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(WA R BEVRVE KA B B 1 T RR 24 Be, BREYT MA/RUE 150025)

BEFGETHHRLIABHANMYEEAGRAFHMEMZE ) ZXE ., B TEH R 4
AMFHEBAMYFI R LEER FOREEN, B, Z-—HEREHAR VA TERALENS
N EE T E, ETE - MHEELHE, XASELFE Ce &4 MAME 8 E LY CeH, M
CeH,WHMH GBI ANF MFHNFRERH#TTHLAR, AARKEALEAAN TE LT A
A EfE TR EWMKESE., £ 100~140 GPa JE 7% K [, £ 8 T CeH, f# CeH,, ~ &
HREFNFFY B E1500KH2THEENEETA, ¥ #HABKL2H A 1.6x10*~1.2x10* cm?/s
F1.9x10~15x10 em™/s; T A K ERE A BEEMX, EEEBRAMX ., IRBNE
BUBRERACEMMANTEMG I A FHERNY AT W EMBENDHARRERS L,

X s R, RA MY S F BB TA R —RE

B [E 53 5 : 0521.2; 0469 XEkFRERS: A

AR, Im SRS T, it 200 K 4 8 8 S A 1) K R G R T AT 33X 26507 2% i 7 ok
AU R e, 7 LAY ) 4 S S Ak b, 408 )R T LUK 37 5 (body-centered cubic, bee) . 7N % HE
# (hexagonal close-packed, hep) . T .U> 37 77 (face-centered cubic, foc) 3 F 45 4 25 F, I 78 8] B F 25 9 U
o BARXFME AL 5 WL 4 8 ALY MH, (x<3) A7 FHLZ Ab, (H 24 8 8 A Ak 5 AL 22 i o AT,
TSR SR AR [) A A2 2, T Y 1) — 50 43 Je M S P b x=6, 1 bee-CaH P hep-YH,P)| fee-LaH, ™,
H A, 2w 24wl S Y iR Z R S 5T I I s R R 20

foo Fhbg &4 - 0K R R RRUE S5 22—, TE ALY ) iz A, T B AR Sk T i AR R
o TEA @Y fee ftgH, A 2 AN IR BAL AT 28N 251, B NEHARL 5 (O) AU A7 25 (T) o
PRSI T T 3 M ib2zit &9 fec E 64 fec-MH (x=8, 9, 10), ‘EAT O v 8% 7 J5 H8 WI#% i #5, i
T ALNAE AR PR, 2050 2% A6 . 2k e e G . FERe R mds 51, AN iy S Y L 8 &
JREL 2 MBS, A UHL 101, EuH,12 9, PrH, M, CeH,™), LaH_ /'), CeH,,*), ThH,,"> 2,

H 2017 4E DIk, 5E TR B0 10 5k i 2540 B 5 20 — PR R BT S T Ce-H ZJuik &b 2 4
HA fec 25 A LY CeH, il CeH, ", HIIRFE K 298 100 GPa, #ig T, iAF) 56~ 140 K., Bl
J&i s 2 A S ATBATS 143 50 R OGN R 5 =R <% > B AE 80~ 100 GPa LA M % 100 GPa [ JE58 T
£ Ce-H IR R A T ZM B Ay, =ik EL RS X ST TR i T X &b BHAT fee-Ce
A&, B 5 SRR A T R A X LE R W, S8 A SEE0 LA B T fee-CeH, Al foe-CeH g0
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TESLG , A HOR 0 To vk B e i S A h &R AL, CeH,y Ml CeH,, H R 2 T fee-Ce
rnhs o BRI, BRI LI, foe-LaH, o AR EE 0N T4 3, W Re AR S IR T4, DAt 2 H 5
W LaH, B9 25 P A S 122, CeH, 5 LaH, , A 32 f A T AR AR ], B R B 5241t
i I, (R H T A AFAE S5 7, X B2 3 Y FFTE 2 75 52 W CeH, 1Y 25 A 5 M 15 3l ) 24 1 B 2 (A5 1R
AR R, SR i, ABEIE X LR 1T CeHy 5 CeH,, WU FPERR E P . Sa A% 3 T2 fae e L ARRIR T 1
¥ 8 1%

