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FIRST PRINCIPLES STUDY
OF HIGH-PRESSURE PHASES OF ScN

We report the results of first-principles total-energy calculations for structural properties of
scandium nitride (ScN) semiconductor compound in NaCl-type (B1), CsCl-type (B2), zinc-
blende-type (B3), wurtzite-type (B4), NiAs-type (B81), CaSi-type (Bc), 5-Sn-type (A5), and
CuAu-type (L10) structures. Calculations have been performed with the use of the all-electron
full-potential linearized augmented plane wave FP-LAPW method based on density-functional
theory (DFT) in the generalized gradient approzimation (GGA) for the exchange correlation
energy functional. We predict a new phase transition from the most stable cubic NaCl-type
structure (B1) to the (B-Sn-type one (A5) at 286.82 GPa with a direct band-gap energy of
about 1.975 eV. Our calculations show that ScN transforms from the orthorhombic CaSi-type
structure (Bc) to A5 at 815 GPa. In agreement with earlier ab initio works, we find that Bl
phase transforms to Bc, L10, and B2 structures at 256.27 GPa, 302.08 GPa, and 325.97 GPa,
respectively. The electronic structure of A5 phase shows that ScN exhibits a direct band-gap at
X point, with E4 of about 1.975 eV.
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1. Introduction

Recently, III-V based scandium and yttrium mate-
rials have received more attention because of their
remarkable properties especially the high hardness
and high melting point [1]. Among these materials,
binary compounds scandium nitride (ScN) and yt-
trium nitride (YN) which are of considerable im-
portance because of their high mechanical strength,
structural phase stability, and wide optical band gap
[2]. Such remarkable characteristics empower them
as potential semiconducting materials in the elec-
tronic industry as buffer layers and diffusion barriers,
electric contacts, etc. [2]. Ul Haq et al. [2]. have re-
ported structural parameters, electronic band struc-
tures, and optical properties of bulk ScN, YN, and
their alloys (Sc,Y1_5N) using the full-potential (FP)
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linearized augmented plane wave (LAPW) plus lo-
cal orbitals (lo) methods with both Perdew gen-
eralized gradient approximations (GGA), and the
Tran-Blaha modified Becke-Johnson (mBJ) poten-
tial. They found that Sc,Y;_,N alloys have inter-
esting optical characteristics, which gives a hope
to use these materials in optoelectronic applica-
tions. Scandium nitride is an important group III-
nitride material; it is formed from nitrogen with
the electron configuration [He|2s222p® and scandium
with the electron configuration: [Ar]4s?3d!. ScN
material could lead to novel materials with de-
vice functionalities, and it can overcome some of
the limitations of other III-V semiconducting com-
pounds [3].

Various theoretical approaches [4] have been uti-
lized to investigate several physical properties I1I-V
based scandium compounds. Based on the first-prin-
ciples full-potential linearized augmented plane wave
(FPLAPW) approach, Maachou et al. [4] have stud-
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ied the ground-state parameters, structural phase
transitions, and electronic properties of four III-V
based scandium compounds (ScN, ScP, ScAs, and
ScSb). They found that all these binary compounds
transform from the NaCl-type phase to CsCl-type
structure at pressures of around 364.32, 245.61, 92.40,
and 39.78 GPa for bulk ScN, ScP, ScAs, and ScSb,
respectively. They have mentioned also that their
results agree well with the available experimental
data and other theoretical values. The vibrational
and thermal properties of bulk YN and ScN ma-
terials were studied in Ref. [5] using the quasihar-
monic approximation calculations plus anharmonic
effects. Their results on structural properties, phonon
frequencies, dielectric constants, and effective charges
of ScN compound were found also in a reasonable
agreement with other theoretical results and experi-
mental data.

