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Abstract. The defective subsystem of samarium mono-
sulphide crystals in metalic phases with different
stoichiometric deviation has been investigated. Based on
the proposed model of defective subsystem the concent-
ration dependence of samarium monosulphide density has
been explained and the temperature dependence of solidus
line with metal excess has been determined.
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1. Introduction

Due to a whole set of unique properties [1-3],
samarium monosulphide is a promising material for usein
many fields of electronics. The main properties are: the
tensoresistive effect, the first type isomorphic phase
transition “semiconductor-metal” at low pressure, and
appearance of the dectric voltage after steady heating of
the sample in the absence of external temperature
gradients.

A wide range of properties is caused by the
peculiarities of the material energy structure, and first of
al by the presence of narrow energy bands formed by
4f-electrons of metal atoms in a crystal band gap [1, 2].
Conduction band of SmS consists of two subzones — zone
of light and heavy electrons formed by 6s and 5d orbitals
of samarium atom, respectively [4-7]. Vaence band is
located at 2.3 eV [8] below the bottom of the conduction
band, and totally formed by chalcogen orbitals (3s* and
3p’) [4-6].

Significant influence on the electrical properties of
SmS has their intrindc point defects. The defects
concentration can reach the values of ~10%* cm®. One
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should pay attention to the fact, that the region of
homogeneity of samarium monaosulphide lies entirely on
the side of metal excess, the predominant defects can be
sulfur vacancies Vs, or anti-structural samarium atoms
Sms [3-8, 11]. However, even now, the region of their
dominance or the quantitative correlation between the
concentrations of [Vg] and [Smg] are not clearly
determined. Often, during the interpretation of the
experimental results, in particular [22, 24], the authors use
the notion “impurity center” or “compensating center”
without distinct determining of their nature. This fact can
cause undesirable simplifications of the modd. Also,
available information about the dominant point defects
and the received in this paper results help us to determine
the homogeneity boundaries of the compound, because
the conduction of the appropriate experiment is
complicated by the high melting point of samarium
monosulphide (7, = 2150 K [17]).

Aim of the paper is the determination of
dependences between point defects concentration
(vacancies of sulfur and anti-structural atoms) and
temperature, chemical composition and technological
factors of two-temperature annealing in the metal vapor of
SmS crystals. We paid the main attention to a study of
metallic phase of samarium monosulphide in which all
point defects, and also f-electrons of Sm atoms are ionized.

The transition between semiconductor and metal
phases occurs because of the presence of certain critical
concentration of free dectronsin the crystal which screens
the dectric field of the impurity centers. As a result, all
linked to them electrons are moving to the conduction
band [1]. The concentration of free eectrons in the
metallic phase is 10?2 cm? and is almost completely
determined by samarium atoms ionized by f-electrons.
Thus, formation of the defect subsystem is strongly
influenced by the subsystem of free dectrons. And this
system is dmost not influenced by point defects. This
effect is particularly interesting, because it makes possible
to find factors influencing the type and concentrations of
point defects.
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2. Experimental

2.1. Calculation of Point Defects
Concentrations

Concentrations of point defects in the crystal at
temperature T can be determined by minimizing the free
energy asa function of the defects concentration [12]:

F=R+R+F 1)

where Fy is the free energy that does not depend on the
presence of defects, Fy is the configuration component of
the free energy, Fq is the free energy of the eectronic
subsystem.
Fx can be represented as.
R=& E+Ry)DI+A EN, +
+a (E,- &)n,- T(S, +S)) )
where E is the formation energy of point defect; F.i, isthe
free vibrational energy of the defect; [D] is the
concentration of D-type defects; E; is the formation
energy of samarium ions N; in J-th excited state (J =0, 1,
2 [9]); ny is the samarium ions concentration in the J-th
state which gave f-electron to the conduction band. S and
S, are the configuration entropies of cationic and anionic
sublattices.
Entropy is determined by the Boltzmann law:
S=kin(W) ©)
where W is the thermodynamic probability.
For the cationic and anionic sublattices:
N, !
- n,)>xOn;!
N |
W, = 4
“IN- & DO D! @
where N. and N, are the concentrations of nodes in the

cationic and anionic sublattice. N; at Boltzmann statistics
is defined by the formula:

(2J+1)exp(- e,/ kT) .
“a (23+1)exp(- e, /kT) ®
where g; isthe ionization energy of samarium f-electronin

the J-th state; n; is the samarium ions concentration in the
J-th state, that gave f-electron to the conduction band:
— NJ
n, = oo ®)
1+(2J+Dexp
& kT 7

where u is the electrons chemical potential which we
determined from the electroneutrality equation:

a ZID]+ 34 n, =n +n, ™

" O(N,

3=
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where ns and ny are the electrons concentration in the s
and d-conduction band:

3
* c.)E ﬂ
nS:éﬁmeSkT+ aeka,

e h g

3 DE,

&2pm kT @ o™ xc

R ®
e 2

where a and b coefficients are the corrections which take
into account the degeneracy of carriers. We calculated
these corrections numerically by approximating the Fermi

integral. M, m, are the effective mass of eectrons in s

and d zones, respectively. AEc is the distance between the
bottom of sand d bands.

Taking into account the dependences between the
effective mass and the dectrons concentration in
d-conduction band, the dependence m(n), received in
paper [15], is approximated to the next function:

* 1
Ma — anb =0.245040°° xn3 ©)
0

Considering the last formula:
bm DE.

n, :aSXNEd(O) ae (10)
aZpm kT o2
where N¢ 4 = 8 e
a
Free energy of the electron subsystem:
Fy =(n, +ny)m 11

Additionally, we have to take into account the
condition:

ZgSng|+2gSm;E|+gV§E|+gVéE|:XSm (12
where Xgn is the concentration of super-stoichiometric
samarium atoms.

Presented equations have a general form, and in
case of the metallic phase, they will be significantly
simpler due to the complete ionization of f-electrons.
Thus, we didn’t consider the influence of the second and
third terms in EQ. (2). Thermodynamic probability of
cation sublattice equals to one, and entropy, respectively
equals to zero, in Eq. (7) the second term on the left side
of the sign “=" identically eguals to the concentration of
samarium atoms Nc. In Egs. (2), (7), and (12) we consider
only terms that take into account the ionized sulfur
vacancies and ionized anti-structural samarium atoms.

2.2. Concentrations of Point Defects
under Samarium Vapor Annealing

The concentrations of point defects in the crystal at
thermodynamic equilibrium with their vapor can be
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determined by solving equations system of equal chemical
potentials of components in the vapor M and in the

crystal My [16]. Under the condition, that at samarium

excess the main defects can be sulfur vacancies or anti-
structural samarium atoms, we obtained:

=g, onp,Eng,ong (19

'mVé:"@’ r%ngzngm'ng (14)
Chemical potential of the defect can be determined
by differentiation of the free energy (1) by the defects
concentration:
aN- 3 [D]o
__dF ——=E +F,,; - KTIn —a[ ]++
TdD] g

D, p

' b o dm
n,+n,)+(n,+2n
; gi )+ T KT d[D ]

For the metallic phase we chose from Egs. (13)—<14)
only that one, which considered the equilibrium of ionized
defects (Eq. (14)). The chemical potential of eectrons for
the metallic phase was determined from Eq. (7):

& 2 o}
m=LkTing BXVB HAARZZD 4
b 2A p
226 & dE. 0 3y
where A=(N —
(Neo) &10° 5 pg KT fa
B=Ng @, ZZ=2, [Vi]+Z, [Sm]+N.  (17)

We determined the chemical potential of the sulfur
and samarium vapors over SmS [17] according to [18]:
m? =kTInP+m, (18)

m, =KT(- In(KT) +In(h® / (2pka)g))

where mis the mass of the atom.

We considered that the samarium vapor pressure
Psn a the limit of SmS homogeneity approximately
equals to the vapor pressure of pure samarium. This
approximation is not accurate but is satisfactorily
performed for many semiconductor crystals[19].

In the reference data one can find contradictory
information about the vapor pressure of samarium over
pure samarium [26-28]. On the one hand, in the paper [26]
we can find the temperature dependence of pressure

(Ig(P) = - 15020

does not correspond to the pressure values presented in
[27] (P=4.18Paat T=1072K) and [28] (P=7.7Pa at
T=1108K). That's why, it is important to clarify this
dependence. According to [29], the temperature depen-
dence of samarium vapor pressure over pure samarium
can be determined based on the energy of vaporization:

(19)

+5.50 ), which, on the other hand,

(15)
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N EdT
OT(v,-v)
Assuming that the evaporation energy weakly

depends on the temperature (E = const), and Vy >> Vs and
VP =RT:

9)= 5 o @

Using the value of evaporation energy (Evapor(SM) =
= 166.6 kJ¥mol [27]), we obtained the relationship:

g(P) =- £ (22)

Also, by using the known value of samarium vapor
pressure a 7=1072K (P=4.18Pa) [27], one can
determine the constant in (22). So:

g(p) =- £ (23)

that at the same time allows both experimental values of
samarium vapor pressure.

