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Recently a superconducting transition was found in silanieigh-pressure experiments. However, the exper-
imental x-ray difraction (XRD) patterns do not match any one of proposed sifdrnuctures, and it has been
suggested to be originated from a platinum hydride. Neitfestructure nor superconductivity of any platinum
hydride is known. Here the underlying physics behind ther@adous superconducting transition in experiment
is revealed by first-principles calculations. We predictabke hexagonaP63/mmc phase of platinum hydride

at high pressure. lIts lattice constants and simulated XRi2peare in excellent agreement with the experimen-
tal results. The superconducting transition temperaturélsis phase are found to coincide with the measured
values, too. This discovery provides new insights into thesuial superconducting behavior reported for silane.

PACS numbers: 74.10v, 74.25.Jb, 74.62.Fj, 61.50.Ks

I. INTRODUCTION behind the anomalous superconducting transition behavior
experiment? Many independent works have predicted the in-

An exotic and appealing prediction going back to the ea”ysulatingl4110/?15tru_cture to be the most stable phase from450 to
1930's was that of metallic hydrogen, which is a potentighhi 220 GP&;'**while experiments presentedas structure!
T, superconductor at high pressufésdowever, hydrogenre- Moreover, as alluded above, tRé; structure of silane is dy-
mained an insulator even up to the pressure of 342 GRa. ~ namically unstabl(()ellln this pressure range and is energgtica
cently, it was suggested that hydrogen-rich group IV hyesid duite unfavorab_lé.~ SubsequentlyCmea andPbcn phases
can be metalized at much lower pressures because of ifhave been predicted to be the most likely phases for the metal

schemical precompression” caused by the group IV atéris. IS silanel®!! but both do not match the experimental x-ray
Therefore, much theoretical and experimentibr has fo- diffraction (XRD) pattern and are thermodynamically more

cused on the possibility of attaining high-temperaturessup favorable than the insulating1/a phase only above 220 GPa.
conductivity in group IV hydrides. The particular intefegt ~ COnseqguently, although manyterts have been made to elu-
is the case of silane (S which was predicted to have at cidate the novel structures and properties, some featdres o

least seven phas&LLOnly one solid phase has been reportedMétallic silane rerr;suned elusive. _

in the pressure range between 10 and 25 GPa with a mono- Degtyarevat al. showed that the experimental XRD pat-
clinic structure at room temperatut®At pressure above 60 (€N can be explained by the formation of a platinum hydride
GPa, Cheret al.23 found the pressure-induced metallization due to the reaction of hydrogen (originating from the decom-

for silane by analyzing the infrared reflectivity data atmoo POSed silane) with platinum electrodes (used for measuring
temperature. conductivity). However, the structure and exact compositi

The most recent experiments showed the transformation (ﬂf this platinum hydride are not determined, and it is sttt u
an insulating silane to a metal at 50 GPa, becoming superco nown Whe_th_er platinum h_ydrlde(s) can explain pe_cullar su-
ducting at a transition temperatufe = 17.5 K at 96 GPaand Perconductivity observed in Ref. 14. Here we will unveil
17 K at 120 GPa. If the sample is further compressed, it trand!1€S€ outstanding questions by using the first-principégs c
forms into a transpareridl/a phase. The metallic phases culations.
could coexist with the transparent one up to the highest ex-
perimental pressure of 192 GPaMost strikingly, it shows
an abnormal non-monotonic dependencé obn pressure in
the range from 65 to 192 GPa. However, the crystal struc-
ture of metallic silane is not fully resolved, still less fibre Database searching and structure construction from dif-
origin of the superconductivity. ThE6s structure of super- ferent orientations of archetypal crystals manually are em
conducting silane proposed in Ref. 14 is impossible fromployed to do structure predictid-'® Moreover, to make
the theoretical viewpoint: it is dynamically unstable ametsl ~ sure the reliability of our predicted structure, the adutitl
not produce the observed equation of stdt8uch an unex- ab initio evolutionary algorithm is carried out for structural
pected dificulty in reconciling experimental and theoretical identification!® We have performed the detailed evolutionary
structures and unusual compression behavior raises at leasmulations for four fixed stoichiometries (PtH, B{HP&H,
two important questions: (i) what is the exact structurehaft and PtH3) at 120 GPa (6 and 12 atoms per unit cell for
metallic phase above 100 GPa? (ii) what is the physicalrigi PtH, PtH and PtH, and 10 atoms per unit cell for s,

