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Mossbauer spectra are investigated and magnetization measurements are made on monocrystalline

specimens of iron borate, FeBO;, an of yttrium-iron garnet, Y;Fe;O,,, near the Curie temperature in
external magnetic fields from O to 30 kOe. The temperature and field dependences of the reduced
magnetizations of the sublattices are obtained in both materials. The values of the critical exponents are

determined in the temperature interval 7-10~*<(T — T.)/T, <107% B = 0.374-0.01, & = 3.94-0.02,

v =7%"= 1240.1 for FeBO; and 8 = 0.394-0.01, § = 4.340.2, y = ¥’ = 1.334-0.03 for Y;Fe;0,,.
The experimentally found dependence of the values of the critical exponents on the dimensionality of the
order parameter is compared with the results of scaling-theory calculations.

PACS numbers: 75.40.Bw, 75.50.Dd, 76.80. + y

INTRODUCTION

The study of the critical behavior of magnetic ma-
terials near the magnetic ordering temperature T, or
Ty is of significant interest, since there has recently
arisen a possibility of comparing the experimentally
obtained values of the magnitudes of the critical ex-
ponents and critical amplitudes with predictions of scal-
ing theory. The power laws that describe the principal
thermodynamic characteristics of a system in the vicinity
of T, have the form

M (¢, 0)=B(-t)*, M=M( H)/M(—1,0),

M(O,H)=D(H)”°’ H==gu,SH/kT,, (l)
_ oM I'(-t)-v, t<0 T-T.
0)=——ro = , t=—-",
0=, {I‘(z)-', >0 T.

where T, is the Curie temperature, H is the reduced
external magnetic field, M(¢,H) is the reduced mag-
netization (the order parameter), t is the reduced tem-
perature, and X is the reduced susceptibility; 8, 6, 7,
and 7’ are the critical exponents, and B, D, T, and I"
are the critical amplitudes.

According to the universality principle,1 the critical
behavior of magnetic materials depends chiefly on the
dimensionality d of the lattice and on the number of the
order-parameter components n, which in real crystals
is determined by the relative value and type of mag-
netic anisotropy.

This paper reports the results of an investigation of
the distinctive features of the critical behavior of two-
sublattice crystals with a dominant antiferromagnetic
exchange interaction: weakly ferromagnetic ironborate
and ferrimagnetic yttrium-iron garnet (YIG), which
have different types of magnetic anisotropy.

The data at present available on study of the behavior
of magnetic materials near T, have been obtained prin-
cipally by magnetic measurement methods. These
methods are comparatively simple and universal, but
they have a number of disadvantages. The most im-
portant among these is the impossibility of making the
measurements in the absence of an external field, so
that extrapolation must be used to determine 7', and
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the spontaneous magnetization. Therefore the data of
different authors, even when obtained in studies of iden-
tical materials, often differ greatly from each other.

In particular, for YIG the published values of the cri-
tical exponent B8 cover such a wide interval?®?—from 0.313
to 0. 75—that this practically eliminates the possibility
of verifying theoretical predictions.

In contrast to magnetic measurements, Mossbauer
spectroscopy makes it possible to measure the values
of the magnetizations of the individual sublattices and
of their spatial orientations both in an external field
and when H=0. On the other hand, it seemed impor-
tant to carry out both Mossbauer and magnetic mea-
surements on the same specimens, in order to com-
pare the potentialities of the two methods. And finally,
an important factor in the choice of materials for in-
vestigation was the fact that for FeBO; and YIG the
proportionality of the hyperfine fields on the "Fe nuclei
to the sublattice magnetizations had been confirmed by
comparison of the data from neutron-diffraction, Mos-
sbauer, and NMR measurements over a wide tempera-
ture range all the way to 0.95 T,. 3!

EXPERIMENT

The FeBO; monocrystals were plates of almost exact
hexagonal shape, with dimensions 1X1X0,05 mm. The
plane of the plates coincided with the basal plane (111).
For the Mossbauer measurements, a mosaic specimen
was prepared from these plates, with total area =1
cm?; this specimen ensured observation of a sufficiently
marked effect of resonance absorption with the natural
content of isotope *"Fe. The FeBOj; specimen for mag-
netic measurements was a disk of diameter 4 mm and
height 3 mm, cemented together from plates of the same
batch in such a way that the planes of the individual
plates coincided as nearly as was possible.

