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We measure the optical Kerr effect and the intensity-

dependent ellipse rotation to study the pretransitional 

behavior of field-induced molecular alignment in the isotro-

pic nematic substances MBBA and EBBA. The results agree well 

with predictions of the Landau-de Gennes model. Both the 

order-parameter relaxation time and the steady-state field-

induced birefringence show critical divergence towards the 

* -1 . isotropic ~ nematic transition with a (T - T ) temperature 

dependence. 
) 

In the case of MBBA, our results are also con-

sistent with the·results from light scattering, but 

the method we use is perhaps more straightforward and 

accurate. The nonlinear refractive indices and other relevant 

parameters of the materials are derived from the experiment. 



-2- LBL-2723 

l 

) 

1. Introduction 

We have shown recently by measuring the optical Kerr effect and the 

intensity-dependent ellipse rotation that the nemat~c compound 

p-methoxy-benzylidene p-n-butylartiline (MBBA) in its'isotropic·phase 

has a large monolinear refractive index and a pronounced pretransitional 

1 
behavior. The large field-induced refractive index causes a moderately 

'. ' 
. 2 3 

intense laser pulse to self-focus readily in:such a medium ' and 

induces other nonlinear optical ef.fects such :as stimulated Raman and 

Brillouin scatteririg. 4 On the other hand, measurements of the optical-

field-induced refractive index and. its pretransitional behavior yield 

directly informations about the molecular orientational'properties of . . . 

1 . . 5 
. MBBA and pr()vides a stringest test on the Landau.;..de Genne.s model. The 

same informations can be obtained from light scattering experiments, 6 

but the measurements are more complicated and less accurate. We have 

now extended our optic~! Kerr and ellipse rotation measurements to 

p-ethoxy-benzylidene-p-butylaniline (EBBA) which is homologous to MBBA. 

We have .found similar results in EBBA as in HBBA. In particular, the 

results -again agree well with the predictions of the Landau-de Gennes 

model. Here we ~ould like to give a detailed account of our work· on 

both MBBA and EBBA. 
·r 

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

In Section 3, we .show our experimental arrangements and compare our results 

with the predictions of the Landau-de Gennes model. We discuss 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 theories of the optical Kerr 

effect and the ellipse-rotation effect. We then discuss these effects 

in connection with the pretransional behavior of liquid crystalline 

materials in the isotropic phase. 

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

The optical susceptibility of a medium is in general a function of 

1 . the applied optical fields. For a medium w~th inversion symmetry, _the 

field-induced optical susceptibility in the~lowest order can be written 

7 as 

(1) 

By symmetry, the third-order nonlinear susceptibility tensor 

X (~) (W = W + w 1 

ijU - w') of· an isotropic medium has the fo;t.lowing 

nonvanishing 
s· 

elements: (i, j = x,y,z) 

(3) 
X1n1 = {3) 

xi iii 

(3) 
Xn22 = (3) 

xiiJJ 
(3) 

xl212 = (3) 
xiJij, 

(3) 
X1221 = (3) 

xijji 

(3) 
Xuu = ' (3) + (3) (3) 

X1212 X1221 + X1122 (2) 

f ' (3) . I w = w , then x1122 
(3) 

= X1212· The corresponding nonlinear polarization -

. 7,9 
-~S 
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P(3 )(W)= i: 6[x(3 } (W i:: W + W'- W1 ) Ei(w) E
3
.(w') E~(W') 

i j 1122 . J 

X(3 ) (W = W +W'- W1 } E.(w) E.(w') E~(w')] ~3) 
1221 ' . J . J 1 

.. . . 

In genetal, the field-induced refractive index contains an electronic 

part due ~o field-induced deformation of the electron cloud .around 

molecule.s and a nuclear part due to mo~ecular reo~ientation and redis- ' 

tribution by the field. According to Owyo~ng 
10 •. 

et al. ·we have.for an . 
isotropic medium 

(3) 
Xl22l(W = W + W' - W') = (0 + 2a)/24 

(3) (3) 
X1212 + X1221 = (a+ a)/12 (4) .. 

. where a and p are contributions from the electronic part and the nuclear 

. - (3) - (3) part respectively. If a - 0, then xl212 - 0 ang xl221 = 13/12. 

