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In general, heavy elements contribute only to acoustic phonon modes, which are less important for
the superconductivity of hydrides. However, it was revealed that the heavier elements could enhance
the phonon-mediated superconductivity in ternary hydrides. In the H3S—Xe system, a novel H3SXe
compound was discovered by first-principle calculations. The structural phase transitions of H3SXe
under high pressures were studied. The R-3m phase of H3SXe was predicted to appear at pressures
above 80 GPa, which transitions to C2/m, P-3ml, and Pm-3m phases at pressures of 90, 160, and
220 GPa, respectively. It has been anticipated that the Pm-3m-H3SXe phase with a similar structural
feature as that of Im-3m-Hj3S is a potential high-temperature superconductor with a 7, of 89 K at 240
GPa. The T, value of H3SXe is lower than that of H3S at high pressure. The “H3S” host lattice of Pm-
3m-H3SXe is a crucial factor influencing the T, value. The Xe atoms could accelerate the hydrogen-bond
symmetrization. With the increase of the atomic number, the T, value linearly increases in the H3S
noble-gas-element system. This indicates that the superconductivity can be modulated by changing
the relative atomic mass of the noble-gas element.
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1 Introduction

Recently, the superconductivity of the HyS sample un-
der high pressure has attached much attention [1, 2].
The high superconducting critical temperature T (190
K) of the HsS sample above 150 GPa has been observed
by using the electrical resistance, magnetic susceptibil-
ity and magnetization measurements in experiments [3].
Previous experiments suggest that the HyS decomposes
under high pressure to the pure sulfur and hydrogen-rich
sulfur hydride [4]. Our previously predicted Im-3m-H3S
was seen as the candidate crystal structure of the above
mentioned high-pressure superconducting hydrogen-rich
sulfur hydride [5]. The Im-3m phase of H3S has a sim-
ilar superconducting critical temperature—pressure rela-
tionship as the observation in experiments. Subsequent,
the x-ray diffraction and electrical resistance measure-

*Dedicated to Prof. Guangtian Zou on the occasion of his 80th
birthday.

ments confirm that the experimentally observed super-
conducting phase is in good agreement with our theoret-
ically predicted body-centered cubic Im-3m HsS phase
[4]. Up to now, many excellent studies about the I'm-3m
phase of H3S were performed by using different methods
[6-18]. The effect of the nonempirical electron-electron
coulomb interaction, anharmonic effect, ionic charac-
ter, and the exchange correlation effects have been se-
riously considered in the study of H3S [19-24]. However,
there are still some debate in the superconductivity of
high-pressure HyS sample. Very recently, Goncharov et
al. confirmed that the presence of Im-3m H3S in their
synchrotron X-ray diffraction and Raman spectroscopy
experiment [25]. But similar experiment performed by
Guigue et al. indicates that the Im-3m HgS is absence
above 140 GPa [26]. More studies in the superconductiv-
ity of high-pressure HyS are needed. In addition to the
well-known H3S, many other hydrogen-rich compounds
have also been proposed such as CaHg, LaH1g, YHjq,
[H{77 I’I?,P7 HmSy, stey, H4T€7 H5T€2, Ble, SbH4, and
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AsHg [27-42]. Recently, Hoffmann et al. suggest that the
ternary gold hydrides are potentially superconducting
compounds at lower pressures. The high-pressure KAuH,
is predicted to be a superconductor with the Tt of 0.3 K.
The Ba(AuHs)2 and Sr(AuH,), are predicted to be sta-
ble at pressure of 1 atm. However, their superconducting
critical temperature are only 30 and 10 K, respectively
[43]. Zhang et al. predicted an orthorhombic FeySHj
with the electron phonon coupling parameter of 0.3 and
T. value of 0.3 K at 173 GPa [44]. Earlier experiments
suggest that the hydrogen-rich ternary BeReHg trans-
forms into a metal and then a superconductor above 100
GPa. However, its maximum superconducting critical
temperature is only 7 K [45]. Up to now, many ternary
hydrides have been studied [46, 47]. Although their Tt
value is not very high, they give us a new route to find
high-temperature superconductors. Therefore, it is de-
sirable to investigate the properties of ternary hydrides
with different dopants. It is found that the dopant can
reduce the synthesis pressure of hydrogen-rich hydrides.
However, many fundamental aspects are not well under-
stood. Specifically, the relationship between dopant and
superconductivity are still far from being clear. More-
over, there are little study about the noble gas elements
doped hydrides.

