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We have measured the optical Kerr constant and the orientational relaxation times of seven p,p’'-di-n-
alkoxyazoxybenzene homologous compounds as functions of temperature in the isotropic phase. The observed
critical behaviors near the isotropic-nematic transitions agree well with the predictions from the Landau-de
Gennes model. Various characteristic parameters of the homologs are deduced from the experiment. Their
variations with increase of methylene groups in the alkyl chain are discussed. Our results suggest that neither
the mean-field theory of Maier and Saupe nor the Landau expansion of free energy is a good approximation
for quantitative description at the isotropic-nematic transition.

I. INTRODUCTION

Recently, it has been demonstrated by nonlinear
optical measurements that liquid-crystalline ma-
terials in their isotropic phase can have a large
optical Kerr constant with a long relaxation time.
Such characteristics result from the pretransition-
al behavior of the materials. The nonlinear optical
measurements actually provide a stringent test
of the Landau-de Gennes phase-transition model
for liquid crystals. From these measurements,
together with measurements of the order parameter
and anisotropy in refractive indices, one can ob-
tain values for a large number of characteristic
material parameters: T*, the fictitous second-
order isotropic-nematic transition temperature;

v, the viscosity coefficient for molecular orienta-
tion; a, b, and d, the coefficients in the Landau-
series expansion of the free energy, etc. These
parameters are important for characterizing a
liquid- crystalline material. To understand how
molecular structure affects the properties of liquid
crystals, it will be of great interest to find these
parameters for a homologous series of compounds.
However, no such information for any homologous
series exists in the literature.

In this paper, we report the results of our re-
cent nonlinear refractive-index measurements on
the homologous compounds of p,p’-di-n-alkoxy-
azoxybenzenes. The molecular structures of these
compounds are shown in Table I. Also listed in
Table I are the isotropic nematic-transition temp-
eratures T, of our samples, the macroscopic
order parameters @, at T, optical susceptibility
anisotropies Ay (defined for the case of perfect

molecular alignment) we measured recently, and
the latent heats AH obtained from Ref. 2. From
the nonlinear optical measurements and the values
of Ty, Q, and Ay, we deduce the various char-
acteristic parameters we mentioned earlier for
these homologous compounds. The work here con-
stitutes one of the very few examples where non-
linear optical measurements can yield quantitative
results not only on nonlinear optical coefficients
but also on other characteristic parameters of a
condensed matter.

In Sec. II, we give a brief review of the theory
of optical-field-induced refractive indices. We
describe in Sec. III the experimental arrangement
and the data-analysis procedure. Then in Sec. IV
we present the experimental results and the mate-
rial parameters deduced from our results. Final-
ly, Sec. V discusses the implications of our re-
sults from the molecular structural viewpoint.

II. THEORETICAL BACKGROUND

Liquid-crystalline materials are composed of
highly anisotropic molecules. Consequently, the
induced dipoles on the molecules are also highly
anisotropic. In the presence of intense optical
field, the molecules tend to be aligned by the field
via induced-dipole interaction with the field. The
resultant molecular ordering is then reflected by
the induced optical anisotropy in the medium.

If @ is a macroscopic tensorial order parameter
which describes the degree of molecular alignment,
then the optical susceptibility x,; (or any tensorial
property of the medium) can be written®

X{j=76u+%AXQ” ’ (1)
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TABLE I. Molecular structures and other characteris-
tic parameters of the p,p’-di-n-alkoxy-azoxybenzene
homologs.

