with » outgoing lines, each of which corresponds to a
definite frequency and momentum satisfying the conser-
vation law in each block. The blocks of the first and
second sublattices are shown by solid and dashed lines,
respectively. To each point relating the solid or dashed
lines there corresponds an effective interaction tensor
Ao (w, = w). The summation is carried out over all the
internal frequencies and momentum.

The expression obtained for 7, by summing the trans-
formed diagrams takes the form (we neglect exchange
inside each sublattice, i.e., a’=~ a)

11 -
o= mznziz {EART AT NS NMLUNEIN ¢ & N,
..k

X8l esqtesp—e: pra-x—Eau ] F2(Jo—JpH uq—Jxp)?
X Ragip[ 147 pyq-x |8[ 2+ €1p—€1 pyq-r—E2x]}, (8)

where n, 5, is the Bose distribution function for spin
waves with energies &,y and &,,; J; is the Fourier com-

- ponent of the exchange integral, see'®, At low tem-
peratures (T< Ty) and at small quasi-momenta ((g,,/e,,
- 1)« 1) we obtain

m=(®)  (am) *(5F), ®

10 "€ la(z+1)
"(r)= 1S

where (v,/R3)%=1/27 when account is taken of only the
interaction between the nearest neighbors. We have

€20 e & .2
F( )giandF(_."’)z {_ 2 } .
5T Tl T e ) 2 Tt

It is realistic in practice to obtain a state with col-
lapsed spins in AF with small Ty. At 2Hz~ 50 kOe (T},
~10°K) and T~1°K we obtain 7, /y~1 Oe. It follows
then from (7) at H,~ 3 kOe and w,/y ~ 13 kOe (the 8-mm
microwave band) that 2~ 10 Oe, which is perfectly at-
tainable. We note in conclusion that a curious feature
of the sf mode is that it has no linear connection with
the phonons.
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Effect of hydrostatic pressure on the magnetization of the

alloy MnSb

N. P. Grazhdankina, . V. Medvedeva, and Yu. S. Versenev
Institute of Metal Physics, Urals Scientific Center, USSR Academy of Sciences

(Submitted April 2, 1976)
Zh. Eksp. Teor. Fiz. 71, 820-824 (August 1976)

Variation of the magnetization of an MnSb alloy, induced by hydrostatic pressure up to 8 kbar, is
measured at temperatures of T, =83°K and T, =294°K. It is shown that the magnetization decreases
under pressure: Ao/Ap= —(0.34£0.13) G-cm’/g-kbar and Ao/Ap = —(0.45+0.13) G-cm®/g-kbar
respectively for each of the temperatures. The temperature dependence of the spontaneous magnetization of
MnSb measured in the range between 83 and 358°K and at atmospheric pressure is satisfactorily described
by the Stoner quadratic law. The experimental results obtained are analyzed on basis of the theory of band

ferromagnetism.

PACS numbers: 75.30.Cr, 75.10.Lp, 62.50.+p

INTRODUCTION

The question of the nature of exchange interactions in
the MnSb alloy has not been answered to this day. To
describe the exchange mechanisms in MnSb, models
were proposed based on the concept of interaction of
localized spins (Lotgering and Gorter,'!? de Gennes'??),
Edwards and Bartel'®*) have recently attempted to apply
the model of collectivized electrons to a description of
the pressure-induced change of the Curie temperature
of the alloys MnSb and MnSb,._ As,.
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The Stoner theory of band ferromagnetism was de-
veloped by Wohlfarth!®? for the particular case of com-
pounds having close values of the Curie temperature and
of the magnetization, A classical example of such weak
band ferromagnets is ZrZn,, Within the framework of
Wohlfarth’s theory of weak band ferromagnetism, rela-
tions were obtained between the pressure-induced change
of the Curie temperature and the change of the magneti-
zation, These relations were confirmed by experiment,

Edwards and Bartel, '*? following Wohlfarth’s theory,
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FIG. 1. Magnetization curves of MnSb alloy at room tempera-
ture 294 °K and at various pressures (kbar): 1—1073; 2—4.1;
3—5.6; 4—6.7; 5—8.2.

used Stoner’s model of collectivized electrons for sub-
stances with large Curie temperatures and large mag-
netizations, They applied their theory to compounds of
3d transition metals, in which the d-electron states
broaden into narrow bands that do not overlap the s and
p bands, so that the number of electrons in the d bands
remains constant with changing pressure. One such
compound is MnSb, Starting from the one-band model
with allowance for the electron correlations, they ob-
tained for the Curie point of the MnSb alloy a pressure
dependence that agreed well with experiment, '

Finally, it can be assumed, following Goodenough’s
qualitative model, !"? that exchange between localized
spin and magnetism of the collectivized electrons co-
exist simultaneously in this compound., The contribu-
tion of the interaction in the system of the collectivized
electrons can then be described either by the theory of
weak band ferromagnetism or by the theory of Edwards
and Bartel,®

It is of interest to analyze the temperature and baric
dependences of the magnetic parameters of the alloy
MnSb by starting from the band theory of ferromagne-
tism. In this paper we undertake a verification of the
satisfaction of the relations between the baric deriva-
tives of the Curie point and the magnetization, relations
derived in the theory of weak band ferromagnetism, for
the purpose of ascertaining the degree to which this
theory can describe the alloy MnSb,

EXPERIMENTAL PROCEDURE

We investigated an MnSb sample produced by the meth-
od described by Lotering and Gorter, ! The magnetiza-
tion curves and the temperature dependence of the mag-
netization were measured by weighing with a Domenicali
magnetic balancef®! in fields up to 16 kOe; the error in
the measurements of Ac was +0.4 G-cm®/g. The re-
producibility of the magnetization curve after the re-
moval of the pressure was verified every time by mea-

Ao, G—cng

-6

4 i FIG. 2. Variation of the mag-
/{/ netization of MnSb at T =294°K

-2 g/§ 3 | with changing pressure.

