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It is explained why the calibration constants of the scale of the Mdssbauer isomer shift, determined from data
on the chemical changes 44 /4 of the probabilities of electron capture by 2Fe and I nuclei, differ strongly
from those determined by other methods. The cause of the difference is the influence exerted on 44 /4 by the
chemical changes of the exchange and overlap corrections to the probabilities of electron capture, and by the
chemical changes of the electron binding energies, which was not taken into account in the interpretation of

the A4 /A data.

PACS numbers: 76.80. + y

1. The problem of determining the calibration con-
stants of the scale of the Mossbauer isomer shift (of
the coefficients of proportionality of the isomer shift
to the chemical change of the electron density in the
vicinity of the nuclei), although used for the solution of
many experimental methods,' has so far been solved on-
ly qualitatively or semi-quantitively (only the signs and
tentative values of the calibration constants are known)
for even the most widely used Mossbauer nuclei. The
isomer shift 6 is connected with the change Ap(0) of
the electron density p(0) in the region of the nucleus by
the relation?

8=/1Ze*A<r*> Ap(0), (1)

where Z is the atomic number, e is the elementary
charge, and AQ?) = (*)* — () is the difference between
the mean squared radii of the nuclei in the excited and
ground states. The determination of the calibration
constant reduces therefore to a determination of the
nuclear factor AQ?). This calls for the measurement
of 6 and for an independent determination of Ap(0) for
the same pair of chemical compounds.

The differences between the values of A¢?) deter-
mined by different methods frequently exceed the ex-
perimental errors. The differences are particulary
large in the values of A¢?®) determined recently for
Mossbauer transitions in the nuclei *'Fe (Ref. 3) and
271 and **°I (Ref. 4) using Ap(0) values obtained from
data on the chemical changes A)x/\ of the probabilities
A of electron capture. There are also differences be-
tween the values of A¢?) determined on the basis of
A)/\ data obtained in experiments with different iso-
topes.*® This is illustrated in Table I, which lists,

TABLE I. Values of A(» 2) for Mdssbauer nuclei.

A(r?)-10%, fm? Nucleus with
Maossbauer : (
nucleus Te{r‘t;::v,e': Determined from which AMA was
xlue . ANA measured
37Fe —14.3 [6] -33+3 (3) 52Fe
1#71 -10 (7] —23 *x6 (4] 1251
—12+2 [5] 123]
1291 13 [7] 31 *+7 [4] 125]
18+3 [5] 123]

*These values of A(r2) were recalculated (they correspond to
the values of AR/R cited in Ref. 4).
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besides these values of A{»?), certain tentative® and
best” values obtained for A{¢?) by other methods.

It is shown in the present paper that the cause of these
difference is the failure of the authors of Refs. 3-5 to
take into account important factors on which Ax/A de-
pends.

2. For electron capture stemming from allowed tran-
sitions and from first-forbidden non-unique transitions
(these are the only transitions of practical interest at
present), Ar/X can be expressed as®?

%‘:ZA[ (0-€)'B0c0)] | Y 1022 Bpe(0)], ()

where x denotes the electron subshell, and the summa-
tion is only with the values of x corresponding to s and
p electrons (with the s electrons making the main con-
tribution). @ - ¢, is the energy carried away by the
neutrino when an electron is captured from the x shell,
@ is the total energy released in the capture, and ¢, is
the energy required to excite the atom and the system
associated with it, equal practically in most decay acts
to the electron binding energy in the daughter atom.
B_are correction factors that take into account the ex-
change and overlap effects in electron capture, 1°2
p,(0) are the electron densities in the region of the nu-
cleus. In accordance with (2), Ax/A can be represented
as a sum of three terms, (A\/}),,, (B)/N) 4, and (AN
M)sp, which result from the changes in 4p(0), Ag ,
and AB_:

Ar _ (B2 Ax An 3)
2o (3 (). ()
To determine Ap(0) from the A/ data it is necessary
to subtract from the measured value of A)/A the values
(AN/A) 4 and (AN/2),5. In a number of papers®= Ax/x
is identified with (AA/A),,.