Structure:
CHj-(CHy) y-O-(CgH,)-N,0-(C¢Hy)-O-(CH,) - (CH;)
N Tg Qg 10+3AX A Hexpt
(°C) (10% erg/cm®)
1 132.7 0.400 108.9 25.4
2 163.1 0.517 97.1 52.5
3 119.95 0.395 87.2 22.8
4 129.9 0.475 79.0 31.4
5 118.6 0.358 74.9 19.9
6 123.9 0.437 64.5 26.2
7 119.3 0.431 60.9 23.5

where y=33,x; and Ay is the anisotropy in y,; with
perfect molecular alignment such that %Q”:—Qw
=-Q,,=3. In the absence of field, in an isotropic
medium @, is zero, but becomes finite in the
presence of a field. According to the Landau-de
Gennes model,’ the free energy per unit volume of
an isotropic fluid in the presence of an intense
field E(w) and a weak probing field E(w’) is given
by

F=Fo+%a(T"‘ T*)Q”jS +%bQ“Q”¢Qm’
+%dQ”Q,‘ka;Q” - % X;’j(w)E ;“(w)E,(W)
—ix;;(W)E HW)E ('), (2)

where F is independent of @. The field-induced
molecular ordering then obeys the dynamic equa-

—

1 (x"x'*' Xyy T (Xey = Xyx) Xer = Xy = Xy ¥ Xy!)>
3 . , =%+
2 Xox = Xyy N l(xxy + ny) Xex + Xyy — l(xw - ny) H

We can write for w=w’

Xi5(WE HWE ;(w) = X|E(w)]*+ 6x,| E (w)|*+ 6x_| E(w)|?,

ox, =[(2x)?/18a(T - TH][+3|E, (@) |*+ § [E(w) |*],
(8)

and then the field-induced refractive indices seen
by the two circular components of the incoming
elliptically polarized light are

on,(w)=(21/n)5x,(w) . (9)
The corresponding circular birefringence is
on,=0n.—-0n,
= (21/n)[(Ax)?/9a(T - T*)]

x[|éE(w >~ |e2E(w|?]. (10)

18a(T-T*)
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tion®v8Q,,/8t=-08F/8Q,,. Normally, @ is small
in the isotropic phase, and hence the @* and @*
terms and the xij(w')E;*(w')Ej(w’) term in Eq. (2)
are often negligible. The dynamic equation as-
sumes the form

9 N
14 "gt_il*'a(T" T*)Qu :f”(t) )
(3)
f{j=1_12Ax(E?(Ej"‘ —é_ ‘E(w9 t)lz éij)+ c.c.

Consider first the steady-state solution of Eq.
(3). If theoptical field propagating along 2 is
linearly polarized, e.g., E =EZX, we find immedi-
ately

Q,,=—2Q,,=5 AX|E(w) [*/a(T - T¥). (4)

The corresponding induced linear birefringence
at w’ is
o, (w’) = (27/n)% Ax(W) (@, - Q,y)
= (2n/n) Ax(w) Ax(@") |E (@) |*/9a(T - T*),

(5)

where n is the linear refractive index. From the
usual definition of the optical Kerr constant
B=w'én,/nc|E(w)|?, we have

B=2(w/nc)ay(w)ax(w’)/9a(T - T*). (6)
If the intense optical field is elliptically polarized,
e.g., E(w)=¢8,E ,+é_E_withé,=(x+i9)/VZ, we
find from Egs. (1) and (3) the following susceptibil-
ity tensor in the circular coordinates:

2E*E,

(ax)? )
. (D
S|EL P+ 3[EC]?

(HE i
2E_E*

We shall see later that the above-mentioned in-
duced linear and circular birefringences can be
deduced from measurements of phase shifts of the
linear and the elliptical polarizations, respective-
ly. As seen in the above expressions, all these
field-induced refractive indices and birefringences
diverge as T approaches T*. This critically diver-
gent behavior is of course characteristic of a pre-
transitional phenomenon. In liquid-crystalline
materials, the first-order transition temperature
T, (>T*) always sets in before T reaches T*.

