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Mossbauer measurements in iron-base alloys with nontransition elements*
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The hyperfine 6eld and isomer shift at iron sites in dilute iron-base alloys conW»ng Ge, As, Sn, and

Sb impurities were deterr»~ed by Mossbauer measurements. Sir»&ar information was obtained for the
tin sites in EeSn alloys. These experimental data, together with those published earlier for Al, Si, and

Ga solutes, support a model which supposes that only the impurity excess p electrons take part in ihe
charge screeimsg. The interactions between iron spin-up 3d electrons and impurity 4s2 or 5s' electrons

are held responsible for the increase in iron moment with impurity concentration in the case of Ga,
Ge, As, Sn, and Sb solutes.

I. INTRODUCTION

Nontransition elements dissolved in a ferromag-
netic matrix such as iron are expected to be non-

magnetic because the d electrons at the nontransi-
tion-element sites are either nonexistent (e.g. , Al

and Si) or are in fully occupied energy levels (e.g. ,
Ga, Ge, As, Sn, and Sb). This expectation was

confirmed by the neutron scattering measurements
of Holden et aE. , ' which showed that these solutes
(no measurements were performed for EeAs) do

not carry any well-localized moments within the
experimental error of +O. 5p.~. However, Holden
et a/. found that in the alloys in which the solutes
had fully occupied d levels, the iron atoms within

04-5 A. of an impurity had moments which were in-
creased by "1-2%%u0 over the value for pure iron.
This effect is also evident in the concentration de-
pendence of the bulk magnetization, d p, /dc. Thus,
Al and Si impurities (without d electrons) result in

simple dilution (d p/dc = —2. 2p, s/atom), whereas
those solutes with fully occupied d levels cause
deviations from simple dilution that are independent

of the outer-electron configuration. For Ga, Ge,
and As impurities'4 (with filled Sd shells), d p, /dc
= —l.4ps/atom, and for Sn and Sb impurities~ (with
filled 4d shells), dp/dc= —0. QVps/atom. On the

other hand, Cu and Zn impurities, despite their
filled 2d shell, give dp/dc = —2. Ops. 4'

It appears that these features of the iron-mag-
netic-moment disturbance are connected with the
charge screening of the impurity valence electrons.
Originally, it was thought that the excess electrons
enter into the d band of iron, but specific-heat
measurements~ have ru1ed out this possibility. The
substantially unchanged electronic specific heat
with alloying also invalidates the argument that the
effect of the impurity is to shift the spin-up and

spin-down half-bands with respect to each other
and thereby cause an increase in the iron, moment.

Another suggestion3'4 attributes the increase in
iron moment to a decrease in the antiparallel (to
the M moment} 48 moment. Indeed, if the screen-
ing of the impurity excess charge takes place in the
48' conduction band of iron, then the attractive im-
purity potential will reduce the 4s'-electron density
at the neighboring iron sites. If the net iron-con-
duction-electron polarization is negative (although
the evidence is not clear-cut), this decrease in the
number of conduction electrons at the iron sites
would lead to an increase in the iron moment. The
main difficulty with this suggestion is that the
charge screening should depend strongly on the ex-
cess charge. Thus we should expect different d p/dc
values for the different columns in the Periodic
Table, rather than for the different periods, as ob-
served. '4

The Mossbauer effect is a useful tool for the in-
vestigation of the impurity-charge-screening mech-,
anism, because the hyperfine fieM and the isomer
shift are sensitive to changes in the d- and 8-elec-
tron spin and the charge densities, respectively.
Although many Mossbauer investigations have been
reported on iron-base alloys with nontransition
elements (predominantly with Al and Si}, the pub-
lished data 0 do not give a unifoxm picture of the
charge-screening process. The results of '7Fe
Mossbauer measurements on iron-base alloys con-
taining Ge, As, Sn, and Sb impurities are reported
in the present paper, together with results of ~~ Sn
measurements on EeSn alloys. After the experi-
mental details are given, the results are compared
with the models mentioned above and a slightly dif-
ferent model is proposed.

