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Static and dynamic light-scattering study of a critical ternary mixture:
Renormalization of the critical exponents
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Extensive dynamical light-scattering experiments have been performed on the critical ternary sys-
tem water, benzene, and ethanol close to its 25'C plait point. The experimental results show the
theoretically expected renormalization of the critical exponents. Furthermore, the critical slowing
down of concentration Auctuations is very we11 accounted for by the Kawasaki mode-coupling
theory including background e6'ects.

Renormalization of the critical exponents y and v
which characterize, respectively, the divergence of the
osmotic compressibility X and of the correlation length g,
i.e., X=Xoe r, /=)os ", where c, =(T—T, )/T, has been
predicted by Widom' and Fisher for a binary critical
mixture in which an impurity has been added (renormal-
ization by hidden variables). When the mass fraction of
the impurity is large, the exponents are fully renormal-
ized and take their limit values y' =y /( 1 —ct) and
v" =v/(1 —ct), where a=0. 110 is the constant-volume
specific-heat-anomaly exponent. Extensive studies have
been published in pure and binary fluids, but only a few

works have been devoted to critical ternary mixtures,
leading to some discrepancies between the experimental
results. In this paper we wish to summarize new exten-
sive dynamical light-scattering measurements, including
scattered intensity, turbidity, linewidth, and viscosity, on
a critical ternary mixture water-benzene-ethanol (WBE)
close to its plait point at 25'C. The sample containing
10.33 wt. % of water, 52.05 wt. % of benzene, and 37.62
wt. % of ethanol has a critical temperature of
(24.971+0.003)'C. In this case, we consider ethanol as
the impurity, since it favors the mutual solubility of the
two otherwise immiscible components, water and ben-
zene. In this way, the ternary system can be treated
electively as a binary one with renormalized critical ex-
ponents.

The experimental setup was described in detail else-
where. The light from a very low-power, intensity-
stabilized, He-Ne laser is focused on the sample whose
temperature is kept constant to within 1 mK for periods
of several hours. The transmitted beam impinges on a
calibrated photocell in order to deduce the turbidity.
The light scattered at an angle 9, corresponding to a
wave vector

q =(4m/A)n sin(0/2'), .

where n =1.435 is the refractive index of the sample at
the laser wavelength k=0.6328 pm, and is collected by a
very-low-noise-level ITT F%130 phototube. After
amplification and discrimination, the output pulses feed a

100-channel clipped-real-time correlator designed by one
of us. To account for possible very-long-time drifts, the
laser intensity was monitored using a photodiode. Both
diodes and the correlator are connected to an on-line
PDP-11/23 computer.

The experimental results are as follows. The scattered
intensity I, has been accurately measured at low q, far
from the plait point, in order to deduce a precise value of
y', since in this regime I, varies as s r (1+a). We ob-
tain y'=1.49+0.03 as is apparent from the log-log plot
of Fig. 1. This value of y' is definitely larger than that of
1.2402 predicted by a renormalization-group calculation
for pure or binary fluids. On the other hand, this value is
in very good agreement with the 6ndings of Goldburg
and co-workers and of Chu and Lin, respectively,
1.50+0.08 and 1.50+0.03 for diferent ternary systems.
However, our values are slightly larger than the theoreti-
cal estimate y'=y/(1 —ct)=1.40 and the experimental
result of Ohbayashi and Chu, y*=1.40+0.02. A plausi-
ble explanation of the above slight discrepancies may be
found in the fact that the actual values of the critical ex-
ponents dramatically depend on the path used to ap-
proach the plait point.

When close to the critical plait point, I, becomes q-
dependent and reads

I, -e r (1+s)6(X),
where 6(X) is the Fourier transform of the pair correla-
tion function and X =qg. In the Ornstein-Zernike-Fisher
appioximation, 6(X) can be written as

6(X)=(1+X')-'+"".

In this regime, the loss of intensity due to scattering of
the laser beam when crossing the sample is no longer
negligible. The turbidity ~ expressing the rate of loss of
the intensity is given by

r=roe r 6'(X„)(l+s),
where ro is a constant and 6'(X ) is the integral of the
Ornstein-Zernike function over the whole solid angle. If
we assume that s)-0, 6 (X ) can be expressed as
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1 000 1 I t ( I t 1 I l I I lit ity is weH known, using the Oxtoby and Gelbart ap-
proach. ' In this procedure, the shear viscosity rl is given
by a multiplicative regular, or background part, gz,
which follows the usual Arrhenius law, and by a critical,
diverging part, rl, =rliI [(qDg)~ 1—], where qD is a Debye
cutoF parameter and (() is a universal exponent equal to
0.054- To thc lowest OIder of approx1Ioatlon, I g can b
written

a I' 0.675 q4 1

6IrI) qD 1 —III ln(qadi)
(4)

10-3

FIG. 1. Intensity as a function of e=(T —T, )fT, for various

q values. 6, q =2.68&10' cm '; o, q =2.02X19 cm ', ,
q =9.04&10 cm '. The lines correspond to the theory de-
scribed in the text.

From an extensive set of measurements of the viscosity
taken by one of us, ' it is possible to infer the value of the
background viscosity and then the Debye cutofF,

qz
' ——(7.0+1.0)X10 cm. Furthermore, assuming the

validity of the scaling law y' =(2—il)v', we deduce that
v =0.76+0.02.

In Fig. 2, we plot, as a function of X, on a log-log scale,
the reduced universal linewidth

I,'(theor) =R It. (X)
X

calculated from the Kawasaki mode-coupling theory and
the corresponding experimental one

G (X.)=, [(X'„+X'+2)ln(1+X'„)
X'„

—X (X +2)],

6~q (I -I a)I;(expt) =
gT

I'a being obtained from Eq. (4). The agreement between
the theoretical and the experimental results is very good
in the fu11 range of X values, including both the hydro-

where X„ is the value of X for backscattering. Combin-
ing turbidity and intensity measurements at large-q
values, it is possible to infer the value of (0, the short-
range correlation length. We found that g'o=(2. 6+0.2)
A. the above value of $0 is in the range usually obtained
1Il Auld systems.

As was shown by Kawasaki" from mode-coupling
theories, the inverse I', of the decay time of the critical-
concentration fluctuations can be written as

E(X) "IITI,=q'Dc
6Iril

where K (X) is the universal Kawasaki function

50
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K(X)=—1+X + X ——arctanX
3 p 3 1

X

8, is a universal amplitude equal to 1.627, and q is the
shear viscosity, the other notations being the usual ones.
In order to fit the experimental results both in pure fluids
and in binary mixtures, it has been shown that one must
take into account background effects. '~ The value I of
the linewidth appears as the sum of two terms I, and
I"II. The first one, I „is given by Eq. (2), whereas the
second onc can be calculated 1f thc bchav101 of thc v1scos"
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FIG. 2. Reduced linewidth I, (expt) after background sub-
traction as a function of X for various q values. The symbols are
the same as those in Fig. 1. The solid line is the theoretical re-
sults I, (theor).
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dynamical and the critical regimes. This fact shows the
importance of the background correction. Indeed, back-
ground efkcts which account for more than 10% of the
linewidth in the hydrodynaimc regime could be the
reason for the systematic deviation from the Kawasaki
plot observed by Goldburg and Pusey.
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