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MAGNETIC STUDIES OF C1,-COMPOUND S OF TRANSITION METALS 

K. ENDO, Y. FUJITA, R. KIMURA, T. OHOYAMA (*), 
Faculty of Science, Tokyo Metropolitan University, Setagaya, Tokyo, Japan 

and M. TERADA 
Faculty of Engineering, Keio University, Koganei, Tokyo, Japan 

Rksumk. - Proprietks magnktiques des skries des composks (Cu, Ni)MnSb, (Cu, Pd)MnSb et (Ni, Co)MnSb, 
dont la structure est du type Clb, ont Bt6 ktudiks. Substitution de Ni ou bien Pd pour Cu dans CuMnSb, qui est antifer- 
romagnktlque, pour quelques pour cent change le magn6tisme en ferromagnktisme, malgre leur effet opposee sur la cons- 
tante de rkseaux. Co-existence de phase de dksordre fait les courbes thermomagn6tiques de (Ni, Co)MnSb &tre complexes. 
Resultats expkrimentaux montrent que des atomes de Mn soient les seuls porteurs de moment, et aussi que le nombre 
moyen d'klectrons de conduction par atome joue un r61e Important dans le magnetisme des composks de type Clb. 

Abstract. - Magnctic properties of series of compounds with Clb type of crystal structure (Cu, Ni)MnSb 
(Cu, Pd)MnSb and (Ni, Co)MnSb were studied. Substitutjon of either Ni or Pd for Cu in antiferromagnetic CuMnSb 
by a few per cent changes the magnetism into ferromagnet~sm, in spite of their opposlte effects on the lattice parameter. 
Co-existence of disordered phase makes the thermonlagnetic curves for (Ni, Co)MnSb complex. Experimental results 
show that Mn atoms are the only carrier of magnetic moment and that the conduction electron concentration plays 
an important r61e in the magnetism of Clb compounds. 

1. Introduction. - Magnetic properties of the 
compounds having Cl(CaF,) or CI,(MgAgAs) type 
of crystal structure, the latter being an ordered struc- 
ture of the former, have been investigated by several 
authours. Castelliz [I, 21 reported that NiMnSb, 
CoMnSn and CoMnSb are ferromagnetic with Curie 
temperatures of 750 OK, 670 OK and 490 OK respec- 
tively. Hames [3] reported that PdMnSb is strongly 
magnetic at  room temperature. Recent studies by 
Endo et al. [4] and by Forster et al. [5] revealed that 
CuMnSb is an antiferromagnet with Nkel tempe- 
rature of 550K, magnetic moments being aligned 
ferromagnetically in (1 11) planes with neighbouring 
planes oriented antiparallel. The compounds ABSb, 
where A stands for Fe, Co or Ni and B for Ti or V, 
have been reported to be of C1, type [6, 71, but their 
magnetism is not thouroughly known except our 
recent finding [8] that CoVSb is a Curie-Weiss para- 
magnet with effective magnetic moment of 1.26 p, 
per formula and assymptotic Curie temperature of 
75 OK, and also that CoTiSb is a Pauli paramagnet 
with constant susceptibility of 5 x lo-' cm3/g. 

In this paper we report the results of our recent 
magnetic studies of three series of the compounds 
(Cu, Ni)MnSb, (Cu, Pd)MnSb and (Ni, Co)MnSb. 
Possible mechanism of magnetic interaction in C1,- 
type compounds will be discussed. 

2. Experimental Result and Discussions. - Spe- 
cimens used were prepared as follows : The mixtures 
of the constituent metals were sealed in evacuated 
quartz tubes, melted at about 1 000 OC and then homo- 
genized at 650 OC for 50 h. The purities of the starting 
materials were 99.99 % for copper, 99.9 % for nickel, 
paradium, manganese and antimony, and 99.5 % 
for cobalt. The specimens were examined by means 
of X-ray powder diffraction using CUKE radiation 
and also of microscopic observations. Magnetization 
was determined from the force excerted on the spe- 
cimen placed in an inhomogeneous magnetic field 

(*) Present address : Department of Physical Engineering, 
The University of Electro-Communications, Chofu-shi, Tokyo. 

up to 10 kOe at temperatures down to 770K. The 
measurements were taken down to 4.2OK for 
Cu,-,Ni,MnSb with x 5 0.04. 

In figure 1, the lattice parameter is plotted against 
the composition. In the right half of the figure the 
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FIG. 1. - Dependence of lattice parameters of Clb compounds 
(Ni, Co)MnSb, (Cu, Ni)MnSb and (Cu, Pd)MnSb on compo- 

sition. 
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values for both (Cu, Ni)MnSb and (Cu, Pd)MnSb 
are shown (**). 

