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In recent years, transition metal silicides have become the potential high temperature materials. The ternary silicide
has attracted the attention of scientists and researchers. But their inherent brittle behaviors hinder their wide applications.
In this work, we use the first-principles method to design four vacancy defects and discuss the effects of vacancy defects
on the structural stability, mechanical properties, electronic and thermodynamic properties of hexagonal Cr;BSij silicide.
The data of lattice vibration and thermodynamic parameters indicate that the CrsBSi3 with different atomic vacancies can
possess the structural stabilities. The different atomic vacancies change the mechanical properties and induce the Cr;BSi3 to
implement the brittle-to-ductile transition. The shear deformation resistance and volume deformation resistance of CrsBSi3
are weakened by different vacancy defects. But the brittleness behavior is remarkably improved. The structural stability
and brittle-to-ductile transition of CrsBSi3 with different vacancies are explored by the electronic structures. Moreover, the
thermal parameters indicate that the CrsBSi3 with vacancies exhibit different thermodynamic properties with temperature
rising.

Keywords: vacancies in CrsBSis, brittle-to-ductile transition, electronic properties, thermodynamic properties

PACS: 61.43.Bn, 61.72.Bb, 61.72.jd, 62.20.—x

1. Introduction

With the development of science and technology, many
researchers have discovered that the transition metal silicides
can be used as the sharp leading edges materials and high

temperature reusable surface materials of hypersonic vehicles

1’1.[1_4

and surface coatings, and so o ] They have the excel-

lent chemical and physical properties, such as high oxida-

tion resistance, high creep resistance, high strength and high

>-101 Some ternary metal silicides were found

11-15]

melting point.!
and their physical properties were widely investigated.!
Among these ternary silicides, Nowotny ef al. synthesized the
CrsBSis experimentally and found that it possesses the hexag-
onal structure with P63 /mcm group.!'>! Zhou et al. predicted
the anisotropic properties and band structure of CrsBSi3 by us-
ing the first-principles calculations.!'®! The theoretical results
indicated that the CrsBSis silicide shows the brittle behavior.
Generally speaking, vacancy defects, doping elements, dis-
location slip, etc. can improve the brittle behavior for solid

(17-19] For the heat activation effect in high tem-

materials.
perature environment, the vacancy has a significant effect on
the mechanical properties of high temperature materials. It
is necessary to explore the effects of vacancies on the phys-
ical properties for CrsBSi3. In the present work, we design
four vacancy models and investigated the influences of these
vacancies on the physical properties for CrsBSi3. The struc-
tural stabilities, mechanical properties, electronic structures

and thermodynamic properties of CrsBSi3 with various vacan-

fCorresponding author. E-mail: zxdwfc@ 163.com
© 2022 Chinese Physical Society and IOP Publishing Ltd
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cies are comparatively studied by using the first-principles cal-
culations.

2. Theoretical methods

The parent Cr5Si3B and the Crs5SizB with various vacan-
cies were all investigated by using the CASTEP code.[?"! The
electron—ion interaction was described by the ultrasoft pseudo-
potential.?1->2 The Perdew-Burke—Ernzerhof (PBE) func-
tional under the generalized gradient approximation (GGA)
approximation was used to treat the exchange—correlation
functional.!?*! The electronic configurations of Cr, B, Si atoms
are 3p®3d4s2, 2s*2p', and 3s23p?, respectively. The cutoff
energy of 560 eV was set such that the convergence for each of
the present models was ensured. The Brillouin-zone was sam-
pled by using an 8 x 8 x 10 k-points for integrations in recipro-
cal space. The Broyden—Fletcher—Goldfarb—Shanno (BFGS)
minimization scheme, ionic Hellmann—Feynman force, maxi-
mum ionic displacement and stress were used for optimizing
the structure.>*-26! The tolerance for geometry optimization
is different: within —5 x 1073 eV/atom for the total energy,
within 0.04 eV/A for maximum ionic Hellmann-Feynman
force, within 6x 10~ A for maximum ionic displacement, and
within 0.05 GPa for maximum stress. The current settings en-
sured that the total energy converged to 1 meV/atom. Con-
vergence tests indicated that the cutoff energy and k mesh in
the present work were sufficient to guarantee the convergence
of total energy and provide a proper prediction of the lattice

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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parameters. The unit cell sizes and atomic positions were al-
lowed to be fully relaxed without any constraints during ge-
ometry optimization.

