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Fig. 1 The most stable structures. (A) Au,’ (n =3 ~5;5=0, 1); (B) (H,0), (m=1,2,3,7)
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1 HO).(m=1,2,3,7) H, Aul’(n=
3~5;6=0,1) (AG.s)
Tab. 1 Adsorption energies (AG,s) of H, on Au’ (n =3 ~5;6
=0, 1) with the existence of (H;0),,(m =1, 2,3,7) H,
Au,? AG.f(kcal - mol™)
S n H,O (H.0), (H.0); (H0),
kcal -mol?,
0 3 416 2.65 2.72 -10.14
4 1.00 0.07 -0.56 -23.34
5 9.62 9.23 9.91 -2.00 3
1 3 -12.12  -1868 -30.49  -50.02
4 758 -1319 2722 -48.11 (H:0).,
5 -6.91 -8.34 -19.11 -47.80
2 3C
Aun+(n:3’5) ’
H,
2 (H0),.(m=1,2,3,7) HAU’(n=3~5;6=0,1)

Au, + HO(n =3,5)

H,
3A
H,
AU3 m
m
3B

AusHo(H:0), AU, Ho(H,0)(n =3~5)  Au,Hy(H,0);
(h=3~508=01 |,

’

H.
11.18
H.
C
R m=2
Au, H,
D
m b
H,O

Fig. 2 The optimized adsorption structures of H,Au,’ (n =3 ~5; 8 = 0, 1) with water clusters of (H,0),(m =1, 2, 3, 7)
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2

(H.0).,.(m=1,2,3,7) H,

Aul(n=3~5;6=0,1)

(AG) (AGy)

Tab. 2 The activation energies (AG,,) and dissociation energies (AG) of (H.,0),, (m =1, 2, 3, 7) assisted H, dissociation on

Au’(n=3~5;6=0,1)

Fig. 3 The relation of the activation energies (AG,,) (A and B) and dissociation reaction energies (AGg) (C and D) to m for (H,0O),,

H,

Au? AG . /(kcal - mol?) AG/(kcal - mol?)
13 n H,0 (H.0), (H0), (H0), H,O (H0), (H0), (H0),
0 3 4.95 4.20 1.50 4.53 5.34 -3.01 -10. 14
4 3.45 5.37 3.12 0.43 3.47 -13. 29 -23. 34
5 8.43 9. 96 4.25 5.90 8.44 -2.79 -2.00
1 3 20. 37 0.00 20. 37 -18. 68 -30. 49 -50. 02
4 11.18 0.89 9.38 -0.87 -27.22 -48. 11
5 11.72 1.01 11.72 -0.38 -19.11 -47. 80
3 H, Au’(n=3~5;6=0,1) (AGw) (A B) (AGy)(C D)

(m=1, 2, 3,7) assisted H, dissociation on Au,’ (n =3-5;6=0, 1).
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4 (H0),(m=1,2,3,7) H, Au’(n=3~5;6=0,1)
Fig. 4 The optimized structures of (H,0),, (m =1, 2, 3, 7) assisted H, dissociations on Au,’ (n =3 ~5;6=0, 1)
4 | H, , ,
H, , Heyrovsky
, Tafel
,F1
,F2 4 2 ,H, , ,
; H, H,
, Heyrovsky 2.3 Raman IR
, A, 5 H, Au
,H, Raman Au,
H.O (H)0), ,H,
, , , (H0);  (H.0); ,Ha
, Au, , 1 5
2 , 3.45 kcal - mol* Raman AuHH0)  AuH(H0),
5.37 kcal -mol™. , H, ,
, ,F1 F2 Au-H (Vaun)
, F2 , 5 2000 cm™*
F1L . 3 F1 Au-H ,
3 F1 F2 NBO
Tab. 3 The NBO charges of F1 and F2 parts at dissociation states
Aus NBO charge for dissociation state
H,0 (H:0), (H0), (H0),
A n F1 F2 F1 F2 F1 F2 F1 F2
0 3 0. 039 -0. 039 0. 745 -0. 745 0.783 -0. 783 0.904 -0. 904
4 0. 053 -0. 053 0.112 -0. 112 0. 818 -0. 818 0. 905 -0. 905
5 0. 037 -0. 037 0. 097 -0. 097 0. 826 -0. 826 0.911 -0.911
1 3 0. 656 0.344 0.671 0.329 0. 891 0. 109 0. 964 0. 036
4 0. 564 0. 436 0. 823 0.177 0. 875 0. 125 0.971 0. 029
5 0. 657 0. 343 0. 769 0.231 0. 869 0.131 0. 960 0. 040
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5 (H0),(m=1,2,3,7)
Raman
Fig. 5 Theoretically simulated Raman spectra of (H,0),, (m
=1, 2, 3, 7) assisted H,Au, dissociations
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Fig. 6 Theoretically simulated IR spectra of (H;0),, (m = 1,
2, 3, 7) assisted H,Au, dissociations
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DFT Study of Water Assisted Hydrogen Dissociation on
Gold Nanoparticles

CHEN Jia-li, ZHANG Xia-guang, WU De-yin", TIAN Zhong-qun
(Department of Chemistry, College of Chemistry and Chemical Engineering, State Key Laboratory of
Physical Chemistry of Solid Surfaces, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The gold nanoparticles (GNPs) show special activity toward hydrogen (H,) dissociation, comparing with bulk

gold. Such activity is significantly affected by the existence of water. To inspect the influence of water on GNPs catalyzed H, disso-

ciation, we carried out density functional theory (DFT) calculations along the reaction paths for water clusters (H,0),, (m =1, 2, 3,

7) assisted H, dissociation on gold clusters (Au,’, n = 3 ~5; 6 = 0, 1). Our calculated results show that water benefits to the H,

dissociation. The dissociation mechanism varies with the size of water clusters, from the homolytic cleavage of the H-H bond to the

oxidation dissociation mechanism on the small gold clusters. We also suggest that Raman and IR spectroscopies can be used to

characterize the products of those two mechanisms.

Key words: gold nanoparticles; hydrogen dissociation; water assisted reaction; Raman spectroscopy