The YIG specimens used were monocrystalline plates
of thickness 120 pm, cut in the ( 110) plane. The di-
ameter of the speciment for the Mossbauer measure-
ments was 1 cm; of the specimen for the magnetic
measurements, 4 mm.

The specimens were placed in a high-temperature,
low-gradient furnace, which for measurements in an
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external field was mounted between the poles of an
electromagnet in such a way that the field could be
applied in the plane of the specimens. The direction

k, of the beam of y quanta was perpendicular to H. The
Mossbauer measurements were made with a one-chan-
nel analyzer under conditions of constant velocity of
motion of the source (*’Co in a chromium matrix, of
activity =100 mCi), and also with a many-channel an-
alyzer “NOKIA” LP-4840. The spectrometers were
calibrated against the known spectra of hematite and of
sodium nitroprusside; the instrumental linewidth was
0.3 to 0.5 mm/sec. The Mdssbauer spectra were pro-
cessed on a computer by the method of least squares,
on the assumption of a Lorentz line shape, with the pro-
gram described in Ref. 12.

For the magnetic measurements, a vibration mag-
netometer, model PAR-155, was used; it was also
used to determine the direction of easy magnetization
[111] in the (110) plane of the YIG specimens. This
made it possible to orient them in such a way that the
external field was parallel to the [111] axis with
accuracy ~3°. As will be shown below, such orientation
appreciably simplifies the deciphering of the YIG spec-
tra.

The temperature of the specimens, both in the mag-
netic and in the Mdssbauer method, was measured by
the same copper-constantan thermocouple and was kept
constant by an automatic thermoregulator, with ac-
curacy no worse than 5 *10” K over a period of 8 to 10
hours. The relative drop of the temperature along the
specimen did not exceed 10, The Curie points of
FeBO; and of YIG were determined by the method of
temperature scanning in the Mossbauer spectroscopy
and were 348.6+ 0.1 and 550.25+ 0. 05 K, respectively.

RESULTS AND DISCUSSION

1. FeBO;. Iron borate is one of the simplest among
the rhombohedral antiferromagnets with weak ferro-
mangetism (AWF), since the Fe¥* ions, located at crys-
tallographically equivalent positions, are in the S state.
The crystal symmetry (space group D$,) allows the ex-
istence of a weak-ferromagnetism vector m= (M,
+M,)/2M, in the basal (111) plane, perpendicular to
the third-order axis C;. Investigations of the mag-
netic properties? and neutron-diffraction measure-
ments!® have shown that the vectors m and 1= (M,

- M,)/2M,, and therefore also the sublattice magneti-
zations M; and M,, lie in the basal plane. According
to the data of Ref. 13, at room temperature the ef-
fective field of uniaxial anisotropy, which keeps I in
the easy plane (111), is Hj=3 kOe, whereas in the plane
itself the anisotropy is vanishingly small (H <1 Oe).

The effect of the inducing of magnetic ordering by an
external field in FeBO;s near T, has already been studied
by the method of Mossbauer spectroscopy. But the an-
alysis of the data in the cited paper was limited to the
framework of the phenomenological theory of this ef-
fect presented in Ref. 15. Below, we communicate the
results of a more detailed investigation of the induc-
tion effect in FeBO;, for the purpose of determining
the critical magnetic parameters of this material.

564 Sov. Phys. JETP 49(3), March 1979

Characteristic Mdssbauer spectra of iron borate in
the vicinity of T, are shown in Fig. 1. We note that
although our specimen consisted of a large number of
fine crystals, because of the almost complete absence
of anisotropy in the basal plane, 100 Oe of external field
was entirely sufficient to make the specimen a single
domain. The directions of the vectors m in the indi-
vidual monocrystals coincide with each other and with
H, while 1 is directed perpendicular to H, as is cor-
roborated by the relation between the intensities of the
two adjacent outer lines (I; :I,=3:1.2; see spectrum
1). In the paramagnetic temperature range, a weakly
resolved quadrupole doublet was observed; its asym-
metry is due to the fact that the principal axis of the
axial tensor of the electric field gradient (EFG) at
the "Fe nuclei, which coincides in direction with C;,
makes an angle of 45° with k, (spectrum 2). The value
of the quadrupole splitting, AEq=0.37+0.01 mm/sec,
was found to be, for most of the measured spectra,
much smaller than the Zeeman splitting AE, of the
nuclear levels; therefore the values of the effective
fields H¢ at the nuclei could be calculated by the well-
known expression for the eigenvalues of the Hamiltonian
of combined magnetic and electric hyperfine (hf) inter-
action in the case of an EFG tensor with its symmetry
axis directed at angle 9 to the magnetic axis'® (in
FeBO;, 0 =7/2):

eQV,.. 3cos*0—1
4

E=—gu.Hm,+ (_1)lm,|+'l,________2___ (2)