II. EXPERIMENTAL METHOD AND RESULTS

A. Apparatus

A conventional constant-acceleration Mossbauer
spectrometer was used 0 with a 1024-channel NTA
512-8 analyzer. The differential nonlinearity
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proved to be better than 0. 1%, and no measurable
change of velocity or zero point could be observed
even during runs over several days. For the iron
spectra, 10- and 50-mCi "Co sources diffused in
chromium were used, whereas the ' Sn measure-
ments utilized a 5-mCi BaSnO, source. The liquid-
nitrogen-temperature measurements on "Sn were
performed with a "cold-finger" cryostat. Each
iron spectrum was taken with 300-500&&10 counts
per channel, and each tin spectrum was taken 1-2
x10 counts per channel; both were collected over
a two-day run. The depth of the outer lines in the
spectra is about 40-60&&10 counts per channel.
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FIG. 1. Room-temperature Mossbauer spectra of
&eGe alloys.

The same alloys prepared for earlier magnetiza-
tion measurements" were used. Only three I"eGe
samples could be rolled; all others were too brittle.
Therefore, for the Mossbauer measurements, pow-
der specimens with a grain size & 50 p, m were filed
from the ingots. The parameters obtained from
powder and plate-form samples were the same
within experimental error. All the alloys were
disordered, and except for two FeSb alloys, they
were single phase. In the Fe 4. 2-at. %--Sb and
Fe 4. 4-at. %--Sb samples, a second phase was ob-
served (about 8-10% of the iron present), which
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FIG. 2. Room-temperature Mossbauer spectra of
I'eAs alloys.

C. Evaluation of the data

1. Iron spectra

The iron spectra taken at room temperature are
shown in Figs. 1-4. On each spectrum, we have
performed three types of evaluation with different
primary assumptions:

Type I: Only the first-neighbor effects are re-
solvable in the Mossbauer spectra.

Type II: Only the first- and second-neighbor ef-
fects are resolvable.

Type IG: The second-neighbor effects are unre-
solvable and we can determine only the first- and
third-neighbor effects.

gave a broad paramagnetic line in the Mossbauer
spectra at room temperature. The isomer shift of
the second phase, +0. 51 +0.02 mm/sec with re-
spect to pure iron, corresponds to that of iron-rich
FeSb, ' and the appearance of this phase was prob-
ably caused by the filing operation.

Although the original alloys were heat treated to
ensure maximum homogeneity, the difficulty in
preparing some of the ingots (because of the vola-
tility of the nontransition element), combined with

the fact that the samples had been sitting in a meta-
stable condition for several years at room tempera-
ture, could lead to discrepancies between the orig-
inal, chemically-analyzed concentrations and those
determined in the fit. In fact, the impurity con-
centrations of the alloys determined from the
Mossbauer spectra agreed well with the values
given in the earlier papers'4 for most of the alloys;
significant deviations were found for severa1 sam-
ples as will be noted in Sec. IC. It is anticipated
that the compositions determined from the spectra
are the correct ones for the particular samples.
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FIG; 3. Room-temperature Mossbauer spectra of
I eSb alloys.

In addition to the above, the following assump-
tions were used: (a} the line shape is Lorentzian,

(b) the linewidth is an iteration parameter, and (c)
the multiple impurity-neighbor effects are additive,

1.e. ,

H(n, m) =Ho+mhH, +mdH2!

for the hyperfine field, and

(S!y Fll ) = KQ + tlJ5I!f + PEA!2

for the isomer shift. Here 4H„4H...and Lh,i„
3 are the change s of the hype rfinc field and

isomer shift in the first coordination shell and the
second or third coordination shell due to the impu-

rity, whereas Ho and io are the parameters of the
central line; n and m are the numbers of impurities
in the first shell and the second or third shell, re-
spectively. The relative amplitude of the six-line
patterns corresponding to iron atoms in a given
configuration was assumed to be given by the bino-
mial distribution, where the impurity concentration
was considered to be an iteration parameter. In
this manner the impurity concentration was evalu-
ated from the observed satellite intensities.

