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ABSTRACT

The dc Kerr constants of seven p,p'-di-n-alkoxy-
azoxybenzene homologous compounds have been measured as func-
tioﬁs of temperature in the isotropic phase. .The bbserved
pretransitional behavior near the isotropic—nemafic transition
is consistent with the‘phenoménological model of Landau—devGennés
with the Onsager}s local-field correction included in the di-
electric tensor. The dc polarizability anisotropy and the aver-
‘age orientation of the permanent dipole with respect to the long
molecular axis are deduced frdm the experimental results. Their
variations with increase of methylene groups in the alkyl chains
are discussed.
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I. Introdﬁction

| Liquid crystalline materials are‘composed of highly anisotropic mole-
cules. Therefore, the field-induced birefringence in such materials is
éften very strong.l-3 Even in the isotropic phase, the Kerr effect in a

liquid crystal can be larger than in CS_, by more than one order of magni-

2
tude. ' Measurements of both dc and optical Kerr constants for several li-
: 2
quid ¢rystalline materials have been reported in the literature. >3 The

difference between dc and optical Kerr effects is that the permanent di-
poles on the molecules contribute only to the former but not to the lat-
ter. In all cases, the Kerr constant shows a critically divergent pre-
transitional behavior as the temperature approaches the isotropic-to-nema-
tic transition. |

'_As pointed out by de Genhes,4 the preﬁransitional effect due to mole-
culaf ordering in abnematic liquid crystal can be described by the Landau's
model for phase transition. According to the model, the fieid—induced
birefringence should Vary Qith temperature as (T - T*)_l, where T* is a
fictitious second-order transition temperature. Thié explains success-
fully the results of both the magnetic—fiéld—induced birefringence1 and
the.optical Kerr effect,3'but measurements of the dc Kerr effect have in-
dicated that this simple temperature dependence does not hold.2 Taking
into account the permanent dipole contribution and ﬁsing Onsager's model5
for.local-field corfec;ion'in Maier and Meier's mean-field theory,6 one
can however find a modified temperature dependence which agrees well with
the results.7v In fact, from the temperature dependence of the results,
one éan deduce the relative contributions of permanent and induced dipoles

to the dec Kerr constant.
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In the pfesent paper, we report the results of our recent measurements
on the dc Kerr constants as functions of temperature for seven homologous’
I__ N — - _ -
compounds of p,p'-di n alkoxy-azoxybenzenes (PAA) (CnH2n+lO C6H4 N20

C6H4 —'OCnH2n+1 withn =1, 2, -——-, 7). So far as we know, this is the
first time the dc Kerr constants for a homologous series of compounds are
measured. In Sec. II, we review the tﬁeory.ofvdc Kerr effect. We show
that by using Onsager's local-field correction in the Laﬁdau—de Gennes mo-
del, the explicit expression with the correct temperature dependence for
the Kerr constant can be derived. 1In Sec. III, we describe.the experimen-—
tal arrangement, sample preparation, and eéxperimental résﬁlts. Finally, in
Sec. 1V, we compare thevresults with theory, and find the relative contri-
butions of permanent and induced dipoles to the Kerr comstants. Then,
since the relevant parameters.in the expression‘for ﬁhe Kerr constant are
known from other measurements, we can deduce the values of anisotropy in
dc polarizabilities and orientation of the permanent dipole for each com-
péund. The variation. of these values as functions of the number of methy-
1ene.groups is discussed.
IT. Theory

We use the formalism of Landau-de Gennes4 to describe the dc Kerr ef-
fect. The applied dc electric field ﬁdc induces some molecular alignment
even in the isotropic fluid.. The degree of molecular aligﬁment can be des-
cribed by a macroscopic.tensorial order parameter 8 which is defined by
the relation

2
= + =
€= € sij - 3(Ae)Qij , (1)
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where Eij is .the dc dielectric tensor, E'=-% 2: eii’ Ae is the anisotropy
. | i .
in Eij when -all molecules are perfectly aligned in one direction, say x,
. ) " . . I . 0 3 r
suéh that QXX = - 2ny = - ZQZZ = 1. By this definition, Q is a symmetric

| traceless tensor. In the absence af the applied field, Qij is zero for an
'iSOtropic fluid. |
Let F(Qij) be the free energy per unit volume of the fluid. 1In the
isotropic phase, the field-induced ordering is often much smaller than 1.
It is therefore a godd apprqximation to expand F(Qij) into power series
of Qij

dau expansion

and retain only the lower order terms. We have the so-called Lan-

1 * e dc_dc
F = Fo + > a(T - T )Qiiji - (1/81T)eijEi Ej . (2)
where Fo is independent of Q and a is a constant independent of tempera-
ture. The field-induced ordering Qij can then be obtained from minimiza-
tion of F, i.e., a}:"/an:.L = 0. With #9° along %, we find

?

Q_ =-20 = (1/18m) (ae) ®%)%/a(r - ). (3)
XX yy

¢

Using Onséger's model for local-field correction, Maier and Meier6
have  derived an expression for Ae which includes contributions from both
-induced and permanent dipoles.