In Egs. (13)-(14), at calculations of point defects
concentration, the vapor pressure of sulfur expressed by
vapor pressure of samarium, uses the equilibrium constant
of the reaction SmS(s)«>Sm(g)+g), [K = Psn Ps. The
temperature dependence of the constant can be calculated
by the following equation [30]:

RTIg(K,)=-D,G} =-D,H} +TD,S]  (24)
where Dng is the formation thermodynamic potential of

substances in the standard state at the given temperature.
The temperature dependences of D H; and

(20)

+ const

+ const

+3.74

Dg S? are described by the following equations[30]:

.
(‘)Dgcng
298
T D.C
DQS? =Dg$98+ 0O  PaT
298 T

Inthe Table one can find thermodynamic parameters
of the SmS crystals and vapors of samarium Sm and sulfur
S. Samarium in a gas phase is monatomic [26]. Sulfur can
easly form the cyclic molecules with a number of atoms
from 2 till 12 [27]. One can find that the cyde S is
especidly sable, which dominates in a gas phase at
T=423K. At T = 444.6 K the dominant molecular cycles
aeS, S, S andlittle Sp; at 873 K the dominant molecular
cycles are S, S, Sy in the equa number amounts and
dightly lessthan S;; at 973 K in about equal amounts S;, S,
S S, and little S3; above 1003 K the dominate molecules
are S,, above 1773 K — the monatomic molecules [27].
According to the fact that the annedling samarium
monosulfide is effective at temperatures T> 1273 K, it is
possible to limit the dominance of constants in a couple of
monatomic and diatomic molecules.

DgH$ = DgH298 + (25)

(26)
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Table
Thermodynamic parameter sof SmS crystalsand Sm, Svapor s[26]
Substance DH °(298) , kecal/mol S (298), cal/(molK) ¢,(298), cal/(mol-K)
SmS (crystal) —103.000 24.15 13.63
Sm (vapor) 49.400 43.72 7.26
S, (vapor) 65.770 40,084 5.64
S, (vapor) 30.480 54.50 7.75

In the case of dominance in a couple of
monoatomic sulfur molecules, by using the table data, the

0 0 (VR .
values D H g, Dy S and Dy, will be equal:
DH3,, =65.770+ 49.400- (- 103.000) =
=218.17 (kcal / mal)
DS}, = 40.084 + 43.72- 24.15=59.654 (cal / (mol XK))
ch, a0s = D.64+7.26- 13.63=-0.73(cal / (mol X))
Further, using the formulas (25-26) and appro-
Ximation Acp = const:
DHY :DI—|298+Dcp YT-298)==2

= 218170+ (- 0.73)(T - 298) (cal / mol)

DS$ = Dssgs + Dcp,zgs An

el 0

&298
We found the constant K;, by the formula (24):

- @m,oge- 0.1594nT )

K,(T)=10 (am") (27

In the case of dominaton in the pair of diatomic

sulfur  molecules  (SmS(s) = Sm(g) + 1/2S,(g)) we
calculated DyH g, D, Sye and D,C):

DHYg = %30.480 +49.400- (- 103.000) =

el o_
§208 5

=59.654+ (- 0.73) n (cal / (mol XK))

=167.64 (kcal / mol)

DS, = %54.50 +43.72- 24.15= 46.82 (cal / (mol xK))

DCC jog = % x7.75+7.26 - 13.63= - 2.495 (cal / (mol X))

Then:

36781, 13.877- 054540 T

K,(T)=10 T (atm?) (28)

2.3. Energy Parameters of Point Defects

Required for caculations, the formation energies of
vacancies are calculated on the basis of thermochemical
data by using the method proposed in [31]:

E, =E’ - E, +E, +DE, +DE, (29)

We considered the value E' to be equa to the
atomization energy of the substance (9.45 eV [26]).
E,isthe formation energy of new bonds[31]:

E, =x>q (30)
where x = 12 is the number of new bonds S-S (for V) or
Sm-Sm (for Vg), J1 is the energy of one bond, which
equals to the melting energy of pure elements Sm
(0.089 eV [26]) or S(0.015 eV [27]), respectively.