Adhikari et al. [6] have studied the structural phase
stability, elastic constants, and electronic properties
of bulk TiN, ScN, YN, Ti;_;Sc,N, and Ti;_,Y,N
(0 < 2 < 1) alloys using the Monte Carlo technique,
first principles methods, and cluster expansion for-
malism. Based on the results obtained in their work,
they suggest the Ti;_,Sc,N alloys for the imple-
mentation in hard coating applications. The strain-
induced evolution of structural parameters and elec-
tronic properties of rare-earth nitrides (ScN, YN,
LuN, and LaN) were investigated using the density
functional theory (DFT) and the modified Becke—
Johnson approach [7]. Their results show indirect
(' — X) band gaps of about 0.9, 1.2, and 1.1 eV
for bulk ScN, YN, and LuN, respectively; while a
small direct (X — X) band gap of around 0.6 eV
was predicted for LaN semiconducting material. The
pressure-induced structural phase transition, elec-
tronic properties, and elastic constants of some rare-
earth nitrides (ScN, YN and LaN) using the DFT
method were investigated in Ref. [8]. Their results
show that all these binary compounds transform
from the NaCl to CsCl-type structure at pressures
of around 158, 132, and 26.5 GPa for ScN, YN, and
LaN, respectively.

The investigation of physical properties of the bi-
nary compounds under hydrostatic pressure has been
an active topic of researches in condensed matter
physics over the previous decades [9]. In our ear-
lier work, we published the results on the electro-
nic properties of cubic ScGaAs and ScGaN ternar-
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ies and superlattices [10]. The phase transition from
the rocksalt to the zincblende structure was inves-
tigated, and the possibility of zincblende/zincblende
GaN/Sc,Gaj_N and GaAs/Sc,Gaj_,As superlatti-
ces was expected, and direct gaps were found to be
possible in these systems, predicting them as good
candidates for optoelectronic applications. The pur-
pose of this work is to provide some additional infor-
mation to the available data on the physical proper-
ties of ScN with state-of-the-art first-principles cal-
culations. The latter are the basis of solid-state sci-
ence and industrial applications, and their study is
of importance to extend our knowledge on their spe-
cific behavior, when undergoing severe constraints of
high-pressure or high temperature environments. We
extend our work to observe the effect of hydrostatic
pressure on the structural properties of ScN using
the first-principles total energy calculations in the
framework of the DFT. Eight different phases for
ScN compound, including the NaCl-type (B1), CsCl-
type (B2), zincblende (B3), wurtzite (B4), NiAs-type
(B81), CaSi-type (Bc), 8-Sn-type (A5), and CuAu-
type (L10) structures have been considered. The pa-
per is organized as follows. The method is briefly
commented in Section 2. Results are discussed in
Section 3, and then conclusions are summarized in
Section 4.

2. Theoretical Framework

We have employed the first-principles full-potential
linearized augmented plane wave (FP-LAPW)
method [11] implemented in the WIEN2k code
[12]. The exchange and correlation effects are de-
scribed in the framework of the DFT [13] us-
ing generalized gradient approximation (GGA) [14]
parametrized Ref. [15] for the exchange and corre-
lation energy functional. It is known that the local
density approximation (LDA) uses the exchange cor-
relation density of the uniform electron gas of the
same charge density at every point in the system re-
gardless of the inhomogeneity of the real charge den-
sity. The GGA also uses the gradient of the charge
density to correct for this deviation. Therefore, it is
thought to be more accurate [16]. In the FPLAPW
method, the interstitial regions do not represent a
problem, since the relative Kohn—Sham wave func-
tions are expressed in plane waves. In the intersti-
tial regions, the wave functions are expanded in plane
waves with RMT* K. fixed to 7 (RMT is the small-

ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 8



First Principles Study of High-Pressure Phases of ScN

Table 1. NPLW, number of plane waves used in the interstitial regions;
RMTS is in atomic units, and K-point represents the number of special K-points
in the irreducible BZ involved in the calculations for ScN material