If .13 = 0, then xi~~i = xi~~z = cr/24. We can determine 
(3) . (3) . 

a and 13 or x1212 and x1221 by measuring both the optical Kerr effect and 
. . 11 

the ellipse rotation. 
I 

We have assumed in the above discussion'monochromatic fields. In 

practice, the strong optical field may be a .pulse represented by the 

field components ' 

(5) 

where 8'Ct) is the amplitude function. The field-induced -susceptibility 

becomes 
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t 

oxij (w,w' ;tl = f . L 6X~~L,cw,w' ;t - t') 

-
00 k,t . 

1 ~,2 ·,..* "'* .· 
c Ct'> (k ·e>Ct ·e> (6) 

The electronic part and t.he nuclear part o'f X (J) should of course have 
-i]kt 

different functional dependence on time~ The electronic part has a 

response time of the order of lo-15 sec, while the nuclear· part can have 

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

regard the electronic response as instantaneous and write, 

xi~~l (~,w' ;t - t'') = racw,ui') o(t .- t'~ + 213'(w,w' ;t - t')]/24 

r,ca> + C3>]c , , '>. ~1221 ·. X1212 w,w ;t - t = 

[a(w,w') o(t- t') + 13'(w,w';t- t)]/12 (7) 

For molecular reorientation and redistribution governed by a diffusion 

equation, we expect the response function 13 to have the form 

13'(w,w';t) = [13 (w,w')/T] exp(-t/T) (8) 

where 13 (w,w') is the response function,for an infinitely long pulse and 

T is the relaxation time. We shall show Eq. (8) explicitly later for an 

isotropic liquid-crystalline/medium. 

B. The Optical Kerr Effect 

In the prese.nce of a strong linearly polarized optical\ beam, an 

isotropic medium shows linear birefringence. This induced linear 

birefringence is' given by 

'· (9) 

where O~f,l = (2TI/n) OX(I,j." From Eqs. (6) through (8), we find 
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_ 27T J t ( (3) (3) ) ·W' ~-. O~R, (W,W'; t) - n .6 Xl221 + Xl212 (W, 't (lOa) 
_co 

= =la(w,w')i~i 2 (t) + .[t ~'(w,w';t- t'llti 2(t') dt'l. (lOb) 

. =· :ja(w,w') l€12 (t) + ~(wtw') ' 

£.,"e-<t-t'>''lel 2 <t.'> dt'j 

If the variation of lei 2Ct) is negligible in a time L, then Eq. (10) 

reduces to the usual expression 

c. 

o~(w,w',t) = (TI/n)(cr+ ~)(w,w'>lei 2Ct) 

7 9 The Ellipse Rotation ' 

(lOc) 

_(11) 

The effect of the field-induced refractive index on the propagation 

of an elliptically polarized be~ is most easi~y understood by transforming 

P~J)(w) and E.(W} into the circular coordinates e+ = (x + iy)/12 and 
~ ' -~ 

e_ = (x - · iy)//2. One finds from Eq. (3) for w = w', 

p(3)(w)=6f,(3) I 12 {,(3) (3))1R12] '() 
± ·. r1212 E± + \Xl212 + Xp21 · ""'1= E± w (12) ' 

where E = (E ± iE )/12 and P+ = (P· ± iP )//2~ The induced circular 
± X y - X y 

birefringence seen by the beam is 

2'1T 0 n == ~cox - ox ) 
c - . + n , 

(13) 

From Eqs. (6) through (8), and (12), we obtain 
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= 27T·1t 6 (3} '>lt!>lzc '> '(1"'* "12 I"'* ,...12) Onc(W,W;t) n _oo x1221 (W,W;t- t C t dt e+•e - e_•E( (14a) 

~ inlo(w,wJI~12 (t) + 2~(~,ui) J~ e- (t-t ') /T 1~12 (t ') dt •I 

. In the quasi-steady-state case, it reduces to 

As the beam traverses the medium, this induced circular birefringence 

leads to a rotation a of the polarization eli~pse with 

d6/dz = (W/2c) On 
c 

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

' 5 
de Gennes has successfully applied Landau's theory of second-order 

phase transition to describe the isotropic+ mesomorphic.pretransitional 

behavior of liquid CrYStalline materials. We briefly review the theory 

here. We shall limit our discus~ion tn nematic substances only. 