In the calculation of H,;; from spectra for which AE,
becomes comparable with AE,, we included corrections
to (2) for the additional shift of the sublevels of the ex-
cited state of the nucleus (/=3/2); the procedure for
introducing them is described below, in the discussion
of the spectra of YIG.

Application of an external field H=30 kOeat T=T,
causes induction of an effective field H.¢;= 100 kOe at

o ™
0+
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6
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FIG. 1. Mdssbauer spectra of FeBO; near T, (the axis C3
makes an angle 45° with the direction of ky; H|@Q11): 1)H
=0.1 kOe, T ~T,=-1.4K; 2) H=0, T =T,; 3) H=29.6 kOe,
T=T,.
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the nuclei; this indicates the restoration of magnetic
order in the specimen, with |1|/=0.2. The intensity
ratio Iy : I,=3:1.3, with allowance for the superposition
of fields H,,s =H,, +H, directly indicates the restoration
of a two-sublattice AWF structure with 1L H (see spec-
trum 3 in Fig. 1). By a simple construction, similar
to that used in Ref. 17, one can show that

HlqmH B +HH, (H+H,)/Hy. 3)

Under our conditions Hy >>H,,; therefore

Hy~ (H:ff"Hz )% (4)
Figure 2 shows the results of a measurement of the

variation of the reduced hyperfine field, which is pro-

portional to the magnetization of the sublattices:

(T, H)=H,(T, H)|Hy(0, 0)=M(T, H)/M(0, 0)=0o(T, H), (5)
where M= |M;|=|M,;|. The critical exponents and
amplitudes found from the Hy, (T, H) data by formulas

(1) for FeBO; are given in Tables I and II.

The values of %(¢,0) were determined by numerical
differentiation of the magnetization isotherms at H =0
with allowance for the magnetic measurement data. The
calculation of the values of the critical parameters was
carried out by the method of least squares; only the
values of the critical exponents and amplitudes were
varied, while T, was held fixed. In addition, an analysis
was made of the dependence of 3 on the upper bound £,
of the temperature interval. It was established that
the value of 3 stabilizes near the value 3=0.37+0. 01
when t,, < 107%; that is, over the temperature interval
710 < |t| 10?2, A similar variation B(t,) has also
been detected in many other materials.!® This ap-
parently also explains some divergence of our value of
B from the value 8 =0.354+ 0. 005 found earlier'? by the
Mossbauer-spectroscopy method on a monocrystal of
FeBO;, but determined over a wider interval than ours,
410" < |#] <6-10°%, In Ref. 20 the value 3=0.338
+0. 005 was obtained by the NMR method in the interval
10 < |t| < 10!, which extends still farther beyond the
limits of the critical region. We note that in the cal-
culation of the critical exponents, the authors of Refs.
19 and 20 used the values of T, themselves as variable
parameters, whereas in our measurements the tem-
perature T, was determined independently. On the

TABLE 1. Critical exponents.

Method of
Material B 8 A v determination*
0.37+0,01 3.9+0.,2 1,204 1.2+04 MS, M[DP)
FeBOs 0.35+0.007 3.9+0,4 1.38+0.08 1.0£0.4 M2
0.338+0.005 - - 1.33+0.03 NMR?°
0.39+0.01 4.3+0.2 1.33+0.03 - MSI?PI
YsFesOq 0,38+0.005 4.42+0.09 1.31+£0.01 - M 2
0,37+0.05 4,65+0.4 1.35+0.01 - MO
0.35+0.02 4.6+0,2 1.32+£0,04 - M
YFeOs 0.36+0,01 4,0+0.4 1.0+0.2 1.0£0.2 Ms?*
Scaling theory, e expansion
Re=i 0.34 4,462 1.24 -
n=2 0.36 4,460 130 - 30
n=3 0.38 4.458 134 -

