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BRI K S P RE R 2nx0.03 A7 i), SR A VASP #E477 B T 25 A 1158, JE 345k ] PAW JH #45%,
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2R M, THE T ARIE 0 BRSNS E 9 oAb B WA R R RS (ERY, MR A A, Al
FoR o B, 2D S0 AR AL B IR ) 2R R A5 A, i S 0 s AR I 5 42 I 15 meV/atom
DL AT RR 2540 . 38R 1, BT A ] 50 meV/atom LA P HIAL S oAl 2 ke E Ak B, 16 R E T
B A T REH A O R e A e, 7E 150 GPa T, YSiH,, YSiH,. YSi,H,, il YSiH, ¥7& 75 M A& I,
R EERR A Y, AL oo B s b S . YSiLH,y. YSiH,, 1 Y,SiH,, KR8 (E 53 51 s 25
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Fig. 1
under pressure of 150 GPa (The red solid points are represented

Thermodynamic convex hull diagram of Y-Si-H system

as thermodynamically stable structures on the convex hull, and
the blue hollow points are represented as metastable structures
deviating from the convex hull within 15 meV/atom.)

(e) C2/m-YSi,H,,

(H) C2/m-YSiH,

(g) C2/m-YSi,H,,

P2 TR RS s AR Y =0T Y-Si-H AL S S AL 4
Fig. 2 Predicted crystal structure of thermodynamically stable or metastable ternary Y-Si-H compounds
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K3 FIE 4 7R T Y-Si-H R RS YIRS 5IE IR SCE o AEa /N T F R B b e &l
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Fig.3 Calculated formation enthalpies of YSiH,, YSiH,, YSi,H,, and YSiH, as a function of pressure
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Fig. 4 Calculated formation enthalpies of YSi,H,;, YSi,H,, and Y,SiH,; as a function of pressure
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Fig. 5 Band structure and discrete electron state density of (a) YSiH,, (b) YSi,H,,,
(c) YSi,H,,, (d) Y,SiH,, under pressure of 150 GPa
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0.7), T H R F7E SRR RE AL o5 4 = i L T A% FEXT T2 & 7, 140 R, IR YSi,H, AT BB i F
B R R . YSiLH,, I RETT 45 FUY T-Z-R J5 1a) (WLIE] 5(c)) 1 Y,SiH,, B REHT 45 1T Y-M-4 J5 Ta] (W,
Pl 5(d)) BI7E 2 oK RE G B AT Hh 0P , 3 B i T 25 A B 8 T SROK R BT i L s, AR TR T
FAh, AEASE R, YSi,H, A1 Y,SiH,, Z58 1 Y JEF 19 d BLIE 19 B T A% B AR SR mi kb & 25 (2
0.59 F10.61) o T ARF5E 2, i U 4 1Y d I8 B 7 X6HE8 - S I A0 T ol tho A 735 B 46,
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N I AN
6 oS 6 E=TT =
= ==
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Fig. 6 Band structure and discrete electron state density of YSiH,s, YSiH,, YSi,H,; under pressure of 150 GPa
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2 red

Wiog = €XP [,_ljo UwazF (w)In w] @)
o2

A= ZJO ¢ I;(a)) dw ®)

s wioe R FHR AR ECT- A, ARG 8 1 A BN AR AE I, @, P IR J5 (1
FHME .

BEXT R B R A5, THEH S k| 1S R BOR RS RS A X TR, 1 — R
0.10~0.13, ABFFEH 1= 0.13, THEAF R 7.5 TR 1. £ 1 8/R, YSi,H,, £ 100 GPa T 7, 4 435K,
R T & K SR, R AR R AR TR Y R (L, 208 S AR R S PR BR L H R R
HESAHMRKKER, HO0, FokEHA Y R FRY d LB 15 3 0289 YSiH,, A Y,SiH,, LIl A
W T,. Y,SiH,, 7€ 100 GPa N T, [k 35.8 K. YSi,H,, A 3h J1245a 58 JE J1 W] f% & 40 GPa, Jf H.
T, 535 23.8 K, CHE R RS Y-Si Zoefb &b T, i i) Y,Si i 2 5 (YSSi i T, 20 14 K)o i
AT, H A48 AR DUA RO 42 5 Y-St AR R AR IR B . X T YSiH,q, H i+ F 2 UL H, 47 F P
B, B PR R A A D E T b, BT EIUCN 19K,

