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. ABSTRACT

We measure the Optical Kerr effect and the intensity-

dependent eliipse rotation to study the pretransitional
behavibr of field—induced molecular aiignmént in the isotro-
~ pic nematic-substances MBBA apd EBBA. The results agreé well
with prédictions of the Landau~de Gennes model. Both the
order-parameter relaxation time and ghevsteady;state‘field_
induéed birefringence show critical divergenée towér&s the
.isotropic f nematic transitioq with a (T - T*),_1 tempéréture
dependence. In4the cgée of MBBA, ouf results are also con-
sistent with thé‘resglts from 1ighf scattering, buf |

~ the method we use:is perhaps more straightforwar& and
accﬁrate. The nonlinear fefracﬁive.indices and ofhef relevant

5

parameters of the materials are derived from the experiment.
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1. Introduction
N . § .

v 'We have shown recently by measurihg the optical Kerr effect and the

intensity~dependent ellipse rotation théﬁ the nematic co@poﬁnd
p—methoky-bethlidéﬁé p-n-butylaniline (MBBA) iﬁ itsﬁisotropicuphase
has a large monolinear'refraétive_iﬁdex‘and a,prbnoudced pretransitional
behavior.l fhe 1arge‘field-inducea gefractive iﬁdéx-causes a mddefafely
.ﬂintense laser<pulse to self-focus readily‘in;such”a mgdiumz’3 and
» induces othg¥ ﬁonlinear opticdl effects such ‘as stimulated Raman and
Brillouin scatteriﬁg.4' On the‘other-hand, measurements of the optical-
field—iﬁduced'refractivé index and‘its_pretransitional behévi§r yield
- directly informations about fhe molecul;r orientétional\properties of
. MBBAl'aﬁd prgvides a sfriﬁgest test on'the>Landaﬁ‘de ’Genne.'s.model.5 The
; same informations can bgbobtained'from iight scaﬁtering e#periments,é
-Sht the‘measureﬁgnts are more complicated and lesé‘acéuréfe.' We hévé 
’vnow extended our optical Kerr apd ellipse rotation méasureméﬁt§ to
p-gthoxyfbenzy1idene—p-butylahiline (EBBA) which ié homdldgoﬁs to MBBA._
We haveffound similar results in EBBA és in MBﬁA. In_particﬁlar,-the
_results again agree Vell with the predictioﬁs ofAthe‘Landéu-de,Gennes ‘
model. Here we would like to give a detailed account of our work on -
~ both MBBA and EBBA.

In Section 2, we review briefly the theories behind our measurements.

In Section 3, we show our experimental arrangements and éomparé our results

)

~

with the predictions of the Landau-~de Gennes model. We discdss our

results in Section 4 and compare them with results obtained from other .

~

measurements.
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"2, Theoretical Background

We first give a brief'review on the>thedries of ﬁhe’optical Kgrr
éffegt and the ellipse—rotation effect. We then discuss ihese effects
in connection yith the prétfansioﬁél behavior of 1iquidkcrystalline
materials in the isotropic phase. |

A. Optical-Field-Induced Nonlinear Refractive Indices of an -
Isotropic Medium '

'The;optical1susceptibility of a medium is in general a function of
the applied optical fields. For a medium with inversion symmetry, the
- field-induced optical susceptibility in the lowest order can be written

as
" = 3) = Wdw! - @' L g

.By symmetty, the third-order nonlinear susceptibility tensor

x£§%2(w’é W+ w - w') qf'gn isotropic medium has the following

' nonvanishing élements:8 (i,j = x,y,z)

3 _ .03
X1111 T Xiii4

G .G L3 L3)
*1122 7 Xi433 3 X1212 T Xi343

(3) _ .3
X1221 % %1451
TR N N J @

X1212 * X1221 * X129

3. . ,08)

1122 = X1212" The corresponding nonlinear poiarization"'