*M, magnetic measurements; MS, Mdssbauer spectroscopy;
MO, magneto-optical measurements; [DP], data of this paper.
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FIG. 2. Magnetization isotherms of FeBO;: ® Mdssbauer
measurements, O magnetic measurements.

other hand, it was found that if one processes our data
on the relation Hy, (U, 0) over the wider interval 10~

< |t| < 107!, one gets the value 8=0.353 + 0. 012, which
agrees with the results of Ref. 19,

Figure 2 shows also the results of static magnetic
measurements of the weakly ferromagnetic component
myy (T, H) in FeBO3, obtained with allowance for the
Hy (T, H) data as follows.

In distinction from magnetic measurements on ordi-
nary (exchange) ferromagnets, additional complications
arise in magnetic measurements on AWF, The point
is that besides the singular component myg (T, H)
=myp(T, 0) + xy:(T)H, due to the effect of induction, the
expression for the magnetization contains also a regular
component m, (T, H) =x,5 (T)H, caused by the purely
antiferromagnetic susceptibility of the spin system.
Separation of myg(T, H) from the total signal

m(T, H)=my (T, 0)+x, (T)H+y, (T)H (6)

is a quite complicated indepndent problem. The errors
in the determination of each contribution to (6), in them-
selves small, may distort the information about the
critical behavior of myg(T, H).

Therefore in order to separate m 4 (T, H) from (6),
we used instead of myz(T, 0) the data on Hy, (T, 0);
Xag(T) was so chosen that my. (T, H) agreed with
Hyu(T, H), as is shown in Fig. 2. The values of X;%(T)
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TABLE II. Critical amplitudes.

Material: B D r R =rp-5p3%-1
FeBOs 1,23+0.05 24+0,3 0.014+0.005 08+0.4
YsFes043 | 1.29+0.04 0.64+0.07 | 0.066+0,005 1.0+£0.3

thus obtained are shown in Fig. 3, together with the
values of the inverse total susceptibility X;iea(T)
=[xwe(T) + xar(T)]. Since the values of xyg(7) were
measured by the Mossbauer-spectroscopy method only
in the interval |T - T,.|< 3 K, beyond its boundaries the
Xwr(T) relation was extrapolated according to the same
power law as in the critical region.

One is struck by the significantly nonlinear variation
of Xax(T) in the neighborhood of T,. A similar but less
pronounced temperature variation of the perpendicular
susceptibility in the neighborhood of Ty was observed
by Bazhan in an AWF isomorphic to iron borate,
NiCO;.%! In this connection, we also present in Table I
the values of the critical exponents of FeBO; found by
Wilson and Broersma®? on a polycrystalline specimen
with a vibration magnetometer. It is seen that they
differ markedly from the values that we obtained by the
Mossbauer-spectroscopy method, with the exception
of the exponent 8. This discrepancy can be explained
on the following grounds. First, in Ref, 22 the values
of T, and m(T, 0) were determined by the method of
extrapolation to H =0; and second, for subtraction of the
contribution m,(T) from m(T, H), interpolation of the
Xar (T) relation between room temperature and T
=373 K was used, which in the light of the anomaly that
we have found in x, (7) seems not altogether correct
(the dotted line in Fig. 3).

From Fig. 3 it is also seen that the interpolated curve
XaF (T) intersects our curve x3¥(7) only near T,, thanks
to which the indices 6 agree, but away from T, these
relations differ greatly.

Wilson and Broersma also treated the fulfillment of
the predictions of scaling theory for FeBO; within the
framework of the parametric form of the equation of
state, and found three different sets of values of the

X! arb. units
T

L

—_
—
—

11 L1 .
w_ W w W m
n

FIG. 3. Variation of inverse magnetic susceptibility of FeBO;
with temperature: O x~! (7); @ x;1(T). Dotted line: in-
terpolation of X;}_- according to the data of Ref. 22.
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phenomenological parameters a and k of the theory for
the regions below, near, and above T; that is, there is
no unique equation of state for the whole critical region.
From analysis of our data for H,, (T,H)=I(T, H) it is
evident that they not only satisfy one of the basic re-
lations of scaling theory, y’=pg(6- 1), but in contrast
to Ref. 22 give y=v’. The equation of state in the cri-
tical temperature range is written in the form