According to the available literature,!'>1% the CrsBSis
crystallizes into a hexagonal Cr;CuSnsz-type structure with
P63/mem space group.?”] In the crystal structures of CrsBSis,
Crl, Cr2, B, and Si atoms occupy the locations at the Wyck-
off sites 6g (0.27, 0, 0.25), 4d (0.33, 0.67, 0), 2b (0, 0, 0),
and 6g (0.62, 0, 0.25), respectively. There are 18 atoms inside
the unit cell. According to the four different atomic positions,
we designed four vacancy models: Cr_v,, Cr_vyq, B_v,, and
Si_va. And the four different structural models of CrsBSij;
are shown in Fig. 1. The structural stability depends on the
thermodynamical and dynamical condition. Thus, the vacancy
formation energy (Ey) for each of the four models was cal-
culated to estimate the thermodynamical stability in CrsBSij3

with the following expression: 28291
I I
Ep = Eg" — Epert +nix, (M)

where E;‘;f}l represents the total energy of perfect CrsBSis
and Ef,‘;‘al denotes the total energy of CrsBSi; with vacancy
defects, and puy (X = Cr, B and Si) is the chemical poten-
tial of each species. For the niobium-rich region, Lcr =
Ecy(bulk), ugp = Eg(bulk), while for the silicon-rich region,
Usi = Esij(bulk). Note that Ec(bulk), Eg(bulk), and Egs;(bulk)
are the total energy of a Cr atom, a B atom, and an Si atom in
a bulk Cr, B, and Si system, respectively. 303
the thermodynamic stability for each of the four models was
determined by the value of formationenthalpy. The formation
enthalpy of perfect CrsBSi3 was calculated from Eq. (2) and

1 Futhermore,

the values of formation enthalpy of four vacancy models were
calculated from Eq. (3):[3%-36]

1

. l .
AH = m (Egété- (CprySIZ) 7.xEt0tal (Cr)
—YEoa (B) — 2Eotal (Si) ) ) (2
1 .
AH = p—- (Esoitncy (CraBySiz) — xEqo (Cr)
—YEotal (B) — zEotal (Sl) )7 (3)

where AH is the formation enthalpy, E;‘étr? represents the to-

tal energy of perfect CrsBSi3, EX@ denotes the total en-

vacanc
ergy of CrsBSi3 with vacancy defects, eymd Eiota1(Cr), Eiora1(B),
Eo21(Si) refer to the total energy of the crystal of Cr, B, and
Si elements, respectively. Moreover, the structural stability
is also determined by the dynamical condition. The dynam-
ical stability depends on the phonon frequency. If the solid
material possesses the positive phonon frequency, it will pos-
sess the dynamical stability. In this work, the phonon disper-
sions were investigated using the finite displacement method
with Phonon code. Moreover, some phonon-related thermody-
namic properties were calculated in a quasi-harmonic approx-
imation within the Phonon code.?”~*! The mechanical prop-

erties were determined by the elastic constants (C;;), and elas-
tic moduli.[*>**! The strain—stress method and Voigt—Reuss—
Hill (VRH) method were used to calculate the elastic constants
and elastic moduli.[*>#0! According to the Hill’s bulk modulus
By and shear modulus Gy, we calculated the elastic hardness
(Hv), Poisson’s ratio (v), and Young’s modulus £ 147481
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Fig. 1. Crystal structures of CrsBSiz with different vacancies.