Ex in (29) defines the energy of coulomb
i nteraction between the atoms around vacancies:

1 VZ*A,B Zn g
4pe, ex

where Z* is the effective charges of atoms, & is the
electric constant, ¢ is the static dielectric constant (18.0
[33]), r is the distance between atoms of the same sort.
Effective charges are determined by ionic data[35]:

Ex = (31)

Z =m/i (32)
where n istherefractiveindex, and i isthe ionicity [35]:
) -0,18DX 2 2
i=1-e N (33)

where AX is the difference of eectronegativity of metal
atoms and chalcogen (1, 2 [35, 34]), v is the valence,
N = 6 is the coordination number. Then, z = 0.70 . We
didn't find the reliable data about the refractive index of
SmS, so to calculate the effective charge we used the
refractive index of europium monosulfide.

The fourth and fifth terms in (29) are responsible
for changing the energy bonds between atoms in the first
coordination sphere around vacancy (AE;) and between
atoms of the first and second coordination sphere (AE,).
These values can be shown as Morse potential [31]:

. 32
DE, = x>0, {1- epg b/ (20 {r- )i} (39
where rgis the initial distance between the atoms in the

first coordinating sphere(4.224 A), r is the reative
distance, § is the power constant for one type atoms.

. 32
DE, :ny{l- exp§ \/a ! (2>D) {d- do)li} (35)
where dy is the initial distance between the atoms of the

first and second coordination spheres (2.987 A), d is the
relative distance, o is the power constant for the atoms of
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different types. We determined the bond energy D by
dividing the atomization energy of SmS [26] into the
coordination number. The valuesr and d were determined
under the condition of minimum energy of vacancy.
Power constants are calculated according to G [36]
(Cip = 122 GPa, Cy; =11.2 GPa, Cyy = 22.5 GPa) using

formulas a :%((&1*'3012)! b:%(cu' ci2) [38].

As the values of atomization energy of SmS are
large, the formation energies of vacancies are quite
significant when compared to other semiconductor
crystals [38]. For the samarium vacancy we received the
value 11.54 eV, and for sulfur sulfur vacancy — the value
1064 eV. The distance between atoms in the first
coordination sphere varies from 4.33 A for a defect-free
crystal to 4.28 A in the vacancies vicinity, and for atoms
between the first and second sphere these distances are
even less. If we neglect the last two terms in (29) (i.e. do
not pay attention to the relaxation of lattice in the
neighborhood of vacancy) then their formation energies
are equal to 11.59 and 10.69 eV, respectively. In such a
way, the deformations in the neighborhood of vacancy
does not overcome 2—3 % and taking into account this
effect does not significantly influence the calculation
result of the formation energy.

Formation energy of anti-structural defects can be
defined as:

Eat, sm(s)

E

E,- X, (36)

S (Ssm)
2

where Eo, as in Eq. (29), is considered to be equa to the
atomization energy of samarium monosulphide, x; is the
number of bonds between the nearest neighbors in SmS,
Eat, sm (g IS the atomization energy of pure Smor S, x; is
the number of bonds between the nearest neighbors in the
structures, which formed pure components. Thus, the
formation energy of anti-structural defect is taken as the
difference between the energy of one bond of samarium
monosulphide and the energy of one individual
component bonds (samarium or sulfur) multiplied by the
coordination number of SmS.

Calculated by the formula (26) formation energies
of anti-gructural defects are E(Sms) =6.24¢V,
E(Ssm) =9.31 eV, respectively.

The energies of singly ionized donor and acceptor
defects were determined in accordance with the formulas:

E =B, -e,E=E+teg (37)
where Ej is the formation energy of neutral defect, ¢; is
the ionization energy. We considered the anti-structural
defect as a shallow donor with an ionization energy Ec —
0.045eV [3], and vacancy of sulfur — as a shallow
acceptor with an ionization energy E, + (=0.1) eV [7].

The free vibrational energy for vacancy [13] will
be:
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o Y

. } 5
Fp = - [3KTINE2 2. KTy +x0GKT I 2 (39)
[ 8T 2 {) eWo g
and anti-structural defects will be:
5
Fvib :kaTIngeﬂ+ (39)

eWo g
where x is the number of atoms that changed their
frequency oscillations from wg to w.