Structures NaCl (B) CsCl (B2) ZB (B3) WZ (B4) | NiAs (B81) | CaSi(Bc) AuCu (L10) | B-Sn(Ab)
Lmax 10 10 10 10 10 10 10
RMT*Kmax 7 7 7 7 7 7 7
Total NPLW 166 157 369 1447 572 1391 763 812
RMT (Sc) 2.2460 2.4180 2.1200 1.7400 2.0000 2.0640 2.1000 2.0000
RMT (N) 1.7430 1.8790 1.7300 1.5000 2.0000 1.6890 2.0000 1.7100
K-point 47 35 47 63 150 75 99

est atomic sphere radius in the unit cell, and Ky, is | lowing equation [18]
the maximum modulus for the reciprocal lattice vec-
tor). To ensure the correctness of our calculations, we By B}
) ) W P(V) = S (Vo/V)o 1), (2)
have taken L.« = 10. Notice that the RMTS of the B

same atomic species can vary with different phases,
since the full potential is utilized, which ensures no
dependence of calculations on the RMTS. The details
of calculations are listed in Table 1.

3. Results and Discussion
3.1. Equation of state parameters

First, we have calculated the equilibrium lattice pa-
rameters within the FPLAPW methods in GGA
frameworks using the habitual minimization proce-
dure. We optimized the possible space groups to find
the total energy per unit cell (E) and their volume
(V) at a given pressure (P). The different obtained
values of the total energies are presented as functions
of the unit cell volume. The structural parameters,
bulk modulus, and its first derivative were obtained
by fitting the numerical data to Murnaghan’s equa-
tion of states (EOS) [17]:

(Vo/ V)P0
B, —1

ByV
By

B
B 1

E(V)=EVy)+ (1)

Here, E(Vp) is the DFT ground-state energy (cor-
responding to the equilibrium volume Vp), V is the
OB/OP, at P =0).

There are several models proposed to relate the
pressure and the volume during the construction and
the analysis of P —V data under compression. In our
present work, the changes of the volumes were ob-
tained in terms of the pressure according to the fol-
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Figure 1 presents the variation of the total energy as
a function of the unit cell volume in different con-
figurations of ScN. The lowest energy minimum cor-
responding to the NaCl-type phase was observed for
ScN compound, while the total energies of other con-
figurations (B2, B3, B4, B81, Be, A5, and L10) are
higher.

So, we have confirmed that the rock salt is the
ground state configuration for ScN, while the Be, A5,
L10, and B2 structures can be formed under pres-
sure. Our results of the equilibrium lattice constants
(a, ¢/a, and b/a), internal parameters (u, v), modulus
of rigidity, and the pressure derivative of the modu-
lus of rigidity of ScN material in different configu-
rations are summarized along other data from the
literature in Table 2. We can observe that our val-
ues of different structural parameters in general agree
well with the results obtained from other calculations
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Fig. 1. Total energy versus volume for different configurations
of ScN
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Table 2. Structural parameters (equilibrium lattice constants a, ¢/a,
and b/a, and the internal parameters u,v), bulk modulus Bp and the pressure derivatives
of the bulk modulus B} of eight configurations for ScN with other theoretical data from the literature