Ae = 4nN[Aa + Fu2(3 COSZB - 1)/2kT]hF , (&)

where N is the number of molecules per unit volume, Ao is the anisotropy
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in the dc molecular polarizability, U is the permanent dipole, B. is the
average angle the permanent dipole makes with the long axis of the molé—
cule, F=1/(1 - af) is the factor describing the reaction field, o is the
average moleculér polarizaBility,_f = 8N(E% - l)/3(2€ + 1), and h = 3€/
(Z€ + 1) is the factor describing the cavity field. According to the mo-
del, the loéal—field effect is accounted for by the product.hF.

| Although Qij is defined through the dc dielectric temsor in Eq. (1), .
we expect that it also describes the induced anisotropy in the optical di-

L .

electric constant very well, 8 The field-induced optical birefringence

in the isotropic fluid can therefore be written as
Sn(w) = ) : . '
n(w) (2w/nw)l§x(w)Qxx , , (5)

where n, is the linear refractive index, Ayx(w) is the anisotropy in the
optical susceptibility tensor, and w is the optical frequency. From Egs.
(3), (4), and (5) and from the definition of the dc Kerr constant B =

(w/2mc)én/(E8%) 2, we f£ind

B = (20/9¢) (NhF/n ) (Ax/a) [Aa + Fu2(3 Cos28 — 1)/2kT]/(T - T').(6)

- As seen in the above equation, the induced—dipole.part (the Aa term) and
the permanent-dipole part (the uz term) have different temperature depen-
dence. If the various parameters, N, h, F, n Ax, a, and T, in Eq. (6)
are known for a given medium, then from the temperature dependence of B,
we can deduce Ag and u2(3 CosZB - 1. 1If in addition u.is also known,

we can find the angle B8 which describes the orientation of the permanent
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dipole with respect to the long molecular axis. For elongated molecules
sf‘éematié compounds, Ao is always positive, but the permanent—dipole
term in Eq. (6) can be either positive or negative depending on B.
ITI. Experiment
The dc Kerr effect was measured at 6328 A by.using a 1l-mW He-Ne laser
as the light source. A low-frequency sinusoidal wave generator followed
by a high—vbltagé power amplifier were used to drive the Kerr cell. The
length.of the cell and the separation of the eleétrodes weré L =1 cm and
d = 0.2 cm, respectively. The cell was between a set of crossed polari-
zers. The beam passing through the analyzer due to inducéd birefringencé
in the cell was detected by a photomultiplier and was displayed on an os-
cilloscope to be measured.
‘The sample of.azoxybenzene derivativeé were purchaséd from Eastman
Kodak Co. and were purified by recrystallization from saturated solutions
in various solven'ts,.'3 The recrystallized sample was placed in a square
"optical cell (Kerr_cell), which was eVacﬁated fér several houré to remove
‘atmospheric HZO’ 02 and the residual sol?ent. They'showed a sharp isotio-

pic-nematic transition and the transition temperature T, , given in Table

K’
I, remained constant with time. During the measuremeﬁts the cell was kept
- under vacuum and was placed in a thermocontrolled oven. The temperature
of the sample could be stabilized within 0.02° C.

The Kerr constant B of a sampie at a given temperatdre was obtained
,from'the.slope of the measured induced birefringence as a linear function

2. A typical example is shown in Fig. 1. In our. experiment, we

of (E ?)
have obtained B as a function of T for the seven azoxybenzene derivatives

with n = 1, 2, ---, 7 denoting the number of methylene groups in the alkyl
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-chain. The results are shown in Fig. 2. We note that PAA (n = 1) is the
only homologue whose dc Kerr constant changes in sign in the'tempefature
range we studied. This was first reported by Tsvetkov and Ryumtsev.

All other compounds in the homologous series have a negative dc Kerr con-
stant, indicating that the permanent—dipole contribution dominates over
the induced-dipole part.

The $olid lines in Fig. 2 were derived .from Eq. (6) by a least square

. fit to the data..-The value of T* for each compound was obﬁained by plot-
ting the data as B_l versus T and extrapolating the curve to B—l(T = T*) =
0. Then, from (T - T*)B versus T-l, the induced;dipole and permaneﬁt—di— :
pole contributions coﬁld be deduced from the point where the line inter-
sects the ordinate and from the slope of the line {espectively. At T = TO,
the two contributions are equal and B(TO) =.0. The valués'of T* and TO we
obtained for the seven homblogous compounds are listed in Table I. We
find our values of (Tk - T*) for these compounds aré in very good agreement

with those deduced earlier from the optical Kerr measurements.

It happens that the various parameters N,9 E}lo Ax,3 a;3 and nw,8 in

Eq. (6) are known from previous measurements for the PAA seriesiv There-
fore; from Eq. (6) and the results in Fig. 2, we can deduce the values of
Ao and p(l - 3 Coszﬁ)l/2 for these compounds. They are listed in Table I
and aléo plotted as a function of the number n of methylene groups in the
alkyl chéin in Fig. 3. The accuracy of these valueé has suffered from ac-
cumulating uncertainties in the parameters we used in the calculations.
An error of about * 157 is typical.