In this paper, we aim to study the effect of chemical
precompression on H3S, induced by doping the noble gas
elements, using the first principle methods. Due to good
chemical inert properties and bigger atomic mass and ra-
dius, xenon is the most promising noble gas element. We
investigate whether or not the xenon atoms can decrease
the synthesis pressure of H3S and enhance the degree
of hydrogen-bond symmetrization of H3zS. The results
show that there are novel H3SXe compounds composed
of noble gas element Xe and H3S at lower pressures. The
high-pressure phase transitions have been studied. The
Xe atoms have the capability to accelerate the hydrogen-
bond symmetrization in H3SXe. However, although the
high-pressure H3SXe with Pm-3m space group has sim-
ilar structural parameters as that of Im-3m H3S, the T¢
of Pm-3m-H3SXe (89 K @ 240 GPa) is lower than that
of Im-3m HsS (200 K @ 200 GPa). Furthermore, the
relationship between atomic mass and dopant-induced
superconductivity is revealed.

2 Computational methods

Most calculations are performed within the density func-
tional theory (DFT) [48, 49], carried out within the Vi-
enna ab initio simulation package (VASP), with the pro-
jector augmented wave method [50-52]. The H 1s', S
3s23p* and Xe 5s25p8 electrons are treated as valence
electrons, respectively. The Perdew—Burke-Ernzerhof
generalized gradient approximation (GGA) exchange
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and correlation functional (H.GW, S GW, and Xe GW
pseudopotential) are used [53]. Convergence tests give
a kinetic energy cutoff 800 eV, with a grid of spacing
27 x 0.03 A~! for the electronic Brillouin zone (BZ) in-
tegration in all phases. The geometries are optimized
when the remanent Hellmann—-Feynman forces on the
ions are less than 0.01 eV/A. The heat of formation
(AHy) for H3S-Xe system are calculated by the equa-
tion of AHy = Eiotal [(H3S)2Xey| — (2Eiota1(HsS) +
YFtota1(Xe)). And the Ceem (stable at 37 GPa—111 GPa),
R3m (stable at 111 GPa—180 GPa), Im-3m (stable above
180 GPa) phases of H3S and hep phase of Xe are adopted.
The phonon frequencies are calculated by using a super-
cell approach as implemented in the PHONOPY code
with 3 x 3 x 3 supercell [54]. The forces are calculated
from VASP code. The calculation of the electron-phonon
coupling (EPC) parameter A are performed using the
pseudopotential plane-wave method within the density
functional perturbation theory as implemented in the
Quantum-ESPRESSO code [55]. The generalized gra-
dient approximation correction (GGA) of PBE within
norm-conserving pseudopotentials of Martins-Troullier
form was tested to be used. The kinetic energy cutoff
and the charge density cutoff of the plane wave basis were
chosen to be 80 and 320 Ry, respectively. A 6 X 6 X 6 g-
point mesh in the first Brillouin zone is used in the EPC
calculation. A grid of 24 x 24 x 24 is used to ensure k-
point. A Gaussian broadening of 0.03 is used to calculate
the phonon linewidth.