Parameter B1 B2 B3 B4 B8, Be L1g A5
ao (A) This work 4.5197 2.787 4.989 3.57 3.03 3.25 3.52 3.86
Other works 4.43709 2.749 @ 4.761¢ 3.38¢ 3.13¢ 3.096 @ 3.734¢ 4.1577
4.435° 2.961° 4.939°¢ 3.45¢ 3.14 3.79 f
4.651°¢ 2.926 ¢ 4.88¢ 3.49¢
4.544 2.81¢ 4.9383 f 3.50
4.501°¢
By (GPa) This work 201.12 183.67 143.25 122.46 189.10 153.67 140.13 158.24
Other works 207.09 188.99% | 142.23% | 148.84% | 188.41¢ | 186.35% | 198.56¢ 1781
2200 180° 145.2¢ 132.91¢ 1714 181.97 f
210.36¢ 159.76 ¢ 15349 156 ¢
201 ¢ 1704 171.23F | 136.37f
182 + 40°¢
B} This work 4.24 5.24 4.37 4.57 3.94 4.20 4.54 3.74
Other works 3.60% 3.74 3.63¢ 3.54 @ 3.68¢ 3.749 3.93¢ 3.527
3.45° 4.15°% 3.433¢ 3.203¢ 4.28¢ 4.341
3.123¢ 3.034°¢ 3.344 2.16¢
3.314 3.47¢ 3.696 f 3.71f
c/a This work 1.576 1.787 2.568 0.883 0.869
Other works 1.60@ 0.79¢ 0.64f
1.552¢ 1.70¢ 2.79@ 0.795 f
1.64 1.84
157
b/a This work 1.123
Other works 1.025¢
u This work 0.322 0.370
Other works 0.388 ¢ 0.37¢
0.38¢ 0.795 f
1.6¢
0.305 f
v This work 0.14
Other works 0.14¢

aRef. [1], °Ref. [8], “Ref. [20], Ref. [21], “Ref. [22], Ref. [19].

[19] and experimental investigations [22]. For exam-
ple, our obtained value (4.5197 A) of the lattice con-
stant ag for the cubic NaCl-type phase overestimates
the experimental data (4.501 A) reported in Ref. [22]
by less than 0.40%, while our value (2.7879 A) of ag
for the cubic CsCl-type structure underestimates the
theoretical value (2.81 A) reported in Ref. [21] by
around 0.79%.
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The bulk modulus (module of rigidity) describes
the elastic properties of a solid, when all surfaces are
under pressure (hydrostatic compression) [23]. It is an
essential elastic parameter connected to the bonding
strength of a solid, and it is used as a fundamen-
tal quantity for the calculation of material’s hardness
[24]. Moreover, the material with the highest bulk
modulus has the lowest compressibility [25].
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Our obtained values of the modulus of rigidity
By and its pressure derivative B{, of different struc-
tures are also in general in agreement with other
data reported previously in the literature [20]. For
the B1 phase, the deviation between our obtained
value (201.12 GPa) of By and the theoretical value
(201 GPa) reported in Ref. [21] is less than 0.06%,
while, for the B81 structure, our obtained value
(3.94) of B| is localized between the two theoret-
ical values 3.68 and 4.28 reported in Ref. [1] and
in Ref. [21], respectively. For several materials of
group-II11-V, group-II-VI, and some other elements
of group-1V, Adachi [26] showed the correlation be-
tween the elastic moduli and the melting tempera-
ture. For some binary semiconducting compounds of
group-I1I1-V, the correlation between the standard
entropies S° (298 K) and the melting points was
observed [27].

For several materials with cubic structure, the
melting point 7, correlates with the bulk modulus
B by the following linear expression [28]

Ty, = 604 + 9.3B, (3)

where the bulk modulus B is expressed in GPa, while
the melting point 7, is expressed in K. Replacing
our value (Bp = 201.12 GPa) of the bulk modulus
B in Eq. (3), the melting point T;,, of the scandium
nitride (B1-ScN) semiconducting material was found
at around 2477.42 K which is slightly lower than the
theoretical one Ref. [29] obtained from the elastic
constant Ci1, but in very good agreement with the
experimental ones 2550 and 2600 £ 50 K reported
in Ref. [30] and in Ref. [31], respectively. The devia-
tion between our value (2477.42 K) of T, for the Bl
phase and the experimental data (2550 K) reported
in Ref. [30] is only around 2.85%.