According to Nowotny et al. [9] Mn and Sb (or 
Co and Sb) are distributed at random in CoMnSb 
(C1 or CaF, structure), but the Debye diagram for 
our specimen indicated a partial ordering towards 
C1, structure. The degree of ordering was roughly 
estimated to be about a half. In (Cu, Ni)MnSb and 
(Cu, Pd)MnSb, the monotonic change of the lattice 
parameter from CuMnSb towards Ni- or PdMnSb 
may be taken as an evidence that, on substitution, 
Ni or Pd atoms properly occupy the Cu sites. The 
observed intensity of X-ray diffraction was consistent 
with the calculated one. 

The magnetization vs. temperature curves for 

-1 

(**) Since actual composition of the compound CuMnSb 
is Cu~.~~Mn~.~oSbl.os, excess Sb was introduced in the dilute 
compounds of Ni and Pd 14, 101. 
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(Co, Ni)MnSb were not simple. Even the specimens 
for which the Debye diagrams were of single-phase 
pattern often demonstrated the co-existence of two 
ferromagnetic phases through two Curie temperatures. 
This peculiar results were interpreted as co-existence, 
in the specimen, of ordered (Cl,) and disordered (Cl) 
phases with the same value of lattice parameter. 
Prolonged annealing at elevated temperatures tended 
to eliminate the lower Curie temperature but no per- 
fect order seemed to be reached. 

The results of the magnetic measurements are 
summarized in figure 2. 

CcMnSb NiMnSb CuMnSb 
PdMnSb 

FIG. 2. - Dependences of saturation magnetization in terms 
of fl~/Mn, ferromagnetic and paramagnetic Curie temperatures 
of (Ni, Co)MnSb, (Cu, Ni)MnSb and (Cu, Pd)MnSb on 

composition. 

In spite of the opposite change in lattice parameter, 
partial replacements of Cu atoms in antiferromagnetic 
CuMnSb by Ni and Pd bring about a quite similar 
change in magnetism, reversing the sign of 8, at  about 
5 to 6 % replacement, which suggests that the Mn-Mn 
distance is of minor importance. 

The behaviour of the saturation moment in (Cu, 
Ni)MnSb which reaches 4 ,uB/Mn at Cu,.,Ni,.,MnSb 
and stays constant thereafter may be interpreted 
as indicating that Mn atoms are the only carriers 
of magnetic moment in  this series of compounds. 
This value stays nearly unchanged also in (Ni, Co) 
MnSb, apart from small decrease presumably due to 
the disordered nature. PdMnSb has practically the 
same value of saturation moment [lo] as NiMnSb. 
In the region of composition near CuMnSb where 
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the saturation moment is much smaller, the para- 
magnetic moment stays nearly constant, which may 
be considered to show that the decrease in saturation 
moment does not come from the decrease in the 
atomic moment of Mn, but from their incomplete 
alignment due to the onset of antiferromagnetic cou- 
pling among them. In contrast to the behaviour of 
the saturation moment, the Curie temperatures Tc 
and 6, change gradualIy and reach the maximum 
value around the composition NiMnSb. 

Since Pd atoms are generally in less favourable 
condition for the possesion of magnetic moment 
than Ni which in turn have no magnetic moment in 
(Ni, CujMnSb, Pd and Ni atoms may be considered 
to behave in the same way so far as the magnetic 
moment and the number of conduction electrons 
are concerned. Thus it may be said that it is the conduc- 
tion electron concentration that plays a major r6le. 

The indirect exchange interaction of Ruderman- 
Kittel-Kasuya-Yosida type and/or the interaction 
through double resonance scattering of Friedel-Caroli- 
Blandin type [1 1, 12, 131 is supposed to be important. 
Both of these theories lead to rather similar expres- 
sions of the interaction energy with oscillating nature, 
apart from the contrary dependence of the amplitude 
on the distance between magnetic moments when 
the number of conduction electrons per atom and 
J,, are fixed. 

Preference of the latter theory to the former as 
was discussed by Caroli and Blandin for dilute alloys 
of Mn jn Cu and for the Heusler alloys is again the 
case in the C1, compounds, whose structure is closely 
related to the Heusler alloy structure : the higher 
Curie temperature of NiMnSb than PdMnSb is con- 
sistent with the double resonance scattering theory. 
Endo [lo] estimated that the R-K-K-Y interaction 
is about 10 to 50 times smaller in the present compounds 
and evaluated the Caroli-Blandin expression of Curie 
temperature in qualitative agreement with experiment. 

In conclusion, manganese atoms are the only 
carrier of magnetic moment in the manganese com- 
pounds of C1, type structure, and the conduction 
electron concentration is of major importance in 
determining the magnetic interaction among them. 
The interaction based on the double resonance scat- 
tering theory rather than the R-K-K-Y interaction 
is consistent with the experimental results. 
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