1 HERE

K FHHE T % i 72 R B8 (density functional theory, DFT) f{)5F 11 % Jif #5405 %5, Fl ] VASP B 4F2) yEAT
TR, B 5 R T B 2 /T 8L ( generalized gradient approximation, GGA )4, B, 5 & F 1 4
HAE F R %52 8813k (projected augmented wave, PAW) 77 fi34, Ce 1 H #4188 T #4 7 43 531 4
5s25p°6s?5d'af! Al 1s', #MTEEHL 390 eV, K JH Monkhorst-Pack J5 25 9x9x9 W% 47 45 FL YK X fh AR, AL
AEMELE /N T 1x107 eV/atom, K H Voigt-Reuss-Hill( VRH) - 23 P27 B gtk i . R A BRAZ A%
7775 F PHONOPY #AFPS 3+ o 43 F 3l J15#BEUR NPT R 25, A HLUK DX ol s AR, it i £
324002l BETHE CeH, M i M B 25 (LA 80 vpy T AR A5 1Y B (IR RE 2 B8 AR, 455 CeH, MY EVRETHER,
BT CeH, P H Y BAE R . R JH VESTARY HI OVITORY H {4 5 47 #5245 45 ¥ 1 5l 25 45 # 1) ] WA Ak 43
B o 7E 150 GPa, DFT il DFT+U J5 i (L ¥k ma B35 Ul 5.72) 43 BIARAS Rl £ CeH,, it 2 4L
4% Fl 3%, % JEF| 35 iR 22T, HABS RS 12, ik, A TR DFT Jrik.

2 FHRE5R

58, S M1 T CeH, #1 CeH,, 7£ 80~ 180 GPa F 5 yiu Bl 4 Ay S MR i o 577 A A 3 ANk 57 i) i 1
WELC,, . Cpy Bl Cyy, 3 IR ST J7 A AP 3 FIE AR 9 BE J7, BIXT (100) ~F- 187 - ¥ <100>77 [a] jifi 1 %)
) N 5 A AETE . X (100) ST _E 5l ) 1 39 <010>75 6] 7= A2 AR TE | X6 (010) ~F- i _E W< 001> [4] jifé
Jngy e 8 R R A AR T o gk 1 R, ZEAH R Y RS T, CeH, AH HL CeH, AT R €0 2L
U572 R A ALY R 4540 25 5. CeH, T Ce Al TR BR A9 AR 16 A 5 48 2 BOE /N Ce-Ce [HIBE, Bt He 40 55012 ik
RESI R XFF C, A1 Cpy 5, CeH, W EL CeH, o B /I, 2 B[] B 9 R 70 A0 o7 4 110 555 1 b A SR A 1) i
AR FN BT YINAR HIRE T o b R AN T S A AR S i B 5 BT VIR G I, 1l & CeH, KT CeH,,, 1fi

#1 BET CeH, 7 CeH,, M3 14 3 BN B AT 4L

Table 1 Elastic constants and elastic modulus change of CeH, 1 CeH,, with pressure

CeH, Pressure/GPa C,,/GPa C,,/GPa C,,/GPa (C,—C,,)/GPa (C,+2C,,)/GPa B/GPa G/GPa

x

80 726 89 134 637 904 301 191
100 818 102 173 716 1022 341 232
CeH, 120 904 116 194 788 1136 379 259
140 983 132 209 851 1247 415 279
160 1056 149 221 907 1354 451 296
180 1124 167 230 957 1458 486 310
80 673 106 —407 567 885
100 759 122 227 637 1003 335 260
CeH,, 120 841 138 274 703 1117 372 303
140 922 153 309 769 1228 410 337
160 998 169 339 829 1336 445 367
180 1072 185 365 887 1442 481 395
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Ja E WA TG A . CeH, Fl CeH, Y 5L 00 Bifi e i sy i3 oK, {5 ¢, i €y, B3 /N T €y XA
T C,, M1 Cyy BT R B ASTE AR ¥ B AR BUAR b, AR T €, 1 5, % R 3R A8 Ak A U B A o 377
K& 1 3% B (Born) M FUE MR HIE - €, —C\, > 0. C,,+2C, > 0. C,y > 0P, BT 80 GPa I CeH,, Y ik
BPE AR LIS C,, < 0), 7F 80~ 180 GPa Ji5 Bl P CeH, Fll CeH,, 34 Ry 5k g 4544 .

