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The effective magnetic fields Heff acting on Fe57 nuclei in the octahedral and tetrahedral sub
lattices of substituted yttrium iron garnets (YIG) Y3-xCaxFe5-xSnx012 (0 ~ x ~ 2) are investi
gated by means of the Mossbauer effect. The experimental dependence of the field strength 
Heff on x is compared with the corresponding dependence of the Fe3+ ion magnetic moment 
calculated theoretically on the basis of Gilleo' s model. The causes of the differences be
tween the concentration dependences of Heff and the magnetic moment for the a-sublattice 
of the substituted iron garnets are discussed. It is shown that in iron garnets the contribution 
of dipole interactions between neighboring magnetic ions to Heff is insignificant. The princi
pal reason for the different fields Heff in the a- and d-sublattices of iron garnets is that the 
chemical bond of Fe3+ to the tetrahedral sublattice is partially covalent. The quadrupole 
splitting for both Fe3+ positions is found for T > ®. On the basis of the line intensities it is 
shown that the Sn4+ ions replace the Fea+ ions only in the octahedral sites up to x = 2.0. The 
concentration dependences of the quadrupole splitting and isomer shifts for both of the ferrite 
sublattices are discussed. It is shown that below the Curie temperature the quadrupole effects 
in polycrystalline yttrium iron garnets cannot be observed experimentally. 

IT is known that in the structure of iron garnets 
the ions of trivalent iron are distributed in differ
ent amounts among two crystallographically non
equivalent kinds of sites. In a formula unit of an 
YIG, {Y3 } [Fe2](Fe3)0t2, three Fe3+ ions occupy 
tetrahedral sites (of the d-sublattice) and two Fe3+ 

ions occupy octahedral sites (of the a-sublattice). 
The structure of iron garnets permits extensive 
substitutions of nonmagnetic ions for magnetic 
ions, thus altering the exchange interactions be
tween the sublattices and the magnitudes of their 
magnetic moments. Recent work[t-4] has shown 
that studies of the effective magnetic fields acting 
on the nuclei in the given compounds enables us to 
understand more thoroughly the nature of effective 
fields acting on nuclei and to investigate how ex
change coupling in a ferrimagnet is modified when 
nonmagnetic ions are substituted for magnetic ions. 

In the case of the tin-substituted YIG 
Y3-xCaxFe5-xSnxOt2 we have a favorable opportun
ity to measure the Mossbauer effect simultaneously 
for Fe37 magnetic and Sn119 nonmagnetic ions and 
to investigate the effective magnetic fields Heff 
acting on these nuclei in the different sublattices of 
the ferrite. This system has become especially 
interesting since it was discovered that strong 
effective magnetic fields act on Sn119 nuclei. [1-4] 

In [a J the origin of the fields Heff acting on the 
nuclei of the nonmagnetic tin ions in the given com
pounds were analyzed by comparing Heff with the 
magnetic properties of the substances. It was 
shown that the principal source of the field is the 
exchange interaction between the iron ions in the 
d-lattice and the tin ion in the a-sublattice of the 
ferrite, in the chain 

Fe3+(d)- 0 2-- SnH(a)- Q2-- Fe3+(d). 

The present work investigates the Mossbauer effect 
for Fe57 nuclei in the same system of substituted 
yttrium iron garnets, Y 3-xCaxFe5-xSnx012 • 

1. EXPERIMENTAL TECHNIQUE 

The Mossbauer resonant absorption spectra 
were measured with electrodynamic apparatus hav
ing a constantly accelerated vertical vibrator. The 
registering system consisted of a scintillation y 
spectrometer and a multichannel analyzer. The 
Co57 source in a chromium host remained at room 
temperature. The spectrometer was calibrated by 
means of standard compounds: a-Fe20 3, Armco 
iron, and stainless steel. The internal line widths 
were 0.35 mm/sec for the Armco iron and a-Fe20 3, 

and 0.45 mm/sec for the stainless steel. 
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Polycrystalline samples of the iron garnets 
Y a-xCaxFe5-xSnx012 were synthesized by conven
tional ceramic technology, with x having the values 
0.0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.0, 1.1, 1.2, 1.5, and 
2. 0. A careful x-ray analysis revealed no extrane
ous phase. Measurements were performed in the 
range from 80° to 600°K. 

2. HYPERFINE MAGNETIC INTERACTIONS OF 
Fe57 

A. Figure 1 shows the Mossbauer absorption 
spectra of Fe57 in the substituted iron garnets for 
different values of x at liquid nitrogen temperature. 
The experimental spectra up to x = 1.1 can be inter-
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preted as consisting of two Zeeman patterns for 
iron nuclei in the a- and d-lattices that were sub
jected to effective magnetic fields of different 
strengths. The stronger lines pertain to the d-sub
lattice, [sJ which contains more Fe3+ ions than the 
a- sublattice. 