The quality of the fit of the data to the theoretical
curve was tested by computing the X, value, defined
in the usual way, and the effect of the introduction

. of a new parameter or a new assumption on the
value of X, was investigated. It is clear that the

type-I decomposition serves as a basis for com-
parison. The type-II evaluation is widely used for
the decomposition of Mossbauer spectra, '0'3'4 "
but no direct evidence exists to justify this proce-
dure. Moreover, NMR measurements 3 ~ on I'eA1

alloys clearly show that the hyperfine-field change
caused by the third-neighbor impurity is more im-
portant than that of the second-neighbor impurity.
A similar conclusion was made for EeSi alloys
from Mossbauer measurements on a single crys-
tal. " This has motivated the type-III decomposi-
tion, but it should be mentioned that, in the case
of I"eSn alloys, a 4H3=+3. 0 kOe contribution was
measured by the continuous-wave NMR method,
which is of opposite sign to the present result.

All the alloys showed similar behavior for the
three decompositions. Evaluations D and III gave
equally good fits, which means that the values of
}(/Q'), where 1') is the expected value of Ii', were

the same within the standard deviation of g, about
0.06. Gn the scale of Figs. 1-4, it would not be
possible to draw two separate curves distinguish-
ing between evaluations II and IG. The values of
&H, and &i& for evaluations I-III were the same
within experimental error. Similarly, dH/dc and

di /dc, the average change of the hyperfine field
and the isomer shift with concentration, respec-
tively, are independent of the decomposition meth-
ods, although the values of Ho, io, 6Hz, hi~, and
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FIG. 4. Room-temperature iron Mossbauer spectra
of I"eSn alloys.
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TABLE I. Parameters evaluated for the Fe-S.0-at .9o-Sn alloy using different assumptions in the de-
composition. The assumptions in the evaluations and the meaning of the parameters are explained in the
text.

Type of
decomposition

II
m
IV

LHg
(kOe)

—22.8(s)'
—22. 1(3)
—aa. e(s)
—aa. e(s)

bdf2 or 4H3
(koe)

—13.6(5)
-11.o(s}
—13.5(3)

bi(
(mm/sec)

0.044(3)
o.o51(4)
Q. Q55(3)
0.055(3)

4i2 or bi3
{mm/sec)

—0.001(6)
—Q. Q06(4}
—o. oo4(4)

dH/dc
(kOe)

-1so(v)
-160(7)
—1vs(1o)
—165(9)

di/dc
(mm/sec)

+ 1.35(5)
+ 1.38(9)
+ 1.41(10)
+1.4O(e)

X2/~2&

3.67
2.18
2.11
1.95

Values in parentheses represent statistical uncertainties in the final significant figures.

hH3, &i~ are obviously different. In each case the
decomposed value of the linewidth was larger than
that for pure iron. As a typical example, )he data
for the Fe-5. O-at. %-8n alloy are presented in
Table I. Also included are the results of a tenta-

tive decomposition, denoted by IV, in which the
Sn third-neighbor effect was fixed at the value given
by the NMR experiment, and a fit was made for
the first- and second-neighbor effects. Again, the
change in g~/(y. ) is not significant.

TABLE II. Change of the hyperfine field ~~ and isomer shift »~ at the first
iron neighbors of an impurity, the total change of the isomer shift Ci/dc, and
the hyperfine field at iron atoms with no first-neighbor impurities for the alloys
listed. The concentrations labeled Mossbauer are those determined in the fit.
The concentrations labeled chemical represent chemically analyzed concentra-
tions 4:0.1 at. %) given in previous papers (Refs. 3 and 4).

