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The effect of varying the host-matrix susceptibility of the Pdp99Feppl alloy system has been
investigated through Mossbauer analysis of several (Pd, „Ag„)pygFeppl alloys with silver concentrations
given by x = 0, 0.005, 0.025, 0.10, 0.25, and 0.50. We have shown that the Curie temperature varies
linearly with the spin paramagnetic susceptibility of the Pd-Ag host matrix, in agreement with
theoretical predictions. This was done for silver concentrations up to 25 at.% and assumes a constant
value for the spin of the iron impurity. From the observed linear dependence of the ordering
temperature on the host-matrix susceptibility evaluated at T„we obtain a value for the exchange
parameter of 0.11 + 0.01 eV which is used in estimating the saturation moment per iron atom.
Assuming a molecular-field model, values for the saturation hyper6ne field are deduced from
temperature-extrapolated hyperfine-field measurements. Changes in those values with silver addition
suggest changes in the polarization of 3d electrons and a possible correlation with the saturation
magnetization. Isomer-sh measurements of these alloys are found to be concentration independent up
to x = 0.25 and to increase by 20% at about x = 0.50.

I. INTRODUCTION

The Pdq „Fe„system has been extensively inves-
tigated by a variety of methods. The interest
in such a system stems from the fact that the ad-
dition of iron impurities to paramagnetic palladi-
um induces a ferromagnetic phase transition at
temperatures depending strongly on the iron con-
centration. ~ This is accompanied by the appear-
ance of "giant moments" around the iron atoms (as
large as 12. 2pa per iron atom for 0. 28-at. % Fe
in Pd, the Fe atom itself contributing about 3.5pa}
together with a polarization by the iron atom of the
neighboring 4d palladium electrons to within a range
of - 10 A. ' Both the appearance of the giant mo-
ments and the extensive Fe-Pd polarization range
which depends on Fe concentration have received
theoretical attention. Long -range ferromagnetism
occurs when there is coupling among the ferro-
magnetic complexes centered around the solute
magnetic atoms.

Through Mossbauer spectroscopy, we have ex-
tended the study of the Pd&,Fe„system to alloys
of the type (Pd|,Ag, )0 99Feo of (where x= 0, 0. 005,
0.025, 0. 10, 0. 25, and 0. 50). Silver was chosen
because it enters the lattice substitutionally, thus
increasing the average number of electrons in the
unfilled 4d band of palladium. %e have used 1-
at. P~ iron in our alloys because at this concentra-
tion, nearest-neighbor iron-iron interactions are
small, data are available for correlation of re-
sults, and the Fe resonance has a narrow line-
width together with a large-percent-absorption
effect.

The experimental results are analyzed to give

values for the Curie temperature, molecular-field
coefficient, exchange-interaction parameter be-
tween the local moment and itinerant electrons,
saturation moment per iron atom, saturation hy-
perfine field, and the isomer shift.

II. EXPERIMENTAL PROCEDURE

All (Pd&~Ag, )0 99Feo 0& alloys in the present
Mossbauer experiments were used as absorbers,
The starting elements, 99. 999%-pure palladium
sponge, 99.999%-pure silver powder, and enriched
(98-99.9% pure) Fe'~ powder, were pelletized in
the form of a cylindrical button. Each sample was
then placed in a recrystallized zirconium oxide
crucible and melted by induction heating in a puri-
fied-argon atmosphere. The samples which were
measured after the melting operation showed a
slight percentage increase in weight (-1.5%}due
to the sticking of a thin layer of zirconia at the
bottom of the ingot. This layer was subsequently
removed by filing. Ne estimate the accuracy
limits of the nomical contents to be within 3%. The
ingots were then rolled and hand polished to the
desired thickness (0.001-0.0015 in. }. Each foil
was outgassed overnight at 300 C in a quartz tube.
These tubes were sealed under vacuum, and placed
in an electric furnace at a 1000 'C for a week, to en-
sure homogeneity of the iron and silver atoms in
the alloy, after which they were quickly cooled in
air then water.