3.2. Structural properties
under high pressure

The investigation of dielectrics, metallic materials, as
well as semiconductors under high pressure has con-
tinued for several decades using powerful experimen-
tal techniques and more reliable computational ap-
proaches [32]. At elevated pressures, the crystal de-
forms and usually undergoes a structural phase tran-
sition. The latter is associated with a sudden change
in the arrangement of the atoms, which are rear-
ranged in new positions, which leads to a new struc-
ture [33]. Experimentally, the pressure of the phase
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Fig. 2. Variation of the enthalpy differences as functions of
the pressure for Be, A5, 110, and B2

transition can be determined by investigating the lat-
tice dynamics properties of our material of interest,
using Raman scattering. At the transition point, the
Raman scattering reveals a phase transition as the
discontinuities in phonon frequencies or the intensity
of phonon peaks [34]. For determining the most stable
structure at any pressure and temperature, the free
energies of different phases were usually used. The
free energy G of any particular phase is expressed as
follows [35]:

G=E+PV-TS, (4)

where E is the total energy, P is the pressure, and
V' is the volume, T is the temperature, and S is the
entropy. Since our results are obtained at T' = 0 K,
we have compared the enthalpies H = E 4+ PV per
a formula unit of the material of interest in differ-
ent phases. Our calculations show that the ground
state configuration is the NaCl-type structure. Ne-
vertheless, depending on the pressure, Be, A5, L10,
and B2 can be formed. Other structures have been
considered in our calculations, but were not close
to the stability in any interval of pressures of in-
terest. In Fig. 2 for ScN, we display the enthalpy
differences for Be, A5, L10, and B2 as functions
of the pressure with reference to the Bl-type struc-
ture. The obtained results show that ScN undergoes
a number of structural phase transitions under pres-
sure. The new phase transition (Bl to A5) is pre-
dicted to occur at 286.82 GPa before the well-known
phase transition (Bl to B2) at 325.97 GPa. It is
clearly seen that our results confirm the presence
of the orthorhombic (Bc) structure at a pressure of
around 256.27 GPa from the most stable phase cu-
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Table 3. Calculated values of the phase transition pressure P; (GPa) of ScN
semiconducting compound and other theoretical literature data. X = (B¢, A5, L10, and B2)

Transition
Parameter
Bl —bc Bl— A5 Bl1—L1+0 B1— B2
Pt (GPa) This work 256.27 286.82 302.08 325.97
Other works 252.54 301.3 303.029, 1036 " 324 364.32%, 332.75¢, 3414,
335¢, 368.46 f, 365.879, 412"
Ve (A3) This work 14.90 14.56 14.38 14.19
Other works 13.678 % 13.117¢ 12.9129, 1354, 14.12¢
V(pe) (A3) This work 13.57 12.49 12.03 13.887
Other works 13.101¢ 12.535 ¢ 12.1499, 12.84,13.68¢
—A/Veipey% This work 8.92 14.25 16.33 2.15
Other works 4.218@ 4.44 5.9% 5% 3.9¢€

%Ref. [1], PRef. [4], °Ref. [20], Ref. [21], “Ref. [29], 7 Ref. [36],

bic B1, which is consistent with previous theoreti-
cal reports. On the other hand, we predict the phase
transition from the orthorhombic phase (Bc) to the
B-Sn-type one (Ab5) at 315 GPa. Our result for the
transition pressure from B1 to L10 is found at around
302.08 GPa and agrees well with other calculated val-
ues in Ref. [1].

The transition pressures (Pt) from Bl phase to
other structures of ScN are summarized in Table 3
along other data of the literature [36], with the vol-
ume reduction for each transition. It can observe that
our value of P; from Bl to B2 of ScN compound
is in good agreement with other theoretical results
[37]. Our obtained value (325.97 GPa) of P; overes-

1.04
—a— B1
0964 B
\. o AS
0884
\
0804 N\
2, “\
> 0724 '\'
064 ~
] H;va,,, =8.92%
0.56 . b
.Aw Vl:". - 5%—Ij y
048+
0 100 200 300 400 500
Pressure (GPa)

Fig. 3. (V,/ Vo) versus pressure for the (NaCl — CaSi — -Sn)
phases of ScN semiconducting compound
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9Ref. [37] ,"Ref. [19].