In nonlinear optics, the field-induced refractive
indices can be described more generally from
symmetry considerations.*® For an isotropic
medium, the third-order nonlinear polarization
takes the form
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PP (@)=Y 6[x3y(w' =0 +w = W)E (@' )E(w)E F(w)
i

+x 8 (W' =w+w-~ W)E (W' )E (W)E }(w)
+xB (W= +w- W)E ;(w")E (w)E }(w)],
(11)

where the x® are components of the third-order
nonlinear susceptibility tensor. For w=w’, we
have in circular coordinates

PP (@) =3(x3h + Xia) [E () |2
+ (X3 + X3 + 230 |E+(@) [P]E (w) .
(12)
We then find, for E =%E ,
O, = (21/m)3(x + xi2 +xBWE T, (13)
and, for E=¢ E,+2_E_,
on, = (21/n)3[(x32: + Xia12) | E (@) |2
+ (i xi2e + 22 | Eo(@) 2],
(14)
on,=2n/n)6x3[ |6t E(w) |- |&t E(w) |?].
Comparing Eqgs. (13) and (14) with the previous
expressions, we find, assuming Ay(w) = Ay(w’),
Xih = 6X1 = & (AX)*/9a(T - T*),
X3z = X (15)
B=12(w/nc)x3), -
Owyoung et al. have shown that with only a nuclear

contribution the third-order nonlinear polarization
can be written®

PPN(w)=5(2a + B) E;(w) E;(w) Ef(w)
+1BE;(w) E;(w) EFw) (16)

+35(2a+ B E;(w) E(w) EXw) .

In the case of liquid-crystalline materials, this
is true since the electronic contribution is neg-
ligible compared to the nuclear part. We then
have

a=-24x3p=-38,
B=12x%),, B=(w/nc)B.

We now consider the transient case, where
molecular ordering @, is induced by an intense
light pulse. From Eq. (3), we find immediately®

Q”(t) :j:t .ﬂ';(_tlze-(t-t')/'r, (18)

where the orientational relaxation time is defined
as

T=v/a(T-T*. (19)

")

Consequently, we have

Ml(t)= %B;l—f IEIZ(tl)e-(t-t')/fdt/ ,

t P— P
5nc(t)=’;—cB—1;f (le E|*- |eE|?)

X (e ¢t/ Tat (20)

Thus knowing the time variation of 6#,(¢) or
on(t), we should be able to deduce the values of
B and 7. Equation (19) shows that 7 would diverge
as T approaches T*. This critical slowing-down
behavior is again characteristic of a pretransition-
al phenomenon.

Suppose we have obtained B and 7 as functions
of temperature 7. Then, from Egs. (15) and (19),
we can deduce the parameters T*, (Ay)®/a, and
v/a. If, in addition, Ay is separately measured,
then a and hence v are also known. Now, the Lan-
dau-de Gennes model with the free-energy expres-
sion of Eq. (2) predicts’ a first-order phase transi-
tion at T, =T*+ 22b*/ad and an order parameter @,
=22b/d at the transition. Knowing T, T*, a, and
Qg, we can then deduce b and d,

b=2a(Tx~ T*)/Qx, d=8a(Ty— THT,/Q%.
(21)

The validity of Eq. (21), however, depends on
whether the Landau model gives a valid description
of the isotropic-nematic transition.

III. EXPERIMENTAL ARRANGEMENT AND
DATA ANALYSIS
A. Sample preparation

Our experimental work was on seven homologous
compounds of p, p’-di-n-alkoxy-azoxybenzenes
(CyH,4,,0-CeH,-N,0-CH,-OCH,,,, with N
=1,2,...,7). The samples were purchased from
Eastman Kodak Company. Purification of the samp-
les was done by recrystalization from a saturated
solution in various solvents (see Table II). The
recrystallized sample was then placed in an optical
cell 2.5 cm long, which was evacuated for several
hours to remove atmospheric H,O and O, and the
residual solvent. After evacuation, the sample

TABLE [I. Solvents used for recrystallization of the
p,p’'-di- n-alkoxy-azoxybenzene homologous compounds.

