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Reexamination of the isomer shift has led us to propose that the phonons in a lattice change the electron
density at the site of the resonant nucleus, thereby causing a change in the energy of the emitted y photon
in the recoilless emission of radiation. The new shift is highly temperature dependent and is significantly
smaller than the well-known isomer shift. Experimental evidence is presented.

HE lattice vibrations in solids are known to cause
a Stark analog,® a shift in electron spin reso-
nance,>® a shift in nuclear magnetic resonance,* and
a shift in zero-phonon optical absorption.® In this paper
we propose that the excitation of electrons by phonons
changes the electron density at the site of the nucleus,
thereby leading to a change in the energy of the emitted
photon in Méssbauer resonance. The relativistic de-
crease of mass of the emitting nucleus in a system of
coupled oscillators increases the frequencies of all nor-
mal modes of the system which do not have a node at
the site of the changed mass and the corresponding in-
crease in the internal energy requires that the energy of
the emitted photon be decreased.®:” Another shift,
occurring essentially because of the difference & be-
tween the radius of the resonant nucleus before and
after the emission and because of a finite electron den-
sity at the site of the nucleus, appears as8:?
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where Ze is the nuclear charge, # is the nuclear radius,
and ¥(0) is the electronic wave function evaluated at
the site of the nucleus which we investigate in detail.
Consider an Fe** in an octahedral environment of
fluoride? ions. The pertinent wave functions are
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where ®.: is the one-electron d function on the iron, and
Xi(k=s, o) represents a linear combination of F— one-
electron functions transforming like the E, irreducible
representation of the octahedral group. The amplitudes
of (2) and (3) at the site of the iron nucleus are negligibly
small so that they do not contribute to (1). The main
contribution to (1) arises from the core s functions,
which we write as
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where

and Susx={¢ns| &) is the group overlap integral, &, are
the ligand F~ functions suitably combined to transform
like A1, of the cubic group. The contribution of (4) to
the electron density at the site of the resonant nucleus is
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and that of (5) is

Z Bnkgid’ns«)) [ 2 ’
so that "

Z Y022 [60:(0) [2(A+E ar®+ 3 Bui?) -

n n k k
The ¢, are doubly occupied so that a proper summa-
tion on all the spin-polarized orbitals!® gives!!
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where we assumed a, e =it and Brr =Buit-
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Now the phonon-excitation included in (2) with the
known methods?? gives
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where we have omitted certain terms? which are not
important for the present purpose. The function (4)
becomes
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and e; are the dynamic strains.!? Apart from (6), the
functions (7) and (8) give a new shift,
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which arises essentially because of phonon excitation
and indicates that the energy of the y ray emitted in
a Mosshauer resonance is changed by the electron-
phonon interaction. Making the usual approximations'?
in the Debye model, we find
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where p is the mass density of the crystal, », and v, are
the transverse and longitudinal sound velocities, and ©
is the Debye characteristic temperature. It is known
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from the experimental work of Pound ef al.'? that (1) is
a function of volume for *’Fe in Fe at room temperature.
We believe that our expression (6) provides the first
theoretical explanation of such a volume dependence be-
cause the quantities a,; are very sensitive functions of
the separation between the resonant 5’Fe and its nearest
neighbor. The measurements of the center shift by
Preston et al.'* and Steyert and Taylor'* for 5’Fe in
several environments have failed to show a tempera-
ture dependence of the isomer shift, thus suggesting
that the shift does not depend on the volume, which is
contrary to the work of Pound et ¢l.'® In order to make
the experiments of Pound et al. consistent with those of
Preston ef al., we suggest that as the volume is increased
(keeping the temperature constant), the overlaps in (6)
decrease. This would explain the work of Pound ef al.
However, as the temperature increases the amplitudes
of the vibrating ions are increased and there occurs a net
increase, given by (9). Thus the termal expansion and
the harmonic lattice vibrations work in opposite direc-
tions, cancelling the effect of each other in the particular
cases studied by Preston ef al. and Steyert and Taylor.
We therefore believe that our new shift (9) has actually
been observed in the experiments.!*!5 Approximate esti-
mates using the Hartree-Fock wave functions!® and
typical values p~3 g/cm3, v, ~v,~5X10' cm/sec and
©~500°K suggest that
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At 300°K the second term in (10) is computed to be
1.6 X103, The exact calculations for ¥Fe in Fe will be
very complicated if not impossible, yet, we propose that
the possibility of (9) should be considered in experi-
ments which measure the temperature dependence in
the isomer shift.”
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