If W= W', then X

... 7,9 ;
.is ) : !
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'in genefal, the_field—induced'refractife:index”éontains an electrpnic
part dse:;o field-induced deformation of-the_electron cloud around
(moleeules'and a nuclear part due to molecular reorientation and redis- -
tribution by the‘fieid;b According to Owonng et sl.lo'we have,fof an

isotropic medium

v

(3) w=w+ wi - w") = (0' + 2_3)/24

x1221
6y L@ - L
X1212 ¥ %1221 wren L T W

' where 0 and B are'céntributions’from the electronic part and the nuclear

(3) (3)

psrt respectively. If ¢ = 0, then X1212 = 0 and X1221 =:B/12.

If B = 0, then Xiggl xigiz /24 We can deter@ise |
¢ and B or xigiz and xig%l by measuripg'bo;hlthe thical'Kerr effect and
the ellipse rotation.11 S .

We have assumed in the above discussion monochromatic fields. fIﬁ
practice, the strong optical field may be a pulse represented by the
field components .

+'->’l
ik'er-iw't

. o . * ~
E,(w',t) = (1 +8) &£(t) e (5)
ﬁherevéKt) is the amplitude function. The field-induced susceptibility

-

becomes



 B. The Optical Kerr Effect’
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G'Xij(w,w';t) = f Z (3) (w wie - ") 6% @n &adts  (®
o - kL . :

The electronic part and the nuclear part of X§3i£ should of course have

different functional dependence on timet The electrenic part has a

responsevrime of tﬁe order of 10-715 sec, while the nuclear-parr can have

a much slower response. .Therefore, for ordinary laser pulses, we can

‘regard the electronic response as instantaneous and write,

ng%l(w wht - tf) = [o(w,w') B(rl- t') + 28" (w,w't - t')]1/24

@) (3) : B}
[%1221 ¥ X1212 (W,0%5e =€)

[c(w,w') G(t - t") + B'(w,w';t - t)]/12 )

"For molecular reorientation and redistribution governed by a diffusion

équatibn,.we expect the.response.function B to have the form

B' (w,w';t) = [B (w,w')/T] exp(-t/T) ) - N (®

’

where B8 (W, w’) is the response function: for an.infinitely long pulse and
-T 1is the relaxation time. We shall show Eq (8) expllcitly 1ater for an

: isotropic liquid-crystalline/medium

In the presence of a strong linearly polarized optical’ beam, an
isotropic medium shows linear birefringence. This induced linear
birefringence'is\given by

. én, = én, - 6, B | N C)

where Gnﬁ L= (2ﬂ/h).5xml. From Eqs. (6) threugh (8), we find
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| = Dow,w) @%@ +ft B'(w,w";.t - ‘t')‘lglz(t') de'l (10b)

)

T 2.\, Blw,w)
- Howun gt + 222 | o
' ( -(10¢)
[ g2 oo
1f the variation of |€1 (t) is negligible in a time T, then Eq. (10)
reduces to the usual expression | “
.6%(w;w',t) = @/ + B ® Cay

' C. The Ellipse Rotation7’9 T o , - ‘ Lo

'The effect of the field—induced réffactiﬁe indéx on the pfopagation
of an elliptlcally polarized beam is most easily understood by transformlng
(3)(w) and E, (w) 1nto the clrcular coordlnates e (x + iy)//— and

Py
:8_ = (X -'1Y)/Vr: One finds from Eq.»(3) for W= m[;_

p® W) - 3) 152 (3 4 O N
) 6[ X1212 IBl V212 * Xp221 lExl Eg@) 0 an
whefe E, = (Ex i'iEy)//E.and Pi,= (Pk * iP&)//EZ ThebinduCed circular
birefringence seen by the beam is |

»6nc - (Gx_; 6X+) . ., , (13)

From Eqs. (6) through (8), and (12); we obtain
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o om 2 ka2
§n_(w,w;t) = 7f~ B fg%l(w Wt - t')l81 (t') dt’ (l.+ 8l” - |87 g ) (142)