R1 YSi-HERZEMETRENTHHEFH s PUERM Y FEFH d FUEE B RELH
SEE(Nge) FHEFRERAM B (wo) EERESH() MBIFEE(T)
Table 1 Density of state (Ngr) of the s orbital H and the d orbital Y at the Fermi surface, logarithm of average phonon
frequency wiog, electroacoustic coupling parameter 1, and superconducting transition temperature 7.
for each structure of Y-Si-H system under different pressures

Ny /(states-eV™)

Compound Phase Pressure/GPa wiog/K Pl TJ/K
s orbital of H d orbital of Y
YSiH, P2,/m 150 0.15 0.50 951 0.60 15.3
YSiH,; P312 150 0.11 0.11 605 0.43 1.9
YSi,H,, C2/m 150 0.28 0.06 1117 0.68 28.4
YSi,H,, C2/m 100 0.32 0.07 954 0.87 435
YSi,H,, C2/m 150 0.10 0.31 842 0.55 9.7
YSi,H,, C2/m 100 0.09 0.33 776 0.58 11.5
YSi,H,, C2/m 40 0.10 0.44 419 0.97 23.8
Y,SiH,, Pam?2 150 0.13 0.28 873 0.78 31.6
Y,SiH,, Pam?2 100 0.13 0.30 694 0.92 35.8

s T, (R RAR L, o i m i A 8 B KON B T, — O UG, SR G Bl K, 7,
bl . N T R A S YSIH,. YSLH,,. YSLH,, Fl Y,SiH,, B REF, HHE T EAES 3 &K
B AR E T T S Tl A AR IS R BCR R RS L K 7 R . B 7(a). Bl 7(c) B
&l 7(d) .75, YSiH,. YSi,H,, F Y,SiH,, 75 @4 X 3 (K T 3000 em™) £ 7E RN P30 B 75 335, XTI H, 43
T HPLAR IR ZN B, B ULUEW] T H, /3 FHRICHAETE . YSIH, B F ik s, 5 11 SO F 4508 (R F 45
YL 500~1000 cm™ ) 7E I s 1 B s B W BEAIG, 3R T 75 PR 4, OF HLAE %75 1 %06 [ N
APGHEIGE I . 53 4h, I H, 5y T IR AR IR B ABEAS A BTk . YSi,H, AT Y,SiH,, B AZE ARSI X 43 51
Y 55.7% F 46.2%, M 7 125 %% B (phonon density of states, PHDOS) H A %1, 75 1% 45 3 X 3, 4 /3 455 %5
Y JEF 5 HJEFRIRIEE, Bk HEFAN, Y RS 58 s A ER S, H Y 5 S di
FEEEAEM . %% YSi,H,, M Y,SiH,, B FKRAEHAL Y 1 d Bl 7 o5 98 = S AE R, #0728 oK BE 2t
Y M dBEER T I TTRES AL @ B S ARRIE . X T YSLH,(WLIE 5(b)), AZER FHsh
AT DX IR 3G o, b 7 AR sk B H R AR BN, B L, YSi,H,, 19 AT BEE T s HE ) BTk
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P TSR W’ F () P RS F
Fig. 7 Phonon spectra, phonon state density, spectral function ”F(w), electroacoustic coupling and A
at 150, 150, 40 and 100 GPa of (a) YSiH,, (b) YSi,H,,, (¢) YSi,H,,, (d) Y,SiH,,, respectively

26 BREMSH

AW B 5 A 5 2 AT AE 2 AN AT 43 9 96 22 980 % HE YSiH,,. Y,SiH,, 5 YSi,H,,. YSi,H,, &K
B AR T R B, 2 ST R & e, Hogh ) E e e B2 AR, R YSiLH,,, B E
40 GPa FARGRFEsh J12Eta e, BRI, AT LAA Ry Si Ji 7tk (35 0 w] LUA 8RR 3l 1 2 A T (9 7

TSN AL A Y SR R R C, RS AR B AR B ) 2 E AR e O R B s e M . &9HER, YSiH,
£ 150 GPa T 1Y #LPE 5 B0H B Ky

743.0 385.1 375.6 30.9
385.1 905.0 384.0 12.3
Coer = 375.6 384.0 7583 -24.5
Y8t 249.0 83.8
309 123 =245 203.4
83.8 174.7

