NOTAS DE FISICA
VOLUME XVIII
Ne 15

REMARKS ON Gd g-SHIFTS

by

A. A. Gomes, A. P. Guimaraes and L. Iannarella

CENTRO BRASILEIRO DE PESQUISAS FISICAS
Av, Wenceslau Braz, 71 - Botafogo - 2C-82
RIO DE JANEIRO, BRAZIL

1972




201

Notas de Fisica — Volume XVIII - N9 15

REMARKS ON Gd g-SHIFTS

A. A. Gomes, A. P. Guimaraes and L. Iannarella
Centno Brasileiro de Pesquisas Filsicas
Rio de Janeirw, Brazil

(Received March 3rd’ 1972)

ABSTRACT
The s-d hybridization is given a simple formulation in order to disguss
its relevance to the Gd g-shifts; it is apparent that the effective exchange

parameters Jeff can be negative even with negligible interband mixing.

A possible explanation for the signs of the g-shift and band magnetiza-

tion in Gd metal is also suggested.
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It has been suggested by Coles et al. (1970) that the negative Ga**
g-shifts observed in several metallic hosts as Pd, LaRu, and others (see the
review by Peter et al. (1867)) could be explained if one assumed that the s
and d bands had antiparallel magnetization, as it is the case in iron metal.
Within this hypothesis the exchange parameter J° is positive (i.e. the
Heisenberg exchange daminates the contribution from interband mixing) and
also the d susceptibility is larger than the s susceptibility. The g-shift
isvnqgative since the s-d induced d magnetization (antiparallel to s) domi-
nates the s magnetization (see below). Although Coles and co-workers do

d

not actually say it explicitly, it appears that they are taking J~ = 0, and

therefore the d band does not give any (direct) contribution to the g-shift.

We want to discuss the implications of s-d hybridization in the
analysis of gadolinium g-shifts. The general picture of the alloy consists
of a localized and stable f-moment which interacts with the ' band and  the
s band, these interactions being characterized by two distinct parameters Jd
and J%. From Watsen et al. (1965) we take that J< is positive, and J° =
= J; + J? is a sum of the ordinary exchange and interband mixing effects
(Anderson and Clogston (1961)) and can in principle have either sign. The
hybridization couples the s and d magnetizations and tends to align them
antiparallel; the final orientation of the s- and d-band magnetizations will

d and Js,

depend on the magnitude of USd and on the sign and magnitydes of J
We assume that the effect of the s-d interaction is linear; we write the s
magnetization induced by the d- band, and the d magnetization induced by

the s band as
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>d - s
m(s) = Qge M

The values of the parameters a will be discussed later on.
The total s- and d-band magnetizations are

S S

J7X - :
g _ +d
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>
where <8 > is the spin of the rare-earth. The total band  magnetization

becomes
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Defining the two effective parameters

d d 1%q s s i

J =Jd ——— and J = J —————

eff 1- eff l1-0_.
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one has for the total g-shift:

X X
S +Jd

Ag = J eff
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An important consequence of the inclusion of hybridization is that the

(2)

(3)

W)

ef-
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fective exchange parameters Je £F (Eq. 3) and the parameters J computed in
the usual way (see Watson et al. (1869)) may have opposite signs, depend-
ing on the values of the a's. One may even be able to explain the nega-
tive g-shifts without having to invoke large contributions foom J :S[; Coles
et al. (1970)' have actually argued that J; should be small J_n view of

the large (~ 10 eV) energy dencominators.
To estimate the parameters o we could treat the s-d hybridization
by the approximaté-Hamiltonian Te.g. Long and Turner (1970)):

-

->
#eq =USg * 84

Writing N s
>sd 2s R - G >gq W (d)>
- g MU H S =2=U S >S5 =U « S and =
e "B d s M s
. B : XS
we finally derive :
st 4 U Xd
o_. = an o, =
sd 2 ds 2
EMp geHB

d

d . ~ S
Censequently asd/ads = xS/x ; since we expect X = 10y and asd"'< 0.1 we

. . S 4 . .
obtain l—ads < . This would lead to Jeff and Jeff of opposite signs

(from Eqs. (3)). We need an estimate of U before we can attribute with

any certainty- the signs eof the effective parameters Jz g and Jgff; the

main point to be-stressed is that Jg may be easily made negative, with

ff
out the requirement of large interband mixing.

From equations (2) and (4) it is obvious that the total band mag-
netization and the g-shift cannot have opposite signs. There are, how-

ever, seme results in the literatuge where there is a contradiction be-
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tween the low temperature results and g-shift measurements. In gadolinium
metal, for example, the band magnetization is positive and (assuming a
free ion moment for Gd*t) approximately equal to 0.5 ug (Nigh et al. (1963))

whereas Ag = - 0.04 (Peter et al. (1962), Chiba and Nakamura (1970)).

Since the magnetization results are obtained at low temperatures, and
the g-shifts are measured in the paramagnetic region the experimental
results could be reconciled if we assume that xd varies substantially with
temperature, in such a way that the d-magnetization dominates at low tem—
Peratures, being smaller than the s-magnetization at high temperatures. We

have then:

d d._ ., © S 5 d d
[Jege X7(T = 0 T0] > [gee X°| > [gge XD
and
s
Jeff <0.

Making some assumptions, namely taking J:ff > 0 and Je;f <0 and taking,
gff Nd(eF) % 0.03 at high temperatures, we find that xd

should drop to 1/5 - 1/10 of its low temperature value. To study if this

for instance, J

quite large drop in susceptibility was plausible, Gomes et al. (1972) sug
gest a model for the Gd band structure with a sharp peak near the Fermi
level. The d susceptibility was computed by solving numerically the ex-

pression for x(T) (e.g. Shimizu and Tanaka (1961)).

The susceptibilities were calculated in the temperature range 400 -
- 600 °K and the trend was then extrapolated to T = «; in this way one
could parallel the procedure used to obtain the g-shift without the per

turbation due to demagnetization effects (e.g. Davidov and Shaltiel (1968)).

We have considered also an alternative possibility where bottleneck
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mechanisms could inhibit the observation of the d-like contribution to the
g-shift. However using estimates from Gossard et al. (1968) for the elec-
tron-lattice relaxation times and the localized spin dynamics (Giovannini
1967) it turns out that the bottleneck condition is not satisfied for the

d-electrons, supporting thus our view that both s- and d- contributions

appear in expression (4).

This wonk was performed with financial support of the Banco Nacional

do Desenvolvimento Econdmico (BNDE).
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