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ABSTRACT

The values of the coupling constant |jeff] = 5 J]jscj| have been cal-
culated from susceptibility and NMR data by making use of the first order
quadrupole wipe-out number in the case of Cu-Mn and Cu-Fe alloys. The thus
obtained 2,1 and 3,8 eV /+10%/, respectively, are about 20% lower than the
values determined from the broadening of the NMR spectrum. The systematic
error of the latter method is probably due to the neglect of the contribution
from the quadrupole effect to the broadening.

PE3IOME

Ha ocHoBe pgaHHbIX AMP “ BOCOPMUMUYMBOCTU BNEpBble MNPUMEHSIEMbIM METOALOM
onpegenuan 3HadeHne KoappmumeHTa cBaA3m |Jeff] = 5 |Jsd] B cBepxpasbaBneHHbIX
cnnaBax Cu-Mn un Cu-Fe. lNony4yeHHble 3HaveHua 2,1 un 3,8 3B /+10%/ Obin MEHblE
npeaBapuTesibHO onpefeneHHbX 3HayeHWn, BbIYMCIEHHbIX U3 pacwuupeHns AMP-cnekTpa,
npumepHo Ha 2 O [pegnonaraeTcs, 4YTO MPUYMHOW CUCTeMaTUYeCKOn ownmbkn onpepene
HUS BbllleyKa3aHHbIX 3HauYeHWn sBNsieTCcsA MNpeHebpexeHne KBaApynobubiM SPHEKTOM.

OSSZEFOGLALO

NMR és szuszceptibilitas adatokbol egy el8sz6r most alkalmazott mod-
szerrel meghataroztuk a [Jeff| 5 |Jsd] csatolasi alland6 értékét Cu-Mn ésn
Cu-Fe hig otvozetekben. A kapott értékek 2,1 illetve 3,8 eV /+10%/, kozelit6-
leg 20%-kal kisebbek a NMR spektrum kiszélesedésébdl meghatarozott értékeknél
Ez utbébbi értékek meghatarozasanak szisztematikus hibaja feltehet6en a kvadru
pol effektus elhanyagolasabol ered.



The energy of the interaction between two impurity atoms, and the
energy difference between parallel and antiparallel alignments of two iden-
tical impurity spins in disordered dilute alloys can be expressed using the
Caroli formula for double resonance scattering [1]. If one compares the latter
expression with that formulated in terms of the s-d exchange interaction, the
effective exchange constant can be defined as [2], [3]

0E - .
5Jsd = Jeff = - Ul - sin(h2 - nr) /v
where is the sd coupling constant, Ep the Fermi energy, S the localized

impurity spin and n2 is the phase shift of the scattered electrons with spin

a.
On introducing the notation used by Souletie [4],
@ (fton:
N2 = Cl - ?)n2
equation /1/ can be simplified. In the case of polarized virtual state

+
/T=°°, E - 1/, we have n2 = 2n2 and ﬂ% = °-

Then we find

ioef

Jeff Tirs stn ZQ?
The value of S is known from susceptibility measurements, and we intend to
evaluate sin 2n2 from NMR data.

The density oscillation of conduction electrons with spin a around

the localized moment was expressed by Blandin [2] as

ApD(r) = - =2 sinrij r 3 cos (Qkpr + n2)
dir

where r is the position vector and k. is the Fermi wave number.

By making use of this expression, the total electron density oscilla-

tion is given as



An(r) = Apl(r) 4 Ap4(n)
and the spin density &6sei Hation as

As (r) = Ap+(r) - Ap\r)

In the case of magnetic limit the charge density oscillation becomes
equal to the spin density oscillation, i.e.

Ari(r) = As () = - Zir sin ZnS r 3 cos £2kl,:,r 4 2p2)

since the charge density oscillation is brought about by the electrons po-
larized in spin.

Thus in the case of magnetic limit the measurement of spin density
is equivalent to that of charge density. It has been shown in our earlier
NMR measurements [5] that the amplitude of the charge density oscillation
can be evaluated from the wipe-out number of the first order quadrupole ef-
fect if the phase *f of the term cos/ZkF,r4f/ is chosen to be zero. It follows
that in the above specified case the amplitude of the spin density oscilla-
tion and thus Jeff can be evaluated from the measured WiEe—out number of the
first order quadrupole effect.

Out of the dilute Cu-3d transition metal alloys the wipe-out number
of the first order quadrupole effect was measured on the Cu-Mn [6] and the
Cu-Fe [7] alloys. At such a high temperature at which the wipe-out number
becomes independent of the temperature we measured n® = 1500 - 5% and n™ =
= 2100 - 5% on Cu-Mn and Cu-Fe, respectively. These values are taken to be

characteristic of the magnetic limit case.

Before the numerical results, let us consider the errors involved

in this calculation:

a/ an uncertainty of about 10% for neglecting the phase factor in the evalua-
tion of the charge density oscillation amplitude from n” /Ffirst order

quadrupole wipe-out number/;
bl - 5% accuracy of the wipe-out number measurement;

c/ an unknown correction arising from the formula relating the field gradient
to the charge density oscillation /see e.g. [8]/ due to the uncertainty

of the factor a used in this expression [9];

d/ a correction of about 20% if one uses for the nonresonant phase shifts,
which have to be taken into account in the evaluation of the first order
quadrupole effect, the values measured on Cu-Ni since no such measurements

have been performed on Cu-Mn or Cu-Fe.



In spite of these corrections it turned out that the thus calculated
values of Wefj] are in better agreement with those obtained by other physical
methods than the results of NMR spectrum broadening.

Table 1. shows the values of the coupling constants as calculated
for dilute Cu-Mn and Cu-Fe alloys by different methods.

Table 1.

lJogl and WBeffl coupling constants /reported values/

|Jsdl n1] I-CFfl - 5 Lsdl t«/]
Alloy from impurity resistivity from NMR spectrum broadening
and susceptibility data
Cu-Mn 0,24 [201 [I1] 2.6 [13]
0,29 [12] 2.6 [14] [15]
Cu-Fe 0,34 [12]
0,4 [24] 5 [14] [15]
0,8 [16]

Table 2. shows the numerical data used in the present calculation

along with the thus obtained values of |Jeff].

Table 2.

Coupling constants, as evaluated by the present method

Effective i levV1
Alloy Bohn magneton S sin 2n2
Cu-Mn 4,93-0,2 [12] 2 0,59 2,1
Cu-Fe 3,68-0,2 [iv] 1,4 0,72 3,8

As to the values of sin 2n2 *n column 4 of Table 2, it has to be
noted that they have been calculated from the measured wipe-out numbers [6]
[7]1 taking a = 25 and using the phase shifts nQ and measured for Cu-Ni
in the evaluation of the non-resonant scattering contribution, a similar cal-

culation gives Jeff = 1,6 eV for Cu-Mn and JRFfFf = 3,2 eV fpr Cu-Fe in the

case of nQ = = 0.



It can be seen that the values of WDeffl is" in either case lower
than that obtained in any reported calculation from the NMR spectrum broaden-
ing. This is probably due to the fact that in those cases the broadening of
the spectrum was attributed exclusively to magnetic interactions without
taking into account the contribution from the quadrupole effect. Our estimates
are in a reasonable agreement with those obtained for 5 than the ear-
lier NMR results, but this agreement is not as good as that one for Ag-Mn

/Mizuno, 1971/ .
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