FeGe alloys

Ge concentration (at. %)
Mossbauer Chemical

aH,
(kOe)

b,i&

(mm/sec)
di/dc

(mm/sec)
Ho

( oe)

a. o(2)
s.9(a)
e.o(1)
8.0(2)
e.v(1)

2.0
3.9
6.0
8.0
9.7

—as. 4(s)
-2s.o(s)
—24. o(s)
—24.8(s)
—24.8(3)

0.059(4)
0.052(3)
o. o4v(s)
0.046(3)
Q. 043(3}

FeAs alloys

o.se(11)
o. ss(e)
0.82(6)
o.s1(v)
o.ss(5)

sso. 3(a)
SS1.S(2)
ssa. s(2)
ss4. v(s)
336.6(4)

As concentration (at. %)
Mossbauer Chemical (koe) (mm/sec)

dE/dc
(mm/sec)

Hp

(koe)

1.6(1)
4.0(1)
s.o(a)

Q. 2
4.0
5.9

—25.1(6)
-as.4(s)
-ae. o(3)

0.079(6)
o.ovo(4)
o.oee(4)

1.ao(ao)
1.05(10)
1.1V(S)

sso. s(a)
ss1.1(2)
334.4(a)

Sn concentration (at .%)
Mossbauer Chemical (koe)

FeSn alloys

&i)
(mm/sec)

di /dc
(mm/sec)

Hp
{koe)

2.1(1)
2. sQ.)
-5.o(s)
v. s(a)

2.1
4. 0
5.7
7.8

—22. 1(5)
-22.2(3)
-aa. s(s)
-21.s(s)

0.057(5)
o.ose(s)
o.050(4)
0.042(3)

1.26(15)
1.19(lo)
1.ss(e)
1.24(s)

SS0.1(2)
sso. s(s)
ss1. s(2)
ss4. 1(a)

Sb concentration (at. %)
Mossbauer Chemical

FeSb alloys

(mm/sec)
di /de

(mm/sec)
Hp

(kOe)

2.4(1)
s.o(a)
s.s(s}
4.2(2)
4.4(a)

1.6
3.Q

3 ~ 9
4.2
6.5

-21.2(4)
-as. s(4)
—21.3(e)
-21.s(3)
—22. 0(4)

o.ovs(s)
o.oeo(s)
o.ovo(e)
O. 066(4)
o.oeo(s)

1.14(10)
1.28(10)
1.23(10}
1.29(e)
1.22(9)

330.9(2)
ss1.v(2)
s31.v(s)
ssa. e(2)
sss. o(2)
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FIG. 5. Room-temperature tin M'ossbauer spectra
of FeSn alloys.

Summarizing the results, it can be seen that
evaluations II and III are sensitive only to the asym-
metric line broadening due to distant neighbors,
and the values of &H2 or &H3 cannot be given any
real physical meaning. The large line broadening
(relative to the effect of M impurities ) is probably
connected with the charge-screening contribution
to the change of hyperfine field, which has an r '
dependence at large distances. This observation
agrees with the NMR experiments, in which a
similarly large line broadening was found for the
third- and fourth-neighbor satellites for a tin im-
purity. Thus, it appears that only nH„b i„dH/dc,
and di/dc have any real physical meaning in. the
decomposed Mossbauer spectra.

In Table II we list the change of the iron hyper-
fine field (~,) and isomer shift (b,i,) due to a first-
neighbor impurity, as well as the total change of
the isomer shift with concentration (dh/dc) for each
series of alloys, and it is apparent that they are
each independent of the impurity concentration. On
the other hand, the hyperfine field corresponding
to the central line (Ho) depends on the impurity
concentration in a nonlinear manner (Table II).

2. Tin spectra

The room-temperature tin spectra of the FeSn
alloys are shown in Fig. 5. They are reasonably
well described by a highly broadened six-line pat-
tern. The values of the average tin hyperfine field
and isomer shift at room temperature determined

TABLE GI. Absolute value of the average hyperfine
field Hg„, the average isomer shift iaN, (with respect to
pure iron) at tin atoms, and the change of the tin hyper-
fine field due to a first-neighbor tin ~~ for FeSn al-
loys at room temperature.