]

. '
g;;o(w,w) HROE: —————1——28(';’ w)] e (DT I612(eny dt's

: R - _ - : (14b)
:\ ) o T (|3:°_8|2 - laf'éllz) _
. In thélquasi~steady—state cése, it reducés t; | |
6 = 2o+ 28)(w w) lgl (c)(l 8% - Iafoalz) (15)

As the beam traverses thebmedium, this induced circular birefringence

leads to a rotation O of the polarization ellipse with

d8/dz = (w/2¢) 6n,

D. Landau~-de Gennes Model for the Pretransitional Behavior of
Liquid Crystalline Substances

de"Genn’es5 has successfully'appliéd Landau's theory of second-order-
phase fransitibn to descriﬁe the isdtropic > mesombrph}cxprétransitibnal
_behavior_of'liquid crystalline materials. We bfieflyvrévigwithe theory
heré. We Shail limit our.discuséion'to.nematic substaﬁces‘only. v
. Let Qij.be the macroscopic tensor order parametertwhich describes
the ordering in molecular orientation. As pointed out by de Gennes,5
aﬁy'ténsqrigl pfoperty of the medium can be used tovdéfine Qij' For

example, we can define | .

Xgg = Xg3815 + 2300 Q4 o - an

where X F'Exii/3 and A is the anistropy in Xij when all molecules are
berfectly aligned in one direction. The ffee_energy per unit volume in

the isotropic phase is given by
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Bz Fot 2845% m 1 XyBh - a8

A

]

%
a(f -T)

A
-

U * - o , o S »
where a and T and are constants. We have neglected in the above expression
higher-order terms of Qij and the spatial dependencevof3Qij; The corre~

sponding dynamic equation for Qij is
\.’aQijlat +AQ = £y |
- . (19)

!
L

where V is a viscosity coefficient. The soiution of the above equation.‘

is
. t . . _ ;-~' ‘» _ -
o= [C g em S T
ﬁhere | : - | S
L tevaA=va@-TY o en

' From Eq. a7y, ve find that the linearvbirefringence induced by a

' strong liﬁeafly polarized field along i is'.

ony = @) JaxC@yy - )
= (n/m b,
. t - B ‘- '_ : - ‘.
9y =g ) f 612 ey & (BT ger e

If |€’|2(t) is a pulse shorter than or compa‘rable»,with"r_, th_ér_x at sufficiently
/_large time t, both Qii and'Gﬂz will decrease éxpdhehtiélly with a time-
© constant T.. 'We have conéidereduhere_oﬁly the nuclear contribution to

the induced refractive index. Then, comparing Eq. (22) with Eq. (10c¢)
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with c ='0, we find

2807194

BN 6(0),(&)')

T 23)

: *
2082 /9a(t - TV)
Thus, by deducing T and B(W,w') from eXPErimentéI'resulté as. a

function of temperature,-wé can determine V/a and»(Ax)Z/a.

3. Experiments and Results

A. Sample Preparation

 .We made measurements on the two homéloéous nematiﬁ compﬁunds MBﬁA
and EBBA. Thg sampies weré‘pu;chaséd from Eastmaﬁ Kodak aﬁd Vari-Light
.Corboration. They wére:uéed without_further purifi¢5tion. The sample
was placed inva glasé éell‘oﬁ 4 cm long.wiﬁh eﬁd windows free of\strain
birefringence. The cell wa;'pumped under vacuum for severél hours and
then sealed under 1 atm pressufe of ﬁz gas.‘.TPe fransitibn tempé;gtures
6f'the samples prepare& this way shoﬁed no chéﬁge évéf‘a ﬁeriodrof months.
The cell was then placed in a cléseij fitﬁedvéoppér bléék and thermally
controlled:by a YellowQSpring_thermo control‘unit{ .Thé témperat;re aiong
the cell was found to be uniformly stabilized to withiﬁ +0.03°C. The