A 15-mCi Co radioactive source (plated onto
a copper matrix} was rigidly mounted on a speaker-
transducer assembly described by Cohen et al. ,
while a time-sequence mode of operation was used
to detect the emerging radiation. For the low-
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temperature experiments (below 78 'K) the sensor
was an Andonian-CGIAC calibrated germanium re-
sistor accurate to within Q. l K; a calibrated
Artronix-PSIA platinum sensor was used at higher
temperatures. Our choice of these two sensors
over a thermocouple or a carbon resistor was
dictated by their known stability. reproducibility
and sensitivity to low temperatures. An Artronix-
53QI temperature controller was used to stabilize
our temperatures to better than 0. Ol 'K.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. Curie temperature

The Curie temperature of the (Pd, „Ag„)o 99Feo o,
alloys with Ag concentrations given by x=O, 0.005,
0.025, 0. 10, and 0. 25 was determined by measur-
ing the maximum absorption resonance. The on-
set of ferromagnetism for all considered alloys
was a gradual process with the Mossbauer spectra
exhibiting both six-line and single-line components
over a temperature range of several degrees be-
low T~. In our x=0. 25 sample, we did not go
more than 1.3 'K below T& and, therefore, did
not observe any large resolved hyperfine splitting.
Similar observations regarding the diffuseness of
the magnetic transition have been reported ' and
attempts were made to correlate the effect to local
statistical variations in the solute concentration.

Dekhtyarand Fedchenko+ have observed changes
in the paramagnetic susceptibility of the alloys
Pd+ 1 at % Fe and Pd+ 1-at. % Fe+ 25-at
as a result of repeated quenching (from 900, 1000,
and 1100'C) in water. They report that the para-
magnetic susceptibility (a) rises substantially and
deviates from the Curie-Weiss law with an in-
crease in the number of quenching cycles, and (b)
exhibits a dependence on the magnetic field not
seen for the alloys in the annealed state. Since it
is known that vacancies are preferably nucleat-
ed on impurities during quenching, one expects an
increase in the diffusion rate of Fe atoms within
the alloy. This, in turn, may generate the forma-
tion of complex groups of Fe atoms and quenching
defects (ferromagnetic clusters) that explain the
observed data. In view of these results, it is pos-
sible that, during the cooling period of the heat-
treatment process of our samples, there was a
tendency for the Fe atoms to lose their uniform
distribution which accounts for the coexistence of
regions in the paramagnetic and ferromagnetic
state.

The effect of annealing on the Mossbauer spectra
of a 0. 22-at. % Fe in Pd sample had been seen to
lower the maximum temperature at which hyperfine
fields could be observed, to narrow enormously
the spread in hyperfine fields just below T&, and

to sharpen the transition. This was interpreted
by assuming that the annealing process breaks up
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FIG. 1. Variation of the Curie temperature Tcof sev-
eral (Pd& /g„)0 &&Feo 0& alloys with at. % Ag concentra-
tion. Closed circles: Mossbauer maximum absorption
technique (this work); open circles: saturation magneti-
zation (Ref. 6); triangles: electrical resistivity (Refs.
5 and 17); square: Mossbauer equal area technique (Ref.
16); crosses: low-field susceptibility (measured on our
alloys at Fordham University, courtesy of Professor J.
I. Budnick). The solid curve is explained in the text.

iron clusters and in so doing lowers the tempera-
ture at which magnetization first begins to appear.

On the other hand, Clark and Meads noted that
a previously annealed Pdo 99Feo 0& sample heated
at 1000 C and quenched in liquid nitrogen caused
considerable sharpening of the transition and dis-
placement of Tc to a lower value. It is apparent,
from these conflicting observations, that additional
experimental and theoretical work on the effect of
heat-treatment is needed to clarify this point. We
might point out at this time that with our samples
placed in a temperature-controlled exchange-gas
environment, temperature gradients of the magni-
tude required to explain the effect are unlikely to
exist during measurement across these samples.

Figure 1 shows the variation of Tc with silver
concentration x; experimental results using other
methods are also shown for comparison purposes.
In the case of the Pdo ~Feo 0~ alloy, our value for
Tc lies between the reported value of T& obtained
by other Mossbauer measurements. Agreement
within the experimental error exists between our
measurements of Tc, for the Pdo 99Feo 0& alloy,
and reported values of T~ obtained by electrical
resistivity measurements. '