3. Results and discussion
4. Structural stability of vacancy models

Table 1 shows the lattice parameters and thermodynamic
parameters of four vacancy models and perfect CrsBSij3 crys-
tal. It is found that lattice constants of CrsBSiz approach to
the experimental values,[!3) which indicates that our compu-
tational method is reliable and feasible. As is well known,
the positive vacancy formation energy (Er) suggests that the
vacancy model is thermodynamically stable.!®! As shown in
Table 1, the values of vacancy formation energy Er for four
vacancy models are all positive, indicating that the CrsBSi3
with four vacancies are thermodynamically stable. In Table 1,
the values of formation enthalpy AH of perfect CrsBSi3 and
Cr5BSi3 with four vacancies are both negative, confirming that
the CrsBSisz with various vacancies are thermodynamically
stable. The Cr_y,; vacancy has the best thermodynamic stabil-
ity in these vacancies due to the most negative values of forma-
tionenthalpy. Furthermore, figure 2 displays the lattice vibra-
tion curves of parent CrsBSi3 and four vacancy models. The
parent Cr5sBSi3 and CrsBSi3 with various vacancies exhibit the
dynamical stabilities because the parent CrsBSi3 and CrsBSi3
with various vacancies have no imaginary phonon frequencies
in the whole regions.[*”! It can be found from Table 1 that
lattice constants of CrsBSisz with vacancies are smaller than
those of the perfect CrsBSi3 compound. In Fig. 1, each B
atom is surrounded by six Crl atoms. And Cr2 atom occupies
the center formed by three adjacent BCrlg octahedra. Addi-
tionally, the coplanar BCrlg octahedra are interleaved by Si
layers along the ¢ axis. The structural stability of CrsBSis
stems from the bond state formed by the hybridization among
Cr, B, and Si atoms within the stacked layered structure. The
removal of Cr, B, and Si atoms can cause lattice to shrink,
which indicates that the removal of atoms enhances the atomic
interaction among the nearby atoms.
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Table 1. Calculated values of lattice parameters a, b, and ¢ (in unit A), vacancy formation energy Ef (in unit eV), and formation

enthalpy AH (in unit eV) of CrsBSi3 with four different vacancies.

Compound Method a(A) b (A) c(A) E; (eV) AH (eV)
CrsSiz;B GGA 7.034 7.034 4.740 0.902
Exp.? 7.060 7.060 4.730
Theor.? 7.0306 7.0306 47326
Cr_va GGA 6.966 6.967 4.688 0.779 0.894
Cr_va GGA 6.934 6.933 4732 0.761 0.889
B_va GGA 6.981 6.981 4717 0.736 0.878
Si_va GGA 7.020 7.022 4.679 0.741 0.881
aRef. [15], PRef. [16].
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Fig. 2. Phonon dispersion curves of (a) parent CrsBSiz and CrsBSiz with different vacancies: (b) Cr_vai, (¢) Cr_va2, (d) B_v;,, and (e) Si_v,.

4.1. Mechanical properties

Table 2 presents the elastic constants Cj;s, elastic mod-
uli and the related mechanical quantities of four models, to-
gether with the corresponding parameters of perfect CrsBSis.
In Table 2, the calculated results are close to the available
results.['® The calculated elastic constants of CrsBSi3 with
various vacancies satisfy the Born criteria, indicating that
they are mechanicallystable.%! The deformation resistance
along the a axis and the ¢ axis are determined by the elas-
tic constants C1; and Cs3, respectively. A larger elastic con-
stant C1; or C33 corresponds to a better deformation resis-
tance. In the present work, the elastic constant Cy; of the par-
ent CrsBSij is larger than the values of corresponding elastic
constant Cy; of two Cr_vy, vacancies and Si_vy, vacancy, con-
firming that the removal of these atoms can weaken the defor-
mation resistance along the a axis. Meanwhile, elastic con-
stant C33 of Cr_vyy vacancy is smaller than that of the parent
Cr5BSis, illustrating that the presence of Cr_vy,> vacancy can
enhance the deformation resistance along the ¢ axis of parent
CrsBSis;. Furthermore, a larger elastic constant Cy4 implies
a higher shear resistance. 1521 As listed in Table 2, the elastic
constant Cy4 of Si_y, model is 100.7 GPa, which is smaller

than those of parent CrsBSi3 and CrsBSi; with other vacan-
cies. Namely, the removal of Si atom makes the shear resis-
tance of Cr;BSi3 lower than those of the parent CrsBSiz and
Cr;BSi3 with other vacancies models. Therefore, the removal
of atoms can weaken the charge interaction and the local hy-
bridization among atoms in the ground state.