IV. Discussion

The increase of alkyl chain length by addition of methylene groups
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. modifies the physical behavior of the homologous compounds in many ways. ’

In Fig. 3, the anisotropy Aa in the dc molecular polarizability increases
smoothly with increase of the alkyl chain length.v No saturation of Aa at
large n is found. This is in contrast to the behavior of the optical po-

laringility anisotropy Aaopt which shows an obvious saturation at large
n.8 The difference can be explained as followé; Because their lower
trahsition frequenéies‘arevcloser to the optical freqﬁéncy, the core
(azgxybenzeﬁe) electrons contribute much more to the opticai Aaopt than

the_bopd'e¥ectrons in the alkyl chains. Therefore,.the increase of Aaopt
with n appears-to be saturated. On the other hand, since the transition
frequencies of both the core eiectrons and the bond electrons in the chain
are far away from zero frequency, their contributions to the dc Ao are not
very different and hence the increase of Aa with n is unsaturated.

The permanent-dipole factor p(l -3 coszB')l/2 also shows a smooth in-
creaée-&ith the alkyl chain length. Maier  and Baumga_rtnerll have measured
" the permanent dipole moment u of these homologoué.coﬁpounds in highly di-~
luted solution of benzene. Their values are shown.in Fig. 4. As expected,
p is éssentially'iﬁdependent of the alkyl chains since it is known to.come‘
from -the NZO group in the core. Using these values for u, we can then de-
“duce the angle B. In all cases, we have found a B value which is between
45° and 90°. This is a confirmation on the correctness of our theéretical
énalysis since otherwise the deduced value of B could be.physically unrea-
sonablé. We have plotted our values of B as a function of n in Fig. 4.

For n = 1 and 6, these values are in good agreement with thése calculated

from the dielectric dispersion measurements10 (also shown in Fig. 4).

. For larger n, the anglé B between the permanent dipole and the long mole-
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cular axis ie closer to 90°.. The addition of methylene groups to the
alkyl chains presumably creates a more-balanced average local field at
Vthe core to align the permanent dipole more‘cfbseiy’towards the normal of
the moleculer plane.

Since B is larger than 60°, the permanent dipoles like to align the
long molecules nearly perpendicular to the applied field while the in-
duced dipoles like to align the molecules parallel to the field. The com-
petitien between -the two‘gives rise to -the possible change of sign of the
dc Kerr constant as it varies with temperature. This is experimentally
observed in PAA. .For the other homologous compounds, as B increases with
n, the permanent-—dipole contribution becomes larger and dominates over
the induced-dipole contribution leading to the negative Kerr constants in
a wide temperature range aboveka.

In conclusion, we have shown that with the Onsager's'local—field cor-
rection, the phenomenological theory of Landau-de Gennes gives a correct
temperature dependence of the dc Kerr effect; From the'experimentel re-—
sults, we can deduce the dc polerizability anisotropy and the average or-
ientation of the permanent dipole with respect to the long molecular axis.

The effects of addition of methylene groups to the alkyl chains on these

- quantities have been observed.
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FIGURE CAPTIONS

'Typical results of measurement on the induced birefringence

versus the square of the applied dc electric field for PAA at

T = 415.4° K. The slope of the line yields a Kerr constant

B =0.73 - 10_6 cﬁz/erg.

Experimental results of (T - T*)B vs. T—1 for the azoxybenzene
derivatives n = 1, 2, -——, 7. The solid curves are calculated
from Eq. (6). The arrows indicate the isotropic-nematic tran-

sition temperature Tk'

: 1
Variations of Aa and u(l - 3 Coszs)/2 with the number n of car-

bon atomg in the alkyl chalg of CnH2n+lO - C6H4 - NZO - C6H4 -

OCnH2n+l'

Variations of the permanent dipole u, given by Ref. 11, and
the angle B with the number of carbon atoms in the alkyl chain

of CH N,0 - C6H4 -0 The open circles

aloni1? 7 Celly — N, Coflon+1

are values of B obtained from dielectric dispersion measure-

ments in Ref. 9.
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TABLE I

* : 1
Values of Tk’ T, TO, Ao and u(l - 3 CQSZB)2 for azoxybenzene derivatives
withn =1, 2, ..., 7 deduced from our experiment.
n 1 2 3 4 5 6 7
Tk 404.8 436.3 393.2 403.2 391.4 396.7 392.6 °K
T 402.3 432.8 390.5 398.4 387.0 395.7 391.9 °K
TO 409.8 452.5 404.4 419.8 415.5 435.0 432.3 . °K
24 , 3
Aa x 10 37.0 37.3 39.4 42.3 46.2 50.7 54.0 cm

' L
uw(l - 3 COSZB)2 1.49 1.60 1.61 1.73 ~1.84 2.01 2.09 Debye
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