FoesH 2
2017 £ 2 H

th T %
CIESC Journal

Vol.68 No.2
February 2017

N

DOI: 10.11949/j.issn.0438-1157.20160910

155 BYSE A5k S50 F IR M AR R =S IR B Y 25 B 2 ek T IR

ke, N, BRI, BEX
(M TREBEEF E A=, BRI, B 200237)

FEE: BTN RIS (AIOOH) RIS (ZrOy) 5735 104 1752 T 20 2 WSk PR g 88 VR Pt 72,
T AT — R BN [ RS AR AR S R DL S0 T - T - vk = Z IR e S B R G TE T TR 2
RN AR . 25 TR, THU LRI A 3 31 & 43 W B 0 At 9 O B P e R PR B o i A L R LA 1 LT

£ AU RS G R N P - N i b QS e ol NSRRGSR i = 4 N
ARV A 1 R B R R A 25 R B 350 DK T Sl A 8 A 7 8 v R A 2, 08 PR A ke 0 T IR B P A 5

REEIA: B BARRN; TR, EURE FEAELT)
MERSS: A

FESES: 0641

NERS: 0438—1157 (2017) 02—0694—08

Density functional theory of molecular and dissociative adsorption of hydrogen
on supported palladium clusters
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Abstract: Molecular and dissociative adsorption of hydrogen at Pdy clusters (N=1, 4, 8, 13) supported on AIOOH

and ZrO, were investigated using density functional theory. Effects of cluster size and carrier were assessed

through study of hydrogen adsorption energies and electron transfers among carrier, Pdy cluster and adsorbed

hydrogen. Molecular adsorption occurred preferentially at atop sites of the supported Pdy clusters while

dissociative adsorption favored face sites. With the increase of cluster size, both molecular and dissociative

adsorption energies decreased as well as both amount and direction of electron transfer among carrier, Pdy clusters

and adsorbed hydrogen altered. The molecular and dissociative adsorption energies on ZrO, supported Pdy

clusters were higher than those on AIOOH supported Pdy clusters, indicating that carrier was also important to

hydrogen adsorption.
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AWK % Bz R EE 18 (density functional
theory, DFT) Z 4t vt 5 %) 4 A 67 4 1) 8 1A 7%
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3BT VR R 57 2L A (A1 A e S TS A R b ki AR
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HH) Materials Studio # 1+ ] CASTAP Kt
17 DFT it % 1156 K Perdew Burke Ernzerhof
(PBE) Z BRI UHEFEIRAL (generalized-gradient
approximation, GGA) TI5H &5 1Al AH B H
Ae. 7ETFS A, $55RH 340 eV 1E RENTRE, BT A
itz wamig, HERSNEF RN T
0.03eV « A™' (1 A=0.1 nm).

AT BT E A AERYE, B THAE T Pdys
H, A1 PAH 3 e B B B RE, FF5 STk B (i
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Table 1 Bond lengths and binding energies of Pd,,

H, and PdH
Bond length /A Binding energy /eV
Model
This work Literatures This work Literatures
Pd, 2.480 2.480!14 1.19 .12
H, 0.740 0.730!3! 436 4.481°
PdH 1.582 1.530M' 2.13 238"

Note: 1 A=0.1 nm.
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Fig.1 Experimental and computational XRD patterns of ZrO,

and AIOOH
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Fig.2 Most stable structures of Pdy and corresponding

cohesive energies(unit:eV/atom)
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Fig.3 Optimized geometries of supported PdyH,
(N=1,4, 8, 13)

VF 22 SCHIR AR A8 T i W B 2 70 ) 4 ] 7 2 T

(R LA F 4R R RS AR DR I 2 T A
B, TR AR, SRR RO, A%



52

G A BRI A AT 2 0 B B R R S O Y ) R R R * 697 °

F2 TREIGHBEHZ LSS FRMEGEHFIRES TR
Table 2 Energetic and structural properties for PdyH,
complexes on AIOOH and ZrO,

Item Euws/eV  ran/A raul/A  Owle  QOpgle
PdyH,/AIOOH 1A 1.67 0.93 1.64 -0.05 0.16
4A 1.26 0.76 1.70 —-0.05 0.08

8A 1.05 0.87 1.74 —-0.05 0.05

8B 0.84 0.87 1.77 -0.04 0.04

13A 0.91 0.88 1.75 —-0.05 0.02

13B 0.75 0.78 1.78 -0.04 0.02

PdyHy/ZrO, 11 2.63 0.86 1.77 -0.03 0.29
41 2.37 0.82 1.79 —-0.04 0.07

81 2.27 0.83 1.81 —-0.05 0.07

81l 2.25 0.85 1.80 —-0.04 0.07

131 1.89 0.85 1.85 -0.04 0.06

1311 1.73 0.92 1.92 -0.05 0.06

Note: 1 A =0.1 nm.