élearing temﬁerature T_ of our sampléé are 42.5°C and 79.5°C for MBBA and

K
EBBA ‘respectively., ' ' =

B. Measurements of-Orientational Relaxation Times

We used a single-mpdé ruby'laser.Q—switcHed by cryptocyanine in
methanol.v The Single spatial mo&é of thevlaser’beam was achieved b&
plaéing a 0.8 mm pinholé inside the cavity. Thé output pulse width was
about 10 nsea:(full widthlét half m;ximunoand'the‘maximum peak power

-~

was about 50 kW,
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. The experimental arrangement for measuring relaxation times.is shown
in'fig. 1. The finite ordering was induced by the linearly polarized
laseribeam. The subsequent time variation of the ordering parameter was
bprobed\by a 40 mW CW He-Ne gas'laser;'The polarization of the He-Ne laser
beam uas at 45° to that of.the ruby beanm. lhe polarizer‘P¥3 was.crossed
hwith the polarizer P-2 so that 51gna1 could reach the photomultiplier
only when the medium was birefringent resulting from induced ordering
in the sample. Both the ruby and the He—Ne laser ‘beams were telescoped
‘down to ~0 5 mm 1nside the sample cell The He—Ne laser power going into
the sample was about 10 mW and the peak power of . the ruby laser pulse
was about 10 kw. !

For.this arrangemeént, the signal at the;moﬁmmltipliervwasvproportional
._to sinz(KSnz) where K is a constant and anlis‘the linear birefriné;nce at
the He-Ne frequencyr /In our experiments, K5n << l'and hence the
: photomultiplier signal was proportional to (Snz) , 'hus, if an\or '
the order parameter decayed as exp(—t/T), the s1gnal would decay as
‘exp(;2t/T). We found that_our measured signals always had.perfect
exponential tails from uhich we then calculated;the orientational relakation
times T. In'Figs; 2 and:3 bwe present;our experinental‘data of T as a |

function of temperature for MBBA and EBBA.-'Both curves show clear

divergence as T approaches the transition temperature Tk They agree

' very well with the theoretical curves given by T'= — v .*_ in Eq. (21)
1f we assume v = Ve with W= 2800°k as suggested by Stinson
and Litster.6 The values offvo/a and T ‘deduced from the fit for

MBBA and EBBA are given in Table la. For MBBA, the relaxation-



11~ . LBL-2723

‘time varies from ~ 40 nsec at temperature far above the

phase transition to >800 nsec near the transition. The relaxation

time for EBBA is considerably shorter. It variés from'aﬁouﬁ 13 nsec to
~170 nsec. The results for MBBA are in good agreement &ith those obtained
from light scattering by Stinson aﬁd Litéte;.6 However, we believe our
measurements are more straightforwafd and accurate, espeéiﬁlly when T is

long.

C. Measurements of Intensity-Dependent Ellipse Rotation

1

In Fig. 4, we show;our expernmehtal arrangement for ellipse-rotation

,measuréments'which was similar to that used by 0w§oung et al.10 The

Fresnel rhomb R-1 wés usea to ﬁroduce a 1aser‘beam of desired ellipticity.
-The‘éingle-mode beam was focused into the sample by a 15 cm lens L-1 so

that the focus was at the center of the saﬁple cell. The beam ﬁésrﬁhen
regollimaﬁéd by lens L-2. The secondkFresnel rhomb R-2 and the Glan -
Ipolérizers were oriented in such a Qay that in the absence'bf ellipse
"rotation, the §utput beam from the Fresnel rhomb was linearly polarized,

a maximum "transmitteéd" signal waé directed into D-3, and a minimum fnulied"
signai intb.D-Z. The‘purﬁose of D-3 was to monitor any nonliﬁéar loss or
change in the spatial profile of the laser beam. 'Neuﬁral density filter.