S, D)1= (A]e]*). @

The graph of the “scaling function” f obtained experi-
mentally from the H,, (T, H) data, and shown in Fig. 4
on a logarithmic scale, shows that the magnetization
isotherms break up into two branches, corresponding
to T<T,and to T>T,, and joining at T —T,. This indi-
cates the presence of a single equation of state of FeBO;
over the whole critical region 710" < |¢| <107, sat-
isfying the prediction of scaling theory. Unfortunately
it is difficult to make a more detailed comparison of our
data and of the results of Ref. 22, since in the latter no
concrete data on m(T, H) are given.

2. Y3Fe;04,. In the YIG crystal, whose elementary
cell is cubic (space group O},o), the Fe®* ions are located
at crystallographically nonequivalent sites, d with
tetrahedral and a with octahedral environments. The
[111] axes are the axes of easy magnetization, and the
effective field of the cubic anisotropy is H ,= 40 Oe at
room temperature.?? The directions of the principal
axes of the axially symmetric EFG tensor on the d sites
coincide with [100] axes (three different directions),
and on the a sites with [111] axes (four different direc-
tions).

In Fig. 5, curve 1 shows the Mdssbauer spectrum of
YIG at T=T,-5.2 K, taken in the weak external mag-
netic field that was necessary to make the specimen a
single domain. The magnetization M lies in the plane
of the plate, the (110) plane; M|/H,, |l [111]. In this case,
for all the iron ions in the d sublattice the angle 9
=54°4’, and the value of the measurable quadrupole
splitting is AE%, =0, whereas in the a sublattice the
angle 0 takes two values: 70°32’ (AE%,=AE%/3) and
0° (AEY,=AEY). The Mdssbauer spectrum of YIG is a
superposition of three Zeeman sextets of lines with in-

1,0

‘”"’— 0o=2.97
«=1.9
a—-1.4
. g.,g
o ,7 -
o o =0.95
o-4,4d
. -4
1 1 i 1 1 o 1
—”’fﬂ.i -0 ~0.10 01 0J

19(A,e/ 181%)

FIG. 4. Graph of the “scaling function” of FeBOj; according to
Mossbauer-measurement data: a, for T>T,; b, for T <T,.
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FIG. 8. Isotherms of the d sublattice magnetization of
YIG.

and J,,) value of the constant J,,, and this apparently
leads also to the proportionality of o, and g, in accor-
dance with the universality principal.

The values of the critical exponents and amplitudes of
YIG obtained according to formulas (1), in the reduced-
field interval 2.5-10 <A<2-10" and the reduced tem-
perature interval 8 10~ < |¢| <107, are given in Table
I and Table II. The upper limit of the temperature in-
terval was determined as the temperature at which the
variable value of the index 8 becomes stabilized for
fixed T,. ‘

As in the case of FeBO;, analysis of the date on
o(T, H) =3H%,(T, H) - 20%,(T, H) and of the values of the
critical indices shows that they satisfy the basic
scaling-theory relations y’=g(8~-1) and y=9y'. The
graph of the “scaling function” of the YIG breaks into
two branches with T<T, and T>T,, converging for
T —T,; this also satisfies the prediction of scaling theo-

ry.

In Refs. 3 and 6 values of the critical exponents of
YIG were obtained by the method of magnetic mea-
surements; they are close to our results, within the
limits of error, but differ from the results obtained
in Refs. 2, 4, and 7. Berkner and Litster made mag-
netooptical measurements of M(T, H) over the wide
temperature interval — 2 102 >¢>~0.7, which extends
beyond the limits of the critical region; this can ap-
parently explain the difference of their results from
ours. In Refs. 2 and 7, extrapolations of M(T, H) to
zero field were used in the determination of T, and
M(T,0). The inaccuracy in the determination of T,
and M(T, O) in this case may be responsible for the
difference of the values of critical exponents obtained
in Refs. 2 and 7 from ours.