The figure shows that as x increases the magni
tude of Zeeman splitting decreases for both sub
lattices; this result is associated with weakening 
of the effective magnetic field. At x = 1.1 the back
ground of the Zeeman pattern reveals a strong 
doublet caused by the fraction of the iron ions that 
have become paramagnetic. When the magnetic 
splitting has almost vanished the spectra merge 
into an asymmetric doublet rather than into a sin-
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FIG. 1. Mossbauer absorption spectra of the 
iron garnets Y 3-xCaxCe 5_x012 for different 
values of X at 80°K. 
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FIG. 2. Effective magnetic field acting on Fe'+ in the a
and d-sublattices of the iron garnets vs. X at 80°K. Also, the 
dependence of Heff on Sn119 concentration. 

gle line. Investigations of this effect for all con
centrations in the paramagnetic region showed that 
the doublet observed in Fig. 1 is associated with 
quadrupole splitting of the Fe57m energy levels, 
although quadrupole splitting is not observed in the 
magnetic spectra; the causes of this effect will be 
discussed. 

B. Figure 2 shows the dependence on x that is 
manifested by the effective magnetic field acting on 
Fe3+ in the a- and d-sublattices at 80°K. In the 
pure ferrite (x = 0) Heff then equals 553 ± 10 and 
464 ± 10 kOe for the a- and d-sublattices, respec
tively, and decreases to 488 ± 10 and 391 ± 10 kOe, 
respectively, at room temperature. These results 
are in good agreement with the Mossbauer meas
urements in[5J and with the work on nuclear mag
netic resonance in [G J. 

Figure 2 shows that Heff decreases monotonic
ally with increasing content of nonmagnetic tin ions 
in the a-sublattice. The field changes in about the 
same way for both sublattices in the interval 
0 ~ x < 1.1, and drops sharply to zero in the small 
interval1.1 < x ~ 1.2. Only the broadening of the 
doublet lines at 80°K when compared with their 
widths in the paramagnetic temperature region 
proves that an effective magnetic field of the order 
30-40 kOe still acts on the iron nuclei in 
Yt. 8Cat. 2Fe3.8Snt. 20 12 (® = 290°K) and 
Y 1.5Ca1.5Fe3.5Sn1.5012 (® = 140~). This field van
ishes only at x = 2.0. 

The existence of the long tail extending to x 
= 2. 0 can apparently be accounted for by the forma
tion of superparamagnetic regions with concentra
tions 1.2 ~ x < 2.0. Ishikawa recently predicted a 
superparamagnetic transition in 
Y 1.5Ca1•5Fe3.5Sn1.5012 at 1'113Q 0 K. [7 J Our results 
appear to confirm this theoretical prediction quali
tatively. It is interesting that tails have been ob
served even when x < 1.2, on the magnetization-

temperature curves of the same compoundsJ8J 
This result can evidently also be associated with 
the formation of superparamagnetic regions, be
cause the Mossbauer spectra do not reveal lines 
associated with extraneous magnetic phases. 

Figure 2 also shows the concentration depen
dence of the effective magnetic field acting on the 
nonmagnetic tin nuclei at 80°K. [3 J The curves of 
Heff vs. x are alike for the tin and iron ions in the 
a- and d-sublattices, respectively; differences ex
ist only with respect to absolute values. 

C. It is of great interest to compare the effec
tive fields with the magnetic moments. Magnetic 
measurements ordinarily enable us to determine 
only the total magnetic moment of a ferrite; for 
any comparison with Heff we must also know the 
magnetic moment of each sublattice. To determine 
the latter we used Gill eo's theoretical model, [s J 
from which the magnetic moments of ferrite sub
lattices can be calculated. 

