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is obtained by using only the diR'usion coefficients at the
highest temperature for all the isotopes and employing
Zener's theory as was suggested by the work of Nowick. 4

The vaIues of II and Do thus calculated yield excellent
agreement with the experimental results for cadmium
and indium but significant deviations are seen for tin
and antimony. Moreover, they do not reproduce the
experimental correlation between H and Do which is
shown in Fig. 7. Perhaps this discrepancy results from
our use of a constant value of v. It should be noted that
Zener's theory shows better agreement with experiment
for smaller values of Z where the activation energies
predicted by the screening theory deviate appreciably
and the situation is reversed for cases of larger Z. It may

be that an appreciable portion of the free energy is
expended in the changing of configurations other than
the straining of the lattice (e.g. , the redistribution of the
electronic charge) when a relatively large number of
extra electrons are attached to the impurity atoms, and
that the assumption of Zener's theory is thus violated.

The negative values for the entropy of activation,
which were implied by the old data and have been
subject to much theoretical speculation, are not ob-
served in the present work and their notion, in all
probability, must be discarded for the case of dilute
chemical diGusion in f.c.c. metals.

The authors wish to express their gratitude to Dr. F.
Seitz and Dr. D. Lazarus for many helpful discussions.
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Existing treatments of band shapes in solids, for the simplest impurity centers, predict Gaussian shape
functions. These treatments assume for simplicity that the electronic matrix element is independent of the
nuclear wave functions, and that the energy width of the band is negligible compared with the energy of
the mid-point of the band. We estimate here the expected magnitude of the effect of correcting these assump-
tions in typical cases, and find that the emission or absorption band may deviate from a Gaussian by twenty
percent or more on the wings.

BSORPTION and emission spectra are not gener-
ally of a simple shape for several possible reasons.

In the simplest case, where only a single initial elec-
tronic state and a single anal electronic state can
contribute to the line, where the environment of all
the centers is identical, where the transition is far from
resonance with the host lattice, and where the con-
figurational coordinate curve for the Anal electronic
state is sufficiently displaced from that for the initial
state, an approximate ca1culation leads to a Gaussian
shape function for the absorption or emission spec-
trum. ' ' This result dep:nds on the Born-Oppenheimer
approximation and on the assumption that the elec-
tronic transition probability is independent of the
nuclear wave functions, i.e., the wave functions for the
lattice vibrations. This assumption is generally made in
three parts: (1) the wave function of only one electron
is changed during the transition, (2) the electronic
matrix element for this one electron is independent of
the nuclear wave functions, and (3) the width of the
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band is negligible as compared with the energy of its
mid-point. On configurational coordinate diagrams these
assumptions are equivalent to assuming that the elec-
tronic transition probability is independent of the con-
6gurational coordinate, so that line shapes are deter-
mined solely by the geometry of the energy curves.

The purpose of this note is to point out the influence
of these approximations upon the calculated line shape.
For simplicity and ease of presentation the description
will be given in terms of the usual configurational co-
ordinate model (in which the important coordinate is
presumably the position of the nearest ions).

In case the ground and excited states are inQuenced

by about the same relative amount' by the lattice
oscillations, as may be true in a system such as KCL:Tl
where both ground and excited state wave functions
are relatively compressed, the electronic momentum
matrix element is given by

(It) =(p)o(1—t1~/&),

where E. is any characteristic length in the wave func-
tions of the center. As the neighbors of the center move
and cause a change in the wave function, i.e., in R,

~ By the phrase "the same relative amount" we mean the
equality of the logarithmic differentials of the damping lengths of
the two wave functions.
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they also change the energy of the transition between
these electronic states by an amount proportional
to R '. Thus the square of the matrix element, which
determines transition probabilities, is

(p)'=(I»"(I+»/E) (2)

In the event that the excited state wave function is
so disuse that it is relatively uninQuenced by the vibra-
tions of the nearest neighbors, as is probably the case
with the Ii center, for example, most of the variation in
the matrix element will occur because of variations in
the ground-state wave function. For the sake of definite-
ness, let us consider transitions between a 1s and a 2p
state, for which the momentum matrix element is pro-
portional to

(~) '/(o+n)',

where 0. and a are the damping lengths in the expo-
nentials of the 1s and 2p wave functions, respectively.
Expanding, we And

)3 4
(I»=(1»e 1+~nl-

E2n a+n)

As the neighbors move and cause a change in the
is wave function, its energy likewise changes, and
the change in the energy of the transition is
hE= —(2/n) hn! E~, !, and thus the square of the
matrix element is given by

(p&'=(u&o' 1—
E !E,.!

I2 1+a/n !

The quantity in square brackets is of the order of plus
or minus one-tenth; in the case of an isolated atom, the
ratio a/n is 2, !E/Er, ! is 4, and the coeKcient of AE/E
is —~~. In actual cases the ratios a/n and !E/Er, ! will

not be exactly 2 and —„'; for the Ii center in NaCl
perhaps better values are I.5 and 0.8,' so that the
coeScient of »/E is +0.08.

An absorption band arises from a summation of the
6 D. L. Dexter, Phys. Rev. S3, 435 (1951).

contributions from one electronic transition and all
possible nuclear transitions. Since the integrated ab-
sorption cross section for each individual absorption
line is proportional to (p)'/E, the absorption band will
not in general be a Gaussian G(E), but rather a function
of the form

0 (E)=E"G(E)

where e may take diferent values in the various cases
mentioned above. For a system such as that discussed
in leading to Eq. (2), I will have the value zero because
of the cancellation of the eGects arising from the magni-
tude of the matrix element and the energy. In the case
of Eq. (4), however, e has the value

E (3 4

!Er. ! &»+~/n&

or about —1.1 and —0.9 for the two models mentioned
after Eq. (4). Thus it appears that at least a small
amount of long-wavelength tail on the absorption band
may usually be expected.

In emission, on the other hand, the exponent e must
be increased by two in each case, because of the (p)'E
dependence of the spontaneous emission probability.
(In referring to the emission band shape we shall mean
the cumber of photons, rather than the energy, emitted
as a function of energy. ) Thus for the case treated 6rst,
an E' factor modifies the Gaussian, and for the other
two cases, an approximately linear factor. (It is inter-
esting to note that an approximate mirror-image rela-
tion exists between emission and absorption in the
latter two cases. )

In typical impurity centers the half-width of a band
may be one-tenth of the energy of its mid-point, so that
the emission or absorption band may deviate from a
Gaussian by twenty percent or more on the wings. This
circumstance makes the common practice of analyzing
these spectra into sums of Gaussians of questionable
slgnlflcance.

The writer is indebted to Dr. C. C. Klick for inter-
esting discussions on this material.