3 Results and discussion

In order to study the chemical precompression induced
by Xe atoms, the extensive structural searches on H-S—
Xe compounds for various stoichiometry of H,S,Xe, (z,
y, z = 0-1) at selected pressures of 0, 30, 80, 150, 200,
and 300 GPa are performed by using the CALYPSO code
[56, 57]. The candidate structures for each composition
are then used to evaluate heat of formation (AHy) rel-
ative to H3S and Xe. By evaluating the averaged AHy
for each composition at 0 K and different pressures, the
convex hull data for H3S—Xe system at different pres-
sures are obtained (Fig. S1). It is found that only one
stable stoichiometry 3:1:1 (H3SXe) appears in the pres-
sure range of 0-300 GPa. Four novel H3SXe compounds
with R-3m, C2/m, P-3ml and Pm-3m space groups
(hereafter denoted as R-3m-H3zSXe, C2/m-H3SXe, P-
3m1-H3SXe and Pm-3m-H3SXe) are found in our calcu-
lations. The simulated enthalpy ws pressure curves in-
dicate that R-3m-H3SXe is more energetically favorable
than H3S and Xe at pressures above 80 GPa (Fig. 1). At
90 GPa, R-3m-H3SXe predictably undergoes a hexag-
onal R-3m — monoclinic C2/m phase transition. The
C2/m-H3SXe transforms to P-3ml phase at 160 GPa.

Da Li, et al., Front. Phys. 13(5), 187107 (2018)
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Fig. 1 Enthalpy difference curves of HzSXe.

Then the P-3m1-H3SXe phase transforms to cubic Pm-
3m-H3sSXe at 220 GPa. We calculated the phonon den-
sity curves of these four H3SXe compounds within a wide
pressure range up to 300 GPa. No imaginary frequen-
cies are observed throughout the whole Brillouin zone,
confirming dynamical stability of R-3m-HsSXe, C2/m-
H3SXe, P-3ml1-H3SXe, and Pm-3m-H3SXe (Fig. S2).

The novel H3SXe compounds are stable at pressures
above 80 GPa and up least to 300 GPa.

The crystal structures of novel R-3m-H3SXe, C2/m-
H3SXe, P-3m1-H3SXe and Pm-3m-H3SXe are presented
in Fig. 2. For comparison, the crystal structures of H3S
are also shown in Figs. 2(a)—(c). The low-pressure HzSXe
is predicted to take the hexagonal R-3m space group.
The equilibrium lattice parameters of R-3m-H3zSXe are
a=469Ab=469A, c=2350A at 90 GPa [Figs. 2(d)
and (h)]. The coordination numbers of sulfur atoms are
three and six in R-3m-H3SXe. There are isolated SHg
and SH3 units in R-3m-H3SXe. There is larger van der
Waals volume in R-3m-H3SXe. The S-H bond length of
R-3m-H3SXe is 1.376 and 1.412 A and the S-H--- S dis-
tance is 1.616 A. Different from Ceem-Hs3S where the H
dimers are observed in its crystal structure, all the hy-
drogen atoms form covalent bonds with their neighboring
sulfur atoms in R-3m-H3SXe. The presence of Xe help
the H-H bonds of Hy break. At 90 GPa, the R-3m phase
transforms to C2/m-H3SXe. The C'2/m-H3SXe has mon-
oclinic space group C2/m. The equilibrium lattice pa-
rameters of C2/m-H3SXe are a = 7.75 A, b = 4.47 A,
c=948 A, f = 144.8° at 140 GPa [Figs. 2(e) and (i)].

