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Abstract
The paper studies the effect of high-temperature treatment on structural and magnetic properties of the system 
MnZn1-xCrxSb (0 ≤ x ≤ 0.20) solid solutions obtained by solid-phase reactions with subsequent quenching. It was shown 
all solid solutions have a tetragonal crystal structure with P4/nmm space group, which is preserved under high-tem-
perature treatment. The temperatures of the magnetic phase transition increase with grow substitution concentration. 
High-temperature treatment of the initial MnZnSb compound leads to increasing of Curie temperature and coercive 
force. The effect of substitution concentration on the coercive force and magnetization value has been discovered.
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1. Introduction

Magnetoelectric coupling leads to electric polarization 
change when an external magnetic field is applied and, 
versa, changing of magnetization with external electric 
field applied. The effect provides a possibility to create 
memory elements and devices based on quantum effects. 
However, candidates for magnetic phase change mate-
rials, such as diluted magnetic semiconductors, demon-
strate weak ferromagnetism. Control of magnetization 
by an electric field is possible for metals, but only for 
an extremely small magnetic (volume and therefore) 

signal  [1]. One of the interesting compounds in terms 
of complete and reversible ferromagnetism switching is 
the bulk intermetallic compound MnZnSb [2, 3]. Rela-
tively high specific magnetization, Curie temperature 
near room temperature, strong spin polarization and high 
thermo-EMF values make MnZnSb and based on its solid 
solutions promising candidates for practical use in a wide 
range of applications, such as spintronics, magnetoca-
lorics (spin valves, spin transistors, energy-efficient cool-
ing systems for various applications, including household 
refrigerators, air conditioners, cryogenic systems, etc.) 
[3, 4].
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MnZnSb compound has a tetragonal crystal structure 
of the Cu2Sb type. In such structure Mn atoms are locat-
ed in planes perpendicular to the c axis, and between the 
nearest manganese planes there are layers of non-mag-
netic Zn and Sb [3–5]. Obviously, there is a strong di-
rect exchange bond of manganese atoms in perpendicular 
planes and a relatively weak bond through two planes of 
non-magnetic atoms, so MnZnSb has interesting magnet-
ic properties. The Curie temperature (TC) for MnZnSb is 
312 K, and the magnetic moment of the manganese atom 
is 1.5 μB, which is significantly less than the calculated 
value for a localized Mn atom [1, 6]. Exposing of high 
pressures can initiate phase transitions of the MnZnSb 
crystal structure, which leads to a change of magnetic 
characteristics or a band structure of the compound.

There is very few information in the literature about the 
existence of solid solutions with a Cu2Sb-type structure 
in quaternary systems based on MnZnSb. At the same 
time, these solid solutions are interesting for given above 
prospects for practical application, due to the possibility 
of magnetic parameters varying by substitution. For 
example, the authors of [7, 8] showed that MnZn1-хFeхSb 
compounds are ferromagnetic and have a solubility limit 
of x = 0.2. The results of Mössbauer spectroscopy on 
57Fe nuclei at T = 77 and 300 K indicate an absence of 
magnetic interactions of iron atoms in MnZn1-хFeхSb 
solid solutions. Thus, it has been shown a number of new 
materials with improved characteristics can be obtained by 
replacing zinc atoms with iron atoms giving opportunity 
to create materials for specific practical applications.

Obtaining experimental data is important for con-
structing models of the formation of unique properties 
of new types of magnetic materials, and can be used for 
theoretical ab-initio calculations. In addition, this will 
allow developing new concepts and models of structur-
al ordering, which makes it possible to synthesize new 
functional materials with specified physical properties. 
The aim of this work was to synthesize solid solutions 
of the MnZn1-xCrxSb system (0 ≤ x ≤ 0.20) by replacing 
zinc atoms with chromium atoms, including under high 
pressure and temperatures, to study their crystal structure 
and the possibility of controlling magnetic characteristics 
with a magnetic field and concentration.