We believe the discrepancy between our mea-
sured value of T~ and the one reported by satura-
tion magnetization is due to the limitations of the
various techniques used to determine Tc. The
magnetization measurements involve a plot of
H/M vs M (M is the magnetization per gram, H
is the applied field), which is then extrapolated to
zero applied field. Any deviation from linearity
in the limit of zero applied field, as seen in the
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case of 0. 15-at. % Fe in Pd, '" may result in seri-
ous errors in the determination of T~. Craig et
al. have discussed the limitations of the various
extrapolation techniques used to obtain T& from-
saturation magnetization data and have shown that,
in the particular case of Pdp. B~Fep ~5, the extrap-
olated value of T, is always higher than the value
of T& obtained from Mossbauer spectroscopy as in
our case. Our method of measuring the Curie tem-
perature involves finding the maximum absorption
resonance in the Mossbauer spectrum of the alloys
in the paramagnetic state just above the transition
temperature. If one plots the intensity at the
Doppler velocity corresponding to this maximum
absorption resonance as a function of temperature,
the first significant decrease in relative count rate,
that occurs as the temperature is lowered, corres-
sponds to the onset of an internal field and deter-
mines the magnetic transition temperature. This
operational technique, which is commonly used,
has the advantage of requiring no applied field
but sets an upper limit to the ordering tempera-
ture. The discrepancy between our Tc measure-
ment of the Pdp Fep pf alloy and the other Moss-
bauer measurement reported by Clark and Meads'
is basically due to the difference in choice of tech-
nique used to determine Tc. They determined the
"mean Curie temperature"; our method determines
the onset of ferromagnetism.

The gradual addition of Ag to the Pdp ~Fep p1
alloy in the range of concentrations 0 & x& 0. 25 is
seen to result in a large decrease in the values of
the magnetic transition temperature Tc as shown
in Fig. 1. This can be interpreted qualitatively by
assuming that the valence electrons of Ag are do-
nated to the partially filled 4d band of Pd, thus re-
ducing the magnetic susceptibility of the Pd-Ag
matrix and thereby making it harder for the solute
iron atoms to polarize the host aQoy conduction
electrons.

The ferromagnetism of Pd alloys containing
small concentrations of iron has been treated by
Takahashi and Shimizu based on a band model
for 4d electrons. The authors assume that the
magnetic moments of the dissolved iron atoms are
localized at their sites and interact only with the
magnetic moments of itinerant 4d electrons so as
to induce a uniform polarization in the 4d band.
These assumptions led to the following equation:

where 1V; is the number of dissolved Fe atoms, S
is the spin quantum number of dissolved iron atoms,

go (Tc) is the host matrix susceptibility evaluated
at the Tc, and a is the molecular-field coefficient
for the interaction between the iron moments and

the 4d electrons.

Figure 2 shows the variation of our measured
values of Tc with reported values of Xo (Tc) In
the particular case of the x =0. 25 alloy where no
value for yo (Tc) is available, ko (Tc) was chosen
at T = 20 'K rather than at 7. 5 'K. Such a decision
was based on the fact that for low temperatures
(& 40'K) and high silver concentrations (& 22. 5
at. %), Xo for Pd-Ag alloys is nearly temperature
independent. ~P'~ From the slope of the linear fit
shown in Fig. 2, we obtained a value for the mo-
lecular-field coefficient n = (0. 17 + 0. 02) x 104 mole/
emu in agreement with the theoretically predicted
a = 0. 16x 10 mole/emu. A linear dependence be-
tween the Curie temperature T& and the host ma-
trix susceptibility tfo(Tc) is hence established as a
result of the concentration-independent behavior of
o in (Pd& Ag„)0.99Feo Of alloys. The full theoretical
curves in Fig. 1 represent Eg. (1) using the known

host matrix susceptibility evaluated at T~, the
calculated molecular-field coefficient n = (0. 17
+0.02)x104 mole/emu, the reported' value for
the magnitude of the impurity spin S= &, and a
value for the spectroscopic factor g = 2.

Kim has also related Tc to yo(Tc} using a
quantum mechanical exchange enhancement model,
1.e. ,

Tc = 2Atg J S(S+1)p(e~)/3kNs[I —Vp(e~)], (2)

where J is the exchange interaction parameter be-
tween the local moment and the itinerant electrons,
p (ez) is the density of states of conduction elec-
trons at the Fermi level, V is an effective inter-
action potential, and 1V is the total number of lat-
tice points.

g) ICl.

