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THE TEMPERATURE DEPENDENCE OF THE 57Fe HYPERFINE MAGNETIC FIELD 
DISTRIBUTION IN Fe-Ni 

B. Fultz* and J. W. Morris, Jr. 

Materials and Molecular Research Div., Lawrence Berkeley lAb. and the Dept. of Materials 

Science and Mineral Engineering, University of California, Berkeley, California 94720 USA. 

The temperature dependence of the 57Fe hyperfine magnetic field (hmf) in Fe-Ni 
is stronger than the temperature dependence of the 57Fe hmf in pure Fe. By 
analyzing the shape of the 57Fe hmf distribution, and with the help of experiments 
with Si in Fe-Ni, we deduce that this anomalous temperature dependence origin­
ates from a large thermal sensitivity of the magnetic moments at those Fe atoms 
with more Ni nearest neighbors. A strong temperature dependence of the recoil­
free fraction was also observed in Fe-Ni alloys. We suggest that a large mean 
square thermal displacement of Fe atoms in Fe-Ni is the cause of the anomalous 
temperature dependence. 

1. BACKGROUND 

For many solutes the temperature dependence of the hyperfme magnetic field (hmf) at 57Fe nuclei 
near solute atoms is little different from that at 57Fe nuclei in pure Fe. However, for bee Fe-Ni alloys the 
hmf at 57Fe nuclei near Ni atoms is found to be anomalous in that it decreases more rapidly with temper­
ature than for 57Fe nuclei in pure Fe /1-4/. In this paper we qualitatively discuss the temperature depen­
dence of the 57Fe hmf in Fe-Ni. 

Specimen materials of 99.99% purity were prepared by melting measured amounts of Fe, Ni and 
Si in new alumina crucibles under a backpressure of helium gas. A martensitic microstructure with a 
uniform 10 J.UI1 grain size was produced after further homogenization and austenitization heat treatments. 
Foils of about 10 J.Lm thickness were used in transmission geometry with a constant acceleration 
spectrometer. A -100 mCi 57Co in Rh and a -100 mCi 57Co in Pd radiation source at room temperature 
were used during the course of this work. The ratio of recoil-free fractions at two temperatures was 
found by comparing the areas of spectra from the same specimen and experimental configuration at two 
different temperatures. 

2. THE 57Fe ~MF IN Fe-Ni 

A neighboring Ni atom changes the magnetic moment at a 57Fe atom by changing its balance of 
3dt and 3d!. electrons. This causes a spatial redistribution of s- and p- electron spin around the 57Fe 
nucleus, and a change in the 57Fe hmf in proportion to the change in magnetic moment at the 57Fe atom. 
From theoretical /2,5/ and experimental /6,7 I work, the change in the 57 Fe hmf due to a change in the 
number of unpaired 3d electrons local to the 57Fe atom, MIL> is: 

MIL= ( acp+aCEP) :E o(r') gNte(r-r') where acp+<XcEP =- 90 kGIJ.la . (1) 
r' 

The constants <Xcp and aCEP refer to the mechanisms of core polarization and conduction electron polar­
ization, respectively. The Kroneker delta function equals 1 if the site is occupied by a solute atom, and 
equals 0 if it is occupied by an Fe atom. We use the variable gNte(r) to represent the change in magnetic 
moment of an Fe atom when it has an Ni atom in its rth coordination sphere. The additivity of {gN{e(r)} 
parameters is expected only for dilute Fe-Ni alloys. All perturbations of Fe magnetic moments are 
referenced to the_magnetic moment of an Fe atom in pure Fe, J.!Fe• and all perturbations of the Ni 
magnetic moments are referenced to the magnetic moment of an isolated Ni atom in an Fe matrix, J.!Ni· 
The 57Fe atom is located at the origin of our bee lattice. 
*Present address: Keck Lab. of Engineering Materials, California Institute of Technology, Pasadena, Calif. 91125 USA. 



We use two terms to account for how the non-localized 4s electrons are spin-polarized at the 57Fe 
nucleus by magnetic moments at neighboring atoms. The first term comprises the contributions from 
those neighboring lattice sites occupied by solute atoms, LllloNL (direct non-local), and the second term 
comprises the contribution from those neighboring lattice sites occupied by Fe atoms, Llli1NL (indirect 
non-local): 

MIDNL = <XcEP l:' { f(r) B(r) [ ~Ni + L B(r') gNiNi(r-r') - ~Fe]} (2) 
r r' 

MIINL = <XcEP l:' { f(r) [ 1 - B(r) ] L B(r') gNiFe(r-r') } (3) 
r' 

where f(r) is the fraction of conduction electron polarization at the 57Fe nucleus produced by a change in 
magnetic moment at r, with respect to the conduction electron polarization produced by the same change 
in magnetic moment at the 57Fe atom /8/. For qualitative analysis it is acceptable to assume that one 
unpaired spin at an Fe atom and one unpaired spin at aNi atom are equally effeetive in polarizing the 4s 
electrons. 

3. RESULTS AND DISCUSSION 

The first and sixth peaks ofMossbauer spectra from Fe-9Ni and pure Fe at different temperatures 
are shown in Fig. 1. At 4 K the Fe-Ni peaks are broadened and shifted towards larger velocities with 
respect to the pure Fe peaks. Reductions in this broadening and shift are observed at 290 K. A qualita­
tive change is seen in the Fe-Ni peaks at 773 K, which are shifted towards smaller velocities with respect 
to pure Fe, and have become observably narrower. From 773 K to 873 K the Fe-Ni peaks are further 
shifted toward smaller velocities, but have begun to broaden again . 
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Fig. 1. Spectral peaks from Fe-8.86Ni (triangles) positioned with respect to 
pure Fe peaks (dots) at the same temperature. 