Sn concentration
(at. %)

2.1
2. 5
5.0
7.8

Hs
(kOe)

75.0(6)
71.9(4)
63.6(4)
55.7(5)

Zsfi

(mm/sec)

1.38(2)
1.44(2)
1.43(2)
1.44(2)

LH)
(kOe)

—20.0(2.0)
—23.0(1.5)
—24.4(0.S}
—27.4(1.0)

from a six-line fit are presented in Table III. The
absolute value of the average hyperfine field H8,
decreases rapidly as the tin concentration in-
creases; at room temperature the data yield
(dHI, /dc) = —310+10 kOe, and the tin hype rfine
field extrapolated to zero tin concentration, Hs,
= 79.4 + 0. 8 kOe. At liquid-nitrogen temperature,
dHS, /dc = —260 +10 kOe, and Hso, = 82. 7 + 1.0 kOe.
This latter value agrees well with earlier direct
measurements at low tin concentrations. 3 In
the evaluation above, the tin nuclear-moment value
in the excited state' ' was larger than that used in
the previous evaluation. 8 The larger value of
dHH /dc at room temperature relative to the 80'K
value may be attributed to the fact that, with an
increase in temperature, the tin hyperfine field30
decreases more rapidly than the iron hyperfine
field. A similar linear fit of the average isomer
shift against concentration gives dfs, /dc = 0. 8 +0. 6
mm/sec and ioa, = l. 38 +0.03 mm/sec with respect
to pure iron. This increase in isomer shift with
an increase in tin concentration implies an increase
in s-electron density at the tin nucleus.

The decomposed values of LH& shown in Table
III are strongly dependent on the impurity concen-
tration, and linear extrapolation to zero tin con-
centration gives b,H, = —19.2+ 1.0 kOe. The line-
widths obtained after the decomposition for the
first-neighbor effect are much larger than that of
the source linewidth. However, the larger line-
width cannot be unambiguously attributed to unre-
solved distant-neighbor effects because the concen-
tration dependence of &H, suggests a distribution
of hyperfine fields, which may also lead to line
broadening.

D. Comparison of datawvaluation methods

One of the most interesting features of the pres-
ent spectrum decomposition is that no impurity
effects other than those of the first shell could be
reliably determined. Before we compare the pres-
ent with the previously reported data, it should be
pointed out that the resolution of the spectra is at
least four times better in the present experiments
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than that obtained in earlier measurements. It
would then appear that the results obtained by

Stearns from decomposed EeAl spectra, showing

effects out to the fifth-neighbor shell (with half the

present statistics), are questionable.
Xt was found previously that an increase in

statistics without any increase in the resolution of
the spectra results in an increase in g /(g ). Thus,
the attempt to fit the spectra for EeGa alloys" with

different six-line patterns corresponding to various
first- and second-neighbor configurations introduce
too many parameters. This is unjustified when a
good fit can be obtained with less parameters.
The present parameters agree reasonably well with

the reported values ' for evaluation II. For
example, in the case of EeGe, the average value of
d H, (the change of the hyperfine field due to sec-
ond-neighbor Ge) is —11.1 kOe, which is in agree-
ment with Ref. 14. On the other hand, significant
deviations were observed in the case of EeSb, "
probably because the composition is near the solu-
bility limit. As was stressed in Ref. 22, the rea-
son for the discrepancies between different Moss-
bauer results and between Mossbauer and various
NMR data is the inadequate fitting procedure used
in the analysis of the Mossbauer spectra.
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lished data (Refs. 20 and 27) for Al, Ga, and Si.
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00, and the total change of the average hyperfine field
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III. DISCUSSION

The concentration dependence of the hyperfine
field corresponding to the central line &p is shown

in Fig. 6. It was found for EeAl alloys P that
dHO/dc is constant, and the increase in Ho with c
was attributed to the effect of unresolved satellites.
Therefore, the deviation of Hp from linearity for
the present alloys (Fig. 6) presumably reflects the
increase in the average iron moment. A similar
effect is observed in dH/dc (Fig. 6).

