68T 01p S61  TEr  IPE 6I€  LSE E£PE 10§ 6€L 1'ss 9'Ls anjea ueaw
96 yop (1x44 8y S61 60y 90T 8TIT PPE LTE ISE  THE 66V 9eL 95§ 0'Ls 90 '9Te L90§°1 L6§9°1 13
96t S9p (444 0Ty €91 I'1b £0T 9TC S$PE 6TE  pSE  vPE  g6p 6'€L LSS res $09'0 66'8T¢ 6081 €259°1 144
96t Gop T 0Ty E€S1 vOr 10T ST SPE I'EE SCE S¥E §6F PEL 9%S rLs LLSO €CTEE 0r0§°1 LIP9'1 $9¢
§6E 99y (444 Ty 961 Sop €61 8TT EPE 1EE 8GE  SPE 66 §€L 0SS €L ¥s0 STEEE 860¢°1 09¢9°1 0 vs
96€  99p (444 Ty S61 TOF 81 ST D THEE 09E  L'PE 6'6b PEL $PS TS SIS0 1$°6EE $80¢5°1 01£9'1 19
€68 L9y (444 TP €91 01y 00T SET  6EE  QEE  $SE  €PE 7O o'pL (333 8LS o] 2413 [44¢ ) 9PI9'l »
LI (444 T ¥L TW  CIT 8P FEE LTE ISE 6€€ L0S o'sL ¥'9¢ L'8s 1€°0 15113 o1Zs°1 2109’1 99
1’66 g9y (%44 T TULY 61 9ST ppT PEE RTIE OLE  IPE 9°0S LyL 9 $8§ Lo [ 13411 88T¢°1 ££65°1 L9 N
d a/r N A d a/r N A d /6 N A d q/r N A s 1 [ow u u Do/8 aseyd

2,012 WO, 00 (TA — W) (W20 T4 W2, 0 M4 “A
¢ Li8
(20aN) on~O)-000<O)r-04 1%

'sanipiqezirejod puoq jo uonippe ay) Aq pue ‘(J) a0133g *(g/f) Aimapiog/naf 3p '(N) JeneqadnaN
‘(4) $AnA Jo suonear 3y Aq pare[no[es © Anjiqeziiejod uesw 3y) pue A — L Adonoswue Anjiqeziejod syi T4 A sanfiqezisejod sendajow ay ]
aanjesaduia) jo uotiouny se saseyd d1ddWS pue dOllRWIdU A1 Ul § sidldweled J19pI0o JY) PUB ¥4 JWNJOA JBJOW Y] ‘(°N “u) SIDIPU] 2A1IOLIJI Y]

€T0c Aeniged Tz 91:TT e [o1pey pue sweisAS [04u0D Jo AisleAlun amels yswo 1 ] Aq papeojumoq

Al 3TdVL



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:46 21 February 2013

110 A. HAUSER et al.

what higher than the data calculated by the Neugebauer relation. This
result agrees with the measurements of other authors,?"?%?%4%*

We applied Haller’s extrapolation procedure'® based on the Vuks' as
well as the Neugebauer® relation. In Table VI these values are listed ob-
tained by the extrapolation from different phases (N, S4, Ss). For
comparison the mean values of vy, — -y are given calculated from the
Vuks' relation and the Neugebauer® relation, respectively. In the ne-
matic phase of HBHA and NPOB the extrapolation procedure leads to
unreasonable results, because the nematic region is small (contrary to
EEBM), so that the Haller extrapolation'® does not yield linear curves.
In HPHC the nematic region is also relatively small, but the tempera-
ture dependence of a. — ap is not so different in the nematic and smec-
tic phases.

Generally (with exception of the Petrov model®) the polarizability
anisotropy determined from the bond polarizabilities is distinctly
lower than that calculated from the refractive indices (Tables II-V).
This is obviously the result of polarizing effects which occur along the
conjugated region of the molecule and which are not sufficiently consid-
ered by the addition of bond polarizabilities. It is not surprising that in
the cyclohexane derivative HPHC the data determined from the bond
polarizabilities agree very well with the other values.

The polarizability anisotropy in Petrov’s model® is the lowest. Com-
paring it with the de Jeu/Bordewijk model, which is also spheroidal,
the reasons of this difference is clear. Geometrical values of the ratio
b/a = q in the de Jeu/Bordewijk model® are markedly lower so that
the spheroid is more prolate than the optical spheroid used in Petrov’s
model. Above all, in the Petrov model the isolated spheroid, represent-
ing the polarizability of a single molecule, is even less prolate than the
spheroid embedded in the liquid crystal phase, because of n2 — n2 > 0
and the dielectric transformation of the internal field equations.”
Thibault ez al.*’ have proved that in the case of the Scholte model” of
isotropic liquids a correct value of the polarizability anisotropy re-
quires a value of ¢ which differs from the geometrical value. Petrov’s
model® being a generalization of the Scholte model” determines sim-
ilarly to Thibault’s procedure,” g from the value of the birefringence.

Comparing the polarizability anisotropy of the four liquid crystal
substances studied it is plausible that the azomethines exhibit the larg-
est anisotropy because the —CH = N— group favors the conjugation
between the benzene rings whereas —COO— is a much less rigid
bridging group giving rise to relatively small conjugative interactions.
On the other side, on replacing one benzene ring by the cyclohexane
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TABLE VI

The polarizability anisotropies of HBHA, EEBM, NPOB, and HPHC determined by
Haller’s extrapolation procedure from the nematic and smectic phases using the Vuks and
Neugebauer relation.

For comparison the calculated values are listed.

(72 — 72+ 10¥em™

mean values

Haller extrap. calc.
bond
substance phase 14 N 14 N polarizabilities
EEBM N 423 312 390 311 25.8
Sa 329 29.7 37.0 311
HBHA N 49.3 54.0 333 40.8 17.55
Sa 225 27.7 30.2 316
S» 22.8 40.1 25.9 36.4
NPOB N 36.9 52.2 23.8 18.8 16.8
Sa 15.8 14.4 22.7 20.1
HPHC N 11.5 7.1 16.2 9.1 12.7
Sa 9.4 5.5 15.7 10.8
Sa 9.6 7.3 12.7 11.8

ring the conjugated region of the molecule is markedly shortened and
therefore the polarizability anisotropy becomes relatively small as
found for HPHC.

We cannot decide from our investigations which internal field model
is the best. Such decision would be possible only by measurements in
the gaseous state in which the problem of internal field is avoided. We
believe that all methods applied are relatively rough approximations.
We can suppose that the de Jeu/Bordewijk model® generally gives too
high values because in the less polarizable substance HPHC there is a
relatively good agreement between the data calculated from the Vuks,'
Neugebauer,’ and Petrov® internal field models and the data obtained
from the bond polarizabilities. The increment method obviously yields
too low values for molecules exhibiting an extended conjugated region.
Haller’s extrapolation method" leads to different results depending on
the internal field used and depending on the liquid crystalline phase in
which the extrapolation is carried out.
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