II. METHOD



respectively). We have also done additional evolutionamy s  experimental XRD pattern at 113 GPa, as shown in Fig. 2(a).
ulation for PtH with 12 atoms per unit cell, and confirmed The peak position and intensity of PtH are in good agreement
that P63/mmc (NiAs-type) PtH is the most stable phase atwith the experimental datd. However, the peak position of

113 GPa andm3m (NaCl-type) PtH will be the most sta- PtH has a tiny shift with respect to the experimental data.
ble one at 120 GPa. Calculations are performed within thét should be pointed out that the discrepancy for the experi-
generalized gradient approximation (GGA) using the projecmentally observed 111 peak is from the gasket of cubic BN.
tor augmented wave method as implemented in the VASFor the theoretically predicted 202 and 104 peaks, both are
code?> We employ the plane-wave cuffoenergy of 500 not very clear but are still dimly visible in the experimenta

eV and a Monkhorst-Pack Brillouin zone sampling grid with XRD pattern. When considering the possibility of the exis-
the resolution of 2 x 0.25 A-1. With the electronic self- tence of an unknown metallic silane phase during this stage,
consistency threshold of 1®eV/cell, relaxation proceeded distinguishing the exact peaks is veryftiult because almost
until forces on atoms became smaller tharr2.8V/A. In all of the peaks of the unknown metallic silane could be hid-
addition, in the Pt system the formation enthalpy, defined den among the reflections of PtH. As shown in Fig. 2(b), a
asAH = {H(PtH,) — [A x H(Pt) + B x H(H)]}/(A + B),  similar trend is observed at 160 GPa, in both cases for conve-
is an important factor for evaluating the energetic stghili nience, we keep a constant weight (90% of silane and 10% of
whereH(PtH,) is the enthalpy of Ptkiper unit cell. H(Pt)  PtH) for the simulation. As there is a great overlap for peaks
andH(H) are the enthalpy of fcc-Pt and monoclinié3/c)  among these phases, atthe 121, 015, and 024 peaks, a mixture
hydrogen (per atom) at a certain pressure, respectivaly. of these phases could explain the experimental peaks.

and B are the numbers of Pt and H atoms per unit cell for
PtH,. To check dynamical stability, we compute phonon dis-
persion curves at various pressures using density furadtion
perturbation theory (DFPT) as implemented in thentum
EsPREsso package! These calculations use the same GGA-
PW91 exchange-correlation functiorfalyanderbilt ultrasoft here) indicate that PtH is also dynamically stable withie th

potentials with a cutd energy of 50 Ry for the wave func-

tions, 245 24 12 Monkhorsi:Pack-point grids with Gaus- 52?2@“&%8"“29;;?"{2;12 Consistent wih the expermental

(S)'r?g SGTZirgg_gg%??nz:hPg:;ggﬁ%lénp%tirrﬁzsﬁ3;2??3;?&”e bsgrvations and can explain why the intggrity of the sam-

for the calculation of electron-phonon interaction magia- ble is preserved only when the samplg is warmed to 300
We also test dendenoint anda-point sets. but find K under the pressure above 100 GPda&igure 3(b) shows