Let Qij be the macroscopic tensor order parameter which describes 

the ordering in molecular orientation. 5 As pointed out by de Gennes, 

{14b) 

(15) 

any tensorial property of the medium can be used to define Qij. 

example, we can define , 

For . ' 

{17) 

where X~ Ex .. /3 and ~X is the anistropy in XiJ" when all molecules are 
i ~1 . 

perfectly aligned in one direction. The free energy per unit volume in 

the isotropic phase is given bY 
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* A = a(T - T ) 

,-.;: 

(18) 

* where a and T and are.constants. We have neglected in the above expression 

higher-order terms of Qij and the spatial dependence ofQij" 

sponding dynamic equation for Qij is 

vaQ.j/at + AQij =f .. . ~ ~J 

/ 

The corre-

(19) 

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

is 

where 

= Jt -(t:...t')/1' 
[fij(t')/V] e dt' 

. * 
T = V/A = V/a(T - T ) 

(20) 

(21) 

From Eq. (17), we find that the linear birefringence induced by a 

strong linearly polarized field along t is 

= (211' /ri) ~XQii . 

1 It Q = - (6.X/V) . 
. ii 9 

(22) 

If lel 2 (t) is a pulse shorter than or comparable with· 1', then at sufficiently 

",_large time t, both Qii and onR, will decrease exponentially with a time 

constant 1'. We have considered· .here_ only the nuclear contribution to 

the induced refractive index. Then, comparing Eq. (22) with Eq. (lOc) 
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with CJ = 0, we find 
/ 

{3(w,w'} = 2(f1x)t/9A 

= 2(AX) 2 /9atf - T*) 
(23) 

Thus, by deducing 't and S(w,w') from experimental results as a 
' . . . . 2 

function of temperature, we can determine V/a and (AX) /a. 

3. Experiments and Results 

A. Sample Preparation 

We made measurements on the two homologous nematic compounds MBBA 

and EBBA. The samples were purchased from Eastman Kodak and Vari-Light 

Corporation. They were. used without further purification. The sample 

was placed in a glass cell o~ 4 em long with end windows free of strain 

birefringence. The cell was pumped under vacuum for several hours and 

then sealed under 1 atm pressure of N2 gas. The transition temperatures 

of t~e samples prepared this way showed no change over a period .of months. 

The cell was then placed in a closely fitted copper block and thermally 

controlled by a ¥ellow-Spring thermo control unit. The temperature along 

the cell was found to be uniformly stabilized to within ±0.03°C. The 
.. 

clearing temperature TK of our samples are 42.5°C and 79.5°C for MBBA and 

EBBA . respectiv~ly. 

B. Measurements of Orientational Relaxation Times 

We used a single-mode ruby laser Q-switched by cryptocyanine in 

methanol. The single spatial mode of the laser beam was achieved by 

placing a 0.8 mm pinhole inside the cavity. The output pu~se width was 

about 10 nsea ~(full width at half maximum)and the maximum peak power 

was about 50 kW. 
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The experimental arrangement for measuring relaxation times is shown 

in'F::lg. 1. The finite ordering was induced by the linearly polarized . . . 

laser beam. The subsequent time variation of the ordering parameter was 

-\ 
probed by a 40 inW CW He-Ne gas laser •. The polarization of the He-Ne laser 

beam was at 45° to that of the ruby beam. The polarizer P-3 was crossed 

with the polarizer P-2 so that signal could reach the photomultiplier 

only when the medium W'as birefringent re~ulting.from induced ordering 

in the sample. Both the ruby and the He-Ne laser beams were telescoped 

down to ~o.s mm inside 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 arrangement, the signal at the photanultiplier was proportional 

2 ' to sin (Koni) where K is a constant and on~ is the linear birefringence at 

the He-Ne frequency. ;In our experiments, KOn~ << 1 and hence the 
. . . . 2 

photomultiplier signal was proportional to (on~) •. Thus, if On~ or 

the order parameter d~cayed as exp(-t/-r), the signal would decay as 

exp( -2t/-r). We found that our measured signals always had perfect 

exponential tails from which we then calculated the orientational relaXation 

times T. In Figs. 2 and 3, we present'·our experimental data of 'r 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 t~e theoretical curves given by -r = --·~ in Eq. (21) 
· . a(T - T ) 

if we assume v = v eW/T with W = 2800°K as suggested by Stinson 
0 . 

and Litster. 6 . * The values of v /a and T deduced from the fit for 
0 

MBBA and EBBA are given in Table la. For MBBA, the relaxation 
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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 varies from about 13 nsec to 

-170 nsec. The results for MBBA are in good agreement with those obtained 

. 6 
from light scattering by st-inson and Lits.ter. How~ver, we believe our 

measurements are more straightforward and accurate, especially when 't is 

long. 