Fig. 2 The crystal structures of H3S with (a) Ccem (b) R3m (c) Im-3m space groups. And the crystal structures of

H3SXe with R-3m (d, h), C2/m (e, i), P-3ml (f, j), and Pm-3m (g, k) space groups. The blue, yellow, and pink spheres

denote Xe, S and H atoms, respectively.
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The coordination numbers of sulfur atoms are three and
six in C2/m-H3zSXe. The partial hydrogen-bond sym-
metrization is formed in C2/m-H3SXe. In addition to
the hydrogen-bond symmetrized S—H-S, there are also
isolated SHg units in C2/m-H3SXe. P-3m1-H3zSXe crys-
tallizes with hexagonal P-3ml space group [Figs. 2(f)
and (j)]. At 200 GPa, the equilibrium lattice param-
eters are @ = 4.31 A, b = 4.31 A, and ¢ = 5.27 A.
Within this structure, six inequivalent atoms occupy the
crystallographic 6i (H: 0.156, 0.311, 0.342), 3e (H: 0.5,
0.5, 0), 2d (S: 0.667, 0.333, 0.842), 1b (S: 0, 0, 0.5), 2d
(Xe: 0.667, 0.333, 0.338) and la (Xe: 0, 0, 0) positions
in the unit cell. The P-3m1-H3SXe is closely related to
the R3m-H3S. The ‘H3S’ host lattice of P-3m1-H3SXe
is very similar to the framework of R3m-Hg3S. The coor-
dination numbers of sulfur atoms are three and six. One
can observe graphene-like array formed together by S and
H atoms, parallel to the ab plane. The partial hydrogen-
bond symmetrization appears in P-3m1-H3SXe. Further-
more, there are isolated SHg units in P-3m1-H3SXe. The
S-H bond lengths of P-3m1-H3SXe are 1.430 A and 1.496
A. The distance of H-S---H is 1.641 A at 200 GPa. Par-
tial S-H bond lengths are smaller than that of Im-3m
HsS (1.493 A) at 200 GPa, indicating that there are
much stronger hydrogen—sulfur interatomic interactions
in P-3m1-H3SXe than that in Im-3m-H3S. The H-S-H
bond angles are 89.58°, 89.44°, 90.56°, and 92.06° which
are very close to that of Im-3m-HsS (90°). The pres-
ence of isolated SHg units will decrease the number of
free electrons in P-3m1-H3SXe, resulting the decrease
of metallicity. High-pressure Pm-3m-H3SXe crystallizes
with cubic Pm-3m space group [Figs. 2(g) and (k)]. At

240 GPa, the equilibrium lattice parameters are a = 2.98
A. Within this structure, six inequivalent atoms occupy
the crystallographic 3d (H: 0.5, 0.0, 0.0), 1a (S: 0.0, 0.0,
0.0) and 1b (Xe: 0.5, 0.5, 0.5) positions in the unit cell.
The Pm-3m-H3SXe is closely related to the Im-3m-HsS.
Pm-3m-H3SXe can be obtained by replacing the par-
tial SHg octahedron of Im-3m-H3S with Xe atoms. Pm-
3m-H3SXe has the same S—H framework as that of Im-
3m-H3S (Fig. S3). The sulfur atoms in Pm-3m-H3SXe
has the same coordination number (six) as that of Im-
3m-H3S. The complete hydrogen-bond symmetrization is
formed in Pm-3m-H3SXe. The S—H bond lengths of Pm-
3m-H3SXe are 1.49 A, which is larger than that of Im-
3m-H3S (1.47 A) at 240 GPa. Obvious lattice expansion
can be found in the crystal structure of Pm-3m-HsSXe.
Furthermore, these results suggest good hydrogen-bond
symmetrization feature induced by doped Xe in H3SXe.
Under compression, the hydrogen bond symmetrization
of H3SXe enhances, accompanied by the R-3m — C2/m
— P-3m1 and further to Pm-3m structural phase tran-
sitions.

In order to understand the structural stability and
bonding mechanisms of H3SXe, the electron localization
function (ELF) of R-3m-H3SXe, C2/m-H3SXe, P-3ml-
H3SXe, and Pm-3m-H3SXe in the specific planes have
been calculated. Figure 3 shows large areas with big ELF
values (approximately 0.85) between S and H atoms in
these four H3SXe phases, which are typical of strong co-
valent bonding. The ELF isosurfaces clearly illustrate
the presence of 6-fold coordinated sulfur atoms in R-
3m-H3SXe and C2/m-H3SXe (Fig. S4). There are lone
pair electrons in hydrogen atoms of partial S-H bonds,

Fig. 3 The 2D electron localization function slice of R-3m-HsSXe (a, b), C2/m-H3sSXe (c, d), P-3m1-H3zSXe (e, f) and

Pm-3m-H3SXe (g, h).