ments. p a-p ' the band structure of PtH at 113 GPa. It reveals metal-

gicr)n suulgfégnut;ai\lldfi:znces In rf?;ult;sPowder XRD patterns ar8ic character with large dispersion bands crossing the Ferm
g INEEFLEX SOTware: level (Er) and a relatively flat band in the vicinity dEr
close to the L point [see the line with solid squares in Fig.
3(b)]. The coexistence of flat and steep bands near the Fermi
level has been suggested as a favorable condition for enhanc
ing Cooper pair formation, which is essential to supercon-
As listed in Table I, the calculated lattice Constantm/a ducting behavio?_ Therefore' we perform the EPC calcula-
silane are in good agreement with the experimental values gfons to explore the possible superconductivity, as shawn i
160 GP&;* implying that the VASP-GGA method is valid for Fig. 4(a). The calculated Eliashberg phonon spectral func-
this simulation. Our structure searching has revealed manyon o2F(w), logarithmic average phonon frequenay, and
possible candidates, among them the most interesting tWhe EPC strengthl at different pressures are listed in Table
are NpH-type PtH (P3ml symmetry) and NiAs-type PtH ||. The superconducting temperatufe could be estimated
(P63/mmc symmetry), because their calculated lattice con-from the Allen-Dynes modified McMillan equation, by using
stants match the experimental values at 113 and 160 GPa (S8 = (wiog/1.2) exd—[1.04(1 + A)]/[2 — p*(1 + 0.622)]}.24
Table 1)1* We also should note that the theoretical pressuresor estimatingl, the following parameters are used: a typ-
are systematically shifted with respect to experimentalloyn  jcal value of Coulomb pseudopotentj@ = 0.1 (for most
10-15 GPa, but this has a very mindfezt on the lattice con- materials,u* takes values betweenl® — 0.14 and the as-
stants or electron-phonon coupling (EPC) calculation av  sociated uncertainty ofi; is usually~15 — 20%),10:25265
this case. Figures 1(a) and (b) show the structure of theynewlcalculatedt = 0.85 at 113 GPa (which indicates the strong
predicted hexagonal metal-sandwieé3/mmc PtH phase, in  EPC), and a calculatediog = 32866 K. Thus, we predict
which the Pt atoms occupy the 20.333, 0.667, 0.25) sites T, = 17.2 K, which is in good agreement with experimental
and the H atoms occupy th@20.0, 0.0, 0.0) sites. Mostim- resultT, = 17 K1* At 113 GPa, the heavy Pt atoms dom-
portantly, the calculated relative enthalpy diagram of JAtH  inate the low-frequency vibrations, while the light H atoms
Fig. 1(c) suggests that tfe63/mmc PtH phase is the most contribute significantly to the high-frequency modes [dee t
stable one at 113 GP&,indicating that it should be a more dotted line in Fig. 4(b)]. The low-frequency Pt vibratiomsia
suitable candidate thaPBml P&H. the high-frequency H vibrations in the PtH phase at 113 GPa
To further confirm the above mentioned opinion, we sim-contribute 52% and 48% to the EPC strengthiespectively.
ulate the XRD patterns of PtH and,Pt, compared with the Therefore, it is suggested that the Pt atoms play a signffican

The dynamical stability of thé®63/mmc PtH phase has
been examined through phonon calculations at 113 GPa. As
shown in Fig. 3(a), the absence of imaginary frequency modes
indicates this structure to be stable. Additional phondn ca
culations at 90, 100, 130, 160, and 192 GPa (are not shown

lll. RESULTS AND DISCUSSION



3

role in the superconductivity of PtH at 113 GPa. As the prestion of Stony Brook University, Rosnauka (Russia, contract
sure increases, these contributions are changed to be 31% ab2.740.11.5102), and DARPA (grant 54751) for funding.
69% at 130 GPa, 34% and 66% at 160 GPa, 35% and 65%

at 192 GPa, respectively. It implies that the contribution t

the highT. from the H atoms will exceed that of the Pt atoms

when the pressure is above 160 GPa, and stays almost constant

up to 192 GPa. In contrast, the EPC calculations show that

P3m1l P&H has the superconducting transition temperature of

~1 K, which is much lower than the experimental value of 17

K at 113 GP4&? Thus, it should be excluded for the present

discussion.

Our present results show thef of PtH decreases monoton-
ically as the pressure increases from 113 to 192 GPa, which
agrees with the experimental data from 100 to 160 GPa very
well,* but cannot explain the abnormal transition at 192 GPa.
There is one possibility: just as Chenal.'° pointed out that
the metallic silane may have the fluctuating transition temp
ature as the pressure increases. HoweverCthea silane is
still not confirmed by experiment. In theory, there is a lrette
candidatePbcen silane structure, which seems to be the most
stable structure above 220 GPa, but the only availdptiata
point is at 190 GPa (the estimated valueTgf= 16.5 K and
the measured value of 12 K).Therefore, we propose other
possible interpretation that PtH dominates the superactrdu
ing transition temperature within the pressure range fra 1
to 160 GPa. When the pressure is above 192 GPa, the metallic
Pbcn silane may form and be responsible for the high! In
such a way, it will be consistent with other independent expe
imental observation (even there is still ambiguity) thatrthis
an insulator-semiconductor phase transition between €2 an
109 GPa, while a much higher pressure (above 210 GPa) is
needed for the metallization in silaRé.

IV. CONCLUSION

In summary, by performing the first-principle calculatipns
we predict a new high-pressure phase of platinum hydride,
P63/mmc PtH, which may exist experimentally but has never
been confirmed so fap. This discovery gives a well explana-
tion for the diferences between experimental and theoretical
studies of high pressure phase of sil&fé%!114The calcu-
lated lattice constants, the simulated XRD pattern, anduhe
perconducting transition temperature for platinum hye ade
in good agreement with the previously published experident
results!* This finding will give rise to much interest exploring
new possible mechanisms of the anomalous superconducting
transition behavior in high pressure phase of silane oraexpl
ing other possible superconducting high pressure phases of
new metal hydride&-3°
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