#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022)

226601

S 1-U (100) /Mo RE BT HH]
F—REHR

4 H 02

BEKD B

MY ZEHRV F A FV

1) (WHERFMEIEB IR B A E 5%, bt 100084)
2) (WL ESBHETYT, P94 710025)
3) (AEHIRE R FRRLE S AR B ST LR AR M E M E R IR E, LT 100875)
(2022 4E 4 A 7 HYgF; 2022 45 7 A 5 HURENE )

il KA A AR IR B R K o T S Al RN 2 AR AR (Hy) |, R IRl e A R R L ST R
PRFRIE, A SCIF R T Hy 7451 (Mo) % J24-U(100) 21 (U(100)/Mo) W Bl 47 M i85 — L IR BRAF T, @57 T -
U(100) &% U(100)/Mo R &L 1H5 T Hy 7E AR W B8 F (454 S8k . WK g . Bader Hifa . 3R 1 2) iR
B, BT ABE. OISR EH, Hy 7E4-U(100) H1 U(100) /Mo 2 T A4 W R 35 22 5 4 B I B, 78 23 3 S 47 W B
FRYR , Hy 56 4 ff 25 UM A H -, Ab2# W1 30K 3R 18 . Bader HL A 437 25 R 22 W], A ¥ vl A7 199 228 Ak i R
T Wy B B AF ok R f14 4 Bl 7 5 Ak R HL 7E U(100) /Mo 22 T8 ft K E W B9 B R (Hy-Hor) Y W Bt g /N T -
U(100) % T fe fo o W A 80 (H-Hor) AW RE, A8 H T H, 76 1-U(100) 21w A9 B, H, 76 U(100)/Mo 2 11
F18 W B R AR SR Bl 4 B Mo it )2 3% T S0 S Tl RF 5 S 1t T SR AR, R AR R T R il A 4 e TS

Tl BIF 5 i P PR 8 R il R S 36 PR S HF

XEER: G 4E, BT bRt 2
PACS: 66.30.-h, 68.35.—p, 68.43—h, 71.15.Mb

1 5 =

MR ITTRMREE RMTTEZ—, T, HEH
R T R, TR S U, TP 92, B
Iz TR TR R b RS, e
Jop HE i B SRR TEAE S b, Bl A
R E L AR, Bl i R b AR R Ak bk
il 3t £ 5 2 FORT 2 KB (0. e Ak, FR Y v
R, LA Bl T S RN A e 2k 12, AR
PR RRTR], B 3 FPA R SRR B SR AR
T 940 K B, HIEAS o A1, HA KB 240 )12 M

DOI: 10.7498/aps.71.20220631

2 S, MU RE2Z, DU hEE )2, R Y
R /DN 2SR b T 9401050 K A, S 4Ar puJr
(BCT) B AH, 1Eh—Fiad JEAH, SRS F A ) 241
e 2, — MR EEN A S E & T 1050 K B,
R SE T (BCC) v #H. A1 Eb T HoAth W R L AH
¥ AH AR ZE R X BRI A, EA O R A DL A
JEPERE, EEAR R TARRARL . BRI, 1-U 7EARIR
THATRE, TR MR b B T 5, U B4s
KA, AR o A7 P FHOCHFSE A, ZE4hmA
—EEMEME4ICE, i Mo, Nb, Zr, Ti, Hf 5%,
LB R HHEA A PR — S AR RS -
U AR, 2 B RS i R i A R Bz 3T

* ERBRREEES (HEHES: 11975135, 12005017) FE 5K B SIERIFIE A i) (HEHES: 2020YFB1901800) %% B4 ¥R

t BIEVEE . E-mail: zeli@tsinghua.edu.cn
1 BIE1E#E. E-mail: wangjintaolove@126.com
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

226601-1


http://doi.org/10.7498/aps.71.20220631
mailto:zcli@tsinghua.edu.cn
mailto:zcli@tsinghua.edu.cn
mailto:wangjintaolove@126.com
mailto:wangjintaolove@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 226601

AP -U B B AR, RIER e il AP E RE AT
JETRPERE, A N A AR Tl P A3 12 0
)EH [6—9]

A 7 RS2 B 7 18— R A [ R 3 1
b Bl RS 28 (T AR A 5 f L P R Sk
11T ELAT 5 R ) A 2 o 0L, SR IR A A1 vl 1 25
Fa 3 BOAR ) 52 B By A=A A=A 1 .
TEE IR T BE 54 ERUK AR R -1 Bk T
TEAC AP RE, ol HABAF A R SR, B (AT
FIR A3 I, 2% 008 e [ o A 7 B, A4 22 4
A SEMEZ 3] 7 E . AR R, RIS
AL BERT LS i < Jm B B OB T BE ), AR AT
FEEAN TR B B T T T R E D1,
T TR £ B SR 2 8 b ) o it A, (EL
FATRHRREERYE, U TARARMETT R, RS
SEIT LTI A A T R R i 1%

