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RELAXATION PHENOMENA IN MOSSBAUER SPECTRA
OF MAGNETICALLY ORDERED ERBIUM IONS IN ErFeO,
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(Received 26 September 1966)

Recent low-temperature Eri%€ Mossbauer data, reported by Wiedemann and Zinn in a
study of ErFeOg, are interpreted in terms of spin-relaxation effects. This appears to
be the first time relaxation effects have been observed in the MOssbauer spectra from

a magnetically ordered system.

Wiedemann and Zinn! have recently report-
ed unusual Mossbauer spectra for Er3* in
ErFeQOg, at sample temperatures below the
Néel temperature (4.3°K)? of the erbium sub-
lattice (the ferromagnetic iron-lattice Curie
temperature is® 640°K). The Mdssbauer tran-
sition employed was the 2¥ ~0%, 80.6-keV gam-
ma transition of Er!®. We show below that
these spectra may be readily interpreted in
terms of spin-relaxation effects. The ErFeO,
system, therefore, appears to be the first re-
ported example of such behavior in the Moss-
bauer-effect (ME) spectra from a magnetical-
ly ordered system.

The spin-relaxation interpretation differs
from that of Wiedemann and Zinn, who suggest-
ed that there are several magnetically inequiv-
alent Er®* sites in ErFeO, and that the effec-
tive magnetic fields acting on the erbium nu-
clei in the various sites have different temper-
ature dependences, thus leading to the observed
spectra.! However, crystal structure,* mag-

netic structure,? and recent ME spectra® of
Dy®** in isomorphous DyFeO, argue for at most
two magnetically inequivalent Er®* sites. The
magnetic and Mdssbauer data are, in fact, well
represented by a single magnetic rare-earth
site. With this assumption relaxation spectra
were computed and excellent agreement between
experiment and theory was obtained.

In order to discuss the rare-earth hyperfine
fields, it is first necessary to decide on a mod-
el for the pertinent electronic properties of
the magnetic erbium ions. In the temperature
range of interest, the erbium ions are exposed
to an exchange field made up of two contribu-
tions: (1) an effectively constant exchange field
from the iron atoms, and (2) at T < T.(Er®"),
an induced molecular field in the erbium sub-
lattice arising from exchange between the rare-
earth ions. Near the transition temperature,
the constant iron field dominates the erbium
exchange field. The induced field in the erbi-
um sublattice which gives rise to collective
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effects is consequently of less importance here
than in the usual molecular field case. There-
fore, within 20% of the erbium Curie temper-
ature, i.e., within the temperature range of
the observed relaxation effects in ErFeQ,, a
modified Weiss molecular-field model is ex-
pected to give a good description of the mag-
netic properties and hfs of the erbium ions.

(It should also be noted that it is well known
that sharp levels exist in rare-earth ions in
ferromagnetic insulators, so that the assign-
ment of “electronic transitions” between, say,
exchange-field-separated levels of a Kramers
doublet can be made in an unambiguous fash-
ion.) At lower temperatures, where the erbi-
um exchange field dominates the iron field,
collective effects may be expected and the spin-
wave approximation would be more appropri-
ate for the discussion of ferromagnetic relax-
ation effects in Mossbauer hfs.%”

A suitable approximation to relaxation effects
within the molecular-field model may be obtained
by assuming a simple dominant electronic re-
laxation, characterized by the selection rules
AS, =x1, Al,=0. Thus a M0ssbauer transition
wy (see Fig. 1) will “change its energy” and
become wp as a result of an electronic spin
flip. The effect of spin relaxation on Mossbau-
er spectra in paramagnetic as well as ferro-
magnetic systems has been discussed in many
recent publications.®~'® Experimentally, how-
ever, relaxation effects have been reported
only in paramagnetic systems!®*~*% which in some
cases were exposed to an external magnetic
field.1%,15

The influence of the relaxation process wyg
< wp on the Mossbauer spectra can be calcu-
lated, using the modified Bloch-equations meth-
od, in a very simple manner with closed-form
formulas.'® Thus, the part of the MGssbauer
spectrum describing the behavior of the tran-
sitions w4 and wpg is given by

1+7D)P+QR

Lypl W) =K g M
with
P=71[I?—(wo—w)?+6%]+ T,
R=(w0—w)(1+2TF)+(PA—PB)6,
Q=T[w0—w—(l>A-1>B)6],
and
w0=§(wA+wB), 6=§(wA—wB).
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K is an intensity normalization factor (propor-
tional to the nuclear transition probability of
the transitions w4 and wp), 7 is the spin re-
laxation time, and I" is half the natural M&ss-
bauer linewidth. p, and pp are the relative
probabilities of w, and wg. From Fig. 1 it

is clear that p4 /pg=exp(A/kT) and p4 +ppg=1.
We used these formulas to calculate relaxation
spectra of Er'®® in ErFeO, at 1.5, 3.4, and 4.2°K.
It was assumed that the relaxation time 7 is
about the same at all these temperatures. How-
ever, relative populations will change. It was
found that 7=(2.0+0.5) x10™! sec is the region
where the calculated spectra resemble the ex-
perimental spectra. Then for each spectrum
(corresponding to a different temperature) the
ionic Zeeman splitting A was adjusted for the
best fit to experiment (Fig. 2). The values ob-
tained were A=6.8+0.8, 4.4+0.5, and 2.8 +0.5°K
for the spectra at 1.5, 3.4, and 4.2°K, respec-
tively.

The agreement between theory and experiment,
as shown in Fig. 2, is quite satisfactory and
illustrates well the usefulness of the molecu-
lar-field approach to relaxation in ErFeO;.
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FIG. 1. Energy-level diagram of the hyperfine inter-
action of the ground Kramers doublet of trivalent Eri6
in ErFeO;.
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FIG. 2. Experimental Mdssbauer data on Ref. 1
which are fit by solid curves computed from relaxation
theory. A single relaxation time, T=2x10"! sec, and
temperature-dependent molecular field splittings, A,
were assumed.

It should be noted that at 1.5°K, or more gen-
erally as T~ 0°K, where a spin-wave formalism
is more appropriate, the effects of spin fluc-
tuations often turn out to be small®” and the
normal five-line effective field pattern will re-
sult. Thus the molecular-field model, though
lacking rigorous justification, leads to the ex-
pected pattern in the low-temperature limit.
From the values of A(T) one may estimate
the strengths of the molecular fields acting on
Er®" in ErFeO, at temperatures below Ty.
In the molecular-field approximation, A(T)
is given by

Fe Er
A(T) = g, ,uB{Hm +Hm tanh[A(T) /2R TT}, (2)
where H,, € is the molecular field from the
iron sublattice and HmEr is the molecular field
at 0°K due to the Er sublattice. Since the Mdss-
bauer results yield g, =12.6 (4, =2680 Mc/sec),
the values of H,, ¥ and H,,ET were estimated
to be H,,F€=1.3+0.4 kOe and H,,, ET =7.0+1.0
kOe. This value of Hy, Fe js in good agreement

with that given in Ref. 3 (1 kOe).

In conclusion, we may say that although this
is the first case in which relaxation effects
on Mdssbauer spectra were observed in a mag-
netically ordered system, the present case
is by no means unique. We note that as approx-
imate criteria for this effect it is sufficient
that 7 be of the order of w; ™' and that the ex-
change splitting of the doublet levels be of the
order of k7. Under these conditions population
changes or changes in 7 will have their great-
est effect on the MOssbauer spectra.

It should finally be noted that the ME in such
systems offers a direct and extremely simple
determination of the effective electronic relax-
ation time in a magnetically ordered environ-
ment.
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