N Solvent

1-pentanol
1-pentanol
n-hexane
{-pentanol
acetone
acetone
acetone

N oo WD
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FIG. 1. (a) Experimental arrangement for observing
molecular orientational relaxation times in nematic
liquid crystals. BS, beam splitter; P-1, P-2, P-3,
linear polarizers; D-1, ITT F4018 fast photodiode; D-2,
RCA photomultiplier 7102; F-1, neutral-density stacks.
(b) Experimental arrangement for observing ellipse-
rotation effect. P-1, P-2, Glan polarizers; R-1, R-2,
Fresnel rhombs; L-1, L-2, 15-cm lenses; F-1, F-2,
neutral density stacks; D-1, D-2, ITT fast photodiodes.

cell was sealed under vacuum. A sample prepared
this way was very homogeneous and had a sharp
isotropic-nematic transition. The transition temp-
erature was constant to within 0.1 °K for more
than one month.

There was apparently a small amount of impur-
ities in our samples, as evidenced by the lower
transition temperatures than those reported for
pure samples in the literature. The differences
were typically less than 5°K, suggesting an im-
purity concentration less than 1%. It appears that
with such small impurity concentrations 7', — T*
remains nearly unchanged. The temperature-de-
pendent pretransitional properties as a function of
T — T* should also remain unchanged and the ma-
terial parameters deduced from our experiments
should be insensitive to impurity contamination.”

During our optical measurements, the sample
cell was placed in an oven with thermal control.
The sample temperature was stablized to within
0.1 °K and its uniformity throughout the cell was
better than 0.2 °K.

B. Experimental techniques

We obtained the orientational relaxation time 7
from the measurements of transient optical Kerr
effect, and the nonlinear refractive index or op-
tical Kerr constant from the measurements of in-
tensity-dependent ellipse rotation. The details of

the experimental arrangements have already been

described elsewhere.! Here, for the sake of clari-
ty, we have reproduced the schematic diagrams of
the experimental arrangements for the two types of
measurements in Fig. 1.

In the optical Kerr measurements, the main
difference between the present setup and the ear-
lier one is that here we used a weakly mode-locked
ruby laser instead of a @-switched laser. This
was necessary because 7 for the homologous com-
pounds can be as small as few nsec. The mode-
locked pulses had a pulse width of about 1 nsec. A
single pulse of ~20 kW switched outfrom the mode-
locked train was used in the measurements to in-
duce molecular ordering, and a 10-mW cw He-Ne
laser was used to probe the ordering. In order to
avoid any possible thermal lensing effect in the
sample induced by the absorption of He-Ne laser
light, a Pockell cell was employed to block the
He-Ne laser beam until the arrival of the ruby
laser pulse.

In the measurements of intensity-dependent el-
lipse rotation,* we used a single-mode @-switched
ruby laser. It had a pulse width of ~12 nsec and a
peak power of ~100 kW. The beam was focused at
the center of the sample cell. The length of the
focal region was appreciably smaller than the cell
length. With the output laser beam attenuated,
the polarizer and the analyzer in Fig. 1(b) were
set to be crossed with each other. The intensity-
independent rotation of the elliptical polarization
in the sample was then measured by the amount of
light passing through the analyzer.

We also obtained the susceptibility anisotropy
Ay from the linear refractive-index measurements
using the wedge method,® which is described in de-
tail in Ref. 9. The refractive-index measurements
at 6943 A gave us X.r and x,, at T~T,- 20°, while
the magnetic resonance measurements'® gave us
the order parameter @ (~0.5) at the same temper-
ature. Then, from Eq. (1), we could deduce Ay.
We also measured the refractive indices n of the
materials in the isotropic phase.