Liu 4 09 36 T8 BE7 pRBRE, AL P A AN ] il
PRA BRI, SRR B & St 3R T A BRI
JEFRIH, PRFT T T JZ= AL R il 2 i 40T B )
SN, A BRZ TIUAL Bk 2 1 E— R A A il %80
TAER R AT AP HL. Cheng 55 PO ZEFAELL R (& 1&
IER R s EE, BESE T KT (H,0) 1E U,Ti
AT, PRIE T HoO LEAN [R] I Bz 5
WHRE . RLATHeAZ | B2t fE, H,0 7E U,Ti(110)
S THL P VB 2 P B R AR A = B B TR T .
PR YA — 5 R P 2, T B S A
(B R A, EEERIU BT, Tian 55 PRI
SR, T A -U(110) Rl 4Bk
FHICER -U(110) F 1 iy e BiF &5 28, 4801 1 -
U(110) =R 1 e W B AL AT 1, SHOCER Y
BIRAFEARAN T A WML B BT RE, AR 22U
TAERMAIT AR, TR B AHE R TR
JEF Y RUYRE 2.

A A, TR Rk gy
TRz AR, 22BN E T (Hy) BRI
ERL S S RN G, 2R DARRER, BERY
BB A R, S0 3 T ) R B R i AL T
TR T A D2 PR, R AR S AT Mo
TLER y AR A T AR B AV 2, PR T i
B U B A SR, H RO
TSR, SRR AT K.

HIRARTE Mo TUER R 20 <6 Ji Al = A0 ot
ISR, 275 3CHK [19], 4 A Mo I T3k im

JZ UJFF (7-U (100)/Mo), 1 F 2 1 3T B 48 41
WZREAFN, MR D FEHRET -
U 2 11 % P A B L. R FH 35—k D B AR £
X} Hy 43 F7EY-U(100) B U(100) /Mo 2 i 1Y 15 ff
MBI TRF ST, 87 T Hy AR A TR
W RS, %o W BfE A U A T Bt B, A9 3] T R
B2 5 T Hy 43 F 78 7-U(100) K U(100) /Mo #
TE P R B8 R, 1130 1 W B A 2R RN i B | Bader
LT | DI eRR A BE AR AL, 400 T AHOCHLEE, 1t
BAE Al A 4 L Mo VR 2 R T S AL Th i 5T
Pt TSRS, it P IT Rl & A R b E
WFFT SIS TR AN SR H AR SO 4.

2 WHEIEfmEA
21 HEFE

AP TR R B T3 2 s L (den-
sity functional theory, DFT)P334 M Sk BARLL 1) 11
BHLFE ¥ (vienna ab-initio simulation package,
VASP 5.4.4)B5301 GRS U = 0B TT A A Bz pREL
W PREL () R SR 40 T, - T AH B
V8 3 S G A1 T (projector augmen-
ted wave, PAW) J7 ik eI BT %07 k4 2
TR TR SR X T
ol (generalized gradient approximation , GGA)
H111] Perdew-Burke-Ernzerhof (PBE) 22t JCHK
U AL T 5 H - S 4 SC R A T B89 BEA S U,
Mo, H & ¥k | GGA-PBE Jif #. i #0554
AL JZ AR R A%, RIS T
A, RS i A 20 TR R L U TR 1
SNZE T3 14 4 (6526pST7s2536d1), Mo JT 1
HNZYT AL 12 4~ (4pf4disst) (H JEFH 14 (1sh).
RIS & 4 JE AR R 10 B Methfessel-Paxton J5
IR RSN F#0E . A3 B X (Brillouin-zone,
BZ) Sk FEFI FH Monkhorst-Pack(MP) 775 H 8l 4
FRANTT 24 5 10,

TSI A e B L M ACRRURT R R
AR, X -U g MHEFT A5 DAL, ks AR S B0RE
H11x11x11. 4 Hy S FRCETELE 510 10 A x
10 A x 10 ASt iR & Fh AT, ks mis 2
BORE N 1x1x1. £E4-U (100) F1 U (100)/Mo )
5 )= RMBAY (slab #HIEAY) HYS5HE I,
FEd FHEPIZ, X B 3 BRI e, ASekas Hoik

226601-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 226601

FURIEAR, 277 & T DLek7s 41, Hidr U(100) /Mo
h 44~ Mo JEF &4 ~-U (100) F 1o —J2 U L+
(1) 5 JRR ML RIS H,y 537 W Ff s 2
TSR S TR Y kS AS S B RE R TxTx1,
AN A Accurate, FFAEE S )it T, 76 A
TEPEPRTHR D AR IS S A0 S A AT kAR e
22/NT 1x10°0 eV, JUaHEA L i SHE R 5
FRATI/NTF 1x102 eV/A. LTI EHUE %, %
AP E L (conjugate gradient, CG) #4711
A1 LR E 45 D A5 R st AU R R/ N
R AR SCHR [43], TR EBER AL AT DL 28, DRI
FEASCTATHE T, 5200 -/ [ ek,
W AYERWTEE N 500 eV.

