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Line-widths of light scattered by nitrobenzene-heptane system are measured over a
wide temperature range including the vicinity of the critical temperature of separation.
The critical exponents are measured. Noncoincident value of the critical exponent for
the states of the system above and below the critical temperature of separation are
obtained.

INTRODUCTION

Light scattering with its recent development in laser optical mixing
spectroscopy1’2 has become a very important tool for studying the
thermodynamic properties in a binary liquid mixture.
Many equilibria and transport thermodynamic properties exhibit

striking anomalies as the critical point is approached. Consequently,
the determination of a symptotic laws governing the approach to a
critical point is an important problem both from the experimental
and theoretical point of view.
The purpose of the present work is to study the binary diffusion

coefficient as a function of temperature.

THEORETICAL

The general theory of quasieleastic light scattering by fluid media has
been well described in several excellent review articles.’* In particular,

" Work carried out in Molecular Physics Department, Moscow University, USSR.
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for a heterodyne scattering configuration when the field amplitude
of the local oscillator beam is significantly greater than that ot the
light scattered by the medium, the spectrum of photocurrent
developed by the detecting phototube is the convolution ot the spectra
of the local oscillator and scattered light beam.
For a binary liquid mixture it is well known that the frequency

spectrum S(to) of the intensity of the scattered light (and hence the
frequency spectrum of the photocurrent) will have the form o a
lorentzian shaped line whose half width F depends on the binary
diffusion coefficient D and on the scattering angle as tollows:

where:

s,() r(a)/l = +

to =21-I/"

/4IIn
r(0) D--- sin

and A is the wavelength of the incident light, n is the index of refraction
of the solution and 0 is the scattering angle.

EXPERIMENTAL

A schematic diagram of our laser beat frequency spectrometer is
shown in Figure 1. The experimental arrangement is essentially the
same as that described in a previous work.s Light from a coherent
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FIGURE Experimental apparatus. 1. He-Ne laser, 2. Splitting plate, 3, 4, Mirrors,
5. Phase modulator, 6. Sample cell, 7. Photomultiplier tube, 8. Amplifier, 9. Spectrum
analyzer.
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radiation He-Ne laser (operating at A 6328,8, with output power
30 MW) is split into two parts, the first one being focused in the
sample, the other one is much lower in intensity, being used both as
alignment beam and as a local oscillator in heterodyne light beating.
The two parts are collected and focused onto the surface of the
phototube. The photocurrent is amplified and fed to a spectrum
analyzer, and the output of the averaged spectrum is recorded using
an X-Y recorder.
The pinholes D1 and DE isolate a sinle coherence area in order

to obtain a maximum signal/noise ratio. The sample was contained
in a cylindrical glass cell housed in a temperature controlled copper
jacket. During all measurements, the temperature was controlled to
within +0.02 K. Measurements have been performed on nitro-
benzene-heptane mixture with concentration X 53.28% wt. nitro-
benzene (critical concentrationXc 52.10% wt. nitrobenzene).
The measurements were carried out below and above the critical

temperature of mixing. The maximum error in measurement of
spectral half-width varied from 0.01 to 0.05 depending on the
closeness to the critical mixing point.

RESULTS AND DISCUSSION

The temperature dependence of the half-width of the Rayleigh line
(mutual diffusion coefficient) for nitrobenzene-heptane system at
concentration 53.28% wt. nitrobenzene is graphically shown in Figure
2. Measurements were made along the critical isochore and the
coexistance curve in the temperature range 5 x 10-3 <-< 1 where
,r T- Tc/T is the reduced temperature.
The data in all cases can be fit to a straight line plot of log F versus

log (z). The analysis yields the following result:

F=For (2)

where u is the critical exponent and Fo is a numerical factor.
By combining Eqs. (1) and (2), we get:

D =Dot
where D is the mutual diffusion coefficient.

(3)
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FIGURE 2 Temperature dependence of the Rayleigh half-width (mutual diffusion
coefficient) in nitrobenzene-heptane mixture. (c 53.28%), the scattering angle 0=
13.25

The values of Do and v obtained for homogeneous and
heterogenous state of the system are given in the table. It should be
note that the assymmetry behaviour (Vhih--Vow) in the present work
is lower than the corresponding value in the previous work7 which
has the value equal to 0.08. This decrease in the asymmetry behaviour
may be due to that the system was studied away from the critical
concentration. The value of the critical exponent at T > Tc is in a
good agreement with those obtained by Ohbayashi,s but we have
noncoincident values of the critical exponent for the system in the
two coexistance phase.

TABLE

Measuring range v Do 10-6 cm2/s

T > Tc 0.65 +/- 0.03 4.98 +/- 0.2

T<T,: 0.49+0.05 5.58+0.5
low phase

T < Tc 0.53 +/-0.03 7.34 +0.3
high phase
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