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N  OPTICAL-FIELD-INDUCED REFRACTIVE INDICES AND

ORIENTATIONAL RELAXATION TIMES IN A HOMOLOGOUS SERIES
OF ISOTROPIC NEMATIC SUBSTANCES.*

E. G. Hanson and Y. R. Shen' |

Department of Physics, University of California, and
- Materials and Molecular Research Division,
Lawrence Berkeley Laboratory, Berkeley, California 94720
and
G. K. L. Wong
Physics Department .

Northwestern University
Evanston, -I11.

ABSTRACT
We have measured the optical Kerr constaﬁt and ﬁhe

orientational relaxation times of seven p,p'-di-n-alkoxy- -
azoxybenzene homologous compounds as funétions of.fempera—
ture-in the isotropic phase. The observéd critical behaviors
near the isotropic—nematic transitions'agree well with the
predictions from the Landau~de Gennes modei. Various charac-
teristic parameters of the homologues are deduced-fiom the
vexperiment. Their‘variations with increase of methylené
groups in the alkyl chain are discussed. Our resﬁlts suggest
that neither the meanffield theory of Maier-Saupe nor the
Laﬁdau expansion of free energy is a good'approximation for

. /
quantitative description at the isotropic-nematic transition.
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I. INTRODUCTION

Recently, it has been-demonstrated by nonlinear 6ptical measure-
ments that liquid crystalline materials in their iso;ropic phase can héve
a 1arge‘optical Kerr constant with a 1ong relaxatién time.1 Spch charac-
teristics result from the pretransitional behavior of the materials. The
noniinear optical measurements actually provide a stringent.test on the
Landaﬁ—de Gennes_phase transition model for liquid cyrstals; Frbm these
measurements together with meaéuremeﬂts on the order parameter and anis-
otropy in refractive indices, oné can obtain vélueé for large number
of characteristic material parametérs: T*, the fictitous second-order
isotropic-nematic transifion ﬁemperature; V, the viscosity'coefficient
for moleéular orientation;_a, b, and d, the coefficients iﬁ the Landau's
series éxpansion of the free eﬁergy; and others. These parameters are
impor;ant.for char#étérizing a liquid crystalline material. To under-—
stand how molecular stfucture affects the'prdpertiés of liquid crystéls,
it will then be of great'intereét-to find these parametefs for a'homoldgous
Serieé of compounds. However, no sgch information for any homologous |
series exists in the literafure. |

Invthis paper, we report the results of our recent nonlinear re-
fractive index measurements on the hdmologous compoﬁnds of
p,p'—di—n—alkoxy—azo#ybenzeﬁeé; The molecular structures of these com-
pounds are shown in Table I. Also listed in.the Table'are the iso;ropic~

nematic transition temperatures T, of our samples, the macroscopic order

K

parameters QK_at T

X’ the refractive index anisotropies An (defined. for
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the case of perfeét molecular alighmenf) we recently measured, and the
latent heats AH obtained from Ref. 2; .From the nonlineér optical_measﬁre—
ments and the valqeg ofvTK, QK’ and An , we then deduce the varioug :
.characteristic parameters we mentioned earlier for these homologous éom—
pOundS.. The work here constitutes one of the very few examples where
“nonlinear optical measureménts caﬁ yield'quantitativé resulgs not oﬁly on
nonlinear optical coefficients buf also oﬁ other éharacteristic para-
meteré éf a condensed matter..
| In Sec..II, we give a brief review on the theory of optical field-
induced refractivé indices. We describe in Sec, III, the experimeﬁtal
arrangement and the data analysis‘procedure. Then, in Sec. IV, we pre-
sent the exéerimental results and the matérialvparametérs deduced from
our results. Finaily, Sec.>V discusses the implications of our results
from the moleculér structural view point.

I1. THEORETICAL BACKGROUND

Liquid crystalline materials are composed of highly anisotropic
molecules. Consequently,'the induced dipoleé on the molecules are also
highly anisoﬁropic; In the presence of intenseloptical field, the mole-
cules tend to belaligned by the field via iﬁdﬁced dipole.interaction_
with the field. The resultant molecular ordering is. then reflected by
the induced optical anisotropy in thé mediﬁm.'

