58 12 2009 12 Vol.58 No.12 December 2009
1000-3290/2009/58 12 /8236-07 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

H, Rh, n=1—8

*
17 1 1 2
1 832003
2 200237
2008 12 23 2009 3 18
Hz Rh" n= 1_8 . Rh,, Hz
Rh, H . H Rh,
Rh, Rh, H, . H, H,
n<5 H n=6 H .H Rh,
H Rh, H, . 4  Rh,H, Rh,
Rhn H2 R'hn
PACC 3640 3640B
Rh .
1. DFT Rh, n=1—8
H, H
Rh H Rh
.H, H,
2.
DFT GGA
1—10 DMOP 17
GGA PWI1 "
H,
Rh 107 a.u.
Rh Chen " 107 a.u./om 107" nm
Rhn n=2_13 2)(10_5 a.u.
. Cox 128 Rh, n<60—90 Rh,H, n=1—8
R'}IYI
u—lo Rh 0.001 a.u.
* RCZX200747

T E-mail geguixian@ 126. com



12 H, Rh, n=1—8 8237
Rh, H, Rh,
T RiRh H, Ty - Rh, H, Rh
Ti—mn  0.2335 nm 0.2405 nm H, Rh H,
¥ rn =0.0747 nm 0.0741 nm Fan = 0.1553
o Rh nm ry_y = 0.2019 nm H
H, H  Rh, -0.050e. H, Rh, Rh, H,
n=1—8 H Rh,
Ty = 0.1747 nm r_y =0.2215 nm H
3. -0.054¢ H,
1.423 eV 2
3.1. Rh, H, H
1 Rh, n=1—8 Rh, Faen = 0.1729 nm
2 H, H -0.047¢ -0.033e.
Rh, n=1-38 o1 Rh,H, H
T Ti—n  H Rh, TRi—n =
Rh, n=4 0.1720 nm ry_; =0.2488 nm H
. Rh, Rh, -0.055¢ -0.052¢ H,
Rh; Rhg
. Rh, 0.412 eV. RhsH,
Rh H Rhs
Rhg Rh Faen =0.1759 nm ryp_; =0.2451 nom H
) Rh, -0.021e -0.016e. H,
11 !
Rhy AE=0 Rhy AE=0) Rhy AE=0 Rhy AE=1)
Rhy AE=0. 223 Rhy AE=0) Rhy Ak=1. 729 Rh; AE=0
Rli; AE=1{, 342 RigAE=0 %

AE



8238 58

f A

RhTly AZ=0 Rhylly AR=0 Rhylly AE=. 128 Rhyll; AR=0
Rh,H, AE=0, 9212 Rh,H, AE=0 Rl H, AE=0.412 Rh,H, AE=0
g ! j/ g ! ! a
Rh, 15 AF=0. 218 Rh, 1[5 AF=0. 251 Rh, 1T, AE=0. 365 Rhglly AR=0. 385
]
RhgH, A£=0. 401 RhgH, AE=0. 511 RhH, AE=0 Rh,H, AE=0. 128
D :
)
RhH, AE=0, 182 RhH, AE=0. 707 Rh,H, AE=0 Rh,H, AE=0, 846
I 9.} H !
4
]
Rb-H, AE=1. 020 Rh,H; AE=1. 061 R Hy AE=0 R H, AE=0, 861
2 Rh,H, H Rh  .AE
0.248 eV. 2 . 0.128 0.182 eV. H,
RhgH, H Rh
H 0.707 V. Rh; H,
Faen =0.1790 nm ry_; =0.2487 nm. H H, Rh
-0.040e -0.043¢. H, . H

- 0.08%¢. rgy =0.1771 nm ry_y =



12 H, Rh, n=1—8 8239

I Rh,H, TR—H Tu—n H
/eV 'R/ NM ri—p/nm H /e
RhH, C,, 1.986 0.1553 0.2019 -0.050 -0.050
Rh, H, C, 1.757 0.1747 0.2215 -0.054 -0.054
Rhs H, C, 1.439 0.1729 0.2452 -0.047 -0.033
Rh, H, C, 0.9941 0.1720 0.2488 -0.055 -0.052
Rhs H, C, 0.9662 0.1759 0.2451 -0.021 -0.016
Rhg H, C, 0.7394 0.1790 0.2487 -0.040 -0.043
Rh; H, C, 1.672 0. 1771 0.2549 -0.089 -0.089
Rhg H, Cy 1.356 0.1834 0.2792 -0.122 -0.052
0.2549 nm.RhgH, H 3.9
Rh H . .t
8 : /./o
. Tpeen = 0.1834 nm rp_y =0.2792 nm. ] /,/
H -0.122¢ -0.052e¢. H, 94l /‘
5 P
0.861 eV. I
H, L6 :::Ehh:HZ
H, . n<5 [
H n=6 H '2 : :1 ' é ' f';
. Rh, H, n
Rh, H
3 Rh, Rh, H,
H Rh,
H RJ]” H Rhn H2 Rhn
H . AE .
Rh, H Rh, ME=En