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The solid solutions with B8-type of crystal structure were prepared in ternary systems MnSb(Zn), MnSb(Cu),
MnSb(Al), and MnSb(Si). The ranges of B8 solid solutions existence are limited. The structural and magnetic
characteristics were investigated by X-ray powder diffraction, magnetization measurements and the Mdossbauer

spectroscopy.
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1. Introduction

The manganese antimonide Mn;,Sb (0 < z < 0.22)
[1] and solid solutions on its basis with the B8-type of
crystal structure (space group P63/mmc) are of practi-
cal importance as they manifest the variety of magnetic
properties in contrast to their common crystal structure.
These structures find practical applications as materials
for magneto-optics, temperature-sensitive elements, elec-
trodes for non-aqueous electrochemical cells etc. [2-6].

The purpose of the present work was to produce some
new B8-type solid solutions on the basis of manganese
antimonide and to study their structural and magnetic
properties.

2. Experimental

Various solid solutions with the B8 type of crystal
structure in the ternary systems MnSb(Zn), MnSb(Cu),
MnSb(Al) and MnSb(Si) were obtained. In order to es-
tablish the solubility ranges of Zn, Cu, Al, and Si in
MnSb, all the samples were examined by X-ray powder
diffraction at room temperature.

The following B8-type solid solutions were prepared
using various methods:

(1) The usual heterophase reaction [7] was used to obtain
Mn; 1_,Cu,Sb and Mny 1_,7Zn,Sb with z < 0.10;

(2) Mn; 5-,Cu,Sb (z < 0.30) and Mn; 5_,7Zn,Sb (z <
0.10) solid solutions were prepared using high pressure
high temperature treatment. This technique ensures an
increase in copper content to 30 at.%, but does not in-
fluence zinc content [§],

(3) Mnl,lel,yAly, Yy < 0.20 and Mnl,lsbl,ySiy with
y < 0.10 were also obtained by method of heterophase
reaction [9].
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Specific magnetization and saturation magnetization
were measured in the field of 8.6 kOe and the tempera-
ture range 77 to 700 K for all the samples. The exper-
iment was performed by means of the Faraday method
measuring the electromagnetic force which enabled using
a small amount of sample. The Curie temperature 7
was determined by a conventional method of extrapola-
tion of the linear part of o?(T) dependence to T-axes.
The accuracy of T, determination was 5 K.

The Mossbauer measurement was performed at room
temperature (293 K). Usual experiment in transmission
geometry was carried out with °"Co(Rh) as a gamma,
resonance source. The Mn content in each sample was
partly substituted by the Mdssbauer isotope °“Fe when
synthesizing (2 at.%). X-ray analysis shows no appre-
ciable difference between the structure of the samples
with the Mdssbauer isotope addition and those without
it. The hyperfine interaction parameters were refined us-
ing the Recoil program [10].

TABLE I

The structural and magnetic parameters of B8 type solid
solutions on the basis of manganese antimonide.

TA] | cIA] | o femu/g]

Sample 203K | 203K | 77k | ¢ Kl
Mn; 1Sb 4157 | 5.757 99.7 520
MnZno.Sb | 4.150 | 5.758 97.9 570
MnCuo.Sb | 4.133 | 5.770 97.8 590
Mn; 2Sb 4197 | 5.723 92.9 540
Mni1Zno.Sb | 4.175 | 5.726 90.2 570
Mn;;CuosSb | 4.164 | 5.775 90.5 580
Mn; 5Sb 4281 | 5.648 26 230
Mni.4Zno.Sb | 4.302 | 5.656 27 260
Mn1‘3cu0‘25b 4.236 5.674 44 350
Mn;2CuosSh | 4.243 | 5.671 38 450
Mni1Sio.1Sboo | 4.167 | 5.742 93 470
Mui1Alo1Sboo | 4.177 | 5.734 88 465

a, ¢ — lattice parameters, 0 — magnetization,
Tc — Curie temperature.
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TABLE II

Hyperfine interactions parameters at room temperature
for B8 type solid solutions on the basis of manganese
antimonide.

Sample \ Sub 1S QS | Hesr w A

parameters spectrum | [mm/s] | [mm/s] | [T] | [mm/s] | [%]
Mnj . 1Sb Sextet 1 0.50 0.19 6.1 0.21 74

Sextet 2 0.55 —0.10 | 8.2 0.17 26

MnZng.1Sb Sextet 1 0.49 0.20 6.1 0.22 49

Sextet 2 0.53 —0.11 | 8.0 0.16 51
Mni.05Cug.05Sb | Sextet 1 0.44 0.33 6.3 0.33 22
Sextet 2 0.51 —0.12 | 7.8 0.15 78
Dublet 0.41 0.41 - 0.15 100
Dublet 0.41 0.39 - 0.15 100
Sextet 1 0.32 —0.10 | 1.8 0.14 14.7
Sextet 2 0.44 —0.09 | 4.8 0.22 47.4
Dublet1 0.39 0.55 — 0.19 21.3
Dublet2 0.32 0.13 — 0.16 16.6
Sextet 1 0.39 —0.28 | 5.8 |0.19(fix) 3
Sextet 2 0.42 —0.20 | 8.5 |0.19(fix) | 17.5
Dublet1 0.14 0.35 - ]0.17(fix) | 79.5
—0.30 | 5.1 [0.19(
(
(