2. Materials and experimental 
methods

The initial MnZnSb compound and MnZn1-xCrxSb (0 ≤ x ≤ 
0.20) solid solutions were synthesized using solid-phase 
reactions. The initial chemical elements used to obtain the 
samples had the following purity characteristics: manga-
nese – 99.96%, zinc, chromium and antimony – 99.99%. 
The calculated amounts of the initial components were 
thoroughly mixed, poured into ampoules, which were 
then evacuated to a residual pressure of ~10-2 Pa and 
sealed. The samples were heated up to 1020  K with a 

heating rate ~100 K/h and kept at the temperature for 
20–24 h. Then, the samples were quenched in water. The 
ingots removed from the ampoules were silvery with me-
tallic luster, very brittleness and their surface contained 
numerous small cavities and pores. The obtained samples 
were subjected to thermobaric treatment under pressure 
~5.0 GPa, and the temperature ~623 K for 120 s.

The crystal structure and phase composition of the 
samples were certified at room temperature using X-ray 
diffraction method in CuKα radiation. The structural pa-
rameters were calculated using the FullProf program. 
The temperature dependences of the specific magnetiza-
tion were obtained using the ponderomotive method in a 
magnetic field with an induction of 0.86 T. The field de-
pendences of the specific magnetization were studied us-
ing a Cryogenic Ltd. vibration magnetometer (VSM) in a 
magnetic field of up to ±10 T and at a temperature of 5 K.

3. Results and discussion

Analysis of X-ray diffraction data showed that the 
MnZnSb compound and MnZn1-xCrxSb (0 ≤ x ≤ 0.20) 
solid solutions have a tetragonal crystal structure of the 
Cu2Sb (anti-PbFCl) type, with a P4/nmm space group. 
The unit cell of MnZnSb (Fig. 1) contains three formu-
la units: Mn atoms occupy the Wyckoff position 2a, Zn 
atoms occupy the position 2c, and Sb atoms occupy the 
position 4f. Each Mn atom is surrounded by six Zn atoms 
and conversely. Sb atoms form a distorted face-centered 
lattice connecting the Mn and Zn sublattices.

Phase analyses demonstrated an existing of sin-
gle-phase MnZn1-xCrxSb solid solutions in x ≤ 0.20 con-
centration range. No new Bragg peaks were observed 
on X-ray patterns after treatment under high pressure 
(Fig. 2), however Bragg peaks become wider and ratio in-
tensities of peaks was changed. It can be assumed that the 
after treatment structure became less ordered. The param-
eters of unit cell and c/a ratio of studying solid solutions 

Figure 1. Crystal structure of MnZnSb
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before and after high pressure treatments are given in 
Table 1. With an increase in the substitution concentra-
tion, a smooth decrease in the value of the parameters a 
and c was observed.

Figure 3 shows temperature dependences of magne-
tization of the MnZn1-xCrxSb (0 ≤ x ≤ 0.20) solid solu-
tions before and after high-pressure treatment. A specific 
magnetization becomes close to zero at 350 K for initial 
MnZnSb compound, however an anomaly of specific 
magnetization behavior is observed in the temperature 
range of 400–600 K. This can be explained by realiza-
tion of a two-phase magnetic state corresponding to two 
crystalline homogeneous regions with different magnetic 
ordering patterns [9]. In this work, using a neutron dif-
fraction method for the initial MnZnSb compound, the 
authors observed of local inhomogeneities in atoms and 
structural vacancy, which contributes to appearance of 
individual magnetically ordered clusters. The long-range 
magnetic order determined by the main three-dimension-
al magnetic structure is broken at the temperature around 
320 K. However, some separated clusters remain in the 

Table 1. Calculated values of a and c lattice parameters, the c/a 
ratio and elementary cell volumes of the system MnZn1-xCrxSb 
solid solutions

x
Before thermobaric 

treatment
After thermobaric 

treatment
a (nm) c (nm) c/a a (nm) c (nm) c/a

0.00 0.417 0.625 1.497 0.418 0.627 1.496

0.05 0.417 0.626 1.502 0.417 0.626 1.501

0.10 0.416 0.626 1.504 0.416 0.626 1.505

0.20 0.416 0.627 1.507 0.415 0.625 1.511

Figure 2. X-ray diffraction patterns of the MnZn1-xCrxSb system solid solutions before (a) and after thermobaric treatment (b)

a

b
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matrix of other manganese ions. They give a small re-
sulting moment at T > 320 K. With a further temperature 
increase, all magnetic clusters undergo to paramagnetic 
state. 