7-U (100) FKIHAE (Euiuioo)) F17-U (100)/Mo
RIHAE (Boutui00/mo)) EXH

1
Egufuion) = ﬂ(Eslab — N Epu), (1)

1
Egurtu100mo) = ﬂ(Eslab_(N — 4 Epuk — Emo), (2)

Horp By MR AR BB, By 0 A
U EFhe s, N RMMBRE SR 4L, By, M
A A Mo I F IR, A R LR A
TR R A,
W BHBE B, € XN

Eass = Egiab+8 — Egab — E, (3)
HP Egapn N Hy 20 T WS K R AU ERE, Ega,
o Hy 53 FIREN AT AL RE I, By AUFE S Hy 40+
M BE . BT A A o AT A e AR R ) 158 i A
KB AR an R R RE R e, R H, 01
M SR R RE R/ D TR MRS e &t BRI F S
KRR AR PR, HW I ReR/ N, Zttae; k2,

W R BE M LEAEL, W BEIS R AT E , ELWG T REABCR,
LRI E

2.2 TERR
221 ~UBA

U fafifih BCC 45#), 25 a8 5o 229, 25
[ FEIC 5N Tm3 m, SEEAS BB A& H BN o =
b= c= 3532 A 38 A A E] U S
HIEHE R o = b= ¢ =3.433 A, HAMHS55L56H
220 2.803 %. WA Hy 43T WL VESEH, 5056
FRINAS ) H-H 8K 0.74 A, 3@ b AR 303845 3
H-H 4K 0.75 A, S S580HIR 2N 1.35 %,
RZE(HB.

2.2.2 kR @mARHLEMER

FIH A-U S ML IS B s 5, S0 T p
(2x2) 1 52 U Ji ¥ 2 3R A8 H T4 H-U
(100) Z1E, #57 T U (100)/Mo 5 )2 3% #5754 F
T Mo )2 F 7-U (100) . R T /NI
JRF 2 b R B AR EAEF, BN ] 72 b AR )
B E A TR, BB T 15 AR S 2 0] %l 3 i A Y
0 2 o7 HEAT AR AE IE, TS bR 2R A AR
X FR P A A A A T UL R I A SR R
BriHR a=b=6.867 A, c =21.867 A. ifb)E
7-U(100) £1 U(100)/Mo Ky 5 JZ R HHERIUNE] 1(a)
M (b) FR. 5H5hT4)5 7-U (100) R THAR 845 5
TR R PR R A AR A, Horp— )R R AR /)N,
i 1 oY P = |51 SRy NI S 21 e o
REZRK. B AR SCH-U (100) 5t 75 5 -5 B SCHkaEA T Xt
kb, Bt A1 SH1-U (100) . U (100) /Mo HIZEHIH
WL, A A R, A R TR A B ik 10

(c) Yy d

Hollow

1 ~-U (100) F1 U (100)/Mo Hi Ak J5 45 Fa 55 7 % & 1 3 o i o7 47 4R 1]
Fig. 1. Structure model of 7-U (100) and U (100)/Mo slab before and after optimization and top view of three adsorption sites on

the surface.
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Fig. 2. Top and side views of absorption models of H, molecule on 7-U (100) surface: (a) Top parallel; (b) top vertical; (c¢) hollow

parallel; (d) hollow vertical; (e) bridge parallel; (f) bridge parallel 2; (g) bridge vertical. Hydrogen and uranium elements are red and

blue, respectively.

Kl 3 Hy7E U (100)/Mo % 1 W fi A5 TR0 A4 fF 08 BRI AL 1T () TUAZFAT; (b) TR B ; (c) 2507 FAT; (d) TR (e) FRfiF
175 () O FAT 25 (o) M. HOUR . UJLER Mo JLR MBI L6 | i A RISk &
Fig. 3. Top and side views of absorption models of H, molecule on U (100)/Mo surface: (a) Top parallel; (b) top vertical; (c) hollow

parallel; (d) hollow vertical; (e) bridge parallel; (f) bridge parallel 2; (g) bridge vertical. Hydrogen, uranium and molybdenum ele-

ments are red, blue and green, respectively.
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R ) I B BE B /)y, e I B e 1Y IR A B HL, 7R
Hy,-Hor YW B BE/NT Hy-Hor M B RE, #H HL T
H, 7£ 7-U(100) & [ A9 W B, Hy 75 U(100) /Mo %
T W B A BB AR A . R T #E— 254K Mo W2
H, 76 U 4 J& 2% WA 2 ma HL3E, T SC#ExT H,
1£ U(100) /Mo i Wz ¥t i Bader HLf7 737 SFRFE
SR — L THE.

B4 Hy7E9-U (100) 2% 1002 B AE IS A OR 40 P i) 1L 121
Hor2; (g) By-Ver

(a) Ty-Hor; (b) Ty-Ver; (c) Hy-Hor; (d) Hy-Ver; (e) By-Hor; (f) By-

Fig. 4. Top and side views of the optimization structures for Hy molecule absorption on 7-U (100) surface: (a) Ty-Hor; (b) Ty-Ver;

(¢) Hy-Hor; (d) Hy-Ver; (e) By-Hor; (f) By-Hor2; (g) By-Ver.

