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Introduction 

Solid solutions on the basis of manganese antimonide 
with B8-type of crystal structure have important com-
mercial applications as materials for magnetooptics, 
electrode materials, temperature-sensitive elements 
[3, 7–9]. That is why the tendency for producing new 
materials on the basis of manganese antimonide and 
investigation of their physical properties still persists. 
The solid solutions with varying magnetic properties 
were obtained in our previous work: 1) Mn1.1–xCuxSb and 
Mn1.1–xZnx Sb with x ≤ 0.10 prepared by the conventional 
melting method [5] and 2) Mn1.5–xCuxSb (x ≤ 0.30) and 
Mn1.5–xZnxSb (x ≤ 0.10) prepared using the high-pressure 
high-temperature processing. This technique ensures 
an increase in copper content to 30 at.%, but does not 
influence zinc content [2]. 

The purpose of the present work was to determine 
the solubility region of Al and Si in manganese antimo-
nide with B8 type of crystal structure and to investigate 
the effect of substitution on the local structure and 
magnetic properties. 

Experimental 

The procedure of preparation of MnSb(Al) 
and MnSb(Si) solid solutions was similar to that de-
scribed in [5] for Mn1.1–xCuxSb and Mn1.1–xZnxSb. It 
included slow (during 24 h) heating of a homogeneous 
mixture of the appropriate quantities of spectroscopi-
cally pure initial components in silica tubes with an 
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inner pressure of 10–3 torr up to alloying temperature 
T = 900–950oC. Next, the mixture was alloyed at T = 
900–950oC during 4 h, slowly cooled (during 4–5 h) 
from 950oC down to 840–860oC (the temperature of 
B8-phase formation), annealed at T = 840–860oC dur-
ing 24 h and water quenched. At first, the quantities 
of initial components were taken in accordance with 

the chemical formula Mn1.1–xAl(Si)xSb, but it appeared 
not possible to obtain the solid solution with B8-type 
structure in the system in such a way. Solid solution of 
B8-type formed was only in the case when the quantities 
of initial components were taken in accordance with 
the chemical formula Mn1.1Sb1–yAl(Si)y. Al or Si atoms 
replaced Sb atoms in anion sublattice. 

Table 1. Lattice parameters (a, c) and Curie temperatures (TC) for the B8-type solid solutions of Al and Si in manganese 
antimonide 

Sample a (Ǻ) c (Ǻ) c/a TC (K) 

Mn1.1Sb 4.157 5.757 1.385 498
Mn1.1Si0.1Sb0.9 4.167 5.742 1.377 470
Mn1.1Al0.1Sb0.9 4.177 5.734 1.372 465

Fig. 1. X-ray diffraction patterns and specific magnetization as a function of temperature for the Mn1.1AlySb1–y and Mn1.1SiySb1–y.
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Results 

The products of each synthesis were analyzed for the 
phase composition by powder X-ray diffraction (XRD) 
analysis and unit cell dimensions were obtained in the 
same way. The XRD patterns were adjusted by the 
Rietveld method [4]. Specific magnetization and satura-
tion magnetization were measured in the field of 8.6 kOe 
and temperature region 77 K – 700 K for all the samples, 
Table 1. X-ray diffraction patterns and specific magneti-
zation as a function of temperature for the Mn1.1AlySb1–y 
and Mn1.1SiySb1–y are shown in Fig. 1. 

The solubility region was determined for B8-type 
solid solution of MnSb-Al and MnSb-Si systems. It is 0 ≤ 
y ≤ 0.2 for Mn1.1Sb1–yAly and 0 ≤ y ≤ 0.1 for Mn1.1Sb1–ySiy. 

The magnetic measurements revealed that the 
partial substitution of Sb atoms for Al or Si practically 
did not influence the specific magnetization and Curie 
temperatures. 