137107-4
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indicating the presence of molecule-like units. Obvious lent bonds are responsible for the insulating properties
partial hydrogen-bond symmetrization feature have been because there are little free electrons in R-3m-H3zSXe.
observed in R-3m-H3SXe and C2/m-H3SXe [Figs. 3(a)- Furthermore, the presence of Xe atoms induce the lat-
(d)]. The high pressure makes the hydrogen-bond sym- tice expansion in Xe-Hj3S system. So it is found that the
metrization enhance as shown in Fig. 3e and 3f. Then band gap of R-3m-H3SXe is larger than that of Ccem-
the partial hydrogen-bond symmetrization transforms to  H3S (0.49 €V). The other phases of H3SXe are metal-
the complete hydrogen-bond symmetrization as shown in  lic because of the finite DOS at the Fermi level (Ey) as
Figs. 3(g) and (h). In Pm-3m-H3SXe, the hydrogen-bond  shown in Fig. 4. For the case of C2/m-H3SXe, it is found
symmetrization progress is finished. The hydrogen atoms that many bands cross the Fermi level along the Z — Y,
are located in the middle of symmetrical S-H-S bonding Y — B, and B — E directions in the electronic band
[Fig. 3(g)]. Furthermore, the ELF results also indicate structure. These bands are mainly composed of H_1s,
that there is no covalent bonding between Xe and H/S S_3p and Xe_5p orbitals. In C2/m-H3SXe, there are also
atoms. There is repulsive interaction between Xe atoms no Hs dimers in its crystal structure, all the hydrogen
and ‘H3S’ host lattice, which induces the lattice expan- atoms form covalent bonds with their neighboring sul-
sion in HgSXe. fur atoms. And obvious hydrogen-bond symmetrization

In order to investigate the effect of the chemical pre- feature can be found in the ELF of C2/m-H3SXe. These
compression induced by Xe atoms, we studied the elec- are responsible for the formation of bands crossing the
tronic band structure and density of state of H3SXe and fermi level. The DOS indicates that the Xe_5p electrons
compared them with that of H3S at their stable pres- contribute the metallicity of C2/m-H3SXe. For the case
sures. The R-3m-H3SXe is an insulator with the band of P-3m1-H3SXe, the strong hybridization between H_s
gap of 1.52 eV. In R-3m-H3SXe, there are no Hy dimers and S_p orbitals are found. Note that many bands cross-
in its crystal structure; all the hydrogen atoms form co- ing the Fermi level, which lead to a larger electronic DOS
valent bonds with their neighboring sulfur atoms. In ad-  at the Fermi level. The electronic density of states (DOS)
dition to the large van der Waals volume, these cova- near the Fermi level is dominated by the H_1s, S_3p and

»
&
o
7
>
-
[~
[y
(=)
w
o
*]
'5
=
=)
R
o

Y s —~ ,:Z_L -
S p % 2 T

F Q Z G DOS (states/eV/cell)

11)

11)

: N
=5
R M G R DOS (states/eV/cell) X R M G R DOS (states/eV/cell)