I I I I I I I I
f.O gQ O.Q +.0 50 4.0 &+ 4 +
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FIG. 2. Variation of the Curie temperature of several
(Pd& /g„)(} 9QFeo 0& alloys with host matrix susceptibility
evaluated at Tc. Closed circles: Mossbauer maximum
absorption technique (this work); open circles: satura-
tion magnetization (Ref. 6); triangles: electrical resis-
tivity (Refs. 5 and 17); square: Mossbauer equal-area
technique (Ref. 16); crosses: low-field susceptibility
(measured on our alloys at Fordham University, courtesy
of Professor J. I. Budnick). The solid curve is a linear
least-square fit of the data,
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Xp is related to p (ar) througho

Xo = 2P,a P (az)/[I —V P (ap)] . (3)

B. Hyperfine field

As in the case of e, we computed the value of
J= 0. 11+0.01 eV from the slope of the linear fit
of the curve shown in Fig. 2. This value is com-
parable to the value of J= 0. 15 ~0.02 eV reported
by Doniach and Wohlfarth. ~ The small discrep-
ancy is not fundamental but may reflect the methods
used, i. e. , they used the slope of the linear fit of
the saturation magnetization per iron atom p,„,vs

Xp (T=O'K) for various alloys to determine J,
while we used the Curie-temperature data for the
(Pdg „Ag„)o ppFeo pf alloys, in our analysis. This
difference may also reflect a small alloying effect
on J, more significant at the highest silver con-
centration we used.

We now consider the saturation magnetization
per iron atom p,„,. Doniach and Wohlfarth have
obtained the following relation for this quantity:

1 +2ZXo(T= 0 'K)
AVE Pp

&o [1+o Xo (T= 0'K)],
where p, p is the moment localized on the iron atom.
Our calculated valise of J was used to estimate val-
ues of p.«&. These calculations, based on pp= 3.5p»'
show that —as predicted —p,,« falls sharply with
increasing silver content. The results summa-
rized in Table I are in qualitative agreement with
the low temperature saturation magnetization mea-
surements of Clogston et g). '

at temperature T and zero temperature, and B~
is the Brillouin function of spin S. In using Eq. (5),
we made the assumption (borne out by experimental
results ) that the hyperfine field is proportional to
the bulk sample magnetization.

From a known H; (T)/H„, ratio and an experimen-
tally measured H, (T) at T/Tc, the value of H„,
was calculated (see Fig. 3). In the case of the
Pdp. &QFep p& alloy, our estimated value of H „
= 314 + 3 kOe is about 3% larger than the reported
value H„, = 304 + 3 kOe obtained by extrapolation
of the hyperfine field at very low temperatures.
Such a discrepancy may be explained if the molec-
ular-field model fails to fit the hyperfine-field
data for all possible spins at intermediate T/Tc
values (as reported for Pd-Fe alloyso™), or if
the assumed proportionality factor between hyper-
fine field and bulk magnetization is temperature
dependent possibly due to a difference in coupling
strength between impurity-host and host-host
atoms. 8

The measured hyperfine field corresponds main-
ly to the polarization of the s electrons by the
outer unpaired 3d electronic spins of the Fe' im-
purity. The decrease in the estimated value of
H„, with silver addition suggests a change in the
polarization of 3d electrons. Furthermore, the
tional decrease in II„, in going from Pdp 99Fep py

'to (Pdp gpAgp gp)p opFep o~ (- 22//~) is in close agree-
meni with the fractional decrease in the satura-
tion moment per iron atom (- 23%), as calculated
in Table I, using Doniach's model. This suggests
that in the case of the Pd-rich (Pd, ~„)o ppFep pf

alloys the saturation hyperfine field is approxi-

All values of the hyperfine field at temperature
T, Hi(T), were determined from the outer peaks
of the computer fitted six-line spectra. These
spectra were not characterized by mell-defined
lines below Tc, but rather by six smeared and
broadened lines which became sharper and narrow-
er with decreasing temperatures, in agreement
with similar reported observations. '~ Although
this line broadening, which intensifies as the tern-
perature is increased, may be caused by relaxa-
tion effects, ' it may also be due to a wide distri-
bution of hyperfine fields arising from the spread
in exchange fields caused by statistical fluctuations
in the density of iron atoms io, ii

In order to estimate an absolute value for the
hyperfine field at zero temperature H„„we used
the Weiss molecular -field spontaneous -magnetiza-
tion equation in zero external field~~;

H, (T) 3ST,H, (T)
H„g (8+ I)TH„,

'

where H, (T) and H„, refer to the hyperfine field

0+o

I I

d IO

FIG. 3. Graphical representation of H;(T)/H, ~t and the
Brillouin function B~(Z) of spin S =g vs Z =—[3$/(S+1)]
x(Tc/T) H;(T)/H, ~ at the following values of T/Tc. &=0,
T/Tc=0. 41; g =0.005, T/Tc=0 51' x=0.025, T/Tc
=0.24; and g =0.10, T/Tc=0. 34. The intersection of the
two curves yield the ratio K&(T)/H, gf at a specified T/Tc
value.
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TABLE I. Summary of results.