Kl 5 Hy 7E U (100)/Mo 3K Ifi W B OE 1 5 A9 RF 400 126 60 400 400 141
(f) Byo-Hor2; (g) Byye-Ver

(a) Tyo-Hor; (b) Tye-Ver; (c) Hyg-Hor; (d) Hy,-Ver; (e) By,-Hor;

Fig. 5. Top and side views of the optimization structures for H, molecule absorption on U (100)/Mo surface: (a) Ty,-Hor; (b) Ty~
Ver; (c) Hy-Hor; (d) Hy-Ver; (e) By-Hor; (£) Byo-Hor2; (g) By~ Ver.
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F 1 ARWHFE-U100) FAIRIREFN L 254 24

Table 1.  Absorption energy and geometrical parameters of H, adsorption on the 7-U(100) surface.

Configuration E,qs/eV Py surt/ A hito-surt/ A diyu/A dygpu/A dyg /A

TyHor —-0.451 1.296 1.296 2.150 2.150 3.430

Ty—Ver -0.020 3.636 4.389 3.636 4.389 0.753

Hy—Hor —-0.454 1.301 1.301 2.155 2.155 3.330

Hy—Ver 0.028 3.358 4.112 4.143 4.775 0.755

By—Hor —-0.014 4.183 4.183 4.393 4.393 0.750

By—Hor2 0.030 1.767 1.767 2.498 2.498 0.829

By—Ver -0.021 3.258 4.014 3.683 4.365 0.756

F 2 EARWHHE U(100)/Mo I RERULM 525
Table 2. Absorption energy and geometrical parameters of H, adsorption on the U(100)/Mo surface.
Configuration Eads/ eV hHl—Sur[/ A hHZ—Sur[/ A dHl—L'/ A dH?—U/ A dHl—l\Io/ A dHZa\lo/ A dHl—H?/ A

Ty,—Hor -0.331 1.978 1.978 3.849 3.849 2.019 2.019 0.807
Ty~ Ver 0.026 2.635 3.390 3.390 3.390 2.635 2.635 0.755
Hy;,—Hor —0.746 0.783 0.783 1.939 1.939 2.381 2.381 2.540
Hy,—Ver -0.029 3.756 3.003 4.962 4.209 4.472 3.861 0.753
Byj,—Hor 0.015 4.016 4.016 5.509 5.509 4.234 4.234 0.751
By,—Hor2 0.118 1.599 1.599 3.095 3.095 2.381 2.381 0.819
By~ Ver -0.029 3.715 2.960 5.211 4.506 4.092 3.422 0.754

3.2 Bader BETH%H

JE - [B] F14) R 7 27 B 15 0 mT L g B[] Fg A
AR, NiE—EER Hy 75 U(100) /Mo 22 18 (W
W4T 8, 8 T Hy-U(100)/Mo 1A 2 W B Hi = Y
Bader HLfif 7. MJF 728 L5, TH A
far Ryt XFRL AL A M IE; MR T B )R,
TIERH 0 v LAar Ry I, X R A AR A R B Hy-U
(100) /Mo &R K Bader HLfj A RIEUNZE 3 /K.

FHHLATE

Qatom = GBader — Gvalences 4)
HH Gaoms @Baders Gealence 737 ARG -1 HL A |
Bader Hifif  AZSM L TECH.

H (1) | o 2.20, U AT Mo 19 H, 17 1 43 5]
R 1.38 Fil 2,164, 3R 2 5+ 55 W B 4y i H £ 1 22
LIS, T O Bt R A e RS B B B . R 3
AL, Y Hy WS, U (100) /Mo slab 5 #Y 44
Ji )2 Bader HiLfi 23 A AR, (HAR AL R A7 AE
R ZE 5. R0 slab (19 &L HLfaf A 1.0016e 25 1L
0.4796—1.0006 ¢, X 3K I Y &L L fif A —0.5646 € 42
b E-0.8028¢——0.5404¢, 25 3 J2 I T 1) 4 L ff A
~0.6812¢ 4L E-0.7052¢—0.6148e, &5 4 27T
(e B AL 0.7102e ZE 4L % 0.6671e—0.7109¢, £
5 J2 B 7 By i faf A -0.5094 € 75 1k = -0.5094e—
—0.4759¢. NI LA 30 QLA (R 6 B T2 B2 e A A e T

UERTH, [RIIEEA~ slab BRI F 2R MM K L HLF,
I HL 23 I slab #E8Y ] H, 7r 7575 Hh7E
Hyo-Hor B F9 %I F | H, 43 F 5 U(100)/Mo slab
BRI e i %2, Hy 315 U(100) /Mo slab 5
AU EAE IR, WA SR mcka e, 456K 5(d) 1Y
FE W IAA R, BRI SR 5 R B R T Z A B
B AL 24 SR . TR T Hy o &R S I
H, FiL a8 fb A, R F 5 RZMEAE
S, IR e E R, EZER N