timates the theoretical value (324 GPa) reported in
Ref. [1] by only around 0.61%. To best of our knowl-
edge, there are no experimental or theoretical data
in the literature with the consideration of a constant-
temperature limit to compare our results for the Bl
to A5 and BC to A5 transitions for ScN material. Ac-
cording to Eq. (2), the variations of the curves (the
volume versus the applied pressure P — (V,,/V;) for
ScN) for the NaCl— CaSi, then from CaSi — -
Sn transitions are plotted in Fig. 3. From the pre-
vious curves, we can predict the volume collapses
[=(VBeo) = VB1(P1))/ VB1(PY) )] = (—AV/VB1(PY)), and
[=(Vasee) — Ve@e)/Veepe)]= (—AV/Vaepy)) at
the different points of the transition. It can be seen
that there are about 8.92 and 5.9% volume reduc-
tions for the B1— Bc, and Bc — A5 phase transi-
tions, respectively. Our result (256.27 GPa) for P; for
the transition from B1 — Bc is in excellent agreement
with the value (252.5 GPa) reported in Ref. [1], it is
clear that our result (8.92%) regarding the volume
collapse during the transition from B1 — Bc is very
higher than the theoretical value (4.218%) reported
in Ref. [1].

In addition to B1 — Bc — A5 transitions, the direct
NaCl— (-Sn, NaCl— L10 and NaCl— CsCl tran-
sitions were also investigated. The variations of the
curves (volume versus applied pressure P — (V,/Vp)
for ScN) for the NaCl — CsCl transition are plotted
in Fig. 4.

ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 8
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During the structural transitions from, B1 — A5,
B1 —L10 and B1 — B2, the reductions in the volume
were found at around 14.25, 16.33, and 2.15%, respec-
tively. Our results regarding the reductions in volume
from B1 phase to other structures for ScN are sum-
marized in Table 3 together with other data from the
literature.

The crystal density (called also mass density) g
is one of the simplest and most important material
parameters. It is related to the atomic arrangement
and the corresponding electron density map [26]. The
mass density p represents the ratio of the mass to
the volume; it is usually expressed in kg/m?® (or in
g/cm?). It is given as follows [38]:

Mz )
NV

In the NaCl-type structure, the unit cell volume V'
was taken equal to a® (a is the lattice constant), while
the number of molecules per unit cell was taken equal
to 4. Figure 5 indicates the crystal density behavior of
the NaCl-type, CaSi-type, and -Sn-type structures
of the ScN crystal under pressure.

At the equilibrium, our obtained value
(4.242 g/cm?) of the mass density p of the B1 phase
underestimates the theoretical result (4.25 g/cm?®)
reported in Ref. [39] by less than 0.20%. As is well
known, the mass density of wurtzite-cadmium sulfide
(w-CdS) binary compound [24], copper nitride
(CugN) with cubic anti-ReOs structure [40], wur-
tzite-zinc sulfide (B4-ZnS) [41], and cubic zinc-blende
boron antimonide (BSb) [42] exhibit clear increments
under compression. This is also the case for the
NaCl-type, CaSi-type, and [-Sn-type structures of
the ScN crystal under pressure, as seen in Fig. 5.

p

3.3. Electronic properties

We have calculated the electronic band structure of
ScN for the new S-Sn-type (A5) phase using the FP-
LAPW method with the GGA approach. In Fig. 6,
the electronic structure calculations for the A5 phase
show that the ScN compound exhibits a large di-
rect fundamental gap between the top of the valence
bands (VB) and the bottom of the conduction band
(CB). Our results predict the band gap energy for
bulk ScN of about E; = 1.975 eV. This value is
slightly higher than the theoretical values 1.82 and
1.96 eV of the NaCl-type phase obtained in [43] and
[44], respectively.
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Fig. 6. Band structure of ScN in the 8-Sn-type (A5) structure
using the FP-LAPW method
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4. Conclusion