To gain more detailed insight into the microstructure 
and magnetic properties of the solid solutions obtained 
they were characterized by Mössbauer spectroscopy. 
The experiment was held at room temperature (293 K) 
in transmission geometry, the gamma source used was 
57Fe(Rh). Mn atoms in each sample were partly substi-
tuted by the Mössbauer isotope 57Fe during synthesis 
(2 at.%). XRD analysis showed no appreciable struc-
ture difference between the samples with a 57Fe isotope 
addition and those without it. Hyperfine interactions 
parameters were refined by computer fitting. Room-
-temperature Mössbauer spectra are shown in Fig. 2, 
the fitting parameters are listed in Table 2. Firstly, we 
supposed that substitution of the metalloid atoms (Sb) by 
Al and Si would not influence the main 57Fe hyperfine in-
teraction parameters and the shape of Mössbauer spectra 
of solid solutions should be close to that of Mn1+xSb. 

In fact there is a significant difference in the spec-
trum structure. The spectrum for Mn1+xSb consists 
of two sextets. Our previous Mössbauer study of the 
Mn1+xSb and the MnSb(Cu,Zn) [6] confirmed that there 
are two types of magnetically non-equivalent positions 
of metal atoms in such a type of solid solutions. First, 
this presentation corresponded to the essentialities of 
B8-type structure, where metal atoms (including Fe) 
are located in two types of structural non-equivalent 
positions, octahedral and trigonal bipyramidal. Second, 
neutron diffraction results obtained for Mn1+xSb [1] 
revealed two different values of the magnetic moment 
of metal atom in Mn1.10Sb. This also argues for two dif-
ferent values of hyperfine magnetic field at Fe atoms. As 
the magnetic moment of the metal atom in octahedral 
position is 3.6 μB and 3.0 μB for the atom in interstitial 
position [1], we suppose that the subspectrum with a 
larger Beff value in each spectrum Beff corresponds to Fe 
atoms in regular octahedral positions. The subspectrum 
with a smaller Beff value in each solid solution spectrum 
was attributed to the metal atoms in trigonal bipyrami-
dal sites. Using the two sextet model described in [2, 
6], we obtained a good fitting results for the Mn1+xSb 
spectrum and those for B8-type solid solutions of Cu 
or Zn in Mn1+xSb. 

Both Al and Si solid solution spectra consist of two 
magnetic subspectra with the field values similar to 
those at 57Fe in the parent Mn1.10Sb. Beside sextets, there Ta
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is a quadrupole doublet with an ambiguous nature in 
the spectra of solid solutions studied. We supposed that 
the most probable reason of this is a local redistribution 
of atoms. Sb atoms form the nearest neighborhood of 
each octahedral metal atom – Mn or Fe. If we suppose 
that Si or Al atoms replace Sb ones then the metal atoms 
(Mn or Fe) fall out of the magnetic interactions as this 
interaction is realized in the form of indirect exchange 
between them via Sb and thus blocked. The fact that 
the relative area of the sextet with the higher Beff in each 
spectrum is smaller than the relative area of the sextet 
with the lower Beff argues for this supposition. 

Conclusions 

The nature of a quadrupole doublet needs to get proper 
understanding because the magnetic measurements 
detected no appreciable weakening of magnetic inter-
actions in the solid solutions in comparison with those 
in the parent Mn1.10Sb (Fig. 1). The local redistribution 
of the atoms that follows from the Mössbauer data 
could affect the electrical properties of solid solutions 
obtained and hereby the present work sets the problem 
for further study. 

The solid solutions Mn1.1Sb1–yAly with 0 < y ≤ 0.2 and 
Mn1.1Si0.1Sb0.9 with B8-type of crystal structure were 
obtained. The magnetic measurement revealed that 
the partial substitution of Sb atoms for Al or Si nearly 
do not affect the specific magnetization and Curie tem-
peratures. The Mössbauer spectroscopy data showed 
the local redistribution of atoms. 
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Fig. 2. Room-temperature Mössbauer spectra for the 
Mn1.1AlySb1–y and Mn1.1SiySb1–y. 