From Table 2 it follows that the bulk modulus B and
shear modulus G of the perfect CrsBSi3 are 197.9 GPa and
128.1 GPa, respectively. The values of B and G of Cr_vy
model and B_y, model are smaller than those of the par-
ent CrsBSi3, indicating that the presence of Cr_y, model and
B_v, model can weaken the compression resistance and de-
formation resistance of CrsBSisz. In addition, when Si atom is
removed, the values of B and G for Si_y, model are larger than
those of the parent CrsBSi3, confirming that the CrsBSi3 with
Si_vy, vacancy possesses the better volume deformation. The
shear modulus of B_vy, model is 86.9 GPa and it is smaller than
those of other vacancy models, illustrating that B_y, model
has a weaker deformation resistance than other vacancy mod-
els. Generally speaking, the smaller Young’s modulus means

the lower elastic stiffness. In Table 2, the Young’s moduli
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of Cr5BSi3 and Crs;BSi3 with four various models follow the
order: Si_vy,>CrsBSi3>Cr_vyu,>Cr_v,; >B_v,, which indi-

cates that the Si_v, model possesses the best elastic stiffness

in the four vacancy models. Additionally, it can be concluded
that the presence of Cr atom and B atom vacancies can weaken

the elastic stiffness of the parent CrsBSis.

Table 2. Values of elastic constants C;; (in unit GPa), bulk modulus B (in unit GPa), shear modulus G (in unit GPa), Young’s modulus E (in unit GPa),
B/G ratio, Poisson’s ratio v, and Vickers hardness Hy (in unit GPa) of CrsBSi3 with four different vacancies.

Compound C11 C12 C13 C33 C44 C66 B G E B/G v HV
CrsBSi3 3729 118.4 122.1 314.7 142.6 127.2 217.9 132.8 336.1 1.64 0.234 17.6
Theor.? 388 121 132 324 148 143 223 138 343 1.615 243
Cr_vai 350.5 129.4 98.2 366.4 132.8 98.5 193.5 115.7 289.4 1.67 0.251 14.7
Cr_va 365.2 114.4 122.7 294.6 137.7 125.5 192.8 123.4 305.1 1.56 0.236 16.8

B_va 391.3 124.3 112.9 365.9 130.7 134.4 184.0 86.9 225.2 2.12 0.296 8.3
Si_va 278.8 152.9 110.5 348.1 100.7 79.0 205.8 132.5 327.3 1.55 0.235 17.8
“Ref. [16].
2.2 ratio. The results indicate that the vacancy models improve
the brittle behaviors of CrsBSi3 and the B_y, vacancy gives
2.0F . . . . ..
rise to the brittle-to-ductile behavior transition.
2
Q 1.8f . .
T 4.2. Electronic properties
£ 16} / To further investigate the mechanism of electronic prop-
G . . . .
> erties, the total and partial density of states for the CrsBSis
LA with various vacancies are shown in Fig. 4. The black ver-
L tical dotted lines in the graphs denote the Fermi level Eg.
" OrsBSiz Crovar Crvas Bova Siva It is found that there are no energy gaps appearing near the

Fig. 3. Curves of B/G ratio of parent CrsBSi3 and CrsBSis with different
vacancies.

The values of hardness Hy of CrsBSi3z and CrsBSi3 with
different vacancies are listed in Table 2. The intrinsic hard-
ness of the parent CrsBSi3 is 17.6 GPa. The hardness Hy of
the Cr_y, model and Si_v, model are slightly different from
that of CrsBSi3. The hardness Hy of B_y, model is obviously
smaller than that of Cr;BSi3. This result suggests that the re-
moval of B atom strongly reduces the hardness of CrsBSis.
The brittle/ductile behavior is a significant parameter of solid
material. The B/G ratio and Poisson’s ratio v can be used
to assess the brittle or ductile behavior according to the Pugh

33341 The critical value of B/G and Poisson’s ratio v are

rule.!
1.75 and 0.26, respectively. If the values are less than 1.75 and
0.26, the solid material will be a brittle material. It is obvi-
ously found that B/G ratio of the parent CrsBSij3 is less than
1.75 in Fig. 3, indicating that the parent CrsBSi3 exhibits the
brittle behavior.['% The Cr_v, model and Si_v, model exhibit
a slightly larger B/G ratio than the parent CrsBSi3. However,
the B/G ratio of B_y, model is larger than 1.75. Namely, the
Cr;BSi3 with B_vj, is a ductile material and the other vacan-
cies improve the brittleness of CrsBSi3, the variation of which
is the same tendency as the variation of hardness. In Table 2,
the Poisson’s ratio v of the parent CrsBSi3 is 0.234 GPa, which
is less than 0.26, indicating that the CrsBSi3 is a brittle mate-
rial. Obviously, the CrsBSi3 with B_y, vacancy is ductile,
and the Cr_y, model and Si_vy, model are less brittle than the
CrsBSi3, which corresponds to the same variation with B/G

