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Existence of a ferrimagnetic to antiferromagnetic phase transition with decreasing temperature in Mn2Sb 
modified with 2.3 weight percent chromium is confirmed by neutron diffraction. 

IN an earlier note, Swoboda et al,1 reported a transition 
in chromium-modified Mn2Sb from a weak magnetic 

to a strong magnetic state with increasing temperature. 
It was suggested that the weak magnetic state is actu­
ally antiferromagnetic and that the weak magnetism 
arises from an MnSb precipitate. Here we report on 
neutron diffraction studies of this material, which con­
firm completely that the weak magnetic region is 
antiferromagnetic. 

Measurements were made on a cylindrical single 
crystal of Mn1.9Cro.1Sbo.95Ino.05 with its tetragonal axis 
as the cylinder axis. The temperature dependence of 
the magnetization of this crystal is shown in Fig. 1, 
Curve A. The range of temperature over which the 
exchange inversion occurs (0° to. 40°C) is broader than 
that described for the examples in reference 1. One pos­
sible explanation for this effect is that the chromium 
concentration is not uniform throughout the large crys­
tal used for the neutron diffraction. A variation of only 
=b5% could account for the observed breadth. 

Measurement of the (00/), (hOO), and (M0) reflections 
were made over the temperature range —60° to +60°C. 
At +60°C, neutron diffraction intensities are in agree­
ment with published values for Mn2Sb,2 which has 

TABLE I. Neutron diffraction intensities (arbitrary units). 

A. Mni 

{hkl) 

(001) 
(00f) 
(002) 
(00f) 
(110) 

.9Cro.iSbo.95lno.o6a 

-j-60°C 
No 

external 
field 

197 
0 

314 
0 

560 

-60°C * 
Antiferro­
magnetic 

197 
1000 
314 
107 
212 

B. Mn2Sbb 

Room 
Saturating 

field in 
(110) 

direction 

855 
0 

950 
0 

305 

temp. 

No 
external 

field 

251 
0 

314 
0 

907 

» The (OOf) reflection at —60°C was arbitrarily assigned an intensity of 
1000. 

b The room temperature data for MmSb were taken from reference 2 
and normalized to the intensity of the (002) reflection of Mn1.9Cro.1-
Sbo.95Ino.06. This procedure does not normalize the (110) reflection be­
cause of differences in crystal geometry. 

* Contribution No. 630 from the Central Research Department. 
1 T. J. Swoboda, W. H. Cloud, T. A. Bither, M. S. Sadler, and 

H. S. Jarrett, Phys. Rev. Letters 4, 509 (1960). 
2 M. K. Wilkinson, N. S. Gingrich, and C. G. Shull, J. Phys. 

Chem. Solids 2, 289 (1957). 

the ferrimagnetic structure shown in Fig. 2(a). At 
— 60°C, strong (00/) reflections are observed for a 
magnetic unit cell having twice the c axis of the x-ray 
cell. Data for the (001), (OOf), (002), (OOf), and (110) 
reflections, where indexing is based on the x-ray cell, 
are shown in Table I. Appearance of the (OOf) and (00f) 
reflections at — 60°C and the fact that the (001) and 
(002) reflections are the same intensity at — 60°C as 
at +60°C indicate that the low-temperature phase is 
antiferromagnetic. The (^00) reflections are quite weak, 
and no reflections for odd h are observed. Thus it ap­
pears that the ferromagnetic alignment within the Mni 
and Mnir layers is the same as in Mn2Sb, but that the 
Mnn—Mnn interlayer orientation is reversed in the 
antiferromagnetic structure. One or both of the Mn 
sites may contain chromium, but at present we have 
not identified the chromium position. 