The concentration dependences of &0&, &i&, and

di/dc for Ga, Ge, As, Sn, and Sb impurities in
iron are given in Fig. 7; this figure also contains
earlier data p' 7 for Al and Si impurities. In the
case of the iron nucleus, the isomer shift reflects
changes in the 4s and Sd populations; a positive
change indicates a decrease in s or an increase in
d occupation. For the tin nucleus, an increase in
the isomer shift means an increase in the 5s elec-
tron density.

Let us recapitulate briefly the results 3 concern-
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ing the effect of solutes that do not contain occupied
d levels (Al and Si). The perturbation of the isomer
shift at iron sites reflects the screening of the
impurity excess charge. The excess charge of Si,
which is larger than that of Al, causes a greater
increase in the changes of both the first-neighbor
effect and the total isomer shift. Similarly, the
change in the hyperfine field due to a first-neighbor
Si 1111pllrlty (1ncludlng the contributions fl'0111 the
removed conduction-electron polarization and from
charge screening} has a larger absolute value than
the change due to an Al impurity because of the
larger excess charge of Si. These observations,
especially the isomer-shift results, are inconsis-
tent with the theory" that the difference in behavior
between Al and Si is due to an overlap effect. In
fact, Al enlarges, whereas Si contracts, the iron
lattice. "

Comparing the perturbations caused by Al and

Si solutes with those caused by Ga and Ge, which
have the same outer sP configurations over a full
3d shell, it is found that the parameters show the
same tendencies for both types of solutes. The
d,H„hi„a dndi/dc values show nearly parallel
trends for the same outer-electron configurations
(Fig. '1). Thus the increase in these parameters
with an increase in the number of outer electrons
in the order Ga, Ge, and As can also be attributed
to the charge-screening effect of the impurity va-
lence electrons.

The strong dependence of di/dc on the number of
excess electrons excludes the possibility that the
observed values of dp, /dc reflect a decrease in the
number of antiparallel 4s electrons with an increase
in solute concentration as a result of charge screen-
ing. Moreover, it should be noted that the contri-
bution from the antiparallel 4s moment to the in-
crease in iron moment must be small because no
difference is apparent between the effects of Ga,
Ge, and As.

The increase in the iron moment is reflected in
the spacing of the two nearly parallel lines for 40&,
&i„and di/dc for the solutes with and without filled
3d shells. If the decrease of about 2. 5 kOe in the
absolute value of Sa, for Ga and Ge is attributed
to the increased core-polarization contribution
from the increased Sd moment of the first iron
neighbors, then the decrease corresponds to an in-
crease of about 0.05'.~ when a core-polarization
constant of 50 kOe/i1s is applied. ' The rela-
tively small change of BHj again rules out any 4s
contribution to the moment perturbation, because
a much larger (about one order of magnitude} po-
larization constant is expected for the 4s electrons.
The increase of about 0. 02 mm/sec in &i, for Ga
and Ge, when compared with Al with Si, again sug-
gests an increase in the iron d-electron density of
about 0. 05 electrons when the calibration of Danon

is used (an increase of about 0. 4 mm/sec in the
isomer shift is produced by the addition. of one more
d electron if the 4s-electron configuration is un-

changed). Because the s electrons have at least
twice as large an effect on. the isomer shift as the
d electrons, the observed difference in 4i& on going
from Al and Si to Ga and Ge again would correspond
to a decrease in the 4s-electron density that is too
small to explain the observed increase in the iron
moment. The same is true for the difference in
di/dc.

The above data comparisons show that the in-
crease in iron moment caused by the Ga-type im-
purities cannot be explained by a decrease in the
antiparalle1, 4s moment. A considerable 4s-elec-
tron density perturbation due to Ga-type impurities
is observed, which is not apparently connected to
a similar 4s-moment disturbance. At the same
time an increase in Sd-electron and spin density
takes place. Half the total increase in iron moment

apparently arises from the effects of impurity first
neighbor.