Alloy

Pdo. ss Feo.of

(Pdp 885Ago. oo5) o.ssFep pf

0.8 75 gp. 025)0.88 0.0 I

(Pdo soAgo fo)o 88Feo p f

(Pdp 75Ag0, 25)0,88Feo.of

&& ('K)
Curie

temperature
(+1.3'K)

37. 3
34. 6
29. 9
20. 1
7. 5

(10+ emu/mole);
host matrix

susceptibility evaluated
at &c

(+ 0. 1 X10 emu/mole)

7. 8 (Ref. 20)
7.2 (Ref. 21)
6. 3 (Ref. 21)
4. 6 (Ref. 20)
2. 3 (Ref. 20)

Estimate of

~el,t (I"a) t

saturation
moment per
Fe atom
(+1.0P&)

8. 1
7. 8
7. 1
6. 1
4. 9

Estimate of
I H

&
I (kOe)

saturation
hyperfine field

at OoK

(+ 3 kOe)

314
313
288
244

mately proportional to the average saturation mag-
netization.

C. Isomer shift

In the paramagnetic range of temperatures, the
spectra, for our (Pd,~g, }0 99Feo o, alloys exhibited
broadened single lines which were computer fitted
to a I orentzian shape. The absence of a magnetic
hyperfine structure within the considered velocity
scan (s 10 mm/sec) indicates that the iron atoms
have not segregated during the induction melting
operation but have dissolved in the Pdq, Ag, host
matrix. Previous investigators '30 have reported
difficulties in obtaining such solid solutions using
other sample preparation techniques.

The average room-temperature isomer-shift
measurements shown in Fig. 4 are all determined
relative to a metallic-iron absorber containing
enriched Fe" (90.73%}. The following results
were observed: (i) the isomer shift for each of the
alloys exhibits a large positive value with respect
to metallic iron; (ii) in the range of silver concen-
tration extending from @=0 to x= 0. 25, there is
no noticeable variation in the isomer shift; and

(iii) at the silver concentration corresponding to
x = 0. 50, an increase of 20% in the positive isomer
shift was recorded.

Under the present experimental conditions, 3

positive values for the measured isomer shifts
indicate that the s-electron density at the Fe
nucleus in the six considered alloys is smaller
than in metallic iron. Our measured value of the
isomer shift for the Pdo»Feo 0& alloy, &=0. 193
+0.005 mm/sec, is close to that for very dilute
iron in palladium, 5=0. 185+0.01 mm/secaa and

agrees with the values found by Bemski et al. to
25-at. % iron in palladium. Thus, for our

range of concentrations, the electron density at
the Fe nucleus appears to be independent of the
iron content.

The fact that the average isomer shift remains
positive and concentration independent up to the
considered silver concentration x = 0. 25 suggests
a transfer of s electrons from both iron and silver

to the partially filled palladium 4d band due to its
high density of states. Any spilling of charge in
the broad overlapping s band which would tend to
increase the average value of the isomer shift is
counterbalanced by the volume expansion of the
Pd-Ag unit cell, thus leaving the s-electron den-
sity at the Fe'7 nuclear site essentially unchanged
upon addition of silver. The functional behavior
of our Fe5~ isomer shifts with increasing silver
content is in agreement with the functional behav-
ior reported for Sn isomer-shift measurements
in Pd-Ag-Sn alloys. '

The substantial increase in the observed isomer
shift at the iron concentration x= 0. 50 suggests
that the palladium 4d band in our alloys has been
filled. The addition of silver beyond the filled
palladium d band causes the transfer of the 5s
silver electrons to other bands (i. e. , 3d), that
shield the s electrons of iron from the Fe5~ nu-
cleus and cause the larger positive isomer shift
recorded. The situation here is similar to what
was observed in Cu-Ni alloys containing small
amounts of iron. Above a concentration of copper
at which the d band of nickel is completely filled,
a further increase in copper tends to give addition-

I t I ' I ~t I ' I ' I ' I ' I
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i I t I i I ai I t I t I ) I ) I
o.ot o.oa 4.ca3» 4.to 4.24 o.ao e.+4 4.yy

Silver Concentration (at 94).
FIG. 4. Variation of the room-temperature Fe ' iso-

mer shifts (relative to Fe ' in metallic iron) of several
(Pdg +gap 98Fep, pf alloys as a function of at. % Ag con-
centration. The solid curve represents a linear least-
sq~e fit of the data.
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al d electrons near the iron atoms thereby de-
creasing the s-electrons density at the iron nu-
cleus.