" stack F-1 was used_to vary the input power. Laser powef leSé #han 1 kW

, . N o . _
was used in the experiment. If the focusing of the beam is weak enough so
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that self;focusing is absent, then geometric optics is a good approximation
- v A ' 10
to describe the focused beam. Under such condition, one can show = that
. o ;

for a single-mode beam with a Gaussian profile, the signal S at D-2 with

respect to the input laser power P(t) is given by A

¢

, Is’(g = C(sin2¢)2.‘e§v’(t)A I »_(24)
o =Y cos2¢[cn>(t) .28 f DT pieny dt'] @)
v nc _ R _ L

Y
whgre C is‘a‘constanﬁ,‘tan¢.= lE+/E_]; éndvée.hav§4assumgd eav:<< 1.
'Nope that'the.ab0ve result-is‘independeﬁt of the focusing geometry and
sample length. |

In our experiménts we éonfined ourselves to low enough power so

that 6 << 1, We also chose ¢ = 22 5°.. Slnce we can approximate our

2.2
laser pulse well by a Gassian pulse P = P o b ? and we have from
Eq. (24)
S0 - |55 [o+2sg] A (26)
o ‘nc _ o o L

‘where S(0) 1is the signal at the peak of the input pulse and
1

o _ 1 &bt _ 1|
g = BT e‘ [l erf ZbT] : . : (27)

Because of the fluctuations of the ordering parameter, a nematic

liquid crystal in its isotropic phase has a non-negligible scattering

\
!

\ _ *
loss coefficientl1 Y which varies with temperature aslzy'= a/(T-T).
Since the ellipse rotation occurred essentially within the focal
volume which was located at the center of the exémple, the effect of

lséattering loss could be accounted for by rewriting Eq. (26) as
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_5(0) =c (TT 2 ) (o + 28 g)? [Poe'ﬂ_/z] o (28a) .

P esz - nc3
Y
or o S - g A : . .
' - ©) 2 2\2 | . Lo
0 S nc o o

The scdttering loss e‘Yz was measured at each temperaturé. 'Thus, by

'plotting §%Ql vsti, we obtained (o + 28 g) asravfunction.of temperature.

Io arrive at the absolute vglpe, we used CSZIas é standard~of.caiibration.
‘ As—wévshallpéhbw'lafer; comparison of (0 + 28 g)vwigh (¢ + Bg) obtai#ed‘
frdm éptical Kerr effect_indicates that O << Bg;. Since we had méasuéed
the orientational relaxation time;‘T,iﬁe could calculate g and deduce B
from our,measureméntsvof (0-¥ 28 g). Thé fesuits for 28 are shown in

" Figs. 5 aﬁd,6 as a function of‘éemper;ture for MBBA and EBBA respécﬁively.
We shali c;méare'odr resuits withithe predictions of.iandau‘-de‘Gennes

model‘after the discussion of the optical Kerr measurements.’

D. Meagurements of‘Opticéi Kerr Effect

Our_e#perimental a;rangemént'is shqwn.in Fig;v7. .A 1inearly
polarized-fuby laser beam'was sent throﬁgh the’sam@le to induce bireﬁringenée. ;
The same beam-éftgr having its’polarization'direction.fotatgdv45° was |
attenuafed and sent back through_thé sample'té prébe the birefrihgenée;

v N 7 ) » ;
The analyzer P-3 was oriented in such a way that in the absencevof
birefringence, no signaluéould reach detector D—3f vMaximum powers of

the inducing beam and the probing beam wére about 10 kW and 10 W

respectively. - Neglecting the delay‘of the returning probing beam
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<1/2 ns) but taking into account the scattering loss, the signal S(t)

detected at D—3'shou1d'be related to the input power P(t) by

YL

5 = ke & W sin? HE) A2 6np w00 (29)

where KP(t) is the pfobing'béam pbwer, and an(w,wit) is\givenzbg
- ' o -b
Eq. (10c). Since in our experiment, (%)26q2<<1 “and P = Poe ’ t ,