The results from impurities with occupied 4d
shells (Sn and Sb) agree essentially with the above
conclusions, but some differences are evident.
The values of & H„&i„anddi/dc show a tendency
to saturation. This tendency seems to be consis-
tent with the different radial distributions of the
iron-moment perturbation for these impurities (as
compared with those of the filled 3d-shell impuri-
ties) observed in the neutron-diffraction experi-
ments. ' All the bH, and di/dc suggest a somewhat
larger iron-moment increase than for the solutes
with occupied Sd shells, which is in. agreement with
the larger values of dp/dc.

The hyperfine properties observed at the tin sites
yield additional information about the FeSn alloys.
The most remarkable result is the extremely rapid
decrease in the tin hyperfine field as the tin concen-
tration increases. Indeed, the value of dHB, /dc is
several times larger than the full tin hyperfine
field, which is thought to come entirely from con-
duction-electron polarization. The assumption of
a, strongly distance-dependent conduction-electron
polarization at the tin sites can explain the rapid
decrease found in the tin hyperfine field. This as-
sumption seems to be justified by the large increase
in the absolute value of the tin hyperfine field with
pressure and by its rapid decrea, se as the tem-
perature increases. '0'6 The contribution to dHS, /dc
from the change in lattice dimensions with. increas-
ing tin concentration is estimated to be about —200
kOe, which together with the first-neighbor changes
(about —150 kOe), can account for all the observed
decrease. This estimate should be treated cautious-
ly because of the absence of data on local lattice
distortions and local compressibility. In the pres-
ent estimate, the compressibility of pure iron 7 and
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the average increase in the lattice parameter with
alloying were used in the transformation of the
pressure dependence of the tin hyperfine field. It
is obvious that this description is formally equiva-
lent to the assumption of a positive contribution'2
to the negative tin hyperfine field originating from
misfit effects. However, the hyperfine-field sys-
tematics and tin hyperfine-field data in Heusler
alloys make it unnecessary to introduce such a
positive contribution that increases for larger
volumes. The large decrease in H~ precludes the
existence of an antiparallel tin moment' arising
from 3d-5s overlap, inasmuch as the disappearance
of this positive contribution with increasing tin
concentration would result in a much smaller

. change in H~.
It should be emphasized at this point that the

charge screening and the moment perturbation
caused by these nontransition impurities are quite
different from those observed for the transition-

. metal impurities. For example, if the relations
used to describe the effect of transition-metal sol-
utes~~ were valid for these nontransition solutes, the
values of dI7/dc would be nearly zero for Sn and Sb,
which is in disagreement with the observed values.

We now present a simple model that will account
for the above features of the impurity charge
screening. It is an extension of the model proposed
for I'eAl alloys, which in turn is based on one
suggested by Marshall and published by Mott. ' The

model supposes that the 3s levels in aluminum and
silicon (and the corresponding 4s levels in Ga, Ge,
and As, and 5s levels in Sn and Sb) are, to a first
approximation, well localized and lie below the 3d
states of iron; then only the impurity excess charge
caused by the P electrons is screened by the iron
conduction electrons. This charge screening is
responsible for the large observed isomer-shift
perturbations, but, because of the small conduc-
tion-electron polarization, little or no perturbation
of the iron moment occurs. Because the 38~ levels
of Al and Si are well below the 3d levels of iron, no

interaction takes place, and the iron moment is un-

changed with alloying. However, it is expected
that the 4s2 levels in Ga, Ge, and As and the Ss
levels in Sb and Sn would be higher than the corre-
sponding 3s level, and, therefore, the chances of
interaction with the 3d levels of iron (resulting in
an increase in iron moment) would be greater. The

overlap of the 5s' electrons with the iron d electron
is greater than the corresponding 4s overlap, and

this suggests a larger moment increase for the
former, which is in agreement with the experimen-
tal data. The model does not require the filled im-
purity d shells to participate in the increase in iron
moment. The values of dp, /dc for Cu and Zn, which

are near simple dilution can also be explained. In-
asmuch as neither Cu nor Zn has a full 4s shell,
no localized level can be formed and no interaction
with the iron d electrons is expected.
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