Fermi level Er, which indicates that the CrsBSi3 exhibits the
metallic behavior. As shown in Fig. 4(a), the density of states
(DOS) of CrsBSij is mainly composed of the Cr-3d, B-2s, 2p,
and Si-3s, 3p orbital states. For the different contributions of
Cr, B, and Si electronic states, the localized hybridization be-
tween electronic states forms the Cr-B bond, Cr—Si bond, and
B-Si bond. The B-2p state penetrates into the B-2s state at
—6.35 eV, implying that the electrons transfer from B-2s to
B-2p state. The Cr-3d state and Cr-4s state cross the Cr-3p
for —8.59 eV and —6.38 eV, respectively, which indicates that
the electrons transfer between Cr-3d, Cr-4s, and Cr-3p states.
The Si-3p state passes through the Si-3s state at —6.82 eV,
which means the formation of Si—Si bonds. It can be seen
from the figure, the localized hybridization between the Cr-3d
state and the B-2p state in CrsBSi3 is strong, which results
in the strong electronic interaction between Cr and B atoms.
The density of states (DOS) for CrsBSi3 with various vacan-
cies is slightly different from that of the parent CrsBSi3. The
structural stability can be exhibited by the number of bonding
electrons at Fermi level, the smaller the value of the number,
the more stable the structure is.[>>%! The N (Eg) values of the
Cr5BSi; with four vacancies and the parent CrsBSiz follow
the order: Cr_vy, <Cr_vy, <Crs;BSi3<Si_vy,<B_v,, which il-
lustrates that the presence of Cr_y, vacancies can enhance the
structural stability of parent CrsBSi3. On the contrary, the re-
moval of B and Si atoms makes the parent CrsBSi3 less stable.
The valleys near the Fermi level of CrsBSi3 with Cr vacancies
are shallower than those of the parent CrsBSi3, which means
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the existence of Cr vacancies can enhance the electronic inter-
action and reflect the better deformation resistance of the Cr
vacancies.’”! In Fig. 4(e), the valleys near Fermi level almost
disappear, which illustrates that the presence of Si_y, vacancy

causes more charges to transfer to Fermi level. Namely, the
localized hybridization between B atoms and Cr atoms is pro-
moted, which makes the bond length of Cr-B shorter and the
bond strength stronger.

(a) CrsBSis (b) Cr_va1 (c) Cr_vas
> %8 — DOS > i L — DOS 5 20 DOS
2 10:#’«_‘/\”"/"\/\/\“ i W\/A/‘/\/V\ % 10-M\4\
0 T L w9 . L oL { L
) 28 I — Cr(4s) g I — Cr(4s) 3 F — Cr(4s)
< — Cr(3 [ — Cr(3 = 12F —Cr(¢
20— o M E e e = R
S 1.6f—B(29) ks 1.0F — B2) 5 13F—BE
> 0.8} — B(2P) >, 0.5-M OF —B(2p)
2 2 F— Si(3S) 2 2 — Si(3s) @ [— Si(3s)
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Fig. 4. Total and partial DOSs of (a) parent CrsBSi3 and CrsBSi3 with different vacancies: (b) Cr_va, (¢) Cr_va, (d) B_y,, and (e) Si_va.

- 7.000x10~2
- 4.750X10~2
- 2.500X10~2
- 2.500x10~3

- —2.000x10-2

Fig. 5. Plots of electron density difference for (a) parent CrsBSi3; and
CrsBSi3 with different vacancies: (b) Cr_vy,1, (¢) Cr_va, (d) B_va, and (e)
Si_v,.

The differences in electron density between the parent
Cr5BSi3; and the CrsBSi3 with four vacancies on (001) plane