If Q 1is a macroscopic tensorial order parameter which describes

the degree of molecular alignment, then the optiéal susceptibility
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Xij(or any tensorial property of the medium) can be written a33

- 2 :
xij = xdij +_§Axoij_ (1)

wherelii l.z x and Ay is the anisotropy in X i3
. , 1 ) ] ) .
alignment such that EQxx = ny = sz = 1. In the absence of field,

in an isotfopic medium, Qij is zero, but becomes finité'in the oresence

wi;h perfect molecular

of a field. According to the Landau-deGennes model,2 the free energy
per unit volume of an isotropic fliud in the presence of an intense

field E(w) and a weak probing field E(w) is given by

-F

' * 1 41
F o+ a(T - T)Q jQ §bQ1ijk9ki + ZinijkaIQli

"—X (w)E (w)E (w) - —X (w )E (e )E (w ) : - (2)

where F is indepéndenf of Q. The field-induced molecular ordering then
obeys the dynamlc equation3 v8Q /Bt = - BF/BjS; Normally, Q is small
in the isotropic phase, and hence the Q3 and Q4 tefms and the
xij(w')E:(w')Ej(w')‘term'in Eq. (2) are often négligible. The dynamic

equation assumes the form

aQ Ca o '
T - =
v 5?“1 + a(T -~ T )Qij fij(t)
1 1.2 - A
f15 7 X EEy - lES p @ @)
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Consider first the steady-state solﬁtion'of Eq.>(3). If the
optical field propagating along Z is liﬁéarly polarized, e.g.,
E = EX, we find immediately

- _ 1 2 _ *
Q. = 2ny §Ax|E<w)|/a(i T). (4)

XX

. The corresponding induced linear birefringence at w' is

' ' 2 ' . o
Gng(w ) (21T/n)§AX(tp )(Qxx'—.' ny)__.

21/n) AX(w) AX(w')' |t(w)|2/9a(T - T*) (5)

where n is the linear refractive index. From the usﬁal_definition of the

optical Kerr constant B = w'énQ/ZWCIE(w)Iz, we have
B = (w/nc) Ay(w) Ay(w') /9a(T - T). . (6)

If the intense optical field is elliptically polarized, e. g.,
E(w)= @+E+ + @& Ewith &, = (x ¢ i) /v2, we find from Eqs. (1) and (3)°

the following susceptibility tensor in the circular coordinates

X Xy A0 = X000 (X e X ) = M+ X )

yx yx~
1 ‘
2 - i + - -
K™ Xgy) + 30 + X0 X #X = 10X =X )
. 1o 12 . 2. (2 *
_ 2 /- 3E "+ Z|E_| EE
=X65. . + R OO 3T+ -3 + N

0 *
3 ga(r -1

*x 2. 12 1, (2
E_E, 3le, | ,--5IE_|4
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We can write

@ = XIE@|% +& [ @]% + &_|E_w]?

. *
Xy WE{WE,

&, = [ @0?%/9a(T - T (' slE@]1” + g‘lE-t(w”'z)' v

and then the field-induced refractive indices 'seen by the two circular

components of the incoming elliptically poiarized light are
6n+(w) = (Zn/n)ﬁxi(w). _ ‘ (9

The correspbnding circular birefringence is

Sn

Sn - 4on
C -

+

/)2l (M0%/9a(r - ™1 185-Ew|® - | eFEw % . (10)

We shall,Seg later that'fhe abéve—mentioned induced,li#éér’and circﬁlar
birefringences can be deducedbfrom méasurements of phase shifts of linear
and the elliptical polarizatioms respeétively. As seen in the above ex~
pressions, all these field-induced refractive indices and birefringences
dive;ge as T approaches T*._ This critiéally divergent.behavior is of
course characteristic of a pretransitional phenomenon. In liquid cry-
stalline materials, the first-order transition temperature TK (>T*) alwaysv

, *
sets in before T reaches T .
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In nonlinear optics, the field induced refractive indices can be des-

b

cribed more generally from symmetry consideration. For an isotropic

"medium, the third-order nonlinear polarization takes the form

: (3) _ :
PiB)(w') =§; 6[*1122(w' = ' + w-—w)Ei(w')Ej(w)E:(w)

+xP @ =+ - WE )EWE @)