The thermal contribution to the isomer shift
5,„has been calculated for the specified
(Pdg.„Ag,)p ppFep pg alloys over a wide range ot
temperatures using the Debye temperature value
of pure palladium @= 275 'K in the second-order
Doppler equation

(6)

I oA
4J
Io

g OI-
QP
IO

Temperature ( K)

Igaa

where C~ is the specific heat of the lattice, M is
the gram atomic weight, and c is the speed of light.

The agreement between the experimental data
and calculated curve shown in Fig. 5 indicates that
the mean-squared velocity of the iron atoms in pal-
ladium and Pd-Ag alloys is close in value to that
of palladium atoms in pure palladium and Pd-Ag
alloys, in agreement with specific heat measure-
ments of Pd-Ag 3~ and of dilute iron in palladium
alloys. %hen the observed shift is converted to
isomer shift by subtracting the expected contri-
bution from the second-order Doppler shift, the
isomer shift of the Fep pgPdp gg remains tempera-
ture independent within the experimental error.
Furthermore, in the silver-concentration range
given by 0~ x&0. 25, the gradual addition of silver
to the basic Fep p]Pdp gg alloy does not affect the
temperature independence of its isomer shift. This
supports Phillips and Kimball's measurements~
on Fe-Pd-H alloys (2- and 5-at. % iron) with hy-
drogen concentrations from 0 to 0. 65 H/Pd, but
does not concur with the results in Fe-Pd and
Fe-Pd-H alloys of Bernski et al. 33

IV. CONCLUSION

The behavior of dilute iron in Pd-Ag alloys has
been investigated by Mossbauer measurements of
the Curie temperature, hyperfine field, andisomer
shift.

One examining the temperature variation of the
spectrum, it was apparent that a paramagnetic
component persisted several degrees below the
quoted Mossbauer Curie temperatures, indicating,
most probably, the existence of a range of order-
ing temperatures arising from local environment
fluctuations. This has been a persistent feature
in the study of the Fe-Pd system and does appear
to be related to the metallurgical treatment of
these alloys.

In the case of the x= 0 and x= 0. 25 samples, our
experimental values of T~ confirm the existence
of a discrepancy between the results obtained by
Mossbauer and magnetization methods. The vari-
ation of the magnetic transition temperature Tc.
with silver addition was seen to be essentially

FIG. 5. Variation of combined Fes' isomer and ther-
mal shifts (relative to Fe ' in metallic iron) as a func-
tion of temperature for several {Pdg Qggo. q~Feo, og alloys
with g =0 {open circles), ~=0.005 (closed circles),
~=0.025 (crosses), ~=0.10 (squares), and g=0. 25
(triangles). The theoretical Debye curve is shown for
Og) =275 'K.

determined by the spin paramagnetic susceptibility
of the host matrix, as computed by Takashi and
Shimizu and Kim. From the observed linear
dependence of the Curie temperature on the host-
matrix susceptibility evaluated at T~, the molec-
ular-field coefficient and exchange parameter were
evaluated and shown to be in agreement with re-
ported values.

At the lowest temperatures used to initiate the
search for T~, values for the hyperfine field were
evaluated from the outer peaks of the computer
fitted six-line spectra. These values were extrap-
olated to T =0 K in order to estimate the satu-
ration hyperfine field and observe its dependence
on silver concentration. The decrease in our es-
timated value of H„, with silver addition suggests
a change in the polarization of Sd electrons. As
it has been suggested, ' the observed sharpening
and narrowing of our spectra1. lines with decreas-
ing temperatures may correspond to the develop-
ment of more uniform hyperfine field. This pre-
sumably would occur at T/Tc« l even if the long-
range conduction electron polarization would have
a small oscillatory part over distances long corn-
pared to composition fluctuation distances.

The concentration-independent behavior of the
isomer shift in the palladium-rich range of con-
centration and the 20% increase in this shift at the
silver concentration x= 0. 50 were discussed in
terms of a charge-transfer model in which valence
electrons from iron and silver are thought to be
donated to the partially filled palladium 4d band.
Although the conceptual simplicity of such a model
has led us to its use, we do recognize its limited
validity and the need for correlation with higher
levels of approximation such as described for
instance in the recent coherent-potential-approxi-
mation model.
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