In Gill eo's model the only magnetic ions of sub
stituted iron garnets that are considered to be mag
netically active are those ions that interact with 
two or more other magnetic ions in different coor
dinations (two bonds). The ions that are linked only 
to nonmagnetic ions or have only a single bond with 
magnetic ions are excluded from participation in 
ferrimagnetism. For a substituted yttrium iron 
garnet represented by 

{Ys-:~-zMev+z} [Fe2-yMy] (Fes-zMz) 012 

Gill eo's formulas for the magnetic moments n~ 
and n~ of the magnetic moments of a- and d-sub
lattices near 0°K become 

nBa = 2 .Jta (1- ka}[t- Ea (kd) ], 

nBd = 3.Jtd(1- kd)[t-Ed(ka)], (1) 

where ka and kd are the respective fractions of the 
nonmagnetic ions in octahedral and tetrahedral 
sites; 1 - k is the corresponding fraction of mag
netic ions of which 1 - E(k) ions are magnetically 
active; .Jta and Jtd are the magnetic moments of 
the ions in terms of Bohr magnetons. Experiments 
in which Fes+ ions in yttrium iron garnet were re
placed by the nonmagnetic ions Zr4+, Si4+, Sn4+, In3+, 

and Hf4+yo,uJ have shown that Gilleo's theory ac
counts satisfactorily for the behavior of the total 
magnetic moment and for the Curie point, although 
some discrepancies exist. 

In Fig. 3 the solid lines are the theoretical 
curves of the magnetic moment per Fe3+ ion in the 
a- and d-sublattices. We calculated these values 
from ( 1) for substituted iron garnets 
{ Y 3-xCax} [Fe2-xSnxl · (Fe3) 0 12 assuming that all 
Sn4+ ions are in the a-sublattice. 
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FIG. 3. Solid lines - theoretical dependence on x for the 
Fe'+ magnetic moment in the a- and d-sublattices; crosses -
magnetic moments derived from the experimental values of 
Heff vs. X. (For the system Y3-xCaxFes-xSnx012.) 

The effective magnetic field acting on an Fe3+ 
nucleus results mainly from the polarization of the 
core electrons through an exchange interaction 
with uncompensated spins in the 3d shell. [12 l The 
degree of polarization and, therefore, the magni
tude of Heff depend largely on the effective magnetic 
moment of the ion. Assuming that the effective 
magnetic field H~ff in the d-sublattice is propor
tional to the magnetic moment of an Fe:J+ ion in this 
sublattice, we calculated the magnetic moment 
.Jtd(x) of the d-sublattice for different doncentra
tions x from the measured values of Heff(x). In 

h 3+ t' Fig. 3 the crosses represent t e Fe magne 1c 
moment in the d-sublattice, derived from 

d d 
.J,£ d (x) = .itt d (0) H eff (x) / Heff (0) • 

where .Jtd(O) = 5 Jl.B is the magnetic moment of Fe3+ 

and H~ff(O) is the field acting on :he nucleu.s of :his 
ion in the d-sublattice of a substituted yttnum tron 
garnet. Good agreement with the theory is observed 
for x from 0 to 1.0. 

For the octahedral a-sublattice the theoretical 
magnetic moment of Fe3+ is independent of the de
gree of substitution; its value is 5 Jl.B for all x 
(Fig. 3). However, our experimental values of Heff 
in the a-sublattice at SOaK decrease as x is en
hanced exactly as in the case of the d-sublattice 
(Fig. 2). This result evidently cannot be attributed 
exclusively to thermal effects, i.e., to an approach 
to the Curie point. 

The temperature dependences of Heff in the two 
sublattices (Fig. 4) near 80°K do not differ signifi
cantly. The concentration dependences of the 
d-sublattice magnetic moment at OaK and Heff at 
SOaK are identical for 0 ~ x ~ 1.0. They begin to 
differ only when x > 1. 0; the d- sublattice then be
gins to exhibit temperature dependence. We can 
therefore assume in first approximation that the 
discrepancy between the theory (at OaK) and experi-

Heff~ kOe 
600 

0 

FIG. 4. Temperature dependence of Heff in the a- and d-sub
lattices of tin-substituted iron garnets for different values of x. 

ment (at 80°K) for the a-sublattice is not attributa
ble solely to the temperature difference. 

The lower values of Heff in the a-sublattice as 
compared with the fields calculated theoretically 
from the Fe:J+ magnetic moments can apparently be 
attributed to a "reaction" of the d-sublattice on the 
a-sublattice when substitutions are made in the 
latter. This influence is not considered in Gilleo' s 
model, where, when magnetic ions are replaced 
with nonmagnetic ions in the a-sublattice as in the 
case of {Y3_xCax} [Fe2-xSnxl(Fe3)0 12 , the effective 
magnetic moment of Fe:J+ in the d-sublattice dimin
ishes because of the reduced number of exchange 
bonds with magnetic ions located in the a-sublattice. 
Since the number of magnetic bonds is not then al
tered for the magnetic ions in the a-sublattice, be
cause the number of Fe3+ ions in the d-sublattice 
does not change, the effective magnetic moment of 
Fe3+ in the a-sublattice is taken to have the constant 
value 5 J1. B· However, the theory neglects the fact 
that the reduction of the Fe3+ magnetic moment in 
the d-sublattice can also induce a reduction of this 
magnetic moment in the a-sublattice; this follows 
in first approximation from our experimental re
sults. 