1212
) . -
+x“)w'=W+w-wmxwm1m%mﬂ (11)
1221 3] ,
where X(3)'s are components of the thirdéorder nonlinear susceptibility

tensor. For w = w', we have the circular coordinates

Py =6 @ +x®PD e @]+ P+ 4@ w23 e W] 2E, .
- 1122 1212 1122 1212 1221 * -

2

(12)
We then find for E = RE,
(3) (3) . (3) y1n|2
n__ = (2w/n)6(x + X + X ) [E|
xx 1122 1212 1227
sn, = 2m)e(x) +x3 y|g)? | | (13)

1212 1221

and for E= 8 E + & E
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6n, = (2n/n)6[kx(3) +x® )IE+<w)|2 + ) +y® +2x3 |52
| 1122 1212 © 1122, 1212 1221 F

n = (2n/n)12y P [|a*-‘ﬁ<¢)2- a*-’ﬁmz]. -
C_ 12217, + : | '~| - »‘@~' (14)

Comparing Eqs. (13) .and (14) with the p:evioué expressions, we find,

assumiﬁg'Ax(w) = Ax(w'),

3 . _1[,.2 *
X -=-3X = - A /9 T"T
1221 1122 46[( X)_‘a( | ):‘ |
3)
X -
1212 = ©
(3)

B =6

wff/éé)x~1221 o e 29)

Owyong et al have shown that with only nuclear contribution, the third-

order nonlinear polarization can be written as
PP (@) = oF (WE, (WE} @) + BE, WE, WE, (). (16)
i - 1773 3 B D i -

In the case of 1iquid’crysta111ne materials, this.is true since the

electronic contribution is negligible compared to the nuclear part. We

then have

wee® -l
1122 ;
g -6x"? |
1221

B = (w/nc)B. | | an
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We now consider the transient case where molecular ordering Qij is

induced by an intense light pulse. From Eq. (3), we find immediatelyl

| X | o |
- o R RN . (18)
Q5 (®) ,"/_;Ef,i.j(t'-)/v]e (e =€)/ |

'

wherevthe orientational relaxation time is defined as
t=v/a(T~-T). . _ (19)

Consequently; we have

S, (t) = (21rc/m)11r-Tl-_/‘|Elz(t')e_(t ot )/Tdt'

. t
5n_(t) = (2nc/w)29%f(|a+ CE2 o e s B D ene E T el (20

Thus, knowing the time variation of 6n2(t) or Gnc(t), wé should be able to
‘deduce the values of B and T. Equation (19) shoﬁs that T would diverge
as T'approaches T*. This critiéal SIOWing—down beha?ior is again
characteristic of a pretransitional_phenomenon.‘. |

Suppose we have obtéined B and T as funcfioné of tempefé;ure T. Then -
from Egqs. (15) and (19), Qe can dedﬁce thé‘parémeters T*, (Ax)z/a,_and
v/a. If, in additidn; Ax 1is separately measured, then a and hence v
‘are also‘known. Nbﬁ,_the Landau—deGennés model with the free-energy

. . 7 . ' ‘o
expression of Eq. (2) predicts a first-order phase transition at
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* ' L
TK'= T + 50b2/243ad_and an order paramet:er_QK = 20b/27d at the transi-

tion. Knowing TK’ T , a, and QK’ we can then deduce b and d.

o
"

* o
1§a(TK‘- T )/5QK

.
|

.o _ . -
= 8a(TK - T )TK/QK. | (21)

The ﬁalidity of Eq.'(Zi)Thowever depends on whether the Landad model giveé
a valid description of the isotropic-nematic transition. |
III. EXPERIMENTAL ARRANGEMENT AND DATA ANALYSIS |
A. Sample Preparation..
Our,experimentél wo;k wés on seven hopologous compoundsvof

0-C_H,-N_0-C,H,-0C_H

|V R - \ . ‘ . .
p,p'-di-n-alkoxy-azoxybenzenes. (CNH2N+1 gl ~N,0-CcH, -0CH o

with Nel,2,---,7).
The samples were purchased from Eastman Kodak Co. Purification of tﬁe |
samples was done by recrystalization from a saturated solution in various
solvéhts (gee Table II). The recrystallized sample was then placed in

an optiéal cell 2.5 cm 1ong and evacuated for several hburs to remove
atmospﬁerig HZO and.02'and the reéidual'solvént. After evacuation, the
sample cell waérsealéd under vacuum. A sample prépared this way was very
hdmogenequs énd had a sharp isotfopic—nematic tfansition; The transition

temperature was constant to within 0.1°K for more than one month.