An antiferromagnetic structure compatible with the 
— 60°C neutron diffraction data is shown in Fig. 2(b). 
If the moments in the two Mnn layers adjacent to the 
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FIG. 1. Behavior of the magnetization, Curve A, and the 
magnetic contribution to two neutron diffraction lines, (110), 
Curve B, and (OOf), Curve C, in the vicinity of the exchange 
inversion temperature. 
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FIG. 2. (a) Magnetic structure of Mr^Sb. Layers of Mm 

atoms (circles) are aligned antiparallel to layers of Mnu atoms 
(squares). Above — 20°C, the atomic moments of Mn2Sb are 
parallel to the c axis. Between — 20°C and —40°C, the moments 
become perpendicular to the c axis (reference 2). (b) Proposed 
antiferromagnetic structure below the exchange inversion temper­
ature for chromium-modified Mn2Sb. The moments are perpendic­
ular to the c axis. 

same Mni layer were not antiparallel to the moments 
in the Mni layer, the (OOf) reflection would be weaker 
than the (00|) reflection, but the (OOf) reflection is 
observed to be 9 times stronger than the (OOf) reflection 
(see Table I). Thus, the H 1 1 \- arrangement 
of the Mni and Mnu layers shown in Fig. 2(b) must 
be chosen over a H—| \-+ arrangement. S woboda 
et aLl have suggested that the transition from ferri-
magnetism to antiferromagnetism arises because of 
competition between nearly equal exchange interactions 
of opposite sign. We suggest that the exchange inter­
actions in question are between the two Mnu layers 
that do not have an Mni layer interposed between them. 
A change in sign of the net exchange between these two 
layers is sufficient to transform the ferromagnetic struc­
ture of Fig. 2(a) to the antiferromagnetic structure of 
Fig. 2(b). 

Jaep3 has pointed out that this exchange inversion 
transition must be first order. Kittel4 has proposed a 

3 W. F. Jaep, Engineering Department, E. I. du Pont de 
Nemours and Company, Wilmington, Delaware (private com­
munication) . 

4 C. Kittel, Phys. Rev. 120, 335 (1960). 

theory that introduces explicitly the effects of strain 
dependence on isotropic exchange. If the value of the 
lattice parameter at which an interlattice exchange 
interaction changes sign happens to occur within the 
range of normal thermal contraction, then a first order 
ferromagnetic-antiferromagnetic phase transition will 
occur. If we may adapt this theory to chromium-modi­
fied Mn2Sb, it appears that the principal role of the 
chromium is to reduce the lattice dimension of Mn2Sb 
just sufficiently to allow this critical dimension to occur 
at accessible temperatures. 

It has already been established that the magneto-
crystalline anisotropy in the ferrimagnetic temperature 
range is similar to that of M^Sb.1 The question now 
arises: Does the anisotropy continue to be similar to 
that of Mn2Sb below the exchange inversion transition 
or does the anisotropy also change at the transition? 
This question can be answered by observation of the 
temperature dependence of the (110) and (OOf) 
intensities. 

Comparison of the (110) lines above the Curie temp­
erature and at — 60 °C shows that the temperature com­
pensated intensities are the same, a result compatible 
with the proposed AF structure. The magnetic contri­
bution to the (110) reflection at intermediate tempera­
tures, obtained by subtracting off the nuclear part, and 
the intensity of the (OOf) reflection, which is entirely 
magnetic, are shown as functions of temperature in 
in Fig. 1. It is apparent that the (110) intensity is 
proportional to the saturation moment which, in turn, 
is inversely proportional to the (OOf) intensity. Because 
of the sin2a: dependence between the scattering vector 
and the magnetic moment, these results indicate that 
the magnetic moments rotate into the basal plane as 
the sample is cooled through the exchange inversion 
transition. If the temperature dependence of the anisot­
ropy had remained similar to that of Mn2Sb, the mo­
ments would not rotate into the basal plane until near 
— 25°C, the temperature at which the anisotropy in 
Mn2Sb changes sign. Therefore, we conclude that the 
magnetocrystalline anisotropy in the antiferromagnetic 
region is negative with the moments perpendicular to 
the tetragonal axis even in the temperature region where 
the anisotropy of Mn2Sb is positive. 
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