The effective magnetic moment of a magnetic 
ion can change not only when the number of exchange 
bonds is diminished, but also probably as a result of 
a smaller effective magnetic moment belonging to a 
neighboring ion with which an exchange interaction 
takes place. 1> 

l)A somewhat similar result even at 300°K, obtained by 
means of the Mossbauer effect, has been reported in ["] where 
the dependence of Heff on the concentration of nonmagnetic 
ions in nickel-zinc spinel ferrites was studied. However, this 
result conflicts with the nuclear magnetic resonance findings 
for the same ferrites that were reported by Japanese investi
gators in [14]. 
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D. Figure 2 has shown that the concentration 
dependence of the effective magnetic field on tin 
nuclei in Y3-xCaxFe3-xSnx012 compounds resembles 
the corresponding dependence of Heff acting on iron 
nuclei. This confirms our earlier conclusion[3J 
that the effective magnetic field on Sn119 in the 
octahedral sub lattice of { Y 3-xCax:} [Fe2-xSnxl 
x (Fe3)012 results mainly from the exchange inter
action between neighboring Fe:J+ ions in the tetra
hedral sublattice, effected through the exchange
bond chain 

Fe&+(d)- 02-- SnH(a)- 0 2-- Fea+(d). 

A similar conclusion was recently reached by 
Ofer and Nowik,[tS) who investigated magnetic 
fields on Eu151 nuclei in a europium iron garnet. 
They found that about 90% of the exchange field 
acting on Eu:J+ in this ferrite results from only the 
two nearest Fe3+ neighbors occupying tetrahedral 
sites. 

E. We shall now consider the difference between 
the effective magnetic fields on Fe3+ at octahedral 
and tetrahedral sites of iron garnets. This differ
ence is about 90 kOe for a pure yttrium iron garnet. 
Figure 2 shows that as the tin ion concentration 
changes the difference remains almost constant up 
to x = 1.0. 

Watson and Freeman [t2) have suggested two 
possible causes of reduced Heff acting on Fe:J+ in 
the d-sublattice as compared with the a-sublattice: 
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1) a distortion of cubic symmetry, whereby neigh
boring magnetic ions generate a dipole field, and 
2) covalent bond effects. We shall now consider 
these effects in greater detail. 

1) The larger quadrupole splitting for Fe3+ ions 
in d sites as compared with a sites (see Sec. 3 be
low) can serve as evidence that the tetrahedral 
sublattice departs more from cubic symmetry than 
the octahedral sublattice. Consequently, the dipole 
fields (generated by neighboring magnetic ions) that 
accompany diminished symmetry will also be grea
ter for tetrahedral sites. Since these dipole fields 
are positive, [t2) whereas the main contribution 
from the polarization of the ion core is negative, 
the combined experimentally observed field will 
have a smaller absolute value for d sites than for 
a sites. 

It has been shown experimentally (Fig. 7a) that 
as x increases in substituted Y 3_xCaxFe5-xSnxOt2 

the quadrupole splitting remains almost constant 
for both a and d sites. However, as x increases a 
decrease occurs in the number of magnetic ions in 
a sites that are nearest neighbors of d sites (since 
the former are replaced by tin ions). This reduction 
should diminish the dipole field in the d-sublattice 
and therefore decrease the difference between the 
fields acting on a and d sites. Since the experimen
tal value of the field (Heff) difference remains con
stant up to x = 1.0 (Fig. 2) despite the fact that for 
x = 1.0 the number of nearest-neighbor magnetic 
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FIG. 5. Moss bauer spectra for Fe'+ ions in the two 
sublattices of iron garnets, in the paramagnetic tempera
ture region. 
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/')., mm/sec 8*, mm/sec 
Data Data 

a-sublattice I d-sublattice· a-sublattice I d-sublattice 
sites sites sites sites 

F 
F 

rom[l7], 1' = 3oo•K 0,94±0,19 0.78±0.16 From [18] 0,57±0.05 0.26±0,05 
rom£2°]. 1' = 610°K 0,52±0,04 0.92±0,04 From [20] 0,49±0.04 0,32±0,04 

0,36±0,07** 0, 19±0.07** 
Ou r data,1' = 575°K 0.47±0,02 0.93±0.02 Our data 0,46±0.05 0,23±0,05 

*For stainless steel. 
**Values corrected by us, as explained in the text. 