Y,SiH,, £ 100 GPa T 1Y #1455 B B

579.1 310.1 2339
310.1 579.1 2339

233.9 2339 723.9
Crsin, = 95.6

YSi,H,, 7€ 100 GPa | [ 3% & BOE B4 My
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635.1 1657 3122 -36.0
1657 6459 3223 41.4
Coo _| 3122 3223 6416 -21.2
Yokt 1535 -9.5
-360 414 -212 178.9
-9.5 154.2

YSi,H,, 7 40 GPa T B 3 550U 40

304.0 119.6 1629 7.1
119.6 284.1 93.0 -12.6
Coe = 162.9 93.0 373.7 30.7
YSiaHs = 27.6 -49
7.1 -12.6  30.7 55.5
-4.9 474
W BB e MR R A
Cy > |Chl, 2Cf3<C33(C11+C12), Cuy>0, Cg>0 )

57 JBHE R 4/mmm (%) Y,SiH,, J& T 1E 28R MRS, 1A 6 SMMS2 i . M 100 GPa T Y,SiH,, A5
PEAE AT LA 1, G e Bk B G, 2B Y,SiH,, £ 100 GPa F 2 /12: & E M. YSiH,. YSi,H,, I
YSi,H,, #R BARE R, PHA 13 /0057 00 S B, IS A R P A A R 38 SR G 6 L R 1
AR AE AR X g TF SR B IE B AR G PEY, YSiH,. YSLH,, 1 YSi,H,, A9 54 4R B4 i 4 AR A 2 S 1E A9 )
FEARUE, PRt BT S50 Ak W SR AR Bl ) 2R Ae 0 s T AR BB 1 2R FR e

3 4 it

K TR — PR R B3 75 ¥k, 7 150 GPa B XF Y-Si-H /K R EAT T 2R b 2# B0 L BS540 &, i T
2R3 E W YSiH, . YSiH,. YSi,H,, 1 YSiH , 584, LAY YSi,H ;. YSi,H, A1 Y,SiH,, 4545, H
FHEB TSR, BR YSiH, M4 4K . YSi,H,; P4 sh, Hah S/ BA &8 vk, R Em B
., ARSI R, EHFEE S, MM T Y-Si Zootb & W b B o S AN IR Y Y, S,
YSi,H,, 18 S5 AR MR B 29k Y,Si 19 2 4%, B, H R T A R T2 T Y-Si ik R B S5 A8 R B
Xt YSi,H,, Al Y,SiH,, 988 ST 20, Y 70 d JUE s e JORRRGUL 586 = 5 M Y I 1%
AR Sh B Ak L - RS YR R B4R TR R .
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Ab Initio Calculation Principles Study of Crystal Structure and Superconducting
Properties of Y-Si-H System under High Pressure

MA Hao, CHEN Ling, JIANG Qiwen, AN Decheng, DUAN Defang

(State Key Laboratory of Superhard Materials, International Center for Computational Method & Sofiware,
College of Physics, Jilin University, Changchun 130012, Jilin, China)

Abstract: Using first principles density functional theory calculations, the crystal structure, electronic
properties, and superconductivity characteristics of the ternary hydride Y-Si-H system under high pressure
were investigated. The study revealed the existence of thermodynamically stable phases, including YSiH,,
YSiH,, YSi,H,,, and YSiH,,, and thermodynamically metastable phases, namely YSi,H,, YSi,H,,, and
Y,SiH,,. Electronic properties calculations showed that YSiH, is insulator and YSi,H,; is semiconductor,
while the remaining hydrides exhibit metallic properties. Superconducting transition temperatures (7,) were
estimated using the McMillan equation, with YSi,H,, hosting the highest 7, of 43.5 K at 100 GPa. The
dynamic stable pressure of YSi,H,, can be reduced to 40 GPa, and its 7, is 23.8 K which is twice the highest
T, among binary Y-Si compounds, indicating that introducing H atom into Y-Si system can effectively
increase the superconducting transition temperature. Y,SiH,, exhibits a 7, of 35.8 K at 100 GPa. Spectral
function and electron-phonon coupling calculations suggested that in YSi,H,, and Y,SiH,,, in addition to the
H-induced superconductivity from mid-frequency vibrations, low-frequency vibrations of Y also play a
significant role for superconductivity.

Keywords: high pressure; hydride; first principles; structure prediction; superconductivity
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