C. Data analysis

In our optical Kerr measurements, the signal
detected was the He-Ne laser light transmitted
through the sample between crossed polarizers.
The signal S°¥ was therefore proportional to
sin®(w’6n,l/2c), where [ is the sample length. The
linear birefringence 6n, was induced by a laser
pulse according to Eq. (20). In our case, on,l <1,
and hence we have

t 2
SOK(t)CC<Bf |E(t/)|ze-(t-t‘)/rdt/> , (22)

where |E(#)|? is the exciting laser pulse. The



above equation shows that if the laser pulse width
is smaller than or comparable with 7, then at suf-
ficiently large ¢ the signal S°%(¢) should decay ex-
ponentially as e™*/", This was indeed the case in
our measurements. From the exponential tail, we
could deduce the relaxation time 7. In principle,
since the exciting pulse |E(¢)|? is known from the
oscilloscope trace, we should be able to deduce
not only 7 but also the optical Kerr constant B from
from the signal S°%(t). However, in the present
case, the probing He-Ne laser beam was too weak
to yield good signal-to-noise ratio for an accurate
determination of B. We therefore used intensity-
dependent ellipse rotation measurements instead
to determine B.

For an infinite plane wave, the intensity-depend-
ent ellipse rotation 6 across the cell is given
by1,4,e

6 =(w/2c)on,l. (23)

For a focused beam, however, 6 is a function of
radius . Assume a single-mode laser pulse with
a Gaussian profile focused at z=0:

WO

1El2(7,2,1)=|é’ol2m

Xexp<- Wi’;—l)-a(z+§l)—yztz>,

(24)

where W2(z) =W2[1+(2cz/wnW?)?], W, is the mini-
mum radius of the focus, « is the power attenua-
tion coefficient due to scattering and linear loss,
and y is a constant. The sample cell extends from
z2=-31toz=31. Following the analysis of Ow-
young® using the paraxial approximation, we can
describe each cylindrically symmetric set of rays
in the focused beam by a parameter K defined by

r2=Kw*(z). (25)

For each set of rays, the ellipse rotation is

1/2
O (l) = f” (w/2¢)on (K, 2, t) dz

=1(| 8,2 cos2¢)(n*wn Wi/c)BLg(t)e ¥, (26)

where
_2¢ s 1/2 gm0z
~ Ton © 1 /2 Wz(z)dz’
le, ER —|2_-EP=|EP cos2¢, (27)

g(t)=(n/2ym)e 1 veri(yt - 1/2y7)]e~/".

If the attenuation length (1/a) is much smaller
than the longitudinal focal dimension wnW?2/c, then
L can be approximated by

L=(2/m)e /Y tan"*(cl/2wnW?)], (28)
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which reduces to e~ /2 when [>wnW?/c and to 1
if, in addition, < 1/a.

We now have to integrate over all the rays in
the beam to find the total power of the ellipically
polarized light transmitted through the analyzer.
In our case, 6x <1, and hence the measured sig-
nal is

SER() = [ (sin2 262 (VP 5 (1) dK , 29)

where ER signifies ellipse rotation, and where
Py(t)dK = (nc/4T)ER(r,2=51,t)2mr dr
=i ncW?| 82 exp(- 2K — al-*1?) dK .
We then have
SER(E) = (PnSw?WS/384¢)I8° sint4 B2 LPg2()e =4 -1+ .
(30)

Knowing |§,f and ¢, we can then determine the
absolute value of the optical Kerr constant B.
In our experiment, we measured SE}, for the
sample and used CS, as a reference whose Kerr
constant is known. From Eq. (30), we find

B _ ( Siie®!/ LTy Py >‘/2
B(‘S2 Smaxeat/LzrmaxP?))('Sz

(31)

where T, =[ g2(t)e"**],... and P, is the incoming
peak power. As seen from Eq. (30), SER, is pro-
portional to P3. However, because of scattering
and imperfect alignment, SEX, also has a residual
term linear in P,. Therefore we must measure

Temperature, T (°K)
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FIG. 2. Experimental results on optical Kerr con-
stants vs temperature for CyHyy,;O0-CgHy-N,O-Cg¢Hy-
OC,Hy, .y, With N=1 and 7. The solid curves are calcu-
lated from Eq. (6).
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FIG. 3. Experimental results on orientational relaxa-
tion times vs temperature for CyHyy,;O0-CgHy~NyO-CgHy~
OCyHyy,y, with N=1 and 7. The solid curves are calcu-
lated from Eq. (19).