ions responsible for the dipole field has been de
creased one-half, we may conclude that dipole fields 
have little influence on the magnitude of Heff· 

2) The isomer shifts for Fe:J+ ions in the octa
hedral and tetrahedral sublattices of 
Y 3_xCaxFe5-xSnx012 ferrites and the anomalously 
large quadrupole bond constant (see the table in 
Sec. 3) show that the chemical bond between Fe3+ 

ions in tetrahedral sites and oxygen ions is partly 
covalent. [1G] Thus s electrons can be mixed with the 
3d5 state of Fe3+ ions in d sites. The contribution 
to Heff that comes from the contact interaction be
tween s electrons and the nucleus appears as a 
positive term, and therefore diminishes the nega
tive contribution coming from the polarized ion 
core. This admixture of a covalent bond is probably 
the principal cause of the difference between Heff 
in the octahedral and tetrahedral sublattices of the 
ferrites. 

As x is increased in Y 3-xCaxFe5-xSnx012 the iso
mer shifts and quadrupole bond constants for a-
and d-sublattices remain approximately constant 
(Fig. 7). This result also evidently accounts for the 
constant difference between the fields Heff in the 
two sublattices. 

3. HYPERFINE ELECTRIC INTERACTIONS OF 
Fe57m 

A. The quadrupole interaction in a single crys
tal of yttrium iron garnet was first observed, using 
the Mossbauer effect, by Alff and Wertheim, [17 ] who 
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FIG. 6. Number of Fe3+ ions per formula unit in the a- and 
d-sublattices of Y 3-xCaxFes-xSnx012 versus the concentra
tion x of tin ions. 

applied a 0.5-kOe magnetic field along the [111] and 
[100] axes. They obtained measurements at 300°K, 
which is below the Curie pointe = 550°K. However, 
Bauminger et al. [s] did not detect a quadrupole 
interaction in polycrystalline samples at 300° and 
80°K, and therefore concluded that e2qQ = 0. Our 
measurements at T < e also fail to reveal a quad
rupole interaction. 

We attribute the foregoing disagreement to the 
fact that when electric quadrupole and magnetic 
dipole interactions occur simultaneously with 
e2qQ « J.LH and I = 3/2 we have 

( e2qQ) meas ~ e2qQ (3 cos2 of}- 1) /2, 

where J is the angle between the direction of the
effective magnetic field (which in the absence of an 
external magnetic field coincides with the easiest 
direction of magnetization) and the axis of symmetry 
of the electric field gradient.l18 ] For J = 54°44' we 
obviously have 3 cos2J - 1 = 0, and therefore 
(e2qQ)meas = 0. 

The foregoing case is realized in polycrystalline 
samples of our compound at temperatures below@. 
Indeed, the easiest direction of magnetization is 
here along [111], [19] although the axis of symmetry 
of the electric field gradient in the d-sublattice is 
then along [100], while in the a sublattice it is along 
[1111. We easily see that for all Fe3+ ions in the 
d-sublattice with no external field we have 
J = 54°44', while for 75% of the Fe:J+ ions in the 
a-sublattice J = 70°32' [(e2qQ)mea~ = (1/3)e2qQ], 
with J = 0 and thus ( e2qQ) me as = e qQ for only 25% 
of the Fe3+ ions. 

It is worth mentioning that in polyatomic cubic 
crystals, where the neighborhood of a Mossbauer 
atom possesses less than cubic symmetry, the 
situation in which J = 54°44' is not exceptional. 
This fact must be taken into account when analyzing 
the hyperfine structure of polycrystal and single
crystal spectra in the absence of an external mag
netic field. 

It is practically impossible, therefore, to ob
serve quadrupole interactions of Fe57m in poly
crystalline yttrium iron garnet below e. In this 
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FIG. 7. (a) Quadrupole splitting and (b) isomer 
shifts for Fe 57 nuclei vs. degree of substitution in the 
a-sublattice and d-sublattice of tin-substituted iron 
garnets. Mr+-, +-+--+ a o.zl .__+-,._, ++ _/,..._...•----

+-t,-+--......_-+-----+--. - d 

0 tO ,L---~~--~~--~7---~ 
2.0 0 OJ f.O f.J Z.f/ 

.7) 

case the precise values of e2qQ for both types of 
Fe3+ sites can be obtained in the paramagnetic reg
ion; such measurements are given in[2o] for anum
ber of rare-earth iron garnets. 

B. Figure 5 shows the Mossbauer spectra for 
different iron garnets at temperatures above ®. 
Each spectrum, except the last, consists of three 
lines whose intensities are not all equal. The 
widths of the two outer lines are always equal: 
0.3 mm/sec in pure yttrium iron garnet and 
0.4-0.45 mm/sec in the substituted garnets. 