<

Eq. (29) becomes

-YR

- 8€0) _ 1 qw\" "2YA1l-e " 2.2
S2-3¢@) - y @ik G

o
‘where S(O) is the signal obtained at the peak of the laser pulse;'ahd g

is 'given by Eq. (27).
.

o Absolute values: of

We obtained (0 + Bg) by plotting §%g)--vv_s'P
. o

(0 + Bg) were arrived at by using CS. as a standard of calibration. By

2
comparing (O + Bg) from measurementSvof‘optical Kerr effect and . , J
(0 + 28 g). from measurements of'elliPSe—rota;ioq, we coﬁcluded that

] <<¢6g.: Again, khowing g, we could deduceAB from fhe‘measured o] + ﬁg. :
Results'for.MBBA aré shown in Fig. S. We see thét‘the values of 28 obtained

from both measurements agree very well and show clear divergence as the

temperature  approaches TK.' The solid curve is calculated from

B = __2‘§AX'22‘* 'n V o
" 9a(T-T) S
givén in Eq. (23) with
2

. ga ='2;7X1o—9 e.s.u.
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. . o w |
- The corresponding optical Kerr constant B, given by ;g’is

1.5%10""
B = =————— e.s.u

*
T+~T
at A = 6943A for MBBA. Our data on EBBA alsoiagree-well with the
theoretical'curve calculated from Eo. (23) with

_ZS%EL =-1.6%10 ?‘e.s.u,

as shown in Fig, 6. The corresponding-optical Kerr constant is

8.6%10°
B = — e.s.uf

T ~ T

4. Discussion

. We have.seen in Section 3 that the temperature dependenceiofthe Orien-
.'tational'relaxation time and the nonlinear.refractiveiindex are in good.agree-
'ment with,the predictions of Landau—de Gennes model.v We present in Table 1
the various material coefficients‘we have deduced from our measurements
for M?BA andv EBBA. We can now compare our results with those obtained
from light scattering.11 | »

| In the theoretical section, we showed that by measuring the orien—

V-
tational relaxation times, we can obtain-; while by measuring the field—induced
2

_refractive 1ndices, we can get iéﬁl— . In order to determine a, v, and

AX.separately,'we need one more independent measurement. It happens
- _
that the value of Ax for MBBA at 6328A has been measured 13 to be
8. 7X10 2 in c.g.s units. The corresponding &x at 6943A can be obtained

in the following way. The temperatureedependent scatteringvloss

- coefficient ‘ 'a¥ is proportlonal to w4 ——Léxl~——- 12 We have measured
: T -T E a(T - T ) S
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. . N s . ‘ -1 . _lo
the scattering loss and found ¢ to be 0.17 cm 1°K at 63282 and 0.1 ecm ~°K

at 6943A for MBBA. We then obtain Ax(6943A) 0. 92 Ax(6328A) 8><10"2

in c. g s unlts. With this value for AY, we'obtaln

aMBBA-='§;8XlO?.erg em 3ok and v = 5. 3XlO = ZSOO/T

MBRA p01se for MBBA.

Because of the uncertainties in 4Y and in our‘measurements,_these values
for a and V could have an uncertainty of 30%. More accurate measurement
~ v . .

. . | o o ‘ o _
on- Ay would reduce - the uncertainty substantially. Our values of ayBRA

C . _ A 5 -3 .1
= 6% °
and VMBBA are in good agreement with the results i T 6%x10” erg cm " °K
- -5 2800 i 6 11 o - S
(Ref 11) and V) VMBBA 4x10 ~ exp T ) poise’ obtained from light scattering

.experiments. For EBBA, AX has not been measured. Homever, since the
molecular structure of MBBA and EBBA are rather similar (Fig. 8) and since
the dominant’ contrlbution to AX should come from the ‘benzene rings, it is

reasonable to assume that Ax has approximately the same value for MBBA

and EBBA Then, our experimental results give_aEBBA = 1X 106 erg cm 3°Kfl
. -5 (2800 . » o . -
and vEBBA 7 10 ( T ) poiset ‘With no llght scattering data on

hEBBA avallable, comparlsun of the results obtained'frcm the two . "t -
difrereht'méthodshis‘nct pcssiblehat this time.