Fig. 4 The electronic band structure and density of states of HsS and HzSXe. (a) Ccem-HsS and (b) R-3m-H3SXe at 90
GPa, (c) R3m-H3S and (d) C2/m-H3zSXe at 140 GPa, (e) R3m-HsS and (f) P-3m1-H3SXe at 180 GPa, (g) Im-3m-H3sS
and (h) Pm-3m-H3SXe at 240 GPa.
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Xe_ bp states. The Xe atoms can affect the metallicity
of P-3m1-H3SXe. The DOS of Pm-3m-H3SXe at 220
GPa suggests that it is a good metallic material. Sim-
ilar to Im-3m-H3S, obvious strong orbital hybridization
between the H_1s and S_3p orbitals are found. Note that
many bands crossing the Fermi level, which lead to a
larger electronic DOS Ny at the Fermi level. The den-
sity of states at the fermi level are mainly originated from
the H_1s, S 3p and Xe_5p states. Furthermore, in addi-
tion to similar structural parameters, Pm-3m-H3SXe has
similar electronic band structure and density of states
around the Fermi level as that of Im-3m-H3S as shown
in Figs. 4(g) and (h). The larger N.; of Pm-3m-H3SXe
could contribute to a higher Tt.. So Pm-3m-H3SXe can be
expected as the most potential superconducting phase in
Hnge.

We now discuss the superconductivity of Pm-3m-
H3SXe. The calculated Eliashberg phonon spectral func-
tion a?F(w) and the integrated EPC parameter A of Pm-
3m-H3SXe at 240 GPa are shown in Fig. 5(a). The cal-
culated EPC parameter A is 1.16, indicating that the
EPC of Pm-3m-H3SXe is very strong. The phonon fre-
quency logarithmic average wiog calculated directly from
the phonon spectrum is 1176 K. The standard effective
Coulomb repulsion parameter p* value of 0.13 is used to
estimate the critical temperature T, of Pm-3m-H3SXe.
Base on the Allen-Dynes modified McMillan equation,
the estimated T, of Pm-3m-H3SXe is 89 K which is larger
than that of the famous MgBs, but is much smaller than
that of our previously predicted Im-3m-H3S (A = 2.19,
T. = 200 K at 200 GPa). From the phonon density
of Pm-3m-H3SXe, it is found that the acoustic phonon
modes come from the Xe atoms as expected. Compare to
the projected phonon DOS, it is found that the acoustic
mode of Pm-3m-H3SXe, mainly contributed by the vi-
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bration of Xe atoms, constitutes 14% of the total A. The
optical modes composed of the vibration of S atoms con-
stitutes 23% of the total A\. The remaining parts of the A
(63% of the total A) are mainly derived from the optical
mode which is all attributed by the vibration of the H
atoms. So the vibration of “H3S” host lattice mainly con-
tributes the superconductivity of Pm-3m-H3SXe. Previ-
ous high-pressure study already suggests that the EPC
intensity of Xe is very low. The maximum critical tem-
perature of Xe is only 0.04 K at 215 GPa [58]. So the
superconducting properties of Xe have little influence for
the reduction of the superconductivity in Pm-3m-H3SXe.
From the projected EPC parameter A, it is found that
the soft phonon modes, especially in the phonon branch 3
(the vibration of Xe atoms), 4 (the vibration of S atoms)
and 7 (the vibration of H atoms) are responsible for the
EPC parameter A\. The phonon branch 7 is the most im-
portant mode for the H atoms vibration. Almost all the
contribution of H vibration for the A comes from the
phonon branch 7. In the R — I' — M directions, espe-
cially the R — T direction, the phonon mode softening of
the phonon branch 7 is resonant with that of the phonon
branch 3 and branch 4, indicating that although the vi-
bration of “H3S” host lattice mainly contribute the su-
perconductivity of Pm-3m-H3SXe, the guest lattice (Xe
atoms) has the ability to affect the EPC of “H3S” host
lattice. Meanwhile, it is found that the presence of Xe
only induces the lattice expansion of Pm-3m-H3SXe with
reference to Im-3m-Hj3S.

In order to study the effect of atomic mass, we have
constructed a hypothetical model system of Pm-3m-
H3SM (M = Ne, Ar, Kr, and Xe), in which Xe atoms
of Pm-3m-H3SXe are replaced by the Ne, Ar, and Kr
atoms. The phonon calculations indicate that the Pm-
3m-H3SNe is not dynamically stable at 240 GPa (Fig. 6).