P AHEOC R ORI R AR TOR S5 48 5 2 UM BT A AR 58 o 5 0088 4 S i R R A% AR B Y
RS, BT AT T4 % 09 3 1 Reoe e . FERTEIERUT, 1155 T CeH, F1 CeH,, 7£ 80~ 180 GPa J&
S BN S FEBOC R, T4 R 1 iR . 7 120 GPa F CeH, Fll CeH,, 19424 BLIH X P 75 F &
o R A, R WL AR B SRR e . 5 Ce fb k& DU TED AR ] B Sk >3 o 41 19 CeH AH FL, TR BG40 Y
CeH,, A “& &7 H R T, I 750 KO 8% E PR, 01380 CeH,, 7£ 8~20 THz 4 %15 [
HBUHT A 2 i — 25 W R FR N R SR RO M K B, CeH, HP A 2 i BB AR TG 24 AR 5K
PR R RSB 2 B0 . [ R AL 80 CeH,y H BLBH B 19 7 T34k, HAI XS F CeH,, 1 5, MM H B
B SR, RS T AR IR AN S A A TR T fec MUBELBIMIBh 1245 E . iR FORER
ST 2 MRE T -5 T T (U B00, % R ARG R 2 SR T 2 R S RLON () T PT RE
il TR AW B 12 R R . i 5 2, LR v] RE AR AR AR I SRR AL, (HIE AR5 5 A8 Ak
AL .
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Fig. 1 Phonon-dispersion curves of CeH, and CeH,,

CeH, 221t i L &AW, (R Ce RS 19 0T A (] B A 21 08 o 4, DL UtG, AHX T CeHy 1T 5,
CeH, fAFEEE IR 4R 10% W&z o BRI &I, 7657 7 LaH, ¢ HEE IR 735K 4% By A2 (] L5
KBTI AL DU RR 1 & A A RS A EE IR A B ik 10% 1Y CeH,y, THEARIFSE . ML,
5T CeH, /NI R HY F R Y H R 28 by DU 17 1A 25 o7 52 30K AR 9 0T 5 oo i 9 g 22, & L7
80~ 180 GPa [T i i Fil 4 FAE 22 55 )& 4 320~470 meV, .3 i T LaH, , AR R Y HLER AR 10 fE 2 B2 (e
150 GPa B} 2428 200 meV) . It 25 5 AT REVR T 7EAH[A] 58 & CeH, bt LaH, ¢ 1Y fi il 2 8500 /Nl Ce-H AHH
YERI I La-H AHEAE B3R . 7F LaH, T AR IR SN E B8 5 HLAE &2 T 403k, BEm TRk b 3 1
B4 1. MZ T, CeH, M2 S HE K2 H ik 2 HIHE 22 19 70%~60%, Bl 220~280 meV, #% i T3
HIEEE LTV U AT REERAK . UL, 7E CeHy Al CeH,, A9 30 124 Mk B sHE v, 5 S AR IR B A0

TE 80~ 180 GPa MY JF 3 i [l A, & T # A8 45 40 00 A RN 5508 55 F 4r 1 3h 12, ik 3 7 0 Al
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300 K 4514~ CeH, Ml CeH,o IR IR-IAF (p-1) KR, IF 5 5 IR SC 50 D &2 45 SR ST xF b o anf&l 2(a) BT,
300 K FHIESE R S04 R GEBY, MIILZ T, 0K FRESEWN A2 K. T, CeH, fl
CeH,, H1 B9 B 800 143 3% o 7F 300~ 1500 K [ 35 2 S Bl N, CeH, M1 CeH,, 44 FR i 7 B2 T 5 1 s
JiKk (E 2(b)), 7ELAPEIT LT AR IK R BGE R 5.2x107°~2.8x107° °C71 il 5.9x10°~3.2x107° °C™!, HJBE R 58 T+
T8N . CeH,y Rl CeH,y o B30 ) 25 - Y 25 F A AE — 5 (1 A% 28 JE , (EURE X T AR ST T ot B 1 A B O 2
W30 /N T 0.3 Y, LA 2 Bl R 3 1) T e T I 0N