Mnq 5Sb
Mnj 4Zng.1Sbh
Mn; 2Cup.35b

Mny.1Sip.15bo.9

Mni.1Alg.1Sbo.g | Sextet 1 0.47 ﬁx) 2.5
Sextet 2 0.78 —0.24 | 6.3 |0.19(fix) | 61.5
Dublet1 0.34 0.46 0.17(fix) | 36

IS — Isomer Shift value relative to the Co/Rh source,

QS — Quadrupole Splitting, Herr — Hyperfine magnetic field

W — line width, A — relative subspectrum area

The structural and magnetic parameters for the solid
solutions are collected in Table I.

The Mossbauer °“Fe parameters for the solid solutions
at room temperature are collected in Table II.

3. Results and discussion

The metal atoms in the B8 type compounds occupy
two types of crystal positions: octahedral and trigonal-
-bipyramidal ones. There was some ambiguity in the
literature about the magnetic moment of metal atoms
in trigonal-bipyramidal positions in Mnj{,Sb. In [11]
no magnetic moment had been obtained for those metal
atoms. In [12, 13] it was shown that the metal atoms in
both types of structural position have the magnetic mo-
ments of different values. In our Mdssbauer study [14],
contrary to [15], we used the two sextet model in mag-
netic spectra fitting; that provide the best fitting to ex-
perimental results. According to [12], the magnetic mo-
ment of Mn-atom in octahedral position in Mny 19Sb is
3.6 up while it is 3.0 up for the trigonal-bipyramidal Mn
atom. That is why we suppose that the subspectrum in
each solid solution spectrum characterized by large H.g
value corresponds to the Fe atoms located in the regu-
lar octahedral positions. The subspectrum with the low
H.g value is attributed to the metal atoms located in
the trigonal-bipyramidal sites. Our Mdssbauer studies
on Mnj,Sb and solid solutions on its basis confirms the
fact that there are two types of non-equivalent magnetic
positions of metal atoms.

On the basis of the Mossbauer and magnetic data
it was concluded that the solution of Cu or Zn in the
manganese antimonide up to 10 at.% of component
leads to some redistribution of the metal atoms between
the two types of structurally non-equivalent positions.

Namely, the Cu or Zn atoms preferably incorporate in
the trigonal-bipyramidal sublattice. Such type of sub-
stitution explains why the Curie temperature for the
parent Mn; 1Sb (Table I) is a bit lower than that for
the MnZng 1Sb and MnCug 1Sb. We supposed that the
metal atoms in each sublattice (octahedral or trigonal-
-bipyramidal) interact in a ferromagnetic manner, while
the interaction between the two different sublattices car-
ries the antiferromagnetic type. If nonmagnetic Cu or Zn
atoms occupy only the trigonal-bipyramidal sites, then
they do not interact in antiferromagnetic way with neigh-
bouring octahedral Mn atoms. In the parent Mn; ;Sb,
the Mn atoms occupy both octahedral and trigonal-
-bipyramidal sites.

It was found that the hyperfine magnetic field value
at ®"Fe in Mn(Zn)Sb and Mn(Cu)Sb solid solutions de-
pends significantly on the preparation procedure. The
field value is considerably lower for the solid solutions
prepared at high pressure than that in the alloys pre-
pared by conventional melting, which attests the marked
weakening of interatomic magnetic interactions. This
weakening is contributed by the thermodynamically non-
-equilibrium state of the alloys processed at high pressure
and temperature.

The Mossbauer spectroscopy results on  the
MnMSbl_yAly (0 < y < 02) and Mnl_lsio_lsbo_g
confirm that the Si or Al atoms replace the Sb ones [11].
These solid solutions contain Fe in three distinct mag-
netic states because of different local environment of the
iron atoms. Two of them are similar to those in MnSb
with Zn or Cu, but in MnSb with Al or Si there are Fe
atoms in nonmagnetic state either. The reason seems
to be as following. The magnetic interactions between
metal atoms (Mn or Fe) in different structural positions
are realized as indirect exchange between metal atoms
via Sb. As some of Sb atoms are substituted for Al or
Si, the magnetic interaction at the metal atom closest to
this metalloid atom is blocked [9].

4. Summary

A series of new solid solutions with varied mag-
netic properties were obtained on the basis of man-
ganese antimonide with the B8-type of crystal struc-
ture: Mnjp ;-,Cu,Sb and Mn;;_,Zn,Sb (z < 0.10),
Mn; 5_,Cu,Sb (z < 0.30) and Mn; 5 ,Zn,Sb (z <
010), MnMSbl_yAly (y < 020) and Mn1_1Sb1_ySiy
(y < 0.10). The structural, magnetic and Mdssbauer
measurements were performed. The sum of experimental
data showed that the magnetic characteristics of the par-
ent MnSb are affected by Cu or Zn substitutions more ap-
preciably than by Al or Si. The Cu and Zn atoms prefer-
ably replace the Mn atoms in the trigonal-bipyramidal
positions of B8 structure, while the Si or Al atoms re-
place the Sb ones.
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