In summary, the structural parameters of ScN
semiconducting compound in the NaCl-type, CsCl-
type, ZnS-type, wurtzite-type, CuAu-type, NiAs-
type, CaSi-type, and S-Sn-type phases have been in-
vestigated using the FP-LAPW approach, within the
GGA. The ground state parameters were predicted
and compared with other available experimental and
theoretical data. The main results of the present work
can be summarized as follows, We confirm that the
B1 phase is the ground state for ScN, with melt-
ing point predicted at around 2477.4 K. At high-
pressures, we predict new phase transitions from Bl
to B-Sn-type (A5) structure at 286.82 GPa and from
the CaSi-type BC phase to the 3-Sn-type one (A5) at
315 GPa. Our results clearly indicate that there are
the structural transitions from B1 to (BC, L10, and
B2)-type configurations at 256.27 GPa, 302.08 GPa,
and 325.97 GPa, respectively, for ScN confirming the-
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P. Hey6, I. Pexxab [nabpi, C. dayo,
H. Beayga, M. Beaap6i, A. Xatiuyp,
K. Bezaoi, C. Jlyxi6i acai

JOCLAXKEHHA ®A3
ScN ITP11 BUCOKOMY TUCKY
3 IIEPHINX ITPUHIINIIIB

IIpencraBieno pe3ysnbTaTH IOBHOCHEPIETHYHHUX PO3PAXYHKIB
3 [EepIIMX [PHHIUIIB CTPYKTYPHHUX BJIACTHBOCTEIl HAIiBIIPO-
BinHuka HiTpuay ckaaaiio (ScN) B crpykrypax tumy NaCl
(B1), CsCl (B2), cdanepury (B3), sropuury (B4), NiAs (B81),
CaSi (Bc), 8-Sn (A5), i CuAu (L10). PospaxyHKH BHKOHAHO
0araToeIEKTPOHHUM ITOBHOIIOTEHIIAIBHUM METOIOM JIliHeapu-
30BAaHUX IPUEJIHAHUX IUIOCKUX XBHJIb, 3aCHOBAHUM Ha TeOPil
dyHKIiOHAIA I'yCTUHA B HAOJIMXKEHH] y3araJbHEHOrO IPaIieHTa
st byHKIioHas1a 06MiHHOT KopedisiniitHol eneprii. [lepenbaue-
HO HOBUI (da30BUil Nepexis, i3 HaibLIbII cTablabHOT KyOiYHOTO
tuny NaCl crpykrypu (B1) B ctpykTypy Tumy 3-Sn (A5) npu
Tucky 286,82 I'lla 3 BeJIM4nHOIO MTPSIMO30HHOT IIIJIMHY OJIU3BKO
1,975 eB. Mu noka3zasu, mo ScN mepeTBOpUThHCs 3 OpTOPOMbi-
ggoro Tury CaS crpykrypu (Bc) B A5 npu 315 I'Ila. Bigno-
BiZIHO 710 Bimomux ab initio po3paxyHKiB, MU 3HaMILIH, 1m0 Bl
daza nepexonutsb y Be, L10 ta B2 crpykTypu npu 256,27 I'l1a,
302,08 I'Tla i 325,97 I'lla, Bignosinuo. EjxekTponHa cTpyKTypa
dasu A5 nokasye, uo ScN mae npsiMo30HHY IiyinHy B X TOodYni
3 E4 6muspko 1,975 eB.

Kat0vw061 cna06a: TOBHONOTEHIIAJbHAN MeTOJ, JIiHeapu30-
BaHUX MPUEIHAHUX [IJIOCKUX XBUJIb, HITPHJI CKaH/iI0, (ba3oBuii
rnepexiji, HaOJIMKEHHSI y3arajJbHEHOIO I'PaJi€HTa, eJIEKTPOHHA
CTPYKTYDa.
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