W,

3.3 REINRBHST

Uy R %L (working function) 248 Hi 1 M [E 1A
N ERES 3l SR T s 2 i B e i, HAUE N & )8
HPERIC PRz Ak Y 2 i L 3 5 B oK RE R 22 [1] RE
2, T TR B a R R RE S, KA
@ = Evacuum — EFermis (5)
HH @, Eopcnnms Brerm 73913878 U1 PR, HL25 BE
2% (vacuum level), P8 KAEL (Fermi level), 1/
R eV. A[w]Ae B L B 2 iR B AR Ak an A 6
fii R, Hy 40 FAE U (100) /Mo 2 1 W5 B w5 11105 B
Ja R Y RES IR A2 R, YT 2ligi) -U
(100) 187, Hopkins %5 19500 3 i S 4645 H (14 ) oK
$H 3.7 4 0.02 eV, Hao 550U Sl 1 BIS T8 &
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%3 HyU(100)/Mo K F 1) Bader HUF A%, gy A1 guy 955 — N A SR TH9 Bader HURT, guopa P EUST
J:E,‘]A":‘» Bader EE’?%%L Q1st> ond> 93rds Qath 0l Q5th %%Uﬁi—\‘ U(loo)/l\{o é‘%ﬁgﬁ' 1 }§£U§§’ 5 EE(J Bader Eﬁﬁﬁ

Table 3.

Bader charge distribution number of Hy-U(100)/Mo system. gy, and ¢go are the Bader charge number of the

H1 and H2 atom, g, is the total Bader charge number of the H1 and H2 atoms, ¢4, @oua: 93rd> Quen @nd gsqp, Tepresent the

total Bader charge number of first to fifth layers on the U(100)/Mo surface, respectively.

Configuration /e G/ e Grotal/ € G st/ e G2 nd/ € @3 raf € Qim/e g m/e
Atom 0.0616 -0.0616 0 — — — — —
free surface — — — 1.0016 -0.5646 —-0.6812 0.7102 -0.5094
Ty-Hor 0.0297 0.0883 0.0586 0.9551 0.6080 0.6148 0.6679 0.5000
Ty~ Ver -0.0619 0.0812 0.0193 1.0149 -0.5955 —-0.6572 0.6838 -0.5089
Hy-Hor 0.3806 0.3806 0.7612 0.4796 -0.8028 —-0.6881 0.6848 -0.4759
Hyy-Ver 0.0362 0.0504 0.0142 0.9853 0.5404 0.7052 0.7109 0.5094
By-Hor -0.0665 0.0700 0.0035 1.0006 -0.5761 -0.6594 0.6830 -0.5085
Byi,-Hor2 0.1220 0.0058 0.1278 0.9261 -0.6205 -0.6598 0.6697 —0.4848
By~ Ver 0.0317 -0.0162 0.0155 1.0037 -0.5741 -0.6773 0.6963 -0.5087

10

Vacuum level

— Tymo-Hor

10 1 s 1 s 1 s 1 s 1 s 1 s 1

Vacuum level

— Tyo-Ver

Vacuum level

— Hyo-Hor

Vacuum level

Electrostanic potential/eV

Vacuum level

Vacuum level

Distance along z axis/A

6 FEL R IR B AR

Fig. 6. The distribution of electrostatic potential along distance of z axis.

M 3.60—3.82 eV. AICHE R ZH Mo ¥ 4R
J& , DIeRECH —E BRI, 7H5EA35) U (100) /Mo
T RECH 4.0544 V. Iy R KU X 2 1 A4 B4
U, R TR T A R AR SR I, B A 1) Sk
IF H M4 Jm 2R R A B R Eh B e A Y 2
SRR R A2 Ak PR B 55 W B R T
() R ap e B 175 i SR TR R AR A, R R ES R T )y
PRI AD Pifi 3 i {8 A% S 19 A8 4k ] Helmholtz J5 72
o b2

AAD = 1200 pigipole, (6)

Horb A W R TR, 0 B SR, paipoe N
AR SR, B2k Debyelsl Fu 45 P4 fiff 58 T —

YRR PR MyX, (M = Al Ga, In; X = S, Se, Te)
ViR K il ST BT e, 380 55—k s B
TR, 9 B 4 bRk ] F TR A K I E Ak 7
P IngSey Bl IA g S 21 4633 Y 1 P A4 AL 591
Horp & K BHYETER R, Sk fil S sk 5
T 32.1%, W TAEG IS SCR IR . Yu & 59
FIHSE — MR ST T Janus MXY (M=Mo, W;
X # Y =S8, Se) HJZME. ZEMEFIA BN
S T 45 RE) (R AR AR A R R E R D e MIXY
B BT RETE. X MXY /A SR S 44,
PR A E B S 7 1] 25 B A Schottky 38442 7
5 T3 p BRI n B 2 [A] Schottky 22 fifl (1) ol 4%
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THVRR R XA A B4 1 ot 7 A R ).