C. Measurements of Intensity-Dependent Ellipse Rotation . 

In Fig. 4, we show,our experimental arrangement for ellipse-rotation 
' ' 

' 10 
.measurements which was similar to that used by Owyoung et al. The 

Fresnel rhomb R-1 was used to produce a laser be~ of desired ellipticity. 

The single-mode beam was focused into the sample by a 15 ·em lens L~l so 

that the focus was at the center of the sample cell. The beam was then 

re~ollimated by lens L-2. The second Fresnel rhomb R-~ and the Glan 

polarizers were oriented in such a way that in the absence of ellipse 

rotation, the output beam from the Fresnel rhomb was linearly polarized, 

a maximum "transmitt~d" signal was directed into D-3, and a minimum "nulled" 

signal into D-2. The purpose of D-3 was to monitor any nonlinear loss or 

change in the spatial profile of the laser beam. Neutral density filter 

stack F-1 was used to vary the input power. Laser power less than 1 kW 

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 

to describe the focused beam. 
10 . 

Under such condition, one c:an show that 
\ 

for a single-mode beam with a Gauss;tan profile,, the signal S at D-2 with 

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

(24) 

(25) 

where c is a constant, tan$ = IE+/E_I' 'and we have assumed e « 1. ' · av 

Note that the above result is independent of the focusing geometry and 

sample length. 

In our experiments, we confined ourselves to low enough power so 

that e << 1. We also chose $ = 22.5°. _Since we can approximate our 
-b2t2 

laser pulse well by a Gassian pulse P = P e and we have from 
0 

Eq. (24) 

where S,(O) is the signal at the, peak of the input pulse and 

1 

Because of the fluctuations of the ordering parameter, a nematic 

liquid crystal in its isotropic phase has a non~negligible_scattering 
\ 

11 ' 12 * ! 
loss coefficient y which varies with temperature as y = a./ (T - T ) • 

Since the ellipse rotation occurred essentially within the focal 

volume which was located at the center of the example, the effect of 

scattering loss could be accounted,for by rewriting Eq. (26) as 

(26) 

(27) 



( 
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2 

= Ce -2Y~(1T w 3) (a + 213 g) 2 P~ 
nc . 

LBL-2723 

(28a) 

(28b) 

-y~ . 
The scattering loss e was measured at each temperature. Thus. by 

plotting S~O) vsP2 • we obtained {cr +' 2a g) as a function of temperature. 
10 0 . 

0 ' . 

To arrive at the absolute val~e, we used cs2 as a standard· of c~libration. 
'\ 

As -we shalL show later. comparison of (cr + 213 g) with (O + l3g) obtained 

from optical Kerr effect indicates that a << Sg. Since we had measured 

the orientational relaxation time, T, we could calculate g and deduce a 
from our measurements of (a+ 213 g). The results for za are. shown in 

Figs. 5, and 6 as a function of temperature for MBBA and EBBA respectively. 

We shall compare our results with the predictions of Landau -de Gennes 

model after the discussion of the optical Kerr measurements.· 

D. Measurements of Optical Kerr Effect 

Our experimental a~rangement is shown in Fig. 7. A linearly 

polarized ruby laser beam was sent through the sample to induce birefringence. 

The same beam after having its polarization direction rotated 45° was 

attenuated and sent back t;hrough the sample to probe the birefringence. 