The change of the oscillation frequencies of atoms
in the vicinity of the anti-structural defect in Sms [14] will
be:

w - TsmOsms

Wo TSquSm
where Tem and Tsqys are the melting temperatures; Osm, Gsms
are the Debye temperatures for samarium and
monosul phide samarium crystals. We considered the value
wlwg asthe variational parameter for sulfur vacancy.

As aresult of calculations of the atoms oscillations
frequency in the vicinity of anti-structural defects using
expression (40) we obtained the value w/wo = 1.13. Thus,
Sms does not change the oscillation frequency of the
surrounding atoms. For sulfur vacancies the value w/wo,
determined by fitting the maximum theoreticaly
calculated solidus line ((Fig. 2) to known experimental
value (54 atm.% Sm[1]), isequal to 0.67.

(40)

3. Results and Discussion

The caculation procedure of the defects
concentrations using received equations is realized
numerically by the program MAPLE. For this, we used
the methods of random perturbation for finding the
function minimum (2) and the method of penalty
functions for accounting the additional condition (2). The
solution of equations of chemical potentials equality
(13-14) is performed by minimizing a quadratic function
of the residuals.

From the analysis of the calculated values of the
formation energies of the defect we can assume that the
concentration of vacancies should be much less than the
concentration of anti-structural defects because the
numerical values of formation energies E of these defects
twice differ. However, according to the calculation results

presented in Fig. 1 the concentration gVg{ is lower,

comparable with the concentration gSmg . Concentration

of sulfur vacancies and anti-structural samarium atoms
increases with increasing the content of over-
stoichiometric samarium. However, the concentration
increase of the last ones is dower. This change in the
corrdlation between point defects determines the
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nonlinearity of the concentration dependence of samarium
monosulphide density (Fig. 1b): at low content of excess
samarium, the increase in density is caused by increasing
anti-structural defects concentration and the concentration
of vacancies at this change has almost no effect. While
further increasing the content Sm, the concentration of
sulfur vacancies is of the same order of magnitude as the
concentration of anti-structural defects and the density
growth of SmS are changed slowly.
Density was determined by the formula:

4 . 4 _
= Mgy +1SME (Mg, - Mg) +—Ms - [V M (40)

For finding the boundaries of the SmS
homogeneity region on the side of metal excess we made
a calculation of point defects concentration under
equilibrium conditions with a metal vapor. We established
that the annealing in Sm vapor leads to significant
restructuring of crystal defect subsystem of SmS metallic
phase. The dominant defects inder these conditions are

Ihor Horichok et al.

sulfur vacancies (Fig. 2a), which determine the
temperature dependence of the solidus line on the excess
metal side (Fig. 2b). The concentration of anti-structural
defectsin this case is much lower.

Calculated samarium monosul phide solidus line on
the metal excess side has the retrograde nature, and its
temperature dependence provides maximum solubility of
samarium at temperature T~ 1700 K.

Relatively high concentrations of sulfur vacancies
can be explained by the fact that at creating the vacant
levels near the top of the valence band, the chalcogen
vacancies are the traps for free electrons that are faling
from the bottom of the conduction band to the localized
vacancies levels Vs, and causing an increase in the
magnitude of the crystal free energy at the value closeto a
band gap value (2.3 eV). Significant concentrations of
electrons in the metallic phase cause the sulfur vacancies
formations, because they lead to the significant gains in
thetotal energy of the crystal.

59 +

5,85

E 58 -
(=]
a

575 -

57
50
Sm, at. %
b)

Fig. 1. The concentration dependences of electrons density n, 8Smg (1), &Vs H(2) point defects (a)
and density (b) on Sm content in the metallic phase of samarium monosul phide
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Fig. 2. Thetemperature dependence of the electrons concentration nand gSmg (1), and gV¢ f (2) point defects

in SmS under two-temperature annedling at the maximum vapor pressure of samarium (a) and temperature dependence
of the samarium monosul phide solidus line on a metal excess (b)
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Fig. 3. The temperature dependences of the electron concentration n, gSmgj (1), 8Sme (2), Vs (3)

and gV¢ f (4) point defects (a), and also concentrations of the electronsin subzones (1, ny), the concentration of samarium ions

in the J-th state (N;) and samarium ions which give f-d ectrons into the conduction band when being in the J-th state (n;) (b)
in the semiconductor phase of SmS under two-temperature annealing at the maximum pressure of a samarium vapor