We interpret each recorded spectrum as con
sisting of two quadrupole doublets where the lines 
corresponding to the higher velocities coincide to 
comprise the third and strongest line of the given 
spectrum. The stronger doublet with larger split
ting and smaller isomer shift is assigned to Fe3+ 

ions in the d-sublattice, which contains most of 
these ions. The accompanying table compares our 
results for pure yttrium iron garnet with those ob
tained by other investigators .l 16 • 17 • 20 J Here 
.0. = %e2qQ represents the quadrupole splittings 
and o represents isomer shifts at 300°K. 

We note that the anomalously large quadrupole 
splitting .0. for compounds of Fe3+ in the d-sublat
tice is evidently associated with a considerable 
degree of covalence; this is confirmed by calcula
tions in [20 J of the electric-field ( q) gradient on the 
point-charge model. The calculated values of e2qQ 
somewhat exceed the experimental results for the 
a-sublattice but are considerably smaller than the 
experimental values for the d- sublattice. 

The data of Nicholson and Burns on isomer 
shifts [20 J require correction, because to their 
values for the shifts measured at 610°K they added 
the thermal shift of metallic iron obtained from [21 J; 
the latter is 0.22 mm/sec at 300°. Our measure
ments on substituted garnets (Fig. 7b) showed that 
with a temperature drop from 575° to 300°K the 
thermal shift is 0.08 ± 0.03 mm/sec for both sub
lattices. Assuming linear temperature dependence 
for the thermal shift when T > 300°K, we obtain the 
corrected values of the isomer shifts in the table. 

:c 

Thus the thermal shifts for Fe57 in metallic iron 
and in yttrium iron garnet differ by a factor of 2.5 
in the range 300-575°K, indicating a great differ
enee between the respective phonon spectra. 

It is interesting to compare the isomer shift 
ratio oafod = 2 with the ratio of the respective vol
umes occupied by an Fe3+ ion in the two sublattices. 
We know from x-ray data on yttrium iron garnet[22 J 
that the Fe3+ -02- separation is 1. 88 A for tetra
hedral sites and 2.00 A for octahedral sites. Taking 
1.3:6 A as the o:r- ionic radius, we obtain the volume 
ratio (2.00-1.36) 3/(1.88-1.36) 3 = 1.9. This result 
is consistent with the linear variation of isomer 
shifts for Fe57 nuclei in metallic iron[23 ] under ex
ternal hydrostatic pressure, and also with the 
linear variations of the shift in Laves phases as the 
atomic volume is varied. [24 ] The latter observa
tion indicates that the electronic density of Fe57 

nuelei increases as the atomic volume decreases. 
A similar effect has been observed for Sn119 .[25 ] 

C. We note in the spectra of the substituted gar
nets (Fig. 5) that the second and third lines of each 
spectrum are attenuated as the tin content dimin
ishes. The second (i.e., central) line vanishes com
pletely when x = 2. 0; this suggests that the two 
remaining lines represent Fe3+ ions located only in 
the d-sublattice. The two lines have equal areas. 

The a-sublattice doublet is asymmetric with the 
area ratio 1 : 0. 75. This symmetry is obviously as
sociated with anisotropy of the De bye-Waller factor 
for Fe3+ in the a-sublattice. [26 ] Combining the two 
component areas in the case of each doublet of pure 
yttrium iron garnet and taking into account the Fe3+ 

content ratio of the two sublattices, we compute the 
Mossbauer effect probability ratio fd/fa ~ 1.1, 
which also does not depend on the degree of substi
tution. 

The total number of Fe3+ ions per formula unit 
of Y3-xCaxFe5-xSnx012 varies from 5 at x = 0 to 3 
at x = 2.0. In view of the foregoing discussion we 
see that the experimental spectra yield the differ
ent values of x for the Fe3+ ions in the two sub
lattices (Fig. 6). 
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Our results show that Sn4+ ions replace Fe3+ ions 
only in the octahedral sublattice; this confirms 
earlier x-ray data for x = 1.0 and 2.0. [1ol For 
x = 1.0 Geller et al. [1oJ found that 100% of the Sn4+ 

ions are located in the a-sublattice, and 90% when 
x = 2.0. Our data for x = 2.0 show with 5% accuracy 
that the Fe3+ ions are completely replaced in the 
a-sublattice of iron garnets. 

