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The electric resistance and galvanomagnetic effect of the helicoidal antiferromagnetic MnAu2 

are measured at an hydrostatic pressure up to 10,000 kg/cm2 in the region of the magnetic 
transformation temperature. The shift of the Neel point TN and threshold field Hth in MnAu2 

under the influence of uniform compression is determined. It is found that pressure appreci
ably lowers the threshold field: dHth/dp = -0.67 ± 0.07 Oe-cm2 /kg, whereas the antiferro
magnetic transformation temperature increases: dTth/dp = (0.68 ± 0.05) x 10-3 deg-cm2/kg. 
Possible explanations of the observed variation of Tth and Hth are considered. 

INTRODUCTION 

THE magnetic properties of the compound MnAu2 

have many specific features [l] due to the compli
cated magnetic structure of this compound. Neu
tron-diffraction investigations [Z] have established 
that in the tetragonal lattice of MnAu2 the magnetic 
moments lying in the neighboring basal planes are 
turned through an angle qJ = 51° relative to each 
other, forming a helix-like spin configuration. The 
magnetic moments lying in one and the same basal 
plane are parallel to one another. It was established 
recently that a similar magnetic structure is pos
sessed also by a large group of rare-earth metals, 
some compounds of the rutile type, and compounds 
with general chemical formula Mn2_xCrxSb. 

An investigation of the magnetic structure of 
MnAu2 has made it possible to explain one of the 
main features of the magnetic behavior of heli
coidal antiferromagnets, consisting in a destruc
tion of the antiferromagnetic order by relatively 
weak fields, when J.tHth « kTN (in MnAu2 the 
threshold field is Hth = 8000 Oe, and the Neel 
temperature is TN= 365° ). However, the nature 
of the forces that lead to the occurrence of the 
helicoidal structure itself is not yet completely 
clear at present. In the theoretical investigations 
[ 3•4J, and the analysis of general problems of heli
coidal antiferromagnetism, the hypothesis is made 
that the main forces responsible for the establish
ment of a helicoidal order of the spin magnetic 
moments are exchange forces. In one and the 
same crystal there exist simultaneously various 
types of exchange interactions, which differ from 
one another both in magnitude and in sign. 

From this point of view it seems to us of inter
est to carry out an all-inclusive investigation of the 
electric and magnetic properties of helicoidal anti
ferromagnets under hydrostatic compression, for 
one can expect in this case large changes in their 
magnetic properties which in turn yields informa
tion on the variation of the exchange interactions 
as a function of the volume of the crystal elemen
tary cell. 

We present here the results of an investigation 
of the influence of high hydrostatic pressure on the 
Neel temperature and on the threshold field in the 
MnAu2 compound. 

RESULTS OF MEASUREMENTS AND THEIR 
DISCUSSION 

Isotropic hydrostatic compression was produced 
in a high-pressure chamber; the medium transmit
ting the pressure was a 50 per cent mixture of 
transformer oil and pentane. The procedure for 
measuring the galvanomagnetic effect ..6.R/R, the 
electric resistance, the temperature, and the pres
sure was analogous to that described by us previ
ously [S]. 

1. The influence of the hydrostatic compression 
on the temperature of the magnetic transformation 
of MnAu2 was determined by measuring the tern
perature dependence of the electric resistance 
R( T) at pressures P 1 = 1 kg/cm2, P 2 = 4600 kg/ 
cm2, and P3 = 8850 kg/cm2• In all cases the value 
of TN was determined from the kink on the R( T) 
curve. 

The results of the measurements of the influ
ence of the pressure on the electric resistance of 
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FIG. 1. Effect of pres
sure on the electric resist
ance of MnAu2 at room tem
ature: 0- at rising pres
sure, •- at decreasing 
pressure. 

MnAu2 at room temperature are shown in Fig. 1. 
It is seen from the figure that the measurements 
carried out both while increasing the pressure and 
while decreasing it give practically the same re
sults: hydrostatic compression leads to a reduction 
in the electric resistance of MnAu2• The value of 
the baric coefficient Ri'1dR/dP at room tempera
ture is -7.6 x 10-6 kg/cm2• The temperature of 
the antiferromagnetic transformation at atmos
pheric pressure according to our measurements 
is 364.6°K. At a pressure of 4600 kg/cm2 we have 
TN= 368°K, while at P = 8850 kg/cm2 it amounts 
to TN= 370.7°K. Figure 2 shows the R(T) curves 
measured at atmospheric pressure (curve 1) and 
at P = 8850 kg/cm2 (curve 2). It follows from the 
data obtained that the hydrostatic compression 
causes a rise in the temperature of antiferromag
netic transformations; the magnitude of this effect 
amounts to 

dTN I dP = (0.68 ± 0.05) .IQ-3 deg-cm2 /kg. 

2. Changes in the threshold field of MnAu2 

under the influence of pressure were determined 
by us by measuring the transverse galvanomagnetic 
effect .6.R1 /R. Figure 3 shows the dependence of 
the specific magnetization (curve 1) and of the gal-

FIG. 2. Temperature 
dependence of electric 
resistance: 1- at atmos
pheric pressure 
(TN = 364.6°), 2- at 
T = 8850 kg/ cm2 

(TN= 370.7°). 