X H, Wi fEFR S, B R Hy,-Hor,
FETHI ) R & 4.1289 eV. Hyy,-Hor WA T,
H, 2 F & A2 B, H R 5 2600 1 AL
224 slab LAY Mo L7 H1 U JiF B9 HL ) H
JRFiE#, FECH R fUd, R Mo 7 1E
FL, 7 A R B U ] R RS G 1 2 T AR R
FHEIE N — AR EIRZ, M A& 26 0 ) pR 0
K. HABWMHGT T, Hy 2 FAREZAME, Hy /0 F
KA, EEER SRR, Hy
AW B R ) 7R BRI Mo JRF- A1 U JEF- )
AT ) Hy 34 A [FIE, Hy 53 10 1
RS FR A R F, FER TR N — 5 0%
BRI AE S, PR T ) B2 A2, IATT AR
TR R

3.4 BEELSW

4y U (100) /Mo KA S FAEE (total
density of states, TDOS) Fl5rHF%E (partial
density of states, PDOS) } Hy-U (100)/Mo WA

FhEFaEW A (Hy,-Hor) 9 TDOS #1 PDOS,
g 7 s B 8 fi s i Hyg-Hor il Byy-Hor M
FMIF BT, Hy-U (100)/ Mo W B 1A 28 F 70 255 1
M 7(a) F1 (b) AIHI, Hy 7 U(100) /Mo 2 T W f
J&, U(100)/Mo 1 TDOS Ryl 8 & | v & FIE
RIS KA T IH B ARE. 7E-50——40 eV 5 I, 1%
(B3 BE /N E-25——15 eV I PN, W45 BE 3 K
VT RE B ; 755 eV BT, JRdlIe it 1 5 i ik e
FE-5—3 eV JEIE P, A% BRI BN, R AR
PORRER B, Vo BE /N B . 25 A 8 8
Hh By,-Hor A1 Hyy,-Hor W FHA RS R 43 A2 B 45 5
SR PR FRE R R EEPE-5 eV KT, 7
Hy -Hor WA, U Y 6p, 6d FLiE, Mo HY 5s,
4p, 4d HLIE W H AL AR, WL T B s
. $i U/6p, U/6d, Mo/5s, Mo/4p, Mo/4d i
EH TS H/ s BUER P2 E LA 24k, DR T5
ity JL - RN T TR e A VR, 1 U Y
5f BLIE 43 A58 BEAE Hy WM S R & AR BT A2 4k,
BI U By 5f BB RS 5 . 76 By-Hor WL 5
T, H/1s U TS5 U BT Mo JE T /MNLiE

100 : ;
— Tpos |FF —rpos 1 FF
1|
80 | j
7
> 60
Q
~
w0
o
A 40}
H
20 |
0 NV
EE‘F | Ep
— U (6s+75) — U (6s+7s)
— U 6p U 6p
w0l — Ued — U 6d
- —— U 5f — U5t
> —— Mo 5s — Mo 5s
L —— Mo 4p Mo 4p
2 — Mo 4d — Mo dd
a2 — H 1s
a, 20
0 L L n L L L e L 2
~50 —40 —30 —20 —10 —40 -30 —20 —10 0

B 7

Energy/eV

(a) U (100)/Mo K Ifi B B A% BE; (b) Hy-U (100) /Mo W B 44 & o e o g W AR AS (Hyo-Hor) BB (¢) U (100)/Mo £

T 153 25 % B 5 (d) Hy-U (100) /Mo W 4 5 Hhdse A8 W MPIR 2 (Hy-Hor) 40 5% B
Fig. 7. (a) TDOS of the clean U (100)/Mo surface; (b) TDOS of the most stable configuration (Hy,-Hor) for Hy-U (100)/Mo ad-
sorption system; (¢) PDOS of the clean U (100)/Mo surface; (d) PDOS of the most stable configuration (Hyy-Hor) for Hy-U

(100)/Mo adsorption system.
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2f @ | — vtors7o e BE®) — sty E
0 . . . — 0 . . . —
30 F , 30¢ o "
18 - ‘* U(6‘.p) [mq 4 13 - ‘ U(6.p) M .
8 —— U(6d) ! 8 —— U(6d) :
70 : : - 7.0 : : '
Lo20f _ Lo20Ff _
o 10 U(sf ) o 10F U(5%) h
> 0 . ( .) //):\ > 0 . . ,f/:\
8 0.6 Mo(5s) i 8 0.6 Mo(5s) i
sl ; S sl
s R G N Vi K Mo /”““\
8t — Mo I 81 —— Mo(4d I
of Mot A o Moud) A
0.8 — H(1s) m E 31 — H(1s) i
0 . \ . N S 0 X X X X :
~50 —40 —30 —20 —10 0 50 —40 —-30 —20 —10 0
Energy/eV Energy/eV

8 (a) Hyo-Hor WM ELT , Hy-U(100)/Mo WA ZR T 73 5% BE; (b) Byo-Hor WAL T, Hy-U(100) /Mo W HAZR T 43 A5 B2
Fig. 8. (a) PDOS of the configuration (Hy;,-Hor) for Hy»-U(100)/Mo adsorption system; (b) PDOS of the configuration (By,-Hor) for

H,-U(100)/Mo adsorption system.