The analyzer P-3 was oriented in such a way that in the absence of 

birefringence., no signal could reach detector D-3. Maximum powers of 

the inducing beam and the probing beam w.ere 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 should be related to the input power P(t) by 

·-2Yt . 2 lf.W) 1- eyR. 
S(t) = KP(t) e · s~~n "2\~ · y ont(w,w;t) 

where KP(t) is the probing beam power, and ont(w,w;t) is given by 
-b2t2 

Eq. (lOc). Since in our experiment, (~)ton <<1 -and P = P e c R, 0 

Eq. (29) becomes 

(29) 

(30) 

where S(O) is the signal obtained at the peak of the lase~ puls_e, and g 

is given by Eq. (27). 

We obtained (0' + f3g) by plotting S~O) vs P~. Absolute vaiues;of 
0 

(0' + f3g) were arrived at by using cs2 as a standard of calibration. By 

coni~aring (0' +: f3g) from measurements of optical Kerr effect and 

(0' + 2~ g).from measurements of ellipse-rotation, we concluded that 

0' << f3g. · Again, knowing g, we could deduce f3 from the measured 0' + f3g. 

Results for MBBA are shown in Fig. 5. We see that the values of 2f3 obtained 

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

temperature approaches TK. l'he solid curve is calculated from 

a = 
2 (li.X) 2. 

* 9a(T - T ) 

given in Eq. (23) with 

e.s.u.· 
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wa . The corresponding optical Kerr constant B, given by -- 1s nc 

B = 
' 

l.SXl0-4 

* T;... T 
e. s.u 

LBL-2723 

at A = 6943A for MBBA. Our data on EBBA also agree well with the 

theoretical curve calculated from Eq. (23) with 

e.s.u. 

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

B = 
8.6XlQ-S 

* T - T 
e.s.u. 

4. Discussion 

We have seen in Section 3 that the temperature dependence of the orien-

tational relaxation time and the nonlinear refractive index are in good agree-

· ment with. the predictions of Landau-de Gennes model. We present in Table 1 

the various material coefficients we have deduced from our measurements 

for ~BA and EBBA. We can now compare our ~esults with those obtained 

from light scattering. 11 

In the theoretical section, we showed that by measuring the orien.o. 

v 
tational relaxation times, we can obtain· -a while by measuring the field-induced 

. 2 

refractive indices, we can get (6X) In order to determine a, v, and 
a 

6X separately,·we need one more independent measurement. It happens 
I, 

13 that the value of 6X for MBBA at 6328A has been measured to be 

-2- . 
8.7X1Q in c.g.s units. The corresponding 6X at 6943A can be obtained 

in the following way. The temperature-dependent scattering loss 

f 
a 

coef icient --*-
T -T 

4 (LlX)2 12 
is proportional to W * 

a(T - T ) 
We have measured 
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/' 

the scattering loss and found ~ to be 0.17 cm-1 °K at 6328A and 0.1 cm-
1

°K 

at 6943A for MBBA. We then·obtain ~X(694~) = o.g2 ~X(6328A) = 8Xl0-
2 

in c.g~s-. units. With this value for ~X. we obtain 
-

5 , -3 0 -1 d V __ 5 JXl0-5 2800/T . f BB 
~BBA = 5.8XlO . e~g em K an MBBA • , . e _ po~se or l1 A. 

Because of the uncertainties in ~X and in our. measurements, these values 

for a and V could have an uncertainty of 30%. More accurate measurement 
'-

) 

on bx would reduce the uncertainty substantially. Our v~lues of ~BA 

. 5 -3 -1 
and VMBBA are in good agreement with the results-~BA = 6Xl0 erg em °K 

(Ref. 11) ~nd VMBBA = 4Xl0-
5 expeS~O) p~is~6 • 11 obtained 'from light scattering 

experiments. For EBBA, ax has not been measured. However, since the 

molecular structure of l1BBA and EBBA are rather similar (Fig. 8) and since 

the dominantcontribution to !:::.X 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 = 1x1o
6 

erg cm-3 °K;...
1 

d \) · - 1~10-5 ~ ( 2800) · i w· h · li h · i · d an EBBA - exp T po se • . ~t no g t scatter ng ata on 

EBBA available, comparison of the results obtained ·from the two 

different ·metho_ds is not possible at this time. · 

We notice that at a given temperature, the viscosity coefficient 

V of EBBA is slightly larger than that of MBBA. This is expected because 

the molecular structure of EBBA is slightly longer than that of MBBA. 