FIG. 3. Dependence 
of the specific magneti
zation of MnAu2 on the 
magnetic field intensity 
(1) and dependence of 
L'.R/R on H (2). Room 
temperature. 

vanomagnetic effect (curve 2) on the intensity of 
the external magnetic field, measured at atmos
pheric pressure and room temperature. As can 
be seen from the plots presented, the a( H) and 
.6.R/R = f( H) curves are outwardly similar; in 
either case they can be broken up into three re
gions: a) for fields less than 8000 Oe ( antiferro
magnetic region) the magnetization is small and 
proportional to the field; in this field region .6.R/R 
= 0, that is, the magnetic field does not change no
ticeably the electric resistance of the specimen, 
and at any rate these changes are smaller than the 
sensitivity of our measuring setup; b) in fields 
from 8000 to 16,000 Oe the magnetization increases 
sharply, and the electric resistance of the speci
men decreases rapidly, this decrease being ob
served starting with fields above the threshold 
value Hth = 8000 Oe; c) for fields exceeding 17,000 
Oe, both the magnetization and .6.R/R begin to ap
proach saturation. 

From an examination of these curves we can 
conclude that the gal vanomagnetic effect in MnAu2 

is determined principally by the magnetization, the 
variation of which in the transition region (8000-
17 ,000 Oe) is connected with the destruction of the 
helicoidal antiferromagnetism and the establish
ment of ferromagnetic spin ordering, while in the 
region of strong magnetic fields the change .6.R/R 
is determined by the true magnetization. In this 
connection, the threshold field was determined by 
us from the .6.R/R = f( H) curves, as the field 
starting with which a variation of the electric re
sistance in the magnetic field is observed. 

Figure 4 shows the results of the measurement 
of .6.R/R as a function of the magnetic field in ten
sity, plotted at room temperature at six different 
values of the pressure: atmospheric, 2600, 5400, 
7025, 8850, and 10,800 kg/cm2• It is seen from 
these plots that the threshold field of MnAu2 de
creases rapidly with increasing pressure, but the 
character of the .6.R/R = f( H) curves remains 
unchanged. 

FIG. 4. Dependence of L'.R/R on H. Curve 1- atmospheric 
pressure; curves 2-6 at pressures (P) 2600, 5400, 7025, 8850, 
and 10800 kg/cm2 , respectively. 
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FIG. 5. Dependence 
of the threshold field Hth 

on the pressure. Room 
temperature. 

Figure 5 shows the variation of the value of Hth 
as a function of the pressure, as determined from 
the curves of Fig. 4, from which it is seen that Hth 
decreases linearly with increasing pressure. Re
peated measurements have shown good reproduci
bility of these data, so that the variation of Hth 
under the influence of hydrostatic compression 
can be given by 

dHthl dP =- 0.67 ± 0.07 Oe· cm2/kg. 

The data we obtained on the variation of the 
threshold field with pressure are in qualitative 
agreement with the results of an investigation of 
the magnetization of MnAu2 under hydrostatic 
compression up to 4500 kg/cm2, carried out by 
Klitzing and Gielessen [6], who have shown that the 
hydrostatic compression increases the slope of 
the magnetization curve and simultaneously shifts 
the start of the rise in the u = f( H) curves toward 
smaller magnetic fields. On the basis of the data 
we obtained it can be assumed that the increase in 
the magnetization observed in [6], amounting to a 
factor of 2% at a pressure of 4600 kg/cm2, is ap
parently connected essentially with the strong de
crease in the threshold field under the action of 
the hydrostatic compression of the specimen. 

3. Using for MnAu2 a compressibility K = 6 
x 10-7 cm2/kg and a thermal coefficient of volume 
expansion a = 6.55 x 10 deg-1 [?], we can easily 
verify that a pressure of 10,000 kg/cm2 is equiva
lent (in the sense of the change in distance between 
atoms ) to a change in temperature by 92°. If the 
change in the threshold field MnAu2 is due only to 
the change in the parameters of the crystal cell, 
then we can expect Hth to drop to 700 Oe at T 
= 200°K, which corresponds to the value of Hth 
at P = 10,000 kg/cm2• However, the temperature 
dependence of the threshold field, which we deter
mined on the basis of the measurements of the iso
therms of the magnetization of MnAu2 in the tern
perature range 86-310°K, shows that when the 
temperature drops Hth does not decrease, but in-

creases somewhat. Thus, for example, at T = 77°K, 
we have Hth = 10,000 Oe, and at T = 2000°K it 
amounts to Hth = 9400 Oe. 

4. Taking into account the helicoidal magnetic 
structure of MnAu2, the variation of TN and Hth 
with pressure as observed by us can be explained 
in the following manner. If we assume that TN is 
determined by the largest of the exchange interac
tions existing in this crystal, then we can assume 
that the decrease in the distance between the man
ganese atoms that lie in the basal planes and are 
nearest neighbors leads to an increase in the posi
tive interaction, for TN increases with increasing 
pressure. At the same time, the decrease in dis
tance between basal planes brought about by the 
pressure, that is, between every other plane, leads 
to an attenuation of the negative interactions, the 
values of which depend very strongly on the dis
tance. According to Herpin, Meriel, and Villain[4J, 
the interaction between the manganese atoms lying 
in neighboring basal planes is the sum of two inter
actions, one positive between the atoms of the 
neighboring layers, and one negative between the 
atoms of every other layer. 
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