ML 22 fb. Hy &AW BRI BB, oK 55 2% 18 IR T A
SRR R TS LIRS A S R AR RS, H,y
O3 FHEE 3 [V I W BT U (100) /Mo 2,
PS5 P PR LA 3 A AT B ) 2= A H 3.

3.5 ESHEEEESH

Hy, 43T Wb Ie , WA 22 b e ¥ FE B HEAR , H
T45H kA AR A 38 3 25 53 4 25 B K] (charge-
density difference, CDD) #] LIZRAFIR R 45 i1
AT R A I B, HE 54T 45 S5 [l AH B A
BLHR, 2253 A 2 B o S

Ap=p[H-U(100)/Mo]—p(Hz)—p(U(100)/Mo), (7)
Hrr p[H,-U(100)/Mo], p(H,) Al p(U(100)/Mo) 43
SR Hy-U(100) /Mo WFfHAZR  H, 43FF1 U (100)/
Mo %Eﬁg%ﬁ%ﬂg ﬁﬁﬁ%ﬁi‘] HMO-HOI“, BMo‘
Hor W& i} #4704 2 43 AT 25 B2, AnI&T 9 B, (&1 B
R €50 0 R T 07 F e 28 B, o (L3RRI X 3
FL fif 2 B 0 A € 9 R 12 DX F far 2 /. A
E 9(a) AT UL, Hy,-Hor W RHAGRYR | H,y 5 i
B, H1 R 7530 Mol, Mo3 Ji 1, H2 i+ 5%
Il Mo2, Mod J&F 73 HJE i fb 45, [FAf 2L H R
TR, TR —A 8 R DY X 5, BT
RAEAE LR, W B 2% 1A 1% L 1) HL R KT
B, FHOHL A o 2% RN, M 7E Byg,-Hor W B4
T, BIAEUR TN AR, W R IE R & A
H J5 AR 5 B A R )2 Mo JEiF I8 sifbk 2=,
AR THT X 197 PR AR 3 /1y (4% 10 /A3, Hy 4 F
5300 R 22 18] A9 A B4R O e A s, [ R
H, 73 F A5 W i 2R 18 & A2 B W i LA e B, J2 %2

O EAE T YR TR R R 225 rfar 4 R
7R, 78 U (100)/Mo H, fEif Hy 73 F 1 | 3 )25
- FL i 5 A B S Ak, TS e T 2
%) HL £ 28 B AR A AR/ . TR R A v, W R
AR W ) IR 2 R A FL A A, LTS R
ARASACAEI, T2 25 W B 1 S 22 5 R B A
VEHIBLN.

B 9 (a) Hy-Hor W B} #4 2% 43 o 17 25 BF (%5 -
0.0015 e/A%); (b) By,-Hor W Bt 44 2 2 53 H g 25 B (S5 AR T -
4x107% e/A%), B0 7% oL fr 2 B R, WE 08 R LA 2
VW

Fig. 9. (a) Isosurfaces of differential charge density for the
Hy-Hor configuration (Isosurfaces level: 0.0015 e/A3); (b)
isosurfaces of differential charge density for the By;-Hor
configuration (Isosurfaces level: 4x10°5 ¢/A3), yellow means
an increase in charge density and blue means a decrease in

charge density.

4 % b

AR SCR S — MR R B T T H, £ 1-U(100)
2 U(100) /Mo KT A . WFFREEART,
W47 Ty-Hor, Hy-Hor i, Hy 258 4 25 ik
WIS H R TR T 1-U(100) 22105 W B AL RN
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Hy-Hor, Hy 7356 2 it 23 M A~ H i+ W F T
U(100)/Mo K, KA 1b27 M B, A it #4 2
T, Hy 53 KB W1 ~-U(100) #1U(100) /Mo
F0H, PR PEL M. Bader HLF 401 45 SRR B,
KAWL, H A 7 9 48 AR T 4 B
B 1o P R AT AR Ak, RIS R, H, 431 53R
JEHEAE RSG5 AR 2 Ay 2Ol
H677. Hy 78 Hyyo-Hor S5cfesE W A9 B B I, 2
SEEGRHY) REE K. B ELERRY], Y EA
PR S, H/1s Bl 55 U/6p, U/6d, Mo/5s,
Mo/4p, Mo/4d Hli T2 Al kAE44k, H 15
Mo J5LF[FIJE BURR E S A VR, 25 & A 1 B
I, o5 2T T s, T BT A ik g B H,
#£ Hygo-Hor W B #4289 B W B 58 /N T Hy-Hor 1
BHE TR FR I LA, 221 H, 7E U(100) /Mo 211 FY WL
Bt B RSUE . A LT Hy 43 F7E1-U(100) 2R M,
Mo %22 nsish %t Hy IR, Bk, 72 7F Mo
VR JZ BB AT, ST BB R I A T Y H,

iy sk

F A1 U (100) , U (100)/Mo % T it 34 Jif
Ady FoRE 2R R TRE RS, 4%
U RIS i A

Table Al.
7-U (100) and U (100)/Mo, Ad; represents the aver-

age distance between the ¢th and j-th atomic layer

The relative surface relaxation for the

of these surfaces. d, represents the lattice constant of

7-U unit cell after optimization.