3. The contribution made to Ax/X by the change of
the electron binding energies depends on the energy Q.
It can be estimated from the simple relation®?®

(.A}w/’}w)A:=_2AEK/(Q_'a)1 (4)

where Ag , is the change of the binding energy €, of the
K electrons (in the daughter atom), and ¢ is the aver-
age binding energy of the electrons of the orbits in which
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the capture takes place (¢ is somewhat smaller than ¢ ).

Estimates of (4x/\), for **°I in various iodine ions
are given in Ref. 8. Their values are of the same ord-
er (s10%-10") as the measured® values of 4x/x. In the
case of I, for which the energy € is much higher
[Q(***I)=1.04 MeV, Ref. 13] than that of **I{Q(***I)
=142.5 keV, Ref. 13], the values of (Ax/A),.are, in
accordance with (4), smaller by a factor 9. In the case
of ®Fe [Q(**Fe)=1.726 MeV, Ref. 13], even the maxi-
mum possible chemical changes (Ax/A) pe are negligibly
small (~107 for Ag,=10 eV, much less than the mea-
surement error of Ax/)).

Only the neglect of the effect of chemical changes of
the electron binding energies can explain the contra-
dictory results obtained for A¢?) by using the Ax/\ data
for '**I and '*I (see Table I}. The published* ® values of
A{®) are in fact the values of the expression

Ah Ab R
s [(57),/ (5] =ae L (57)
Al AL AX
-5 .-G/
which can differ greatly for two isotopes of the same
chemical element only because the values of (Ax/A),,
are different if the differences between the energies @
are large. To determine (Ax/)),, [by formula (4)] we

need the values of Agy, which are unknown. However,
by ascribing the difference the values of

Ak AL Ar Al

s [5-(57) -GN 5
obtained on the basis of the Ax/x data for '**I and **°I
solely to the difference between the values of (Ax/1),,
and taking into account the relation (4) and the concrete
values of @ for two isotopes and the value of g, we can
obtain the values of the ratio (Ax/X) /[(AN/A),,
+{AX/0\)pp]. For **Iand'®Ithis ratio is -0.44+0.18and
-0.076+ 0.032 respectively. Allowance for this con-
tribution of the changes of (ax/ A),¢ in an approximation
in which the exchange effects and their chemical changes

are neglected [if (A)/A),; =0], leads to the following
values of AQ?):

A =—(13£2) 10~° fm? for ™1, (5)
AG® =+ (17£3) -10~° fm?, for =1 . (6)

4, To estimate the contribution made to the total A/
X changes by the (Ax/)),; changes we need some data
on the electron structures of the atoms in the concrete
chemical compounds. Calculations'® show that this con-
tribution is small in those cases when the chemical
bond does not affect the valence s electrons (it amounts
to approximately 7% for Z =33 and should be even less
for iodine), in which case (AA/X),; compensates some-
what for the change (A)\/A)Ap. This contribution can be
very large if the atoms of the compared chemical com-
pounds have different numbers of valence s electrons.
At any rate, allowance for the changes (AA/A) a5 should
leadtoa decrease of the nuclear factors A(»%) (5)and (6).
Asaresult of the foregoing, the values of A(7?) (5) and (6)
for Mossbauer transitions in the nuclei *27I and *?°I must
be regarded as the upper limit of the true values. If
the best values’ (see Table I) are indeed closest to the
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true ones, then the deviations of the values of (5) and
(6) from the best ones can be regarded as a quantitative
measure of the change (AA/A),5:

(AMM)an _ AP %)
(AMA) s AP
where AG?) is the true value, and AG?)* are the values
in (5) and (6). In the case considered,

()., /(5), = -oxs @

(on the average, on the basis of the Ax/x data obtained
by others*®; a comparison of the iodine nuclei in con-
crete compounds may yield a different value).

5. Inthe case of iron, Ap(0) was determined in Ref.
3 by assuming that for the °Fe decay mode via electron
capture (Ax/x)/[4p(0)/p(0)]=1. Calculations of Ar/x
[in accord with formula (2)], with account taken of the
changes of the exchange and overlap factors B, as func-
tions of the electron-shell configuration, shows that this
ratio depends strongly on the electron configurations of
the compared atoms or ions, and ranges from —0.08 to
+1.25 for different iron ions.