It must be noted that the reliability of x-ray in
vestigations of substituted garnets depends primar
ily on the difference between the scattering powers 
of Fe3+ and the substituent ion. For this reason the 
Sn4+ ions are very suitable for x-ray investigations. 
However, it is also interesting to investigate many 
other substitute ions, in rare-earth iron garnets as 
well as in yttrium iron garnet. [it] Our investiga
tions have shown that the Mossbauer method is 
simpler and more suitable than the other method, 
since the real ratio of spectral lines in substituted 
garnets depends principally on the relative numbers 
of Fe3+ ions in the sublattices and probably does not 
depend on the properties of the substitute ion. It has 
been shown in[2o] that for several rare-earth iron 
garnets the Mossbauer spectra consist of three 
lines, as in yttrium iron garnet, and that the quad
rupole splittings and isomer shifts in the two sub
lattices are of the same order as for yttrium iron 
garnet. The study of the Mossbauer spectra of 
substituted rare-earth iron garnets is facilitated 
by the fact that the quadrupole splittings and isomer 
shifts for Fe57 in the sublattices differ by a factor 
of about two; this permits a reliable separation of 
the lines in accordance with the different sublattice 
sites of Fe3+. From the variation of the line inten
sities we then determine in which sublattice sub
stitution has occurred. 

D. We shall now consider how the quadrupole 
interactions .6. (Fig. 7a) and the isomer shifts o 
(Fig. 7b) vary in both sublattices as functions of 
Sn4+ substitution. Figure 7a shows that increased 
tin content is not accompanied by change of the 
quadrupole splitting for the octahedral sublattice, 
despite the fact that Sn4+ ions are located only in 
this sublattice. However, when we consider only 
the Fe3+ and Sn4+ ions we find that in the garnet 
structure each Fe3+ ion in the a-sublattice will have 
in its first coordination sphere only other Fe3+ ions 
located in tetrahedral sites, while the second coor
dination sphere will contain Sn4+ ions and still un
substituted Fe3+ ions in octahedral sites. Therefore 
the substitutions should affect primarily the mag
nitude of .6. for Fe3+ ions in tetrahedral sites. 
Indeed, the value of .6. for the d-sublattice at first 
increases up to x = 1.0, after which it decreases 
slowly. The highest value of .6. corresponds to 
x = 1.0, when half of the Fe3+ ions in the a-sub-

lattice are replaced and the greatest distortions of 
the entire garnet lattice are present. 

The isomer shifts do not depend on the value of 
x in the two sublattices. We are therefore justified 
in using the temperature dependence of the shift 
that was obtained for pure yttrium iron garnet at 
x = 1.0; this was done in item B of Sec. 3. More
over, the absence of concentration dependence for 
the isomer shift confirms the absence of any direct 
relationship between Sn4+ and Fe~ such as was sug
gested at one time in studies of the effective-mag
netic-field generation mechanism as applied to Sn119 

in this system. [1- 31 The small enhancement of the 
isomer shift for x > 1.0 is obviously associated 
with the fact that the introduction of tin ions causes 
an enhanced lattice parameter for yttrium iron gar
net. It has been shown in[27 ] that when x = 2.0 the 
lattice parameter is 2% larger than that of pure 
yttrium iron garnet. 

D. The Mossbauer spectra of Sn 119 nuclei in the 
described system of substituted ferrites exhibit a 
single line broadened by about 0.5 mm/sec in the 
paramagnetic region. [3 ] Similar results have been 
obtained in the present work. If we assume that the 
electric field gradient in the a-sublattice is genera
ted only by the charges of the surrounding ions, then 
the value of q for Sn119 nuclei will be the same as 
for Fe57 in the a-sublattice. However, when we take 
into account the fact that the quadrupole moment of 
Sn 119 is only one-third of the Fe57 quadrupole mo
ment, we expect that the quadrupole splitting for 
Sn119 will be~ 0.16 mm/sec if the Sternheimer fac
tory 00 ~ -10 for Sn4+, as for Fe3+. Using the ex
perimental value .6. ~ 0.5 mm/sec we obtain the 
upper limit y 00 ~ -30 for Sn 119 • These estimates of 
y oo for Sn4+ agree with the result y 00 = -15.33 cal
culated in[2B] for the In3+ ion, which is a neighbor 
of tin in the periodic table. Quadrupole interactions 
.6. < 0.5 mm/sec cannot induce splitting of the Sn 119 

absorption line even when we work with Mg2Sn or 
PdSn sources, but result instead in a broadened 
line. It is clear from the discussion in item A of 
Sec. 3 that there is an even smaller possibility of 
observing quadrupole interactions of Sn 119 when 
T < ®. 