; |
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suring the control curve at atmospheric pressure.

Hydrostatic pressure up to 8 kbar was produced in a
miniature high-pressure cell made of nonmagnetic VTZ-1
alloy.™ The pressure-transmitting medium was a 50%
mixture of transformer oil with kerosene, The pressure
in the cell was measured with a manganin resistance
manometer, the temperature dependence of which was
taken into account at each pressure; the pressure mea-
surement accuracy was + 100 bar, The temperature was
measured accurate to 1°K with a copper-constantan
thermocouple placed inside the chamber near the sample,

EXPERIMENTAL RESULTS

To determine the effect of pressure on magnetization
we plotted the magnetization curves o(H) at various pres-
sures and at temperatures T; =83 °K and T, =294 °K,
Figure 1 shows by way of example the magnetization
isotherms of the alloy MnSb at room temperature T,
=294°K, plotted at pressures up to 8 kbar, The mag-
netization isotherms were used to obtain the spontaneous
magnetization o, at a given temperature T by extrapolat-
ing the o(H) to zero field, and the change of ¢, with
changing pressure, Ac,=0,(p) - 0,( pun) Was calculated
(0,(patw) is the spontaneous magnetization at atmospheric
pressure and o,( p) is the spontaneous magnetization at
pressure ).

A plot of the magnetization against pressure at T,
=294 °K is shown in Fig, 2, From the experimental
points on these lines we determined by least squares the
baric derivatives of the magnetization for each of the
two temperatures:

Aa, G-<cm®
L2 (1) =—(0.34%0.13 ,
Ap (T)=—( ) a-Kbar

Aa, Gcm?®

(T3)=—(0.45 = 0.13)

Ap g-kbar *

Figure 3 shows for comparison plots of the spontaneous
magnetization o, against pressure at temperatures T
=83°K and T,=294°K,

We measured the temperature dependence of the spon-
taneous magnetization of the alloy MnSb at atmospheric
pressure in the temperature interval 83—358 °K, It can
be represented as the quadratic function of(Tz), as is
clearly seen from Fig, 4, When the straight line o2(7?)
is extrapolated to the high-temperature region we obtain
for the curie temperature the value 7, =576 °K, which
agrees well with the published data, ™ This fact can be
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regarded as an indication that the linear character of
0%(T?) holds true also at high temperatures up to T,.
Extrapolation of the line 0%(T?) to T=0°K yields a value
0,(0)=101. 3 G-cm®/g, which is also inreasonable agree-
ment with results by others, ™1

DISCUSSION OF RESULTS

In the band theory of ferromagnetism, the tempera-
ture dependence of the magnetization obeys the Stoner

quadratic law

0 (T) ot [1—(T/T.)*], 1)
where 0, is the magnetization in zero field at 0°K and
T, is the Curie temperature. The fact that a quadratic
dependence of type (1) holds for o,(7) of the MnSb alloy
in a wide range of temperatures indicates that the band-
ferromagnetism model can be used for this compound.

The relation between the baric derivatives of the Curie
point and of the magnetization, obtained in the theory of
weak band ferromagnetism, is™?

1 do, 1 dT.
B TH @
To compare the theory with experiment we must take in-
to account the temperature dependence of the magnetiza-
tion. Then, taking (1) into account, we obtain for the
alloy magnetization measured at finite temperature T

M=[1_ (1)’ do, 0o (T/T.)? 1 dT. (3)

dp T.) 17ap  TI—(/T)T* 1. dp

from which it is seen that at this temperature T the
change of the spontaneous magnetization with pressure
is determined by two factors: the change of the spon-
taneous moment at 0 °K and the change of the Curie tem-
perature under pressure,

From the published data weknow thatd7,/dp = 3.05 K/
kbar for MnSb, We use for the estimate T,=576 °K and
0o=101,3 G-cm®/g, which were obtained from extrapola-
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tion of the line 02(7'?). At these values of the param-
eters we obtain from (2) and (3) the values - 0, 54 and
—0.62 G-cm®/g-kbar for do,/dp at T;=83°K and T,
=294 °K, respectively, Comparison with the experi-
mental data shows that the signs of the derivatives coin-
cide and the measured values are close to the theoreti-
cal ones.

It should be noted that the influence of the pressure on
the magnetization increases withincreasing temperature.
This experimentally observed fact can be deduced also
from an analysis of (3), where the coefficient of dT,/dp
increases rapidly as the temperature tends to the Curie
point,

The experimental results allow us to state that the
magnetization and the Curie temperature of the alloy
MnSb are governed by the ferromagnetism of the system
of collectivized electrons., The effect of the pressure
on the magnetization in the collectivized-electren mode
was analyzed by Mathonf!?? as applied to nickel, The
change of the magnetization under pressure is assumed
to depend on two parameters, the change of the effective
interaction with changing pressure and the electron s-d
transfer due to the relative shift of the s and d bands,
The fact that the simple relations obtained in Wohlfarth’s
band theory of weak ferromagnetism hold true without
allowance for the s—d transfer can serve as proof of the
presence of a special 3d band in the electron structure
of MnSb, In this case the number of magnetic carriers
in the 3d band does not change and there.is no contribu-
tion of the s—d transfer to the baric derivative of the
magnetization.
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