There was apparently a small amount of impurities in our samples as

evidenced by the lower transition temperatures than those reported for pure

" samples in the literatures. The differences were typically less than 5°K,'
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suggesting an impurity concentration less than 17. It appears that

o * ' '
with such small impurity concentrations (T, - T ) remains nearly un-

K
changed. The temperature-dependent pretransitional properties as a
function of (T - T*) should also remain enchangedeand the material para-
metere deduced from our experiments Shouid be insensitive to impurity con-
tamination.7 . |

During our optical measurements,,the_samplezeell was placed in an
oven with thermal control. The eample temperature Qas stablized to with-
in_0.1°K and its uniformity througﬁout the cell Qas better than 0.2°K.
B. Experimental Techniques

We obtained the orientational relaxatigﬁ time T from the measure-
ments of transient optical Kerr effect, and the nonlinear refractive index
or optical Kerr constant from the measurements of intensity-dependent
ellipse rotation. The details of the experimental arrangements have al-
.readybbeen described elsewhere.1 Here, for the sake of clarity, we have
reproduced the schematics of the experimental-arrangeﬁents for the two
types of measurements in Fig. 1.

in-the optical Kerr_measuremehts, the main‘difference between the
present setup and the earlier one is that here we used a weakly mode-
locked ruby laser insteed of a Q-switched 1aser; This was necessary
because T for the homologous compounds can be as small as few nsec. The
mode—locked pulses had a pulsewidth of about 1 nsec. A single pulse of
~ 20 KW switched out from the mode-locked train was esed in the’measure—

ments to induce molecular ordering, and a 10mW CW He~Ne laser was used to
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probe.the.orderihg. In order to avoid any possible thermal lenéing_

effect in the éample induced by the absarptidn of He-Ne 1aser'light, a
Pockell cell was'employed to block the He-Ne laéer beam until the arrival
of the ruby laser pulse.

In the measurements of intensity-depéndenf eilipse rotation,4 we
used a's;ngle—mode Q—switched ruby 1aser; It had a pulsewidth of
~ 12 nsec and a peak power §f ~ 100 KW. The beam was focused at the
centéf of the sample cell. The length of the focal ;egion was appreci-
abl} smaller than the éell length. With the Qutpﬁt laser beam attenuated,
the polarizer and the analyzer in Fig. 1lb wefé set to be crossed to each-
ofher. The intensity—indépendent rdtatién'of tﬁe ellipticgl polarization

in the sample was then measured by the amount of light passing thréugh

"the analyzer.

C. Data Ahalysis
In our optical Kerr measurements, the signal detected wés'the He-Ne
laser light transmitted'through the samplé between crossed polarizers.

The signal»SOK was therefore proportional to sinztw'anl/Zc) where £ is

- the sample length. The linear bi:efringenceAénz was induced by a laser

pulse according to Eq. (20). In our case, dn

22 < 1, and hence we have

2

- t
s%(t) “[B[JE(t')lz,e-(t =t/ Ty (22)

where IE(t)I2 is the exciting laser pulse. The above equation shows that

__EE_EEE_IEEEE pulsewidth is smaller- than or comparable with T, then at
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sufficiently large t, the signal_SOK(t) should decay exponentially as
exp( <2t/1). This was indeed the case in our measurements. From the
exponential tail, we could deduce the relaxation time T. In principle,
since thé exciting pulse IE(t)I2 is known f;om the oscilloscope trace,
we should be able to deduce not oply T but also tﬁe optical Kerr constant
B ffom fhe signal SOK(t).' Héwever, in the preseht case, the probing
'He-Ne laser beam was too weak to yield good signal—tofnoise ratio for an
accurate determination of B. We therefore.ﬁséd intensity dependent
eliipse rotation megsﬁrements instead'to‘determine ﬁ.

For an infinite plane wave, the intensity—dependént gllipse rotation

0 across the cell is giQen by 1,4,6

6 = (w/ZC)GnéQ. , | (23)

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

W . 2 ;
B2zt = & |2 —C—expl- 2T —aG+3) - yeH] @)

o W (2) w2 (2)

where Wz(z) = Wifi + (2cz/wnW§)2LWOi§ the minimum radius of the focus, o
is the power attenuation coefficient.due to scattering and linear loss, and
Y is a constant. ' The

sample cell extends from z = - 2/2 to z = /2. Following the analysis

6 _ .
of Owyoung using the paraxial approximation, we can describe each

cylindrically symmetric set of rays in the focused beam by a parameter K
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defined by