SER, as a function of P, and extract the term pro-
portional to P} from the measurements.

We have measured 7, @, and B as functions of
temperature in the isotropic phase for the seven
homologous compounds of p, p’-di-n-alkoxy-azoxy-
benzenes. Using n and Ay from our refractive-
index measurements,® we then deduce the parame-
ters v, T*, and a from Eqgs. (6) and (19) for each
compound.

IV. EXPERIMENTAL RESULTS

In Figs. 2 and 3, we show as examples the re-
sults of our measurements of 7 and B, respective-
ly, as functions of temperature for two p, p’-di-n-
alkoxy-azoxzybenzene (PAA) compounds. Similar
results were obtained for the other five compounds
in the homologous series. In all cases, the data
can be described very well by Egs. (6) and (19).
Strictly speaking, the viscosity coefficient v in
Eq. (6) is not temperature independent. One often

expresses v(7T) in the form
V(T)=vee™T,

(32)

where Wis a constant. However, in our cases, be-
cause the investigation was limited to a narrow

R. SHEN, AND G. K. L. WONG

temperature range, we can approximate v(7T) by
v(Tg). The error introduced by this approximation
is less than 4%. Thus by fitting the experimental
data with the theoretical curves of Eqs. (6) and
(19), we can deduce T*, v/a, and (Ay)*/a for each
compound. From the independently measured
values of Ay,® we then obtain v and a separately.
As discussed in Sec. II, if we believe in the Lan-
dau’s expansion at the isotropic-nematic transi-
tion, we can also deduce the parameters b and d
for these compounds using Eq. (21). Here, Tg's
were measured, and the @,’s were obtained from

QK = [Xxx(TK) - ny(TK)]/AX

by extrapolating our linear refractive-index mea-
surements to Tx.> These Q differed by ~10%
from those measured directly by magnetic reso-
nance at T = T,'° partly owing to larger uncertain-
ty in the magnetic-resonance measurements at

Tk, and partly because of inaccuracy in our extra-
polation.

We have listed in Table III the values of
(T - T*)1, (T - T*)B, and other parameters de-
duced from our measurements for the seven com-
pounds of the homologous series. We have then
plotted, as functions of the number of carbon
atoms in the alkyl chain at either end of the mole-
cule, (T'— T*)7 and (T - T*)B in Fig. 4, T*, Tk,
and AH in Fig. 5, v and Ay in Fig. 6, and a, b,
and d in Fig. 7.

In our relaxation measurements, shot noise in
the photomultiplier was the main source of experi-
mental uncertainty. Typical error of about + 10%
is represented by the error bars in Fig. 2, where
each data point was the result of averaging over
more than four laser shots. This uncertainty can
of course be improved by using a probe beam of
stronger intensity. As the relaxation time 7 ap-
proaches the response time of the detection sys-
tem (s7 nsec in our case), the uncertainty would
of course become larger unless the signal is prop-
erly deconvoluted.

The ellipse-rotation measurements had an accur-

TABLE III. Various characteristic parameters of the p, p’-di-n-alkoxy-azoxybenzene homologs deduced from the ex-

periment.
T-T* TAT BAT v a b d A Hy,
N  (K) (107 sec°K) (10°esu) (10 P) (10° erg/em®°K) (107 erg/em®) (107 erg/em®) (10° erg/cm?)
1 3.0 90 10.5 62.6 6.69 21.0 4114 33.9
2 3.8 80 9.2 52.1 6.52 19.4 27.3 56.9
3 2.75 180 9.0 95.9 5.33 15.0 29.7 24.6
4 4.9 155 8.9 68.9 445 17.9 29.1 30.3
5 4.4 240 6.4 135.4 5.57 24.1 49.4 20.9
6 0.9 150 3.9 105.1 7.00 4.4 6.9 39.8
7 0.7 140 2.2 151.3 10.81 6.0 10.1 59.0
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FIG. 4. Experimental values of (T — T*)B and (T=T*T
for the first seven p, p’-di-n-alkoxy-azoxybenzene homo-
logs.
acy better than 2% so far as the signal SEX/P3 was
concerned. However, in deducing the optical Kerr
constant from Eq. (31), the uncertainty in the re-
laxation time 7 came in through g(¢). Together
with the uncertainty (~+5%) in determining L, this
led to an overall uncertainty of ~+ 15% in the val-
ues of B shown in Fig. 2.