38 42.0
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Fig.2 Volume changes of CeH, and CeH,, with pressure and temperature, with experimental data of Ref. [33]
K P SE 7 M5 TE ) & 4%, XF CeH, Fll CeH,, 7 300~ 1500 K. 100~ 140 GPa FY i J& - JF 58 5 [ 79 1)
s R R T RGF5E . fee-CeH, Al fee-CeH,, H Ce J5 T IR 2L [l S6 - i v B P 8, R & AT 1L, 9K
M H i sh J12# S Ce FEAHIE, Wil 3 A9 5 1 #% (mean square displacement, MSD) flf 7k . 300 K
I CeHy #1 CeH,, H1 9 BT 59 B A WY i, {2 Bl I B T, B 19 Bl 1 9 . 78 700~ 1500 K il
JEESE LN, SRR £k B 82 W) fee-CeH, il foe-CeH,, WY BT 80 12547 by, HAR B0 in i 2 1 ikl Ji
P BeAh, FEAH R B - 58 R CeHy PRI HUR RGN B35 . F6 T MSD BIRER, (G5 T CeH, Al
CeH,, 1Y 74 B 250 D, % B 1100 K if CeH,, 7E 100 GPa I {1 D(1.2x10* cm?/s) Z 561 Ak & Wy 1 i
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Fig. 3 MSD changes of CeH, and CeH,, with time
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B AT N AR (D>1x107* em?/s), T 7E 1500 K i} CeH, #1 CeH,, i D W 7E 100~ 140 GPa i /&% K 42,
AR E] 1.6x1074~1.2x107* cm¥/s A1 1.9x107*~1.5x10"* cm?/s.

CeH, Fll CeH,, 7 300~ 1500 K, 100~ 140 GPa Jfit B - & 58 1 [F] A 19 422 1) 53 413 PRI KR g (r) QNIET 4 FF7R o
7 300~ 1500 K A4 L2 785 Bl 4, CeH, 1 CeH,, H Ce-Ce [ 2R ity 32 165 15 d5e K, HLAS [7) I W 0k e 45 W Sk b
Iy B, VA Ce T M I AR5 5047 00 SRR R . 300 K I, CeH,, B9 g(r) 7645 1 W 556 2 W 22 Ja) M 30 1
WA, BIRE H A SRR IE SR B N I . M L2 R, 300 K A CeH, B9 H-H [ 28 A i 75 22 531)
BN, I BANFF CeH,, 78 300 K B (14 g(r), T BEH23E 700 K B g(r), 22 25 07 0 35 i 3 5% H 2544
WiAS . 7E 700 K LA I, CeH, fil CeH,, H* H-H #h£& fY I 2R3 AE 2R I &, SR WAt H 458 B 2k T
AP, FER—EE R, CeH, Al CeH,, [ H 4544 W A5 Y5 il 25 R i 9 T v T 55 o e Ab, £ Bifi 25 I B8 T
i, H &5 A AR i 2 0, Ce-H 26 h 7EAIGIR T B3 M I A R IE L B s 55, R T R RIIE 1 28 &
CeH, M CeH,, H H 45440 (1% I 740 A5 J32 Bl L B 0 R o 9 A8 ARt 34 5 D I A8 fhta 34— B, B 79 0
foo 2544 4 8 M8 Al Ak 4 rh AU S R AR 1) R B
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Fig. 4 Partial radial distribution function of CeH, and CeH,,
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R A0 R, ELR LB F bl 53R FRAIK, CeH,, bt CeH, B 4 AE ik 575 7084 . 78 100~ 140 GPa, &
T CeHy A1 CeH,, HAEAE /& 0 191, H B I B T 55 i 2 35 3 58, 1500 KBS FL4™ 8l R 205550l o
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First-Principles Study of the Dynamics in Face-Centered Cubic
CeH, and CeH,, under High Pressure

WANG Xiaoxue, DING Yuqing, WANG Hui

(School of Physics and Electronic Engineering, Harbin Normal University, Harbin 150025, Heilongjiang, China)

Abstract: Rare-earth metal superhydrides have attracted much attention because of their high-temperature
superconductivity. Since experimental measurements can only determine the structures of rare-earth metal
atoms in the superhydrides, first-principles calculations have become an important complementary method
for a comprehensive understanding on their structures and physical properties. In this work, the elasticity,
lattice dynamics and proton dynamics properties of face-centered cubic CeH, and CeH,, with different
hydrogen contents but the same Ce lattice structure are investigated comparatively by first-principles
calculations. The low hydrogen content is found to favor the elastic and phonon stabilization of face-centered
cubic cerium superhydrides expanding to low pressures. At 100-140 GPa, CeH, and CeH,, do not have
significant proton diffusion at room temperature, but fully transform into the superionic state at 1500 K with
diffusion coefficients of 1.6x107*—1.2x10™* cm?s and 1.9x10*~1.5x10™* cm?/s; the diffusion coefficient is
positively correlated with temperature and hydrogen content, but negatively correlated with pressure. The
findings on the laws of pressure, temperature and hydrogen content affecting the structure and dynamics of
cerium superhydrides are obtained, which can be used as a reference for the study of other superhydrides.
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