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In a recent communication it was shown how light
scattering can be used as a probe of fast reaction
kinetics. Although the major conclusions of that
communication are unaltered, an error was made in
relating fluctuations in the dielectric constant to com-
position fluctuations. In this note the error is repaired
and the original reasoning is clarified.

We consider the spectral distribution of light scat-
tered from an equilibrium ternary mixture in which
two of the components Sy and S, present in small
concentrations, are in dynamic equilibrium.

In this analysis only the effect of composition
fluctuations is considered. We neglect the effects of
density (or pressure) fluctuations. This may be a
severe approximation. To our knowledge the combined
effects of composition, temperature, and density (or
pressure) fluctuations have not vet been taken into
account.!?

The intensity of scattered light ¢(k, w) is proportional
to the real part of the space-time Fourier transform of
the autocorrelation function of the dielectric constant
i{K, w) « Re(de(k, w)de(—k, 0)). (We use the notation
of Ref. 3.)

Composition fluctuations give rise to fluctuations in
the dielectric constant

66(1‘, t) = (66/6C1) 06C1<1', t) + (ae/an)mSCz(r, f), (1)

where §C; and §C, are regarded as independent com-
position fluctuations.* Alternatively, one can adopt the
progress variable point of view.}? In Ref. 3, (9¢/9C1)q
and (9¢/98C2)o were incorrectly related. In general any
relationship between these derivatives must depend
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upon the polarizabilities of S; and S.. Accordingly, Eq.
(1) must be expressed as

®e(k, w)de(—k, 0) )= (8¢/8C1) 2 (8C1 (K, w)8Cy(—k, 0) )
+(3¢/0C1)0(8¢/9C2) o (8C1 (k, w)8C,(—k, 0) )
+ (8Cs(k, w)3C1 (—k, 0) )}
+(9¢/9C,) (8Ca(k, w)3Co(—Kk, 0) ).  (2)

The time dependence of the composition fluctuations is
computed from hydrodynamics as in Ref. 3. The
results are®

8C1(k, @) = (1/A) { [+ iw+ KDyt £, J5C1 (k, 0)

and
8Ca(k, w) = (1/A) {[+iw+ kD14, 16C,(k, 0)

+kf6C1(k7 0) }J (4)
where

A=[—a+ (v4+ 28D, ) ies
+ (i Diy-D) B+ (D2~ D 3k, (5)

Therefore, i(k,w) will depend upon the equilibrium
averages
o= <8C1(k, 0) 5C1(—k, O) >,

Q= <5C2(k7 0>6C2<‘k, 0) ))

and cross terms of the form = (8C;(k, 0)6C,(—k, 0) ).
Because the wavelength of visible light is long com-
pared to equilibrium correlation lengths (we exclude
the critical region), the above averages may be approxi-
mated by their |k | —0 limits. These averages reduce
to the case considered by Kirkwood and Goldberg.s

In the case where Di=*DyxD, we find from Eqs.
(2)~(5) that

i(k, w) = { DE*/[w*+ (Dk*)*]} (e (k, 0)de(—I, 0) )
+LA &) /I DR +2) /[0 + (Dk+4) ]}
— {DE/[o*+(DI*)?]}), (6)

where
A (k) = {[kjo1— kB8] (9¢/9C1) o*
+[v4B8— kron— kst (9¢/8C1)0(9e/Co) o
+Lkoos—k;8](3¢/C2) ?}.  (7)

This expression for ¢(k, w) replaces Eq. (3) of Ref. 3.
The effect of the chemical reaction on the spectrum is
given by the second term on the rhs of Eq. (6). Note
that if (a) (3¢/dC1)o happens to equal (8¢/8Cs)s or if
(b) ks=k=0, the second term in Eq. (6) is zero.
Under either of these circumstances, the entire con-
tribution to i(k, w) arises from the diffusion broadening
expressed by the first term on the rhs of Eq. (6).

In cases of physical interest, the polarizabilities of .5
and S, will be different, ie., (8e/dC1)o (9¢/0Cs)o.
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If the light scattering experiment is performed under
conditions where v, >>DF*® then the major con-
tribution to the linewidth of the central, Rayleigh line
will be due to the chemical reaction.”
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The total exchange energy of the Ar atom and K+ ion
has been calculated with the statistical exchange
potential without correction and with a correction
introduced by Gomb4s. The results show that the
correction leads to a higher value of the total exchange
energy of about 3%, only, whereas it is of great impor-
tance for the energy of the exchange interaction of the
valence electrons with the core electrons.

The total exchange energy E, of an atom can be
calculated approximately by the statistical model of
the atom. With the help of the average exchange
potential ¥, of Slater! we get

Eo=—1e [ Voo, 1)
where e is the positive elementary charge, p the electron
density, and dv the volume element; the average
exchange potential has the following form:

Var=§(3/m) gt @

Last year one of us showed??® that this potential
cannot be used in the outer parts of the atom and has to
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be replaced by the following corrected form of this
potential:

Va con‘m=%(3/7r) l/3ep1/3[1—37n(7)]1 (3)

where s»(r) is a correction, which we can write in a
good approximation in the following simple form:

7= (po/p) ', (4)

where po is the electron density on the boundary of the
statistical Thomas-Fermi~Dirac atom

p0=0.002127(1/ag)

and g, is the first Bohr radius of the H atom.

Expression (3) is valid in the region, where p2 po;
in the outer parts of the atom, where p<po, we have to
put Voen™=0. When we use V,eor™ in (1), the
integration has to be carried out only in that region
where p= po.

In this way we have calculated with uncorrected and
corrected exchange potentials the total exchange energy
of the electrons in the Ar atom and K* ion with the
electron distributions of Hartree-Fock.* We got for Ar

sm() =7°=po/p,

(5)

Facon=—3e / Vo conodv= —28.50(¢2/ay)

— 77616V, (6)

Fu=—1e f V. mody=—28.50(¢ /o)
——7TI85eV, (1)
Ea—Eo con=—0.09(e2/a5) = — 2.4 eV 8)

and for K+

Eoa con=—29.69(¢/20) = — 8085 eV,  (9)
Eu=—20.76(c/a) = —810.4 ¢V, (10)
EuimEawm=—007(¢/a)=—19eV. (1)

It can be seen that the correction has only a small
influence on the total exchange energy of the atom
or ion.

The case is quite different, when we introduce the
correction of the exchange potential describing the
action of the core electrons on a valence electron. In
this case the correction gives a remarkable difference
compared with the uncorrected value2® For the 4s-
valence electron in the K atom one gets for the exchange
energy with the core electrons without correction

&=—152eV
and with correction

€ corr= —0.68 eV.

In this case the correction leads to a much better value
than the uncorrected one. The more exact value calcu-
lated as the difference of the experimental energy and
the Hartree energy of the valence electron is —0.61
eV,? almost the same as our corrected value. ‘
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