3. In both the crystals investigated, the magnetic
elementary cell coincides with the crystallographic.
According to Ref. 27, in this case the dimensionality
of the order parameter n<3. FeBO; is an AWF with
anisotropy of the “easy plane” type and with a quite
large value of the ratio H'y/Hy =10, whereas Y;Fe;Oq,
is a two-sublattice ferrimagnet with small cubic an-
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isotropy: HY''}/H.~10"", It may therefore be ex-
pected that the critical behavior of FeBO; will be close
to that of the XY model (»=2), while the critical be-
havior of YIG will be close to that of the Heisenberg
model (z=3).

It is seen from Table I that the values of 38, 6, and y
for YIG are in good agreement with the values of the
critical exponents calculated to the second order by the
€ =4 -d expansion method in scaling theory. Further-
more, the universal constant R,=TD®B°-1=1.0+0.4
obtained from the experimental values of the critical
amplitudes for YIG is close to the theoretical value

1.33 for n=3.

As regards the values of the critical exponents for
FeBO;, B and y agree, within the limits of experi-
mental error, with the theoretical values, but the value
of 0 is significantly lower than that predicted for »=2.
Table I shows, for comparison, the critical exponents,
measured by the Mossbauer spectroscopy method,??
of yttrium orthoferrite YFeO;, which according to the
type of magnetic anisotropy may also be assigned to
the class of easy-plane AWF.?® They are close to the
critical indices of FeBOjs; B agrees with the theoret-
ical value for » =2, but 5 and y again deviate toward
the values predicted by mean-field theory.

For our discussion, however, it is more important to
explain not simply the agreement of experimentally ob-
tained critical exponents with theoretical, since the
latter have been calculated only in a certain approxi-
mation and are not final, but to compare their depen-
dence on n with the dependence predicted within the
framework of renormalization-group theory, which is
maintained in all orders of the € expansion that have
been studied, above the first, 3

From a comparison of the values of the critical ex-
ponents of YIG and of iron borate (and also of yttrium
orthoferrite) it follows that the best agreement with
calculations on going from n=3 to n=2 is attained for
the exponent 8. For y, the change does agree in sign,
but it significantly exceeds the calculated; and the
change of the index 6 does not agree either in sign or in
value with the theoretical. But when one takes into
account the insufficient accuracy of determination of the
exponents y and B for AWF achieved in our experi-
ment, it is difficult to draw a sure conclusion about the
reason for such an anomaly in their critical behavior.
For this purpose it is necessary not only to improve
the accuracy of the measurements, but also to carry
out investigations on other crystals, belonging to dif-
ferent universality classes.
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his attention to this research, and we thank I. G.
Avaeva and Yu. M. Yakovlev for providing the FeBO;
and Y3Fe;Oq, monocrystals.
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FIG. 5. M0ssbauer spectra of Y;Fe;O;, near
T, (k, L1 (110), H||[111]): 1) H=0.3 kOe, T =T,
==5.2K; 2) H=0, T=T_; 3) H=20 kOe, T =T, .

tensity ratio 6:3:1, But it is impossible to resolve the
individual sextets from the iron ions in the a sublattice
because of the small value of A E4=0.50 mm/sec.
Processing of the spectrum by the method of least
squares showed that it is a superposition of two sextets
with intensity ratio I,:1;=2:3 and AE%,=0.

For the d sublattice of YIG in the temperature range
T.- T< 10K, the energy of magnetic dipole interaction
for the excited state of the 5’Fe nucleus becomes com-
parable with the energy of electric quadrupole inter-
action. Matthias, Schneider, and Steffen*® made de-
tailed numerical calculations of the energy of splitting
of the magnetic sublevels of the nucleus with spin
I=3/2 as a function of the angle 6 and of the variable

y=2AEm,/AE,.

According to Ref. 24, for 0<y <10 and 6 #0 the value

of the complete splitting AE of the spectrum (the dis-
tance between the first and sixth lines of a sextet)varies
nonlinearly with Hy,, and this variation must be taken
into account in order to obtain the correct value of Hy,.
Thus for spectrum 1 in Fig. 5, y=4.1 and Hge/Hy,
=1.2, where H,,, is the effective field on the *"Fe nu-
cleus without allowance for the variation of AE with y.