are plotted in Fig. 5. In eachpanel, the difference in electron
density is in a range from —0.02 /A3 to 0.07 e/A3. And the
blue color and the red color denote the maximum and min-
imum accumulation of electrons, respectively. The light blue
regions refer to the neutral regions and there is no charge trans-
fer in these regions. Comparing with the color bar, it can be
found from Fig. 5(a) that there are many electrons accumu-
lating between nearby Crl and B atoms, illustrating that there
exist the Cr1-B—Cr1 bond chains in the parent CrsBSi3. There
is no electron accumulation between Cr1 atom and Si atom ap-
pearing in Fig. 5(a), indicating that the electrons are delocal-
ized between Cr atom and Si atom. However, there is no ob-
vious transformation between the inter-layer B atoms, indicat-
ing that the weak B-B interaction appears. Furthermore, the
electrons between the neighboring Cr2 atoms are delocalized,
and so are the nearby Si atoms, which indicates that Cr2—-Cr2
bonds and Si—Si bonds are both metallic bonds. The presence
of vacancies can influence the electron accumulation, which
changes the state of bond and mechanical properties of the
parent CrsBSi3. From Fig. 5(b), the Cr_v,; vacancy reduces
the strength of Cr1-B bond and Cr1-Si bond, which reduces
the resistance of deformation on the (001) plane. The Cr_va»
vacancy reduces the localized hybridization between nearby
Cr2 atoms. Particularly, when B atoms are removed, the elec-
trons between Crl atom and B atom become more delocal-
ized, meanwhile the hybridization between Crl atom and Si
atom becomes stronger. The weak localized hybridization im-
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proves the brittle behavior of the parent CrsBSiz. The Crl1-Si
bonds are clear away in Fig. 5(e), indicating that the presence
of Si_vy, vacancy reduces the localized hybridization between
Crl atoms and Si atoms.

4.3. Thermodynamic properties

As is well known, the thermal response of material can
be estimated by the thermodynamic properties. To estimate
the thermodynamic properties of the CrsBSi3 with four vacan-
cies, we use the Phonon code to explore their thermodynamic
properties. Figures 6 and 7 show the thermodynamic parame-
ters of CrsBSi3 with four vacancies at different temperatures.
Figure 6 shows the curves of calculated values of heat capac-
ity at constant volume Cy versus temperature for CrsBSi3 with
four vacancies and the parent CrsBSis. It is found that the val-
ues of heat capacity Cy of CrsBSiz with four vacancies and
the parent CrsBSis3 follow the Debye 7> law in low tempera-
ture area and are close to the Dulong—Petit limit in high tem-
perature area. 3% The values of Cy for CrsBSi3 with various
vacancies are smaller than the value of Cy of parent CrsBSis,
which indicates that the removal of Cr, B, and Si atoms reduce
the value of Cy of the parent CrsBSis.
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Fig. 6. Temperature-dependent heat capacity (Cy) curves of parent CrsBSi3
and CrsBSi3 with different vacancies.
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Fig. 7. Curves of Debye temperature (@p) versus temperature of parent
Crs5BSi3 and CrsBSi3 with different vacancies.

Figure 7 shows the curves of Debye temperature versus
temperatue of CrsBSi3 with various vacancies. It is obvious
that Debye temperatures of Cr;BSi3 with various vacancies
and the parent Crs;BSi3 increase rapidly in low temperature

area and are close to the fixed values in high temperature area.
The Debye temperatures of CrsBSi3 with various vacancies in
high temperature area are much larger than the Debye tem-
perature of the parent CrsBSis, indicating that the existence
of these vacancies increases the thermal stability of the parent
Cr5BSi3;. The Debye temperature of the CrsBSiz with Cr_v,
vacancy is much bigger than those of other compounds, which
illustrates that the CrsBSi3 with Cr_v,; vacancy shows the bet-
ter thermal stability than other compounds in the elevated tem-
perature region.

5. Conclusions

We use the first-principles calculations to explore the ef-
fects of vacancies on the structural stability, electronic and me-
chanical properties of CrsBSiz. The conclusions are as fol-
lows.

(i) Theremoval of Cr, B, and Si atoms result in lattice
shrinkage. Their vacancy formation enthalpy values are all
smaller than zero, indicating that these vacancy structures are
thermodynamically stable. The Cr_y,; model is more stable
than other vacancy models. The lattice vibration indicates that
the CrsBSi3 with various vacancies are dynamically stable.

(i1) The elastic modulus of CrsBSi3 with Cr_v, vacancies
and B_v, vacancies are smaller than that of CrsBSiz, demon-
strating that these vacancies weaken the hardness and defor-
mation resistance of CrsBSis. The Poisson’s ratio v and B/G
indicate that CrsBSi3 with B_y, vacancy induces the brittle-
to-ductile behavior transition.

(iii) The electronic properties explain the mechanism of
an effect of structural vacancies on the physical properties of
CrsBSis.

(iv) The values of thermal parameters indicate that the
CrsBSi3; with four vacancies present different thermodynamic
properties with the increase of temperature.
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