One can see from the figure the anomaly observed in 
the range of 400–600 K for both pure MnZnSb and its 
solid solution MnZn1-xCrxSb (x = 0.05) disappears as af-
ter thermobaric treatment as with an increasing of chro-
mium concentration. This fact might be due to absence 

of individual magnetically ordered clusters formation for 
these compounds. High pressure and temperature treat-
ment leads to the disappearance of structural inhomoge-
neities and, as results, clusters with a small resulting mo-
ment. Increasing of chromium concentration, most likely, 
has an opposite effect and lead to more structural defects. 
The Curie temperatures of the solid solutions were de-
termined by extrapolating of linear part of the specific 
magnetization square values temperature dependence to 

Table 2. Values of the average magnetic moments at 80 K (μ80K), Curie temperature (TC), saturation magnetization (σs), residual 
magnetization (σr) and coercivity (HC) for MnZn1-xCrxSb solid solutions

x
Before thermobaric treatment After thermobaric treatment

μ80K, μВ TC (K) σs, μВ σr, μВ HC (kOe) μ80K, μВ TC (K) σs, μВ σr, μВ HC (kOe)

0.00 0.72 313 0.75 0.41 0.45 0.82 323 0.97 0.62 4.1

0.05 0.65 318 0.65 0.24 0.41 0.82 326 0.95 0.60 3.1

0.10 0.51 323 0.51 0.19 0.40 0.64 330 0.79 0.46 2.6

0.20 0.39 333 0.40 0.15 0.39 0.49 337 0.70 0.34 2.6

Figure 3. Temperature dependences of the specific magnetization of MnZn1-xCrxSb solid solutions before (a) and after (b) thermo-
baric treatment

a b

Figure 4. Field dependences of specific magnetization before (a) and after (b) thermobaric treatment for MnZn1-xCrxSb solid solu-
tions at 5 K

a b
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Figure 4 presents the magnetization field depen-
dences of MnZn1-xCrxSb (0 ≤ x ≤ 0.20) solid solutions 
at 5 K before and after thermobaric treatment. Based 
on magnetic field dependences it was found the mag-
netization of all solid solutions saturates in a magnetic 
field of ~2 T. A coercivity (HC) for all compositions was 
determined from the hysteresis loops (insert to Fig. 4, 
Table 2). It was found the coercivity of the initial alloy 
was 440 Oe. The coercivity of all compositions before 
high-pressure treatment was about 0.4 kOe. The HC val-
ues decreases for samples before thermobaric treatment, 
and increases after one with an increase in the substitu-
tion concentration. An increasing of specific magnetiza-
tion value, Curie temperature, and saturation magnetiza-
tion was also found as a result of thermobaric treatment 
for studied solid solutions (Table 2). Treatment of the 
compounds with high pressure leads to a decrease in 
the average size of the grains as well as to anisotropic 
changes in their shape thus leading to a modified mor-
phology of the grains. The structural changes occurred 
in the compounds subjected to high pressure treatments 
are confirmed by a variation of the XRD diffraction pat-
terns, viz. the reflections intensities are modified, width 
of the peaks notably increases (see Fig. 2). The men-
tioned modification in the grains morphology increases 
magnetic anisotropy and thus leads to an increased co-
ercivity of the compounds (Fig. 4).

4. Conclusions

The MnZnSb compound and system MnZn1-xCrxSb 
(0  ≤  x  ≤  0.20) solid solutions were obtained by sol-
id-phase reactions method with subsequent annealing 
and thermobaric treatment. It was found that all prepared 
solid solutions have a tetragonal crystal structure (space 
group P4/nmm). It was found that high-pressure treat-
ment has no effect on microstructure of the synthesized 
compounds, but increases the magnetic characteristics of 
the samples. Curie temperature rises with an increase in 
the chromium concentration and after thermobaric treat-
ment. A second-order phase transition is observed at tem-
perature of 313 K for the initial MnZnSb, the temperature 
increases with an increasing of substitution concentration 
up to 333 K for MnZn0.80Cr0.20Sb. The disappearance 
of the high-temperature anomaly with an increasing of 
chromium concentration and high- pressure treatment 
was established. The high-pressure treatment leads to an 
increasing of specific magnetization value and coercivity 
to 4 kOe and 2.7 kOe for MnZnSb and MnZn0.80Cr0.20Sb, 
respectively. Thermobaric treatment can be considered as 
an effective method for changing the value of the main 
magnetic characteristics, as well for the temperature 
range of the phase magnetic transition expanding.
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