V. DISCUSSION

Figures 4-T show how the increase of alkyl-
chain length by the addition of methylene groups
modifies the physical behavior of the homologous
compounds. Here, we give a brief qualitative dis-
cussion of the results.

Figure 4 shows that the seven homologous com-
pounds all have a large Kerr constant and a long
relaxation time, which are characteristics of

Number of Carbon Atoms in Alkyl Chain (N)

FIG. 6. Values of v and A for the first seven p, p’-di-
n-alkoxy-azoxybenzene homologs.

other liquid-crystalline materials.! For the same
AT =T -T*, BAT drops appreciably as N in-
creases, mainly owing to a drop in Ay, shown

in Fig. 6. On the other hand, TAT has a zigzag
behavior with increase of N. It is the result of
the zigzag behavior of v also shown in Fig. 6.

In Fig. 5, we notice that a regular alteration of
the isotropic-nematic transition temperatures T
and T* and the latent heat AH occurs between
homologs containing odd and even numbers of car-
bon atoms in the alkyl chain. For Ty and AH,
this is a common behavior for many homologous
series of liquid-crystalline compounds and is
known to be the result of the cog-wheel arrange-
ment of the carbon atoms along the alkyl chain.
That the fictitious second-order transition tem-
perature T* also has such a behavior is a mani-
festation of the weak first-order transition char-
acteristics of these compounds. Because of that,
Ty and T* never differ by more than 5°K. We
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FIG. 5. Experimental values of Ty, T*, and AHexp! for
the first seven p, p’-di-n-alkoxy-azoxybenzene homo-
logs. The values of A Hy were deduced from Eq. (34)

using experimental values of @, Ty, and Q.

Number of Carbon Atoms in Alkyl Chain (N)

FIG. 7. Values of the Landau expansion coefficients
a, b, and d [see Eq. (2)] deduced from experiment for
the first seven p, p’di-n-alkoxy-azoxybenzene homo-
logs.
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FIG. 8. Plot of logv vs Tx! showing that the experi-
mental data do not fall on a straight line.

also notice in Fig. 5 that Ty — T* becomes appreci-
ably smaller for n=6 and 7. This seems to sug-
gest that the longer chains on the molecules make
the transition closer to second order, presumably
because of the stronger waggling motion of the end
segment and the falling off of the terminal inter-
action.

The viscosity coefficient v shown in Fig. 6 also
alters regularly between homologs containing odd
and even numbers of carbon atoms in the alkyl
chain. This is caused by the strong temperature
dependence of v, as suggested in Eq. (32). In the
present case, we can approximate ¥(T) by v(Tk).
Then, according to Eq. (32), we expect to find
smaller v for compounds with large T, and hence
the qualitative behavior of v in Fig. 6. However,
we should not expect the constants v, and W in Eq.
(32) to be the same for all the compounds in the
homologous series. If they were, we would find
logv(Tg) vs Tg' to be a straight line from which
we could deduce v, and W. As shown in Fig. 8,
this is certainly not the case for the PAA homo-
logs.

The optical anistropy Ay in Fig. 6 shows a fair-
ly smooth decrease with increase of the chain
length. In fact, on the microscopic scale, the
molecular polarizability anisotropy Aa actually
increases with the increase of chain length, as
one would intuitively expect.? Ay behaves differ-
ently from Aa because of the molar volume effect.
The medium with longer chain molecules has a
lower molecular density. Its effect on Ay turns
out to be larger than the incremental effect of
Aa onAy, owing tothe addition of methylene groups
on the chain.