Slap 1-U(100) SCHk[15] U(100)/Mo
Adyy/dy —25.041% -26.4% —29.875%
Adys/ dy 14.239% 15.6% 8.773%
Adyy/dy -8.289% — 4.246%
# A2 H, /3 TFHE U(100) /Mo 2 1A R W5 Fff 15 47

T REEL, AD JTI kBRI
Table A2.
molecule at different adsorption sites on U(100)/Mo

Surface work function changes of H,

Surface, A® is the change of the work function.

Configuration  Eiacuum/€V  Epermi/€V @/eV  Ad/eV

Free surface 7.1244 3.0700  4.0544
Tyi-Hor 6.9897 3.1306  3.8591 -0.1953
Ty~ Ver 6.9469 3.0510  3.8959 -0.1585
Hy-Hor 7.1502 3.0213  4.1289 0.0745
Hy-Ver 7.0689 3.0241  4.0448 -0.0096
By,-Hor 7.1045 3.1394  3.9651 —0.0893
By~ Ver 7.0430 3.0314  4.0116 -0.0428

S5 3k

(1]

=

=

(11]
(12]
(13]

(14]
(15]

[16]
(17]

(18]

(30]

(31]
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Abstract

Uranium (U) is one of the most natural radioactive elements widely used in the nuclear industry. In the

civilian field, uranium is the most important nuclear fuel in nuclear reactors; militarily, uranium is an important

raw material for nuclear weapons. In addition, uranium is also used for radiation shielding and ship ballast due

to its high-density properties. Depending on the temperature, U has three kinds of allotrope phases: the

orthogonal o phase at temperature below 940 K, the body-centered tetragonal (BCT) 3 phase at temperature
ranging from 940 K to 1050 K, and the body-centered cubic (BCC) 7 phase at temperature above 1050 K.

Compared with the other two structures, the crystal structure of 7 phase has good symmetry and excellent

mechanical properties. However, 7-U is extremely unstable at low temperature. No matter what heat treatment

method is adopted, 7-U will undergo phase transformation and become « phase. It is shown that adding certain
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alloying elements, such as Mo, Nb, Zr, Ti and Hf, into uranium can stabilize 7-U to room temperature and
improve the mechanical properties of uranium greatly. As an important uranium alloy, 7-U by doping Mo atom
has excellent mechanical properties, structural stability and thermal conductivity, and is an important nuclear
reactor fuel.

However, uranium has special physical and chemical properties due to its complex electronic structure and
strong correlation of 5f electrons. Because of its special valence electron structure, it is highly susceptible to
chemical and electrochemical reactions of environmental media. After the reaction between uranium and
hydrogen, hydrogen embrittlement will occur, and even easily break into powder, which reduces the
performance of uranium in service and brings hidden trouble to its storage. With the increase of service life,
surface corrosion becomes more serious, and the safety and reliability of U alloys are seriously affected. The
adsorption and dissociation of hydrogen on U alloy surface is the primary process of hydrogenation corrosion.

Based on density functional theory, first-principles study of hydrogen adsorption and dissociation on -
U(100) surface by Mo atoms coatings is carried out in this work. The model of 7-U(100) and Mo atoms coatings
on 7-U(100) surface are established, and the structural parameters, adsorption energy, Bader charge, surface
work function, and electron state density of Hy at highly symmetrical adsorption sites are calculated. The
results show that H, molecule occurs when physical dissociation adsorption takes place on 7-U(100) and
U(100) /Mo surface. The electron state density shows that H, does not bond to the surface atoms and no new
hybridization peak appears. However, in the hollow parallel adsorption configuration, H, is completely
dissociated into two H atoms and occurs chemical adsorption and dissociation on 7-U(100) and U(100)/Mo
surface. The H/1s orbital electrons are hybridized with the U/6p, U/6d, Mo/5s, Mo/4p, Mo/4d orbital
electrons, and the H atom forms stable chemical bonds with the Mo atoms. Bader charge distribution results
show that the change of chemical adsorption net charge of H, on U(100)/Mo is more than that of physical
adsorption. Because the adsorption energy of H, in the most stable configuration (Hy,-Hor) on U(100)/Mo is
less than that of the most stable configuration (Hy-Hor) on 7-U(100), the adsorption of H, on U(100)/Mo is
more stable than that of 7-U(100) surface.

Keywords: U alloys, first principles, chemical adsorption, coating

PACS: 66.30.-h, 68.35.—p, 68.43.-h, 71.15.Mb DOI: 10.7498 /aps.71.20220631
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