2 = kwP(z). @5

For each set of rays, the ellipse rotation is

eR/2
9. (t) '=/ (w/2¢)én (K,z,t)
K c
-L/2 2 .2
' 2. m wnWo -2K
= (|&,|“cos 2¢) —BLg(t)e - (26)
where.
- (]2
2¢ -af/2 -z, 2.
L=""-c¢ e "°/W (2)]dz
© Twn L2
e « E|? - |&_« E|2 = |E|? Cos 20
L 22 ‘ _ . -
-1/4 o © 1 4 =tfT
g(t) = %%%e A {1+ erf(yt - 5;;0]e / - Q27

‘If the attenuation length (lla) is much smaller than the longitudinal focal

dimension, wnwz/c, then L can be approximated by

2 ~0f/2
2q
m

L = [tan™ (cb/2miD)] (28)
which reduces to exp ( -0f/2) when £ >anwi/c and to 1 if in addition

2 < 1/0. We now have to integrate over all the rays in the beam to find
* ther total power of the elliptically pblarized light transmitted through

the analzyer. 1In our case,
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GK << 1, and hence the measured signal is

sPR (1) = f(sin 26)262 ()P, (£)dK (29)
| A O BFy
where
P (£)dK = (nc/4mY|E|%(r,2 = 2/2,t)2mrdr

(nc¥ _2/4) |8, [Pexp( -2k - ot = y’t%)aK.

We then haﬁe

ﬂ4n3wzw6 2.2
2 2.2 2 -af -
SER(t) = ———52279180|6sin 4¢B"L g (t)e al-y t (30)

Knowing |8012 and ¢, we can then determine the absolute value of the optical
~Kerr constant B.

In our -experiment, we measured Szzx'for the sample and used CS2 as

'a reference whose Kerr constant is known. ' From Eq. (30), we find

ER eaglLZP P3' ‘ .%
max max o

ER eaQ/LZF P3)
max max o C82

S

B/B

cs (31)

2 KS

. : Lo 2 ' 2.2 . . :
where rmax [g7(t) exp ( -yt )]maX and Po is the incqming peak power. As
seen from Eq. (30), Sigx is proportional to Pg. However, because of
scattering and imperfect alignment, ngx also has a residual term linear

in Po' Therefore, we must measure Siix as a function of Po'and extract the

term proportional to Pg from the measurements.
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ﬁe_have peasured T, '0,, and B as functions of temperature in the

isofropic phase for tﬁe seven homologoug compounds of |
p,p'-dién-alkoxy—azoxybgnzenes. We havg also found . n and Ay (= lel/Qxx)
.fdr these compounds using the wedge method of index refraétion méasurements
and the order parametefs o from magnétic resonance measurements.
Then, from Eqs. (6) and (19), we deduce fﬁé paraméters.v, T*, and a for
éacﬁ compound. - .
IV. EXPERIMENTAL RESULTS

| In Figs..2 and 3, we show, as examples, the results of our measurements
éf T and:B réspeétively as functions of temperature for two p,p'-di—n—alkoxy?
azoxzybenzene compounds. Similar results were obtained for the other five
compounds in the hdmolqgous series. In all cases; the data can be-des—b
cribed very well by Eqs. (6) and (19). Strictly speaking, the viscoscity
coefficient v in Eq. (6) is not tempefature-independent. One often ex-

presses V(T) in the form
V(T) = v_exp (- W/T) . - (32)

-whEre W isia constant. However, in our cases, because the investigation
was limited to a narrow fempératurevrange, we can approximate V(T) by
v(TK). The error introduced by this approximation is less than 4%. Thus,
by-fitting_the expériméntal data with the theore;ical curves of Eqs. (6)
and (19), we céﬁ deduce T*, V/a énd (AX)Zla for each compound. From the

independently measured values of Ax;8 we then obtain v and a erarately;
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As discussed in Sec. II, if we believe in the Landau's expansion at the
isotropic-nematic transition, we can also deduce the parameters b and d

for these compounds using Eq. (21). Here, T

K's were measured, and the -

QK'S were obtained from the linear birefringence measurgments8 normalized
against the NMR results of Pines et al.9 We have listed %n Table III the
. values of (T - T*)T, (T - T*)B‘and othep parameters deduced from our
measurements for the seven‘compounds-of the homologous serigs! We have
then plotted, as functions of the number of carbon atoms in the alkyl
chain at either gnd of the molecule, (T - T*)T and (T —.T*)B in Fig. 4,
T*, T.» and 0H in Fig. 5, vand X in Fig. 6, and a, b, and d in Fig. 7