Figure 7 shows that the variations of the Landau
parameters a, b, and d with chain length do not
have any regular pattern. The physical meanings
of a, b, and d often depend on the model describ-
ing the intermolecular interaction. In the mean-

field theory of Maier and Saupe,'' we should ex-
pect a to be a constant independent of the com-
pounds. The values of afor the seven homologous
compounds in Fig. 7, however, vary over a factor
of 2. This suggests that the mean-field theory for
isotropic-nematic transition is actually a poor ap-
proximation. The values of b and d in Fig. 7 were
deduced by assuming the Landau expansion of free
energy is valid at the isotropic-nematic transition.
To check the validity of the Landau expansion, we
insert the values of a, b, and d in Eq. (2) with @
~0.4 and T =Tx. We find that the b and d terms in
Eq. (2) are often larger than the ¢ term, indicat-
ing a divergence or poor convergence of the power-
series expansion. Thus at least the truncated Lan-
dau expansion in the form of Eq. (2) is not valid
at T=Tg. The values of b and d given in Fig. 7
are therefore not very meaningful. For T> Ty
and € <0.01, however, Eq. (2) is valid. With the
values of b and d given in Fig. 7, and for €<0.01,
the b and d terms in Eq. (2) become negligible.
This was true in our experiment, where @ was
always less than 1073,

In the literature, the Landau expansion has also
been used to derive the heat content AH of a first-
order transition,

_3aTyQ% _5_(% s i(ﬂ) 4
A==+ 13\ or ,KQ“az o ), OF

(33)

If we neglect the 8b/9T and 8d/9T terms, we then
have

AH=%aTyQ%. (34)

The above equation was used by Stinson et al.”
Using the values of a, Ty, and @ listed in Tables
I and III for the homologous compounds, we find
the values of AH shown in Fig. 5 as AH,. Com-
pared with the directly measured values AHey,,
the agreement is fairly good for all compounds ex-
cept N=6 and 7. The discrepancy could be due to
neglect of b and d terms in Eq. (33) or due to fail-
ure of the Landau expansion. It may also be the
result of residual short-range smectic order at
Tk, since the N =6 and N =7 homologs are known
to have a smectic phase at lower temperatures.
The rapid rise of AH, towards N =6 and 7 comes
from the corresponding sharp rise of @, which in
turn is the result of the quick drop of B(T — T*)
towards N=6 and 1.

VI. CONCLUSION

Using ellipse rotation and the transient optical
Kerr effect, we have measured the third-order
nonlinear susceptibility (or the optical Kerr con-
stant B) and the corresponding relaxation time 7
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for seven nematic compounds of the p,p’-di-n-
alkoxy-azoxybenzene homologous series as func-
tions of temperature in the isotropic phase. The
results showing critical divergence of B and criti-
cal slowing down of 7 are in good agreement with
predictions from the Landau-de Gennes model.
Similar in characteristics to other liquid-crystal-
line materials, all these compounds have a large
Kerr constant and a long relaxation time strongly
dependent on temperature. Together with the ex-
isting data on optical anisotropy and the order
parameter at the nematic-isotropic transition,

we have deduced various characteristic parame-
ters of the nematic compounds. These include the
fictitious second-order transition temperature 7*,
the orientational viscosity v, the Landau expan-
sion coefficients a, b, and d, the heat content AH,
etc. The results show how these characteristic
parameters vary among the homologous series as
the alkyl-chain length of the molecules increases
through addition of methylene groups to the chain.
Part of the results can be understood from the
molecular structural point of view. The variation

of the Landau parameter a with compounds indi-
cates that the mean-field theory of Maier-Saupe

is not a good approximation to describe the iso-
tropic-nematic transition. Our values of a, b,

and d also suggest that the Landau-series expan-
sion of the free energy is a poor approximation

at the transition. The heat contents AH derived
from the expression AH=3% aT,Q% deviates appreci-
ably from the experimental values for the higher
members of the homologous series.
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