55l R B TR PR R B RE A, (RIS PA—H BBk
Ko X Pdy/AIOOH T &, M4LJEFHN 1 B2
13 0, 7> TWBEEM 1.67 eV FFEZE 0.75 eV, [
Pd—H ##K M 1.64 A K% 1.78 A; 7E Pdy/ZrO,
by S AW B B AR O T PRI, M 2.63
eV N 1.73 eV, XM Pd—H KM 1.77 A
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LI Pdy/ZrO, X506 B Rk M BHAE FH o far 2
Frbfg 8] THIFE MR : ARSI R %,
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A (8A, 13A) BUKI-J7 MWK f A FIH49 24 (8B, 13B)
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Fig.4 Optimized geometries of supported Pdy2H (N=1, 4, 8, 13)
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FE IR B RS, FRANRTT IR R A . 26
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3K, SR RER I R R Rass, WA TE Pd,
PR - B P e A R MBS AR P ) 5 T3
M1 ETFE 13 B, Pdy/AIOOH b [ fifé 55 W8 i E M
3.47 eV NIEZE 1.62 eV, Pdy/ZrO, IR ES W I B
M 422 eV FFEE 2.25 eV, fift BB R A2 200N A
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Table 3 Energetic and structural properties for Pdy2H complexes on AIOOH and ZrO,
H on face H on atop H on edge Pdy
Item Eaq/eV
Onle rea—m/A Onle rpa—n/A QOule rpa—n/A Opd/e
Pdy2H/AIOOH la 3.47 -0.05 1.66 0.14
4a 1.48 -0.08 1.92 0.09
4b 1.41 -0.07 1.70 -0.08 1.64 0.09
4c 1.24 -0.07 1.73 0.10
8a 2.08 -0.15 1.80 -0.15 1.69 0.07
8b 2.06 -0.13 1.57 -0.16 1.71 0.06
8c 1.97 -0.13 1.78 -0.15 1.59 0.06
8d 1.90 -0.15 1.60 -0.16 1.72 0.07
8e 1.86 -0.16 1.67 0.07
13a 1.83 -0.14 1.83 -0.15 1.72 0.03
13b 1.75 -0.13 1.82 -0.14 1.58 0.03
13c 1.73 -0.17 1.57 0.04
13d 1.72 -0.15 1.56 -0.16 1.72 0.04
13e 1.62 -0.15 1.72 0.03
Pd\2H/ZrO, 11 4.22 -0.09 1.57 0.29
41 1.95 -0.15 1.80 0.12
411 1.93 —-0.18 1.75 0.14
4110 1.90 -0.16 1.70 0.13
81 247 -0.16 1.81 0.10
811 2.40 -0.15 1.77 -0.16 1.70 0.10
811 2.40 -0.16 1.78 -0.16 1.69 0.09
81V 2.36 -0.16 1.71 0.10
8V 2.30 -0.16 1.77 0.09
131 2.43 -0.14 1.77 0.06
1311 2.40 -0.15 1.76 -0.15 1.75 0.06
13111 2.35 -0.16 1.78 -0.15 1.72 0.06
131V 228 -0.16 1.72 0.06
13V 2.25 -0.17 1.68 0.05
e LI ERATREC T AIOOH SURISRHTE. %4k [ 5 SR TR A SR E S T

b JE R BL AT BE =T AT AR I Pdy2H/ZrO, |
) i B i v T PAN2H/ATOOH L ) i 55 W B i o
A AR 2 T B R R I P SR 2 TR FL A
R EIm, MM A ST BT olEE A
)RR A 7 T R L A 2 % = A ()R fL A 1 ]
DA 5 T Al B I

X AR R T R B BT, SRS
W B Pd—H 8K N 1.66 A, 573 FWR B Ry 7Y e )
1.64A FEAR—FL, (HAZBEMAENRIGI (M 28.2°4
72,10, S8 T H—HEK M 0.93 A K2 1.19
Ao Pd BJFF B IET TR PA RE IR 2SI B RSSO
THMZ TR, BreAE Pd $i 5 FEE
B oy R AR B R, X AR T R A
AT T INEGE S5 R LI ARV, IX PRI AR
FERIEFC R T HHE AR 10 S 56 45 BIIE 52

B 6 R0 i B B REBE R AR AR AR AR, XS 2 A
TS TR B RO A4 2R R FH 25 AN A s 22 T 1R P 350 Wi i e
TN S 53 W P e AN AR B W o 34y o A A A R~
KITBEAR . XTI S, W R /NIT R
Pdy/ZrO,>Pd,/AIOOH>4E 4 J& £ 1 *7[0.21 eV,
5(a)]; XTSRS, B RE K /NIUT AT N
Pdy/ZrO,>Pd\/AIOOH> 4 4 J& £ Y045 eV, K
5(b)]. At LA AP dont T-HE A B IR I b
ARSI B35 R AR g E A .

3 % W

O [ A T A A R A 1 W B e A R B A
AIOOH 1 #% 1y 4 [ 7% b & 5 1 Wi [ RE Y5 L A
0.84~1.67 eV, ZrO, fiE M Bli%E A 5T Wb e
JBHAN 1.73~2.63 eV; RIS, HBR%ES
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