To determine Ap(0) and A{(?) from the Ax/x data for
2Fe we must estimate the values of (Ax/A),, for the
concrete pairs of compounds. If the entire difference
between the two values of A%?) for *"Fe, listed in
Table I, is ascribed to failure to take (Ax/)),, into
account, then it follows from (7) that in this case

(AMLY ss/ (AMA) sp=—0.57. (9)

In such a case this value can be regarded as the aver-
age experimental value for the two pairs of compounds
investigated in Ref. 3. For concrete compound pairs,
this ratio can be entirely different.

Some change in the obtained A(*) can be due to the
chemical influence on the strong (569 according to
Ref. 3) positron mode of the **Fe decay. The chemical
changes of the positron-decay probability (not observed
so far) should be much smaller than the changes of the
electron-capture probabilities.’® These changes, how-
ever, should tend to balance each other.'® As a result,
the values of A(?) calculated using the Ax/x data with-
out allowance for this influence may be somewhat over-
estimated.

6. The following conclusions can be drawn:

1) It does not follow at all from the previously pub-
lished®* measured chemical changes of the probabil-
ities of electron capture by **Fe and '*°I electrons that
the values of A¢?) for Mossbauer transitions in 'Fe,
1277 and '*°I are much larger than the presently as-
sumed tentative values of A(r?),

2) The values of Ax/x measured with the **Fe nucleus®
serve as an experimental confirmation of the chemical
changes of the exchange and overlap corrections to the
electron-capture probabilities.

4) The determination of the values of Ap(0)/p(0) on
the basis of the measured values of Ax/X is a rather
complicated problem, since it is always necessary to
investigate and take into account the effect of the
changes AB_and &g, on AN A.

K. V. Makaryunas 242



IM6ssbauer Isomer Shifts, G. K. Shenoy and P. E. Wagner,
eds., North Holland, 1978.

2B, D. Dunlap and G. M. Kalvius, op.cit. 1, p. 15.

3A. Meykens, R. Coussement, J. Ladriere, M. Cogneau, M.
Bogé, P. Auric, R. Bouchez, A. Benabed, and J. Godard,
Phys. Rev. B21, 3816 (1980).

4W. Kindig and P. E. Miiller, Helv. Phys. Acta 52, 555 (1979).

5J. Ladridre, M. Cogneau, and A. Meykens, J. de Phys. 41,
C-131 (1980).

fG. K. Shenoy and B. D. Dunlap, op.cit. 1, p. 869.

’S. L. Ruby and G. K. Shenoy, op.cit. 1, 617.

8K. V. Makaryunas, Lit. fiz. sb. 18, 781 (1978).

®K. V. Makaryunas, Izv. AN SSSR ser. fiz. 43, 101 (1979).

103, N. Bahcall, Phys. Rev. 129, 2683 (1963).

UE . Vatai, Nucl, Phys. A156, 2683 (1970).

1%y, Bambynek, H. Behrens, M. H. Chen, B. Crasemann,
M. L. Fitzpatrick, K. W. Ledingham, H. Genz, M. Mutterer,

243 Sov. Phys. JETP 54(2), Aug. 1981

and R. L. Intemann, Rev. Mod. Phys. 49, 77 (1977).

13Nuclear Level Schemes, A-45 through A-57, from: Nuclear
Data Sheets, Academic, 1973.

4y, V. Makaryunas, E. K. Makaryunene, A. K. Dragunas,
L 1. Boruta, and V. I. Kershulis, Paper at 2nd Working
Conf. on Radiation Interaction, Leipzig, 22-26 Sept. 1980.
To be published in “Isotopenpraxis” (1981).

15K. Alder, G. Baur, and U. Raff, Rev. Phys. Acta 44, 514
(1971).

8k, v. Makaryunas, in: Metodika issledovanii radioaktivnykh
prevrashchenii v khimicheskikh soedineniyakh (Techniques of
Investigation of Radioactive Transformations in Chemical
Compounds), K. V. Makaryunas, ed., Physics Inst., Vilnius,
1979, p. 7.

Translated by J. G. Adashko

K. V. Makaryunas 243