In Fig. 5, spectrum 3 represents the spectrum of
YIG at T=T_, and H=20kOe. The specimen was so
oriented that the direction of H coincided with one of the
two [111] directions in the (110) plane of the plate, and
the processing of the spectra could be carried out just
as in the preceding case. The numbers of Fe®* ions in
a and d sites, per elementary cell, are 16 and 24 re-
spectively, and M,/M,=3/2. Therefore the magneti-
zation M, is parallel and M, antiparallel to M and H.
Since the direction of Hy, is opposite to the direction
of the magnetization of the corresponding sublattice,

Hp=HQy +H, Hji=Hjy—H,
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FIG. 6. Variation of the reduced magnetization of YIG
with temperature in the absence of an external field:
1) 0,(T), 2) 04(T), 3) 0(T)=304(T)—=20,(T).

where H,, is the directly measurable field on the nu-
cleus according to the spectrum. From H g,y and

HY,,, the values of HY, and H¢, were found by use of the
results of Ref. 24.

The behavior of the reduced sublattice magnetizations

o=H, ¢ (T,0)/H #(0,0),  oa=Hy{(T,0)/H,(0,0),

and also of the resultant reduced magnetization
o0=33-2], in the absence of a magnetic field in the
temperature interval 545-550 K, is shown in Fig. 6.
Figures 7 and 8 give magnetization isotherms
0,=H%(T,H) and 0,=H (T, H) for the a and d sublat-
tices.

Over the interval T=T,+5 K, the value of o, was
found to be proportional to g, both in an external mag-
netic field and in its absence, with 0,/0,=1.20. As
was shown in Refs. 25 and 26, the ratio 0,/0, changes
from 1.17 to 1.23 when the temperature changes from
4.2 to 360 K. The exchange constants found for YIG in
these references have the following values:

Ju=225cm™, Ju=2.0cm™, JW=05cm™.
Near T, the critical behavior of YIG is determined
principally by the much larger (as compared with J,,

Fd

7,
7 r-r
/77 a=-52
II// //// // u:J.Z
i/ 9222
0.1 ,,///// o-0\k .
Iy 7 2405
I// / .+
i/ ++2,¢
/ x +74
(/ e +52
! ! I I { .
0 5 0 15 20 25 K kOe

FIG. 7. Isotherms of the a sublattice magnetization of
YIG.
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Simultaneous electronic transition Sm?t*-Sm3+ and

Yb?+-Yb3** in Sm,_,Yb,S

G. A. Krutov, A. E. Sovestnov, and V. A. Shaburov

Leningrad Institute of Nuclear Physics, USSR Academy of Sciences

(Submitted 18 September 1978)
Zh. Eksp. Teor. Fiz. 76, 1123-1127 (March 1979)

The method of the x-ray K-line shift [O. I. Sumbaev, Sov. Phys. Usp. 21, 141 (1978)] is used to
investigate the electron structure of Sm and Yb in Sm,_,Yb,S (0<x <1.77<T <1000 K). A smooth
increase of the valence of Sm with increase of x is observed, as well as a simultaneous change of the
valence of Yb (at high temperature). It is shown that the observed effect is due to the departure of the 4f
electrons of Sm and Yb into the conduction band. The valence change %5, is practically proportional to x
and 7s,~0.4 at x = 0.8. The dependence of 7y, on x correlates well with the concentration of the
trivalent Sm ions in the sample, and reaches a value 7y, ~0.4 at the maximum.

PACS numbers: 71.25.Tn, 32.30.Rj

1. INTRODUCTION

The mechanism of isomorphic phase transitions in
solid solutions of SmS with monosulfides of trivalent
rare-earth elements (REE) such as Sm;_R3}'S has been
established quite reliably (see, e.g., the reviews').
This transition is a particular case of the well known
phenomenon of variable valence of the REE, and is due
to the departure of the 4f electrons of Sm to the conduc-
tion band. It is assumed that the Sm® — Sm™ transition
is initiated by the internal lattice (“chemical”) pressure
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produced in the SmS lattice upon penetration of small
(compared with Sm) trivalent RE atoms dgug=5.97 4;
5.8 2dg3.g2 5.4 A). In the phase transition these tri-
valent atoms are passive: unlike Sm, which acquires
a valence ~2.6 in the transition, the valence of R*
remains unchanged.?

Less investigated are the electronic properties of
solid solutions of SmS based on monosulfides of divalent
REE (Sm,.,Eu,S and Sm,_ Yb_ S).

The parameters of the EuS and YbS lattices are 5.97
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