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The relaxation kinetics of the supercooled liquid salol is investigated using the optical Kerr effect. The -
Kerr intensity profile versus time is found to decay with two components. The mechanism responsible for
this effect is attributed to the nonlinear jndex of refraction arising from the electronic cloud distortion and

molecular reorientational motion of the salol molecules.

The knowledge of the kinetics of the nonlinear index of
refraction of lguids can yield fundamental information
on the molecular motion in the liguid state,™? For an-
isotropic molecules, the dominahtmechamsms re-
sponsible for the Kerr effect is the electronic cloud dis-
tortion and molecular reorientational motion of the mol-~
ecules, %% The electronic mechanism is temperature
independent and is so fast that its time dependence can-
not be resolved by picosecond’laser techiiques. The
measurement of the temperature dependence of the Kerr
relaxation will yield information on the kinetics of the
molecular motion, "By measuring the transient response
of the optical Kerr effect as a function of temperature,
we have separated the electronic and molecular contri-
butions to the nonlinear index of refraction, of the su-
percooled® liquid—salol” (Phenyl Salicylate). The opti-~
cal Kerr intensity versus time is found to decay with
two distinct components, QOne component is fast and
temperature independent and is attributed to be of elec-
tronic origin, The second is relatively slow, tempera~
ture dépendent, and attributed to be of molecular origin,
This is the first direct kinetic measurement delineating
the relative effects of electronic and molecular contribu-
tion to nonlinear index of refraction, In the past, the
relative contributions of the nonlinear index were ob-
tained from steady state temperature dependent mea-
surements®? or calculated from a combination of care-
ful measurements using different experimental tech-
niques, such as electric field induced second harmonic
genera.hon,8 third harmomc generatlon, ellipse rota-
tion,® and the D, C.® and optical Kerr effect, '

The experimental setup used to directly measure the
relaxation kinetics of the optical Kerr effect has been
previousty described.'™ An intense'1.06 jm laser
with 8 ps duration is used to induce a hirefringence of
the sample solution which is sitvated between a pair of
crossed polarizers. The birefringence is primarily
caused by distorting the electronic cloud and orienting
the anisotropic molecules in the liquid through the in-
teraction of the optical field of the laser pulse with the
polarizability of the molecules. *'** A 0.53 um pulse
of 6 ps duration derived from the second harmonic gen-
eration of a 1.06 pm laser pulse is variably delayed
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with a prism and is used to probe the {ime ‘evolution of
the induced transitory birefringence,

The salol was the purest grade available from East-
man Kodak Company. The sample was placed ina 1 em
long optical cell and was situated in a glass Dewar with

strain free windows. A copper-constantan thermocou- -
ple was -cleaned and immersed in the sample, The tem-
perature was controlled by flowing cooled nitrogen gas
into the Dewar and by surrounding the sample cell hold-
er with heating tape. The sample temperature was con-
trolled to = 1 C and the temperature gradient across the.
sample was less than 1 C.- Salol can be supercooled to
a temperature well below its meltmg temperature of
42 C,

The Kerr intensity profiles vers'us time for salol
measured at different temperatures are shown in Fig. 1.
The salient feature of these curves is the distinct two
component decay. At a temperature of 13 C, the decay
profile is clearly composed of a slow and a fast expo-
nential decay components, 'Within experimental error,
the fast component is found to be temperature indepen—
dent whereas the slow component is temper ature depen-
dent. The decay of the slow component becomes faster
as the sample temperature is increased, merging with
the fast component forming a nonexponential decay at the
highest temperature (77 C) studied. The risetime of
these curves are very fast (~5 ps). At a temperature of
~ 10 ¢ the Kerr intensity profile versus time is essen-
tially composed of only the fast component, - The decay
time of the fast component corresponds to the eonvolu-
tion of laser pulse widths (~ 8 ps}). The intensity of the’
slow component is extremely small because it can not
respond significantly to the picosecond pulse excitation.*
The decay time of the slow component is estimated to be
>3 ns. With a signal to noise ratio of about 100 to 1, no
other component is observed at - 10 C.