To ensure that even under domination of the sulfur
vacancies, which are the acceptors and can significantly
reduce the concentration of free electrons, the crystal does
not transform into the semiconductor phase, we spent
modeling of the defect subsystem with the subsequent
calculation of the free electrons concentration especially
for the semiconductor phase. The critical value of the
electron concentration n., a which the phase transition is
possible, was calculated using the correlation [1]:

1
n:a; =0.25 (42)

where a :e¥h2/(m*e2) is the Bohr radius, ¢, is the

dielectric permittivity (e, =18 [9]), m* is the effective
mass of the dectron. If m* =~ my the critical concentration
equalsto~ 10%° cm?,

Due to the complexity of determining the
concentration of point defects in the semiconductor phase
for the above scheme, firgtly, using Eq. (13), we obtained
analytical expressions for the concentrations of neutral
defects:

V|bVS 9

ON— N oTEm v T Mg
8VsH=N, "?’QXF’% k—T:’eXp‘g‘ (43)
(R ) - n%SO.
S N, * =T
gSm H g kT p
) % E +FV|bSm
2

and to determine the concentration of ionized defects we
used next dependences:

1,0 & e -mo
[Vs] [Vs]eng KT 5
+q a@l mo
[Smg] =[Sm3 ]expg KT (45)
The above Eq. (45) was solved by including an
electroneutrality Eq. (7) in the system. The value ¢, in (45)
is the ionization energy of the defect, and the electron
chemical potential © was determined numerically from the
equation of electroneutrality (7). The ionization energies
of f-electrons are taken from Ref. [13], according to which
the energy structure of samarium monosulphide has to
consider the main f-electron level (J =0, E; = -0.23 &V),
the firg excited level (J = 1, E. = -0.19¢eV) and the
second excited level (J = 2), which is splitted by a crystal
field into five separate levels (E. = -0.1164, —0.1125,
—0.1030, —0.099 and —0.090 eV).
Thus, according to the calculation results (Fig. 3),
the concentration of ionized sulfur vacancies in a
semiconductor phase is lower compared to the metallic

phase, but V_ ill remains to be the dominant defects.

The concentration of free eectrons at the temperature
region T =~ 500K isn = n. and a higher temperatures it
greatly exceeds the critical value. Thus, we can assume
that under high temperature equilibrium conditions of
SmS with a metal pair the crystal will be in the metallic
phase.

4. Conclusions

1. Using minimization of the thermodynamic
potential of the crystal as a function of the concentration
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of defects we calculated the dependences of the
concentrations of sulfur vacancies and the concentrations
of anti-structural samarium atoms from the temperature
and from the chemical compasition of the SmS metallic
phase. It was found that the concentration of sulfur
vacancies is by 1-2 order lower than the concentration of
anti-structural samarium atoms.

2. Based on the received dependences between
point defects concentration and chemical composition of
crystals we explained the nonlinear growth of SmS
density with the increasing of samarium atoms content in
the range from 0.5 till 4.0 at. % of Sm.

3. Using the method based on the equations
solution of equal chemical potentials in a multicomponent
heterophase system, we determined the concentrations of
point defects in a samarium monosulphide at two-
temperature annealing in the samarium vapor. We
established that the predominant type of intrinsic point
defects in SmS crystals annealed at the maximum vapor
pressure of the metal in the temperature range of 1000—
2000K is singly ionized sulfur vacancies for both
semiconductor and metallic phases.

4. Theoretically caculated samarium monosul-
phide solidus line from the metal side has the retrograde
character, and the maximum width of the SmS
homogeneity region depends on the temperature 1700 K.
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BJIACHI TOYKOBI JE®EKTH KPUCTAJIIB MOHO-
CYJIb®IAY CAMAPIIO Y METAJITYHIU ®A3I

Anomauyin. Jlocniooceno Oegpexmmy niocucmemy Kpuc-
manie MoHoCynb@idy camapito 6 Mmemaniunii aszi 3 pisHUM
8ioxwiIeHHAM 6i0 cmexiomempii. Ha ocrosi 3anpononoganoi mooeni
Oepekmmoi niocucmemu 6CMAHOBNIEHO KOHYEHMPAYIUHY 3aneHc-
HiCMb 2ycmunu MOHOCYIbQIOY camapiio i GU3HAYEHO MmeMnepa-
TYPHY 3ANEAHCHICb JHIT CONidyCcy 3 DOKY HAOTUWIKY MEMAT).

Knrouosei cnosa: monocynvghio camapiio, moukosi degpexmu,
JHISL COMIOYCY, MEPMOOUHAMIYHUL NOMEHYIAL.