The authors wish to thank Professor L. M. 
Belyaev, Professor K. P. Belov, and Corresponding 
Member of the U.S.S.R. Academy of Sciences V. I. 
Gol'danski'i' for their interest and for valuable dis
cussions. The authors are also indebted to Yu. V. 
Baldokhin for much experimental assistance. 

1 K. P. Belov and I. S. Lyubutin, ZhETF Pis. Red. 
1, No. 1, 26 (1965) [JETP Lett. 1, No. 1, 16 (1965)]. 

2 V. I. Gol'danskil, M. N. Devisheva, V. A. 



52 LYUBUTIN, MAKAROV and POVITSKII 

Trukhtanov, and V. F. Belov, ibid. 1, No. 1, 31 
(1965) [transl. 1, No. 1, 19 (1965)]. 

3 K. P. Belov and I. S. Lyubutin, Zh. Eksp. Teor. 
Fiz. 49, 747 (1965) [Sov. Phys.-JETP 22, 518 
(1966)]. 

4 V. I. Gol'danski!, M. N. Devisheva, E. F. 
Makarov, G. V. Novikov, and V. A. Trukhtanov, 1l 

4, 63 (1966) [JETP Lett. 4, 42 (1966)]. 
5 R. Bauminger, S. G. Cohen, A. Marinov, and 

S. Ofer, Phys. Rev. 122, 743 (1961). 
6 S. Ogawa and S. Morimoto, J. Phys. Soc. Japan 

17, 654 (1962). 
7 Y. Ishikawa, J. Appl. Phys. 35, 1054 (1964). 
8 K. P. Belov and I. S. Lyubutin, Kristallografiya 

10, 351 (1965) [Sov. Phys. Crystallography 10, 282 
( 1965)]. 

9 M. Gilleo, J. Phys. Chern. Solids 13, 33 ( 1960). 
10 S. Geller, R. M. Bozorth, M. A. Gill eo, and 

C. M. Miller, J. Phys. Chern. Solids 12, 111 (1960). 
11 S. Geller, H. J. Williams, G. P. Espinosa, and 

R. C. Sherwood, Bell System Tech. J. 43, 565 
(1964). 

12 R. E. Watson and A. J. Freeman, Phys. Rev. 
123, 2027 ( 1961). 

13 V. I. Gol'danski!, V. F. Belov, M. N. Devisheva, 
and V. A. Trukhtanov, Zh. Eksp. Teor. Fiz. 49, 
1681 (1965) [Sov. Phys.-JETP 22, 1149 (1966)]. 

14 H. Abe, M. Matsuura, H. Yasuoka, A. Hirai, 
T. Hashi, and T. Fukuyama, J. Phys. Soc. Japan 18, 
1400 (1963). 

15 S. Ofer and I. Nowik, Bull. Am. Phys. Soc. 11, 
378 ( 1966). 

16 L. R. Walker, G. K. Wertheim, and V. Jaccar
ino, Phys. Rev. Letters 6, 98 (1961). 

17 C. Alff and G. K. Wertheim, Phys. Rev. 122, 
1414 (1961). 

18 G. K. Wertheim, Mossbauer Effect: Principles 
and Applications, Academic Press, New York, 1964 
(Russian transl., Mir, 1966, p. 84). 

:I9J. F. Dillon, Phys. Rev. 111, 1476 (1958). 
:!ow. J. Nicholson and G. Burns, Phys. Rev. 133, 

A1568 ( 1964). 
21 R. S. Preston, S. S. Hanna, and J. Heberle, 

Phys. Rev. 128, 2207 (1962). 
22 S. Geller and M. A. Gilleo, J. Phys. Chern. 

Solids 3, 30 ( 1957). 
:!3 D. N. Pipkorn, C. K. Edge, P. Debrunner, G. 

de Pasquali, H. G. Drickamer, and H. Frauenfelder, 
Phys. Rev. 135, A1604 (1964). 

:!l M. V. Nevitt, C. W. Kimball, and R. S. Preston, 
Proc. Int. Conf. Magnetism, Nottingham, 1964, 
London Inst. Phys. and Phys. Soc., p. 137. 

:!5 V. I. Goldanski! and E. F. Makarov, Phys. 
Letters 14, 111 (1965). 

:!6 C. V. Karyagin, Dokl. Akad. Nauk SSSR 148, 
1102 ( 1963). 

:!7 S. Geller, H. J. Williams, R. C. Sherwoord, 
and G. P. Espinosa, J. Phys. Chern. Solids 26, 443 
( 1965). 

~! 8 G. Burns and E. G. Wikner, Phys. Rev. 121, 155 
(1961). 

Translated by I. Emin 
8 