We notice that at a giuen temperature, the viscosity ccefficient

v of EhBA is sllghtly larger than that of MBBA This ls expected because
the molecular structure of EBBA is sllghtly longer than that of MBBA.

The fact that EBBA has an apprecrably shorter orientational relaxatlon

tlme near the phase transition than MBBA is due to its hlgher clearing

temperature. The mean-fleld parameters a of the two naterlals have a

lratlo ~§§§é— 1.7. This seems to suggest that the addltlonal CH3 group
2MBBA - S ,
on EBBA has an. effect of 1ncreasing the 1ntermolecular 1nteract10n. With.

the latent heat given by %'aQK“TK at T = T 11

x> this would predict an-
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appreciably iarger latent’heat for EBBA._

Recently, Prost and_Lalanne14 have also perfb?ﬁed optical Ke:r
meésureménts on MBBA.ATﬁeir‘results are different from”ours'énd are also
| infdisggreement Qith the.predictioﬁs of the mean-field theory and:wifh
~ the Qesults:obtained from the 1ight scatteriqg experiment. However, a neof';
:dymium gléss laser Q;switched'by rotating prism'waé used in their ekperimeﬁts.
It is well known that such a laser often produces a multi-mode laser beam

l.ﬁith comblicated spﬁtial aﬁd.tempéral strﬁqture. Siﬁce knowledge of the
- témporal structure of the input pulse is iﬁportant in'their data analysis,\
'this_cop}d yleld cpnsidéréble uncertainty in'tﬁeir results. .

-‘ Finally, we should mention that the results presentéd in this paper'
weré‘obtéined with laéer power well below the self-focusing threShold;

The phenomenon became more complicated after self-focusing occurred.

. Investigation of the cause of'this'complication is currently in progress.
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‘Ta‘ble' la. Results of opt;’éal' Kerr, ellipse-rdtation, and orientational °
A . relaxation time measurements on MBBA and EBBA,
. g IR L ’ (Ay) 2 T*
Material . O . B xllzz(w,w)--.xlzn(w,w) »x1221(w,w)\ B - vfa _ al 5 |
- (evs.u.)  (ess.u) (e.s.u.) . "(e.s.u.) (e.s.u) .. (sec’K). | (erg cm”°K)  (K°)
' ‘ ' . v ' e
[ - . » 2C . C
ka0 oo 2.2xa070 T1sxae”t el -8
MBBA <0.01B === . < 0.01x;,,q(w,w): = +— 9.1x10 ""e ©  1.1x10 314.7
- T-T S L T 1T - ‘ |
i o -10 s 2800
EBBA <o.01p L0 om0 2R BOMO - g7 T 6lax0™ 350.6
- T-T A . A = S
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¥
‘Table 1b. Values of v and a deduced from the experimental
___results shown in Table la. '

Material | v S a_, ;1 .
» (poise) ‘ . (erg cm “°K 7)
| 2800 |
MBBA 5.3x10 e T 5.8x10°
12800

EBBA 7.00% T 1ae®




-20- ' ~ 'LBL-2723

' _ REFERENCES

1. Ceorge K. L. Wohg,aodVI. R}Ashéﬁ; Ehya, Rer; rétt.,gg; 895_(1973)5
2; GeorgefK. L.'angfand T. R. Shen;vPhysrvRer. Lert. 32, 527 (1974).
" 3. D; V. G. L. N. Rao and'S, Jayaradah, AppIL Phys. Lett. 23, 539 (1973).f
4. D. V. G. L. N. Rao1and D. K. Agrawal, Ph&s; Lett. 37 A, 383 (1971).
5. P. C. de'Gennes,.Phys. Lett. 30 30 A, 454 (1909); and Mol. Cryst.