Alloys of Fe-l.Sat% Si, Fe-6.02Ni-1.5Si and Fe-8.86Ni-1.4Si were prepared for our measure­

ments of the set { <XcEP f(r)} from 4 K to 873 K. Si atoms develop no magnetic moment in bee Fe, so 
the parameters {g5iSi(r)} and Cllsi ·J.l.Fe}, which determine LllloNL' are known to be 0 and -2.22J.1.8, 

:espectively. Furthermore, since {g5te(r)}- 0/9/, the effects of Si on .MIL and Llli1NL can conven­
lently be neglected. Mossbauer spectra from dilute Fe-Si and Fe-Ni-Si alloys show well-defined 
"satellite peaks" that can be associated with a Si atom in each nearest neighbor shell. Measuring the 

positions of these satellite peaks determines the set { <XCEP f(r)}. We observed that the positions of the 
"Si satellites" changed rather little with Ni concentration or with temperatures in the range from 4 K to 
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873 K /10/. The { aCEP f(r)} parameters, { -11.5, -3.5, +2.5, 0 ... }kG/j.J.8, adequately accounted for 

the observed "Si satellites" in Fe-Ni-Si alloys at 4 K, 77 K, 290 K and at 773 K. The parameter acP is 
not expected to be temperature dependent because it describes spin polarization mechanisms involving 
tightly-bound electrons. 

Eqns. 1 -3 can account for the average temperature dependence of the 57 Fe hmf in Fe-Ni alloys if 
either IJ.Ni or {gNte(r)} is reduced more rapidly with temperature than IJ.Fe . However, if IJ.Ni were to 
decrease with temperature, the width of the distribution of MI0NL and the widths of the spectral peaks 
should increase. The opposite experimental systematics are observed from 4 K to 773 K 1. We attribute 
most of the temperature dependence of the 57Fe hmf to a temperature dependence of the {gNte(r)} param­
eters, whose reduction should reduce the mean and width of the MINL and the MI1NL distributions. 
Using Eqns 1- 3 and magnetic moment data from Stearns /111, the mean hmf ofFe-9Ni will be reduced 
to that of pure Fe if the net enhancement of Fe moments caused by one Ni solute atom is reduced from 
1.8 IJ.s to 0.7 IJ.s· This is a large change in the {gNte(r)} parameters, and since the average Fe-Ni hmf 
becomes even less than that of Fe the average gNiFe(r) parameter must become nearly zero at higher 
temperatures. 

The recoil-free-fractions of pure Fe and of a Fe-9Ni alloy are shown as functions of temperature in 
Fig. 2. We suggest that the large temperature dependence of the {gNte(r)} parameters originates with 
the large thermal motions of 57Fe atoms in Fe-Ni alloys, which change the spin-dependent charge trans­
fers between Fe and Ni neighbors. We now discuss the origin of such an effect. The Fourier com­
ponents of the lattice periodic potential, U", will be reduced with mean squared thermal displacement, 

< p2>, as: exp{ -k2 < p2> /3 }, and the {gNte(r)} parameters will be similarly reduced. The recoil-free 
fraction is reduced as: exp{ -k-,2 < p2> /3 }, where ky is the wavevector of they-ray. Since the 
{gNte(r)} parameters are more temperature dependent than the recoil-free fraction, the important k"vec­
tors for the charge transfers should be greater than ky. Since ky is about 7 A.-1, the spin-dependent 
charge transfers seem sensitive to short-range interactions. The spin-dependent charge transfers are 
sensitive to the radial separation between the Fe and Ni atoms. Only a small dependence of these charge 
transfers on dldr gNte(r) is expected because the differences in thermal expansion between pure Fe and 
Fe-Ni are small. However, when we thermally average a Taylor approximation for gNte(r+p), the term 

< p2>12 d2/dr2 gNte(r) is non-vanishing. The gNte(r) can decrease more rapidly than IJ.Fe if d2tdr2 gNte(r) 
is strongly negative. It may be argued that thermal broadening of the Fermi surface may reduce the 
imbalance of 3di and 3d.J. electrons when the densities of states near the Fermi surface of these electrons 
depend in a strongly different way on energy. This seems unlikely for bee Fe-Ni. 
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Fig. 2. Temperature dependence of the recoil-free fraction of Fe-8.86Ni 
(squares) and of pure Fe (crosses). A recoil-free fraction of 0.90 at 4K was 
assumed. 

1 The increasing width of the hmf distribution from 773 K to 873 K may suggest some reduction in J..lNi over this 
temperature range. 
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4. CONCLUSIONS 

A marked difference was observed between the temperature dependence of the 57Fe hmf distri­
bution in Fe-Ni alloys and the temperature dependence of the 57Fe hmf in pure Fe. It seems that this 
temperature dependence originates with the effects ofNi solutes on host Fe magnetic moments, although •-
a rapid reduction in ~Ni may be important at higher temperatures. It was also found that the recoil-free '· 
fraction had a stronger temperature dependence in Fe-Ni alloys than in pure Fe. We suggest that the ( 
large thermal displacements responsible for the low recoil-free fraction of Fe-Ni alloys are also responsi- l• 
ble for the temperature dependence of the effects of Ni on the host Fe moments. 
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