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Formalism is developed using the partial wave method in the
mixed band scheme, for evaluating magnetic moments on magnetic
d-band impurities in metals. The magnetic moments are calculated
on d-band impurities in Ni and Pd metals and the values show
reasonable agreement with the experlmentai results and explains the
existence of giant magnetic moments in Pd alloys.
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INTRODUCTION

Experimental studies' show that even a small amount of a transition
metal (TM) impurity changes drastically the electronic properties of
metallic alloys. These also predict the existence of strong scattering from
the TM metal impurities. Therefore, theoretical understanding of the
nmpurlty-mdueed changes in the various properties of transitional alloys
is of immense importance from both the fundamental and technological -
point of views.

In magnetic alloys sueh as the alloys of Ni and Pd metals with 3d-
impurities the magnetic moments are developed on the impurities, which
make the impurity scattering spin dependent. The magnetic properties of
these alloys depend on the electron spin polarization around the
impurities. Morruzzi et al” performed the calculations for the spin
polarization of electron gas using the density functional theory. Recently
the KKR (Korringa-Kohn-Rostoker) method in comunctmn with the
density functional approach has been employed extensively’” to evaluate
impurity-induced spin polarization of electron gas and magnetic
moments induced on the impurities.

In this paper, an analytical formalism is developed using a simple
model for an alloy in which the host metal is treated in the free electron
approximation while the impurity in the simple tight binding
approximation. The formalism is applied to magnetic alloys of Ni and Pd
metals with 3d—1mpur1t1es and magnetic moments on the impurities are
calculated. :

Theory

In a pure metal, the wave function of conduction electrons with spin ¢
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is given by the Bloch wave function defined by |

®2<k,r>> v o Geom) =" u,(lor) ()

Here k is electron wave vector and uq(k,r) is a scalar periodic

" function. The conduction electron density with spin o in a host metal is
~ given by the square of Bloch wave function. In a substitutional alloy, the
strength of conduction electron scattering from a magnetic TM impurity
ion is different from that of the host metal ions. Hence, the conduction

electron wave function of the host metal with a magnetic impurity

l(I)iG (k,r)> will be a linear combination of the scattered Bloch wave

function I\[J’BG (k,r)> of the conduction electrons and the wave

R

function corresponding to the d-band of the impurity atom
ie., : L
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i
\l{ /o (k, r)> 2)

Here

Who (k,r)> and WIKG (k,r)> are evaluated in the partial wave

analysis and the simple tight binding approximation as done by Gupta
and Singh®. Therefore, the conduction electron density with spin ¢ in the

(I)i\(kr)z
0 5

presence of the impurity is given by . Hence the change in

conduction electron density having spin ¢ can be written as
2 2

Ang (k) =0k Ger) - @B, r)

3)

Substituting egs. (1) and (3) in eq. (4) and integrating over k and
simplifying we can write ’

Ang(r)= Ang (r)+ An 1o1® + A0, o (1) &)
,Anfﬁ 2 (r) = Anlﬁ 3(” + An‘ﬂﬁ 4(r) T | )
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Here kgy, 0 ) tes (k FH) are Fermi wave vector and phase shifts. We have

retained only d-phase shift, which gives major contribution to the
conduction electron density. To include the effects of m-m hybridization
equal weightage is given to all the (2 ¢ +1) sub bands. The atomic orbital
in spherical coordinates is written as

fmc(r)> Rl (r)

Ry 1y
where Rl (r) is the radial wave *funfction of the impurity atom and
Y (6,9) are the spherlcal harmomcs The radial wave function

(1‘) is taken from Gupta and Smgh Egs. (8) and (9) exhibit
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R do )/ r3 and R do () /1"2 behaviour instead of the usual
1/ 13 and 1/r* behaviour.
RESULTS AND DISCUSSION-

To evaluate the different contributions to spin-dependent electron
redistribution induced by impurities we need three basic parameters: kry

k and R1 (r) The parameter kFH can be calculated from

. 8 5 Ceppy)
the valence of the host metal. O s (kFH) for the d-electrons can be

obtained by satisfying the Friedel sum rule in terms of the total number
of d-electrons N d and the number of d-electrons with spin o, ie.,

Ndcs
impurities is applied. Ny, for Pd and Ni alloys are taken from van Acker

. Here, the formalism to Ni- and Pd-based a.lloys‘ with 3d-

et al” and Zeller*”, respectively, and & do (kFH)are evaluated. Using

these parameters An (1), for both Spins, has been calculated for Ni and

Pd alloys. The spin density distribution in an alloy is given by the
difference of the electron densities of the two types of spins, i.e.,

spm (r)=An ‘T (r) - An ! ) (12)

Local magnetic moment Mloc and total magnetic moment | . on

“an impurity is calculated by integrating the spin density distribution over
the Wigner-Seitz (WS) and over the entire volume of the crystal,

respectively. We have calculated M oc and P for 3d-impurities Pd

and Ni metals and the calculated values are giVen in Tables 1 and 2
along with other theoretical and experimental values for comparison.
From Tables 1 and 2 it is evident that there is a small difference between

the values of Hloc and Piot 3 the main contribution to the magnetic

moment comes from the WS sphere of the impurity and in this region d-
band contribution dominates. The novel feature of the present
“calculation is that we have used a simple model to evaluate the magnetic
moments on the impurities'and it yields results comparable with the ab
initio calculations™. Further, the present calculations explain reasonably

well the giant magnetic moments observed on Fe and Co impurities in
Pd alloys. ‘
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TABLE-1
CALCULATED AND EXPERIMENTAL VALUES OF LOCAL AND

TOTAL MAGNETIC MOMENTS (IN TERMS OF ug) FOR Pd
ALLOYS WITH 3d-IMPURITIES
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“Impurity  Present Results _ Other Theoretical Results

Local Moments

Total Moments

CMioe Mot Poe Pexp  Hiot  Hexp
Cr 114 1141 3.01° ecmemioen (13 A—
' 2.950° 2.259°
Fe 104 1074 3.439° 3.5+.04% 7.36° 10.0°
1 3.383° : 4.658° 10.0-12.0°
Co 993 1053  2.280° 2.140.03*  1.57 9.0-10.0%
2.254° 3.955° 10.8°
TABLE-2

CALCULATED AND EXPERIMENTAL VALUES OF LOCAL
MAGNETIC MOMENTS (IN TERMS OF pg) FOR Ni ALLOYS
WITH 34-IMPURITIES

Other Theoreticdl

Impurity Present and
~ Results  Experimental Results
fJLkm H loc H CXp
\Y -0.59  -0.48%° -1.15"
-0.56%° -0.051°
Cr -0.24 -1.45%° -0.15%°
| 022 06% -1.20°
Mn ; 290 2.92%° 2.401°
3,02° 3.231°
Fe 2.84 2.674° 2.65'
: - 2.70%° 2.8510
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