In our relaxation measurements, shot noise in the photonmultiplier
was the main source of experimental uncertain#y. _Typical error of. about
+ 10% is.represented by the error bars in Fig. 2 where each data point was
the result of average over more tﬁan 4 laser shots. Tﬁisvuncertainty éan
of course be improved by using a probe beam of étronger intensity. As the
relaxation time T approaches the response time of the detection system
(< 7 nsec in our case), the uncertainty would of course become larger un-
less‘the signal is préperly deconvoluted.

The ellipse-rotation measurements had an accuracy better than 2% so
far as the signal Siix/Pg was concerned. However, in deducing the optical
Kerr constant from Eq. (31), the unCertainty_iﬁ.the relaxation time Tvcame
in thfough g(t). Together wiﬁh fhe uncertainty ( ~ % 5%) in determiﬁg L,
this led to an overall ﬁncertainty of ~ # lSZbiﬁ the:vélues of B shown in

Fig. 3.
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V. DiSCUSSION.

Figures 4 - 7 show how the increase of.alkyl chain length by the
addition of mythlene groﬁps hodifiés the physiéal.behavior of the homo-
logous compounds. Here, we give a brief qualitative discussion of the
results.

Figufe 4 shows that the seven homologous.compoundé all have a‘large
Kerr,constént and a long relaxation time, which are‘characteristics of

. - .
other liquid crystalline materials.1 For the same AT = T - T , BAT drops

appreciably as N increases mainly due to a drop in Ax'shown'in Fig. 6. On the

other hand, TAT has a zig-zag behavior with increase of N. It is the result

of the zig-zag behavior of v also shown in Fig. 6.
In Fig. 5, we notice that a regular alteration of the isotropic-

nematic transition temperatures TK and T* and the latent heat AH occurs
between homologues coﬁtaining odd and even numbers of carbon atoms in the
alkjlvchain._ For TK and AH, this is.a common behavior for'many.homologoﬁs
series of liquid crystalline compounds éndlis known to be the result of
the cog-wheel arrangement of the carbon atdms‘aldng

the alkyl chain. Thét the fictitious second-order transition temperaturé
T* also has such a behavior is a'manifestation ofvthe weak first-order
transition charécterisﬁics of these compoundé. Becausé of that, TK and T*
never differ by more than 5°K. We alsq nbtice in Fig. .5 that TK - T* be-
comes appreciably smaller fpf n = 6 and 7._ Thié seems to suggest that the
longer chains on-: the mélecules makevthé transition Closér'to second |

order presumably due to the stronger waggling motion of the end segment

and the faliing off of the terminal interactién.
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The vicosity coefficient v shown in Fig. 6 also alters regularly be-
tween homologues coﬁtaining odd and even numbers of carbon atoﬁs in the
alkyl chain. This is causéd by the strong temperature dependence of Vv
as suggested in Eq. (32). 1In the present casé,.we can approximate v(T)
by y(TK). Then, according ﬁo Eq. (32), we expect to fipd smaller v

for compounds with large T, and hence'thefqualitative behavior of v in

K
Fig. 6. Hdwever, we should not expect the constants Vo and W in Eq. (32)
to be the same for all the compounds in the homologous series. If they

" were, we would find log v(TK) versus T -1 to be a stréight line from

K
which we could deduce vo and W. As shown in Fig. 8} this is éertainly not
the case for the PAA homolgues.

The opticai anistropy Ay in'Fig. 6 shows a fairly smooth decrease with
increase of the chain.length. In fact, on the ﬁiéroscopic scale, the
| moleculér polarizability anisotropylkxacfually increases Qith the increase
of chain length as one would expect intuitivel&.8 The fact that AX behaves
differently from Aa is because of the molar volume effect. The medium with
longer chain molecules has a lower molecular dénsity. Its effect on Ay
turns out to be larger than the incremental effect of Aa on Ax due to
addition of methylene group on the chain.