Liquid Cryst 12, 193 (1971). - |
6. T. W. Stinson, III and J. D. L1tster Phys. Rev; Lett 25 503 (1970)
7. P. D Maker and R. W Terhune, Phys Rev. 137, A801 (1965)
8.‘ P. N.. Butcher "Nonllnear optical phenomena ) Englneering Experiment

Station, Ohio State Unlvu, Columbus, Bull. 200, 1965. | }

‘.

9. .C. C. Wang, Phys. Rev. 152, 149 (1965) :

10. Owyoung, R. W. Hellwarth and N. George Phys. Rev. B4, 2342 (1971),
and 5, 628 (1972). A. Owyonng, IEEE J. Quantum Electron QE-9, 1064 (1973)

Il;' T. W. Stinson, J. D. thster, and N. A. Clark, J. Phys. (Paris)

33 C1-69 (1972).

12. The scattering loss coefflcient _Q_* is obtained from _
' I-T o :
(& o [ d @) @
\¢/ - T

all solid angle

with (oe f(q)) given by Eq. (15) of Reference 11. One can easily
4 (Ax)2 .
show that o is proportional to w . The values of o we
measured for MBBA and EBBA. at 6943 A are 0.1 em L °K and
0.06 cm T °K respectively.
13. 1I. Haller, H. A. Huggins, M. J. Freiser, Mol. Cryst. Liquid Cryst.

16, 53 (1972).



21— -  LBL-2723

14. J. Prost and J. R. Lalanne, Phys. Rev. A8, 2090 ,(1973)‘.',,‘ o



Fig. 1.

Fig. 2.

~Fig. 3.

22— .~ LBL-2723

"¢ "FIGURE CAPTIONS

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.
Relaxationtime T of the order’parameﬁer as a function of

—

temperature for MBBA.. The solid curve is thé:theorétical curve

described in the text. The dots ére the experimental data points.

Relaxation time T of the order parameter as a function of

temperature for EBBA. The solid curve in the theoretical curve

- described in the text. The dots are the experimental points.

Fig. 4.

Fig. 6.

iExpérimeﬁtal arfangement for observing_ellipseFrotation effect.
'P-1, P-2, Glan polarizers; R~1, R-2, fresnel rhqmbs; =1, L-2,

- 15cm. lenses; F-1, F-2, neutral density stacks; D-1, D-2, D-3

_ v o )
Irffast'photodiodesf L . B 2 :

Nonlinéa; refractive index 2B as a function pf‘tempe¥5ture“for
MBBA. Alére 9xperimentaiidaté'obtaiﬁed frém'meééurementsjbf )
thical Kerr effect, © are:experimentai déta;obtéihed‘from -

measurements of eliipse-rotation effect. The solid curve is
| | 5.4%107°

. N :
the theoretical curve given by ~————3— esu with T = 314.7°K,

. TwT :
Nonlinear refractive index 2f as a function of temperature for

EBBA. The dots are experimental data points obtained from

- - measurements of ellipse-rotation effect.- The solid curve is.the

3.1 1072

. * . .
‘theoretical curve tiven by =3~ esu with T = 350.6°K. .

T-T

™~
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Experimental arrangement for observing optical Kerr effect.

- BS, beam splitter; F-1, F-2, neutral density stacks; P-1, P-2,

Fig. 8.

. P-3, Glan polariZers;.M; mirror; D-1, D-2; fast ITT F4108

phbtodiodes;

Chemical structures for MBEA and EBBA. R = cH, for MBBA and

275

'R = C,H_ for EBBA.
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LEGAL NOTICE=

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, 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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