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Recent magneticresonanceresults suggest that MnIn& is antiferromagnetic WithaNCelpoint near liquid 
helium temperature, in disagreement with previously reported dc (direct current) susceptibility measure- 
ments. The resonance data suggest that these susceptibility measurements were made at an applied dc 
field comparable to or greater than the critical field. This would tend to obscure observation of a 
magnetic transition, since some of the spins would be “flopped.” The susceptibility measurements have 
been repeated at a much lower applied field. From these new measurements, a N8el temperature of 
4.9”K is obtained, in agreement with the resonance data, and an exchange parameter of 1430 is 
computed. 

Introduction 

Manganese indium thiospinel has been 
shown by Schlein and Wold to be a mixed 
spine1 Mn,Inl-,(Inl+,Mn,-X)S4 (I). Their 
dc magnetic susceptibility measurements on a 
powdered specimen with a 10 kOe applied 
magnetic field intensity indicate that this 
material exhibits Curie-Weiss behavior over 
the temperature range 4.2-298°K with 0 = 
-78°K. No apparent ordering temperature 
was found, although a slight curvature in the 
inverse susceptibility vs temperature plot was 
observed at the lower temperatures. 

Goodenough has commented (2) that all 
interactions in this compound are expected to 
be antiferromagnetic, and expressed surprise 
that no ferrimagnetism had been observed 
above 4.2”K. Recently, however, this com- 
pound has been studied with magnetic 
resonance techniques (3), and the results 
indicate that a transition to the antiferro- 
magnetic state occurs near 6°K. The zero 
applied field resonance frequency yields an 
effective internal field of 3.59 kOe at 4.2”K 
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based on the Ndel two-sublattice model. The 
effective internal field should increase as 
temperature is decreased, but it is unlikely 
that, even at absolute zero, this field greatly 
exceeds 10 kOe-the applied field used in the 
original susceptibility measurements. It was 
thus felt that the low-temperature suscepti- 
bility behavior may have been obscured in 
those measurements, as explained below. 
Consequently, we have reexamined the sus- 
ceptibility of this compound using lower 
applied field values (-1.3 kOe), and employing 
a magnetometer whose low temperature 
sensitivity is much greater than that of the 
instrument used for the original measure- 
ments. 

Effect of Applied Magnetic Field on Powder 
Susceptibility 

Low-Field Case 
Susceptibility measurements on an anti- 

ferromagnetic substance are usually performed 
in a dc magnetic field H which is small com- 
pared to the effective internal field at absolute 
zero H, = (2HEHA)llz, where He and HA are 
the exchange field and the anisotropy field, 
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respectively, at absolute zero. In a powdered 
specimen of an antiferromagnetic substance 
with one preferred axis, for example. the low- 
field powder susceptibility xP is given (4) by 

xD = l/311,, f 213~ w @ HA (1) 
where xi, and x1 are single crystal suscepti- 
bilities measured with the applied magnetic 
field parallel and perpendicular to the pre- 
ferred axis, respectively. The temperature 
dependences of xI, (H< H,), x,, and x1 are 
shown in Fig. 1 for T < TN (.5), where TN is the 
NCel temperature. 

High-Field Case 
The effect of an applied magnetic field H on 

any crystallite in a powdered specimen can be 
considered qualitatively by decomposing H 
into two orthogonal components, one parallel 
to and the other perpendicular to the easy 
direction of the particle, H,, and HL. If H,, 
is comparable to or greater than H,, the sub- 
lattice magnetizations of the crystallite will 
flop (4) into an orientation perpendicular to 
the easy direction. This phenomenon will 
increase the contribution of x1 to xp in Eq. (1). 
Thus, for T < TN, xD measured with H N H, 
is greater than that with H < H,. As examples, 
Fig. 1 also shows the temperature dependence 
of the powder susceptibility of a uniaxial 
antiferromagnet for H = H, and H = 43H, 
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FIG. 1. Uniaxial antiferromagnetic susceptibilities. 
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(5). Clearly, the effect of the magnetic field on 
the susceptibility curve is to smooth out the 
peak at TN, making the determination of TN 
less certain. The effect becomes more 
pronounced as the field is increased, so care 
should be taken to ensure that the field applied 
during susceptibility measurements is suf- 
ficiently low. 

Experimental Procedure and Results 

Material Preparation 
The MnIn$!& used in this study was pre- 

pared using the procedure described in Ref. 
(1). X-ray diffraction measurements showed 
the material to be single phase-having a 
mixed spine1 structure with a cell edge of 
10.72 A. 

Low-Field Susceptibility Measurements 
Susceptibility data were obtained with a 

Faraday Balance over the temperature range 
2.5-300°K at a field of 1.27 kOe. The results 
from 2.50 to 20°K are shown in Fig. 2. The 
data indicate antiferromagnetic ordering 
below a Ntel point of 4.9”K, in agreement 
with the resonance data. At temperatures 
above TN, the susceptibility follows the Curie- 
Weiss law x = C/(T - 19) with C(molar) = 4.26 
and 0 = -75”K, in fair agreement with the 
previously reported susceptibility measure- 
ments. The exchange parameter )3. = l/xl with 
x1 in cgs/cm3. Since x1 is given by the maximum 
of the powder susceptibility (6.5 x low2 
cgs/mole from Fig. 2), an exchange parameter 
I = 1430 is calculated using the X-ray density. 
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FIG. 2. MnIn& powder susceptibility, 
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