Figure 7.shows that the variations ofntﬁe 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 describing the intermolecular

interaction. In the mean-field theory of Maief and Saupe,lO'We should

expect a to be a constant independent of the compounds. The values of a
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for the seven homologous compounds in Fig. 7 however vary over a factor of

2. This suggests that the.mean field theory for isotropic-nematic trahsition
is actually a poor approximation. The values of b and.d.in Fig. 7 were
‘deduced by assuming the Landau expansionqu free . energy is valid at the
isotrobic—nematic transition. To check the validity.ofAthe Landau ex-~
pansion, we insert the values of a, b, and d in Eq. (2) with Q ~ 0.4

and Tv= TK. We find that the b and d terms in Eq. (2) are<ofteﬁ largervthan
the a term indicating a divergence or poor convergence of the powervseries
expansion. Thus, at least the truncated Landaﬁ.expansion in the form of

Eq. (2) is not valid at T = T The values of b-ahd‘q given in Fig. 7

K
are therefore not very meaningful. For T > TK and Q.< 0.01, however,
Eq. (2) is wvalid: | _With the values of b and d

given in Fig. 7, and for Q < 0.01, the b and d terms in
Eq. (2) become negligible. This was true in our experiment where Q was
always'iéss than 10_3.

In the literature, the Landau expansion has also been used to derive

the heat content AH of a first-order transition

3. ,2,5 () 3,9 fad) .4
A = JaT Qe + 13 (BT)TKQK + 32(8T)TKQK° - (33

If we neglect the 3b/3T and 3d/3T terms, then we have

- »

(34)
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“The above equation.waéfuséd'by Stinson et_al.7 *Using'the'values of a, TK’
'sandek listed in Tables I and III“for'the*homdlogous compounds, we find

Comparédeith the directly .

~ . the wvalues of AH shown in Fig. S\as.AHtﬁ‘

-measured vgluesiAHeXP, the-ggteementJiS~fairly.gobd.for1311 ¢ompoudds ex~
xcept'ﬁ =‘6.andv7. Theﬁdisérepaqcy could.be;duelto neglect;of‘b and d
abeWthé result 6f fesidua1~ého:t-range smectic~d£def.at TK.Singe the N =.6
-~and N}=-7,homologues are:known.to'havema~smectic'ﬁhase at'iower¢tempera— f
v'€turesf :Tﬁe rapid rise of~Ach tdwards%fN.;lﬁ.énd 7jcqmes-from the: |

»acorresponding sharp rise of.awwhich“in,turh:isftﬁé resulfrof~qﬁiék drop
. of B(T -’T*) towards N‘= 6 and 7.  .}: | | |
| | V. .‘-CONCLUS'ION. .

' f: “2Using~é11ipse rotation«and~tfansientyoptiéai?Kefiaefféct,}Qe have
;*measufed fﬁe~third-or&e:unonlinear 5u$ceptibilityv(orftheuoptical Kerr
i?ﬁcénétant B) and?the.co£respoﬁaing felaxafioﬁ time T for sevehznéha;ic_

:wcompoﬁnds;of the b, p;-di-h-alkonyazoxybgnZene.hbmologous serieé As

ﬁfﬁnctions-of-tempetature inrthé isptropicgphase. fﬁe:reéults shbwing
: scritica1¥&ivergence of B and -critical siowindeownﬁof.TLare'1nvéoodb
r;agreement‘witﬁ‘predictions:from thefLaﬁdau—deGennes' model.  ‘Similar in-

-characteristics to other liquid crystalline:materials, all these com-

spounds have a large Kerr consgantsand a-dong relaxation time strongly

-@ependent on tempera;pre{ ‘Together withwthe.gxisting data:én~6ptical

ggnisﬁpropy and the order paramgter.ét‘thernematic—isétropicvprénsition,

~we "have deduced various characteristic parameters. of the nematic compounds.
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These include the fictitious second—or&er transition,temperature T*,
the orientational viscosity-v; the Landau.expansion coefficientsra; b;
and d, the heat content'AH5 etc.j Thebresults.show3how these characteristic
parameterszrary~among the homologoesvseries~as-tne alkyl ehain~lengtnmof‘.i
the molecules increases through~a&ditionﬁof~methy1ene groopswtoﬁ.-the-chain»-.i
‘Part of the results can be understoodafrom,thenmoleeularistructuralvpoint*
qf‘ﬁiew..‘The_variation>of tneftandaulﬁarameter~a-vith componnds:indic?tes* '
that the mean field theory'of‘Maier;Saupe is:not a good approximation to--
describe thevisotropic—nenatic;transition@ VOur-values of a, bvandnd.alsoﬁ
suggest that the Landau series expansion~of the-free energy 1is a poor:. |
approximation: at the~tranSitionn The heat contents AH derived from- the
expression~AH3 3aT Q /4 deviates appreciably from the experimental values~je

for the nigher'memberS"of-the homologous:seriesea_v
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FIGURE CAPTIONS

Fig. 1(a)

Fig.