) H;3SAr H;3SKr H;SXe
R Y ST P
-0 mlOgXIO’Z "/‘/
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| ~wNgx10 o LA
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Relative atomic mass of noble gas elements

Fig. 5 (a) Phonon dispersion curves, phonon density of states projected on the H, S, and Xe, and the Eliashberg spectral
function o®F(w) together with the electron-phonon integral A for Pm-3m-HzSXe at 240 GPa. The green circles projected
on phonon dispersion curves show the electron-phonon coupling and sizes of circles are proportional to the EPC strength.
(b) The evolution of A\, wiog, Nes, and Tc of HsSM (M= Ar, Kr, and Xe) at 240 GPa with respect to relative atomic mass.
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Fig. 6 The evolution of phonon dispersion of HsSM (M = Ne, Ar, Kr, and Xe).

The Pm-3m-H3SAr and Pm-3m-H3SKr are stable at 240
GPa. We studied the superconductivity of this hypothet-
ical model. With increasing relative atomic mass, we find
an almost linear increase of the A in H3SM [Fig. 5(b)].
The T, and Ny have similar trends with that of A. The
Pm-3m-H3SAr has the smallest T, value of 22 K. How-
ever, the wio, decreases with the relative atomic mass in-
creasing. Considering the Allen-Dynes modified McMil-
lan equation, T is a balanced result of two key parame-
ters A and wiog. The increased trend of T, indicates that
the A dominates the superconductivity of H3SM. Fur-
thermore, Fig. 6 indicates that with the relative atomic
mass increasing, the phonon frequency of the different
vibrational modes decreases. Interestingly, with the rel-
ative atomic mass increasing, there are softened modes
in H3SM (X = Ar, Kr, and Xe). The phonon branch 7
(red line) tends to soften. In the Pm-3m-H3SXe, there
are the most softened phonon modes because the heavi-
est Xe atoms will induce the biggest lattice expansion in
H3SM (Ar, Kr, Xe) system. Meanwhile, the crystal struc-
ture of H3SM (Ar, Kr, Xe) becomes unstable. This will
aggravate the softening of phonon branch 7. Moreover,
it is found that the softening of the phonon branch 7 is
resonant with that of the phonon branch 3 and branch
4 (blue and green lines), accompanied by the increase
of the T, values. So H3SM is a typical phonon-mediated
high-temperature superconductor. We can expect that
the H3SRn has higher superconducting critical temper-
ature.

Da Li, et al., Front. Phys. 13(5), 137107 (2018)

4 Conclusions

In summary, we explore the high-pressure phases and
superconductivity of the novel H3S—Xe compounds by
using ab initio calculations. A novel ternary compound
H3SXe become thermodynamically stable with respect to
decomposition into the H3gS and Xe. Three high-pressure
structural phase transitions (R-3m-H3SXe — C2/m-
H3SXe — P-3ml1-H3SXe — Pm-3m-H3SXe) have been
predicted at 90, 160 and 220 GPa, respectively. With in-
creasing the pressures, the partial hydrogen-bond sym-
metrization transforms to the complete hydrogen-bond
symmetrization in H3zSXe, accompanied by the struc-
tural phase transitions. The main structural features of
the famous Im-3m-H3S are preserved in our predicted
Pm-3m-HsSXe. The Pm-3m-H3SXe is a potential high-
temperature superconductor with a 7, value of 89 K at
240 GPa. The “H3S” host lattice of Pm-3m-H3SXe plays
a crucial role in influencing the 7T, value. Although the
presence of Xe atoms do not enhance the superconductiv-
ity of HsS, Xe atoms have the capability of accelerating
the hydrogen-bond symmetrization in H3SXe. Further-
more, the atomic mass of the noble gas elements is very
important for the phonon-medicated superconductivity.
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