The induced birefringence of the Kerr effectd ! can be
described by the equation '

an() = an’ () + a2°(8) , (L
where An(f) and An?(f) denoted the electronic and mo-
lecular reorientational contributions, 1espect1vely

The electronic {¢) and molecular (o) parts, A?z 1), are
given by the equations

) | .
antly, t)=’7;-2— f E3(r, D exp ——(—t’—)- ar, {2)

§ e

where {=¢ or o, n§ isthe change to the nonlinear index of
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refraction through electronic cloud distortion, #3 is the
change of nonlinear index of refraction from molecular
reorientational motion, and 7,, 7, are the relaxation
time of electronic and reorientational processes, re-
spectively, HEstimates of 7, in mos{ media lie in the

range from 107 to 107" s and 7, is longer than 1072
g, 412,13,14,15,18

The transmitted signal of the probe 0,53 pm pulse
through the Kerr gate at a delay time 7 is

in the sample. Using Eqs. 2, 3, and 4 the magnitudes
#§ and #§ are computed from the experimental measure-
ments of the transmission of the probe 0.53 pm light
pulse at different thmes, from the input power of the ex-
citing 1. 08 pn pulse, and from the relaxation times:

T, and T,. The table lists the calculated values of #§ and
ny at different temperatures. The value of n, of carbon
disulfide (~ 2x 10" esu)®+? is used as the standard to ob-
tain the absolute values shown in the table, In the cal-
culations, #§ is assumed to be independent of tempera-
ture and the envelope of the laser pulse is assumed to be
exponential,” ’

Nonlinear index

TiC) 13 25 40 47 G2 77

I{7) =fm L~ 7}sin®} sl at , (3)
and
o= 2% an() )

where I, is the length of the sample cell, A is the wave-
length of the probe light, and 6¢ is the phase retardation

=l

nd(x107y |58 | 46 | 37 | 82 | 28 | 19

#5=3%1071 asu
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In accordance with the theories of Buckingham® and
Keilich® the values of #3(T) measured at different tem-
peratures follows a 1/T dependence.

In Fig. 2, the measured viscosity 1, ™ the relaxa-

tion time of the slow component (7,) of the optical Kerr
effect, and the inverse of the depolarized Rayleigh wing
linewidth™!7 of salol are plotted versus 1/T. There is
no discontinuity in the slope of the Kerr lifetimes as
salol is supeircooled through its melting tomperature.
The lifetime decreases approximately exponentially as -
1/T. The Kerr relaxation times of the slow components
from 7 to 77 C follows the Arrhenius behavior!®29:2!

{T)=Aexp(E/RT) , (5)

where A is a proportionality constant (~ 3,4x 10715 g)
from data fitting and E is the potential barrier for mole-
cules {ransiting from their original equilibrium positions
to its new positions. The activation energy £ of salol
calculated from the Kerr effect measurements is 7.5

4+ 0.5 kcal/mol, close to the activation energy =5.6

keal/mole calculated from vigcosity measurements
above the melting temperature, The Kerr relaxation
times and the inverse of the depolarized Rayleigh wing
linewidth measurements™!? are in good agreement with
each other over this temperature range. The tempera-
ture dependence of the Kerr relaxation time data reason-
ably fits the viscosity data above the melting tempera-
ture; but, below the melting temperature the measure-
ments diverge rapidly, Therefore, Debye’s equation®
of molecular rotational relaxation time in a liquid

HT) = Vol TV/KT (6)

cannot be used to deseribe the temperature variation
studied. It is apparent from Fig. 2 that the viscosity of
salol does not follow a simple Arrhenius behavior below
the meliing temperature., This is a common character-
istic of supercooled liquids which has been attributed to
the progressive restriction of the different rotational
degrees of freedom of the molecules with decreasing
temperature. ®® These results suggest an ansatz that

J. Chem. Phys., Vol. 87, No. 3, T August 1977
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the Kerr relaxation data measures the rotational kinet-
ics associated with a particular rotational degree of
freedom of the salol molecules whose motion may only
contribute partly to the overall measured viscosity of the
supercooled liquid, )

In conclusion, the Kerr relaxation kinetics of salol has
been measured at different temperatures, The temper-
ature variation of reorientational relaxation time 1, in-
creases exponentially as 1/7 following an Arrhenius
behavior, No discontinuity is noticed at the melting
point or in the supercocled region. Two distinet com-
ponents of the Kerr decay profile are observed. From
the temperature dependences of these components, the
mechanisms responsible for the fast and slow compo-
nents. are attributed to the electronic and molecular re-
orientational parts of nonlinear refractive index, re-
spectively. This is the {irst clear observation delineat-
ing the electronic and molecular contributions of the
nonlinear index of refraction.

We thank Dr. Alfred P. Defonso of NRL for helpful
discussions on the properties of salol,
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