" Fig.

Fig:

Fig.

Fig.

(®)

Experimental arrangement for observing molecular orientational
relaxation times:in nematic liquid crystals. BS, beam
splitter; P-1, P-2, P-3 lineér pdlarizersgrD—l, ITT F4018
fast photodiode; D-2, RCA_photomultiplier 7102; F-1, neutral- :
dénsiﬁy stacks. |
Experimental arrangément for observing ellipse-rotation effect..
P-1, P-2, Glan polarizefs; R-1, R-2, fresnel rhombs; L—1; L-2,
15-cm lenses; F-1, F-2, neutral-deﬁsity stacks;.D-l, D-2,

‘ITT fast photodiodes.
Expérimental results on'optiqal Kerr constants versus temperaé
ture for CH,. . 1o-c6ua-Néoéc6H4éocn32n , LVith N - 1 and 7.
The solid curves are calculated from Eq. (6).
Experimenta} results on orientaﬁional relakation>tiﬁes versus

temperature for CNH2N +10-—C6H4-N20-C6H4—0CNH2N 1 with N = 1 and 7.

The solid curves are calculated from Eq. (19).

* ‘ * . :
Experimental values of (T-T)Band (T -T )T for the first

seven p, p'-di-n-alkoxy-azoxybenzene homologues.

) ) * . L i
‘Experimental values of T,, T , and AHexp for the first seven

p,p'—di—n—alkoxy-azoxybénzene homologues. The values of

Ach were deduced from Eq. (34) using experimental values of

a, TK’ and QK.

' Values of v and Ay for the first seven p,p'-di-n-alkoxy-

'~ azoxybenzene homologues.
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Fig. 7 Values of the Landauvexpansion coefficients a, b,and d (see Eq. (2))
deduced from the experiment for the first seven |
p,p'—di-n-alkoxy-azoxybenzene homdlogues.‘

Fig. 8 Piot of log Vv versus T;l showing that the experimental data do

not fall on a straight line.

TABLE CAPTIONS

Table I. Molecular structures and other characteriétic parameters of
the p,p'-di-n-alkoxy-azoxybenzene homologués.

Table II. - Solvents used for recrystallization of the-p,p'—di—n-alkoxf—
azoxybenzene homologous compouﬁds. |

Table III. Various characteristic parameters of the p;p'—di;n—alkoxy—

azoxybenzene homologues deduced from the experiment.
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Structure: CH3—(CH2)N_1-O—(6654)-N20~(C6H4)—O-(CHZ)N_I-(CH3).
N 1 2 3 4 5
T (°C) | 1327 . 163.1  119.95  129.9  118.6
S¢ | .400 | .571 395 - .475  .358
A 108.9 - 97.1 87.2 79.0  74.9
ai (108 ergicm3) 25.4  52.5  22.8 . 314  19.9

€xp

LBL-4915.

123.9

437

64.5

26.2

119.3
<431
60.9

23.5



N

Solvent

1 2
w

l-pentanol

345
=27~
TABLE II
3 4
n-hexane l-pentanol

LBL-4915

5 6 7
\M

acetone
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TABLE IIT.
N | 1 2 3 4 5 6 7

(T = T (K 3.0 3.8 2.75 4.9 4.4 0.9 0.7
TAr(lo'ggec°K)' 90 80 180 155 240 150 140
BAT (10 esu) 10.5 9.2 9.0 8.9 e 3.9 2.2
o107 3poise)  62.6  52.1 959 8.9 135.4 105.1 151.3
a(10%ergs/cn™®K)  6.69  6.52  5.33 445  5.57  7.00 10.81
b(107ergs/cm3)- 21.0 _19.4 15.07 17.9 24.1 4.4 . 6.0
d(10’ergs/en®y 411 22.3  29.7  29.1 494 6.9 10.1

Ach(IOGergs/cm3) 33.9 56.9 24.6 30.3 20.9 39.8 59.0

o
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Deve]opmént Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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