The fact that EBBA has an appreciably shorter orientational relaxation 

time near the phase transition than MBBA is due to its higher clearing 

temperature. The mean-field parameters .a of the two materials have a 
. . .. aEBBA 
rat~o = 1._7. This seems to suggest that the additional CH

3 
group 

- ~BBA 
on EBBA has an effect of increasing the intermolecular interaction. With 

. / 3 2 . 11 
the latent heat given by 4 aQK.TK at T = TK, this would predict an 
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appreciably larger latent/heat for EBBA. 

14 Recently, Prost and Lalanne have also performed optical Kerr 

measurements on MBBA. Their results are different from ours and are also 

in ,disagreement with the predictions of the mean-field theory and with 

. ) 
the results obtained from the light scattering experiment. However, a neo-

. dymium glass laser Q-switched by rotating prism was used in their experiments. 

It is well known that such a laser often produces a multi-mode laser beam 

with complicated spatial and tempera! structure. Since knowledge of the 

temporal structure of the input pulse is i~portant in their data analysis,, 

this co~_ld yield c,onsiderable uncertainty in· their results. 

Finally, we should mention that the results presented in this paper 

were obtained with laser power well belqw the sel~-focusing threshold. 

The phenomenon became more· coJ!lplicated after self-focusing occurred. 

Investigation of the cause of. this complication is currently in progress. 
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Material 

MBBA 

EBBA 

0 
(e-. s. u.) 

< 0. 018 

< 0.0113 

Table la. Results of optical· Kerr, ellipse-rotation, and orientational 
I . I 

13 
(e.s.u) 

2.7Xl0-9 

* T-T 

1.5Xl0 ... g 

. * T-T 

, relaxation time measurements on MBBA and EBBA. 

~ll22(w,w)=xl212(w,w) .xl22l(w,wt 
(e.s.u.) · (e.s.u.) 

~ O.OlX122l(w,w) . 

< O.OlX1221 (w,w) * T-T 

,B 
(e.s .u) 

via 
(sec°K). 

(fiX) 2 
---a--

-1 3 (erg. em °K) 

2800 
. 1.5Xl0-4 9.1Xl0-lle_T_ 1.1Xl0.,.g 

* T-T 

* T-T 

2800 
7X10-lle~T- 6.4xl0-9 

* T 

(Ko) 

( 

314.7 

350.6 
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Table lb. Values of v and a deduced from the experimental 
results shown in Table la. 

Material 

MBBA 

EBBA 

/ 

v 
(poise) 

2800 
5. Jxl0-5 e-T-

2800 
7.10-5e_T_ 

a -3 -1 (erg em °K ) 

1X!0
6 

J 

,., 
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FICURE CAPTIONS 

Fig. 1. Experimental arrangement for observing molecular orientational 

relaxation times in nematic liquid crystals. ~s, beam splitter; 

P-1, P-2; P-3 lin~ar polarizers; D-1, ITT F4018 fast photodiode; 

D-2, RCA photomultiplier 7102; F-1, neutral density stacks. 

Fig. 2. Relaxation~time L of the order ~arameter as a function of 

temperature for MBBA.:.- The solid curve ·is the theoretical curve 

described in the text. The dots are the e~erimental data points~ 

Fig. 3~ Relaxation time L 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. Experimental arrangement for observing ellipse-rotation e!fect. 

P-1, P-2, Clan polarizers; R-1, R-2, fresnel rhombs; 1~1, L-2, 

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

ITT fast photodiodes. 

I:'ig. 5. Nonlinear refractive index 2S as a function of temperaturefor 

Fig. 6. 

MBBA. 11.are experimental data obtained frommeasurements of 

optical Kerr effect, 0 are eA~erimental data obtained from 

measurements of ell,ipse-rotation effect. The solid curve is 

5.4Xl0-g. * 
the theoretical curve given by * esu with T = 314.7°K. 

T -. T 
Nonlinear refractive index 2S 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 
~ -9 

theoretical curve tiven by 3·• 1 10 * · esu with T* = 350. 6°K. 
T - T 
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Fig. 7. Experimental arrangement for observing optical Kerr effect. 

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

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

photodiodes. 

Fig. 8. Chemical structures for MBBA and EBBA. R = CH
3 

for ~1BBA and 

. R = c2H5 for EBBA. 
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r-----------------LEGALNOTICE------------------~ 

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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