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An investigation of the Mossbauer spectra of the Fe" and Snl19 nuclei in the garnets 
Yj~xCaxFes~xSn,012 (x = 0.70 and 0.90) near the Neel point TN shows that there is a certain temperature 
range above TN in which the tin nuclei Sn 119 still feel the "traces" of magnetic order in the sample, whereas 
the iron nuclei FeS? are no longer sensitive to it. This anomaly is discussed on the basis of relaxation 
effects. A possible effect of the covalent bonding and the spin-orbit interaction on the slowing down of the 
relaxation processes at the tin is proposed. 

PACS numbers: 76.80. 

INTRODUCTION 

Reports have recently appeared on the observation of 
anomalous behavior of the M6ssbauer spectra of ferri
magnets, both pure and substituted by diamagnetic ions, 
near their magnetic-ordering temperature TN[l-Sl. 
These anomalies consist in the fact that, as TN is ap
proached from the low-temperature side, starting from 
a certain temperature Tp additional peaks, correspond
ing to the paramagnetic state of the iron ions, appear 
against the background of the Zeeman hyperfine splitting 
in the Mossbauer spectrum. Thus, in the region T p < T 
< TN "mixed" Mossbauer spectra are observed, indi
cating the simultaneous existence of ferri- and paramag
netic regions in the crystal. 

Several causes that could lead to such an effect have 
been discussed. One of the causes is a local inhomo
geneity of the sample, which could entail a certain dis
tribution of ordering temperatures TN and could lead 
to a smeared-out tranSition. Another cause could be 
associated with the relaxation of the electron spins of 
the iron ions in a time comparable with the period 
TL ~ 10-8 sec of the Larmor precession of the nucleus. 
In this case, either relaxation of the spins of the indi
vidual ions, or collective superparamagnetic relaxation 
in which the magnetic moments of certain assemblies of 
iron ions (clusters) fluctuate, can be realized[2l. An 
analySiS of the experimental data recently obtained for 
yttrium iron garnet substituted with scandium, with the 
use of external magnetic fields, has shown that the latter 
mechanism is the most likely cause£3l. 

In this paper we report the discovery of a completely 
new type of anomaly, opposite in a certain sense to 
those that have been observed previously: while investi
gating the M6ssbauer spectra of the Fe S7 and Sn U9 
nuclei in the garnets Y3-xCaxFe5-xSnxOI2 near TN we 
have found that there exists a certain temperature range 
above TN in which the tin .nuclei Sn U9 still feel, as it 
were, the traces of magnetic order, while the iron 
nuclei Fe S7 are no longer sensitive to it. 

EXPERIMENTAL RESULTS 

A. The Samples 

In our previous papers [&-8l studying the temperature 
dependence of the magnetic fields at the Fe S7 and SnUg 
nuclei in the ferrite-garnet system Y3-xCaxFe5-xSnxOI2 
we drew attention to the unusual behavior of the spectra 
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of the Sn u9 nuclei near TN. In order to study the char
acter of these anomalies in more detail we have given 
special attention, above all, to the preparation of single
phase samples homogeneous in composition, to stabiliz
ing the temperature and to the uniformity of the heating 
of the sample during the measure ments. 

By ceramic technology, single-phase samples of gar
nets with x = 0.70 and x = 0.90 were prepared; the 
original iron and tin oxides were enriched in the iso
topes Fe S7 and Sn U9 . The parameters of the cubic unit 
cell were found to be equal to 12.4725 ± 0.0015.-\. for 
x = 0.70 and 12.4910 ± 0.0015.-\. for x = 0.90, which 
agree with the data of[9]. It was established earlier[9- Ul 
that the tin ions are arranged on an octahedral sublat
tice of the garnets, and therefore the cation distribution 
is described by the formula {Y~+_xCa~+} [Fe2+_xSn;; j 
x (Fe~+)012' For preciSion measurements in the region 
of the Neel point the temperature of the sample was 
stabilized and measured by means of a special elec
tronic block with accuracy better than ± 0.5 K. The 
sample was situated in a specially constructed oven[12l, 
ensuring zero-gradient heating of the sample, within the 
error bars of the measurements. 

B. Spectra of the Fe57 Nuclei 

In the paramagnetic temperature range the Moss
bauer spectra of the Fe 57 nuclei are a superposition of 
two quadrupole doublets, corresponding to the octa
hedral and tetrahedral positions of the Fe 3+ ions. On 
passing through the Neel point TN the spectra broaden 
sharply, because of the fact that an effecti ve magnetic 
field begins to act on the Fe 57 nuclei. As the tempera
ture is lowered further, a well-resolved magnetic hy
perfine structure appears in the spectra. The total 
width of the spectrum is a convenient characteristic for 
studying the phenomena near TN, where the magnetic 
hyperfine structure is not resolved in detail(13, 14 l. 

The temperature dependence of the total width r of 
the spectra of the garnets studied is shown in the figure. 
At high temperatures the values of the width are con
stant. As the temperature is lowered, a sharp increase 
in the width occurs at a certain point, indicating the 
onset of magnetic order in the sample. We shall regard 
this point, by definition, as the Neel temperature TN of 
the garnet. The values of TN found in this way are 373 
± 1 K for x = 0.70 and 298 ± 1 K for x = 0.90. These 
values agree well with the TN obtained from magneti-

Copyright © 1976 American Institute of Physics 678 



r.mm/~c 

3,5 

3.0 

2,5 
+ 

" 2.0 ~ 

1.5 ~ 
~ - - - - - ~·UL - ........ -;- - - 't - - ... - .... 

I. 0 1--'---'---'---'-'---'--'----'----'----''--"'----'--'---1 

3.0 

2.5 

2.0 + 
+ 
\ 

b 

1.5 - - ~+,., ... tH-- -+ - 't-+- - ...... -- -+--

T,K 

Dependence of the total line width [' of the Mossbauer spectra for 
Sn1l9 (a) and for FeS7 (b) on the temperature T in the region of the Neel 
point in the garnet Y 2.ICaO.9Fe •. ISnO.9012' 

zation measurements l·]. It can be seen from Fig. (b) 
that in the temperature dependence of the width of the 
Fe 57 spectra there is a weakly pronounced ''tail'' in the 
temperature region above TN. 

C. Spectra of the Sn 119 Nuclei 

It is known that in the magnetically-ordered region 
a large magnetic field, reaching ~200 kOe, acts on the 
Sn 119 nuclei in the Ferrite-garnets[7-11]. In this case the 
total width of the split Zeeman spectrum of Sn 119 in this 
region is approximately three times greater than the 
total width of the Fe 57 spectrum[15]. In the paramagnetic 
region of temperatures the Mossbauer spectrum of the 
Sn 119 nuclei in the garnets investigated consists of a 
single, somewhat broadened line. At high enough tem
peratures the value of the line width is constant (see 
Fig. (a)). As the temperature is lowered the linewidth 
begins to increase smoothly at a temperature about 
20-30 degrees above TN, and then increases sharply 
at the point TN itself, just as happens with the spectra 
of the Fe 57 nuclei. 

DISCUSSION 

The observed tail in the linewidth of the Sn 119 spec
tra indicates, apparently, that the tin nuclei continue to 
feel, as it were, the magnetic order in the garnet in a 
certain temperature range above TN, while the iron 
nuclei are almost insensitive to it. This result can 
hardly be explained by invoking arguments about the 
inhomogeneity of the samples, as this would entail a 
certain distribution of Neel points. In this case the tails 
ought to be observed both in the spectra of the Sn1l9 
nuclei and in the Fe 57 spectra. Moreover, they ought to 
be more weakly pronounced for the tin nuclei. The point 
is that the magnetic field at the nuclei of the diamag
netic tin ions is due to covalent mixing of 3d- and 5s
orbitals in the chain of chemical bonds Fe-O-Snl ll ] and, 
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in the first approximation, reflects the magnetic state 
of the iron ions closest to the tin. But these ions possess 
weakened exchange couplings, since they have at least 
one diamagnetic ion in their immediate vicinity(81• In 
this case, the fie ld at the Sn 119 nuclei ought to vanish at 
temperatures that are in any case not higher than the 
ordering temperature of the iron ions. In addition, the 
complete absence of any additional peaks in the Sn 119 
and Fe 57 spectra at low temperatures speaks in favor 
of the good homogeneity of the samples. 

It might be supposed that the line-broadening of the 
Sn 119 spectra is associated with quadrupolar effects due 
to a certain structural phase transition before the Neel 
point is reached, leading to a change in the local distor
tions at the octahedral sites. However, in this case the 
quadrupolar splitting would also be observed in the 
magnetically-ordered region, in contradiction with ex
periment. Moreover, the quadrupole moment of the Sn 119 
nuclei is considerably smaller than that of the Fe 57 
nuclei. Therefore, in the case of structural changes, 
quadrupolar effects would be manifested more strongly 
in the Fe 57 spectra. This is also not observed experi
mentally. 

Thus, we can assume, evidently, that the observed 
features of the Sn 119 spectra are associated with a cer
tain magnetic interaction which the nuclei of the dia
magnetic tin atoms begin to feel at temperatures 
20-30° above TN. 

It is interesting to compare the relative magnitudes 
of the effective fields H( T)/H( 0) at the Sn 119 and Fe" 
nuclei that correspond to the broadening of the lines of 
the tin and iron spectra. Under certain conditions, these 
quantities are proportional to the mean magnetization[18]. 
An estimate of this value for tin shows that, at the Neel 
point, 

H'" ( T.Y) Ill''' (OK) ""O.02~)±O.002. 

There is no field at the iron nuclei in the paramagnetic 
region of temperatures. An estimate of the errors in 
the measurement gives the condition: 

H"(l'x)/W'(OK) ~O.007±O.002. 

A possible cause of the presence of tails in the tem
perature dependence of the linewidth of the Sn 119 spectra 
could be effects associated with fluctuations of the mag
netic moments near the temperature TN. In this case, 
as in the case of paramagnetic relaxation[171, the form 
of the Mossbauer spectra is determined by the relation
ship between the Larmor precession frequency wL of 
the nuclear spins in the effective magnetic field, and the 
characteristic frequency wF of the fluctuations of the 
magnetic moment of the ion, which depends strongly on 
the temperature and is, generally speaking, unknown. 
The condition for observation of the magnetic hyperfine 
splitting in M'6ssbauer spectra is wF ;S WL. 

Using our data on the magnitude of the magnetic 
fields at the tin and iron nuclei in these garnets l 10,18], 
we have calculated the Larmor frequencies for the Sn 119 
and Fe 57 nuclei. It was found that for the tin nuclei the 
frequency wL is two to four times greater than for the 
iron nuclei. This means that an effective magnetic field 
should be observed at the tin nuclei in the presence of 
more rapid fluctuations of the spins or at higher fluctua
tion frequencies than it is at the iron nuclei. In this case 
the tails in the temperature dependence of the width of 
the spectra should be more clearly pronounced in the 
case of Sn 119. 
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However, such a small difference in the Larmor fre
quencies (less than an order of magnitude) may be in
sufficient for a full explanation of the observed effect. 
Another hypothesis may also be put forward. Up to now, 
we have assumed that the characteristic spin-fluctua
tion frequencies W F are the same for the iron and tin 
atoms. It is possible, however, that the covalent effects 
that lead to transfer of spin density from iron ions to 
tin ions in the garnets impose further conditions on the 
frequencies WF, so that the relaxation processes at the 
tin are slowed down. It is possible, e.g., to assume that 
the local crystal field at an octahedral site occupied by 
a tin ion perturbs the orbital angular momentum in such 
a way that only electrons with a certain preferred spin 
orientation are transferred from the iron to the electron 
shell of the tin (on account of spin-orbit interaction ef
fects). This creates a nonzero mean magnetic moment 
on the tin, whereas on the iron it has time to be averaged 
to zero. 

In this case the effects that we have observed should 
give additional information on the anture of the indirect 
exchange interaction between the paramagnetic iron ions 
and the diamagnetic tin ions, and on the mechanism of 
the transfer of spin denSity from the iron to the tin. 

The authors are grateful to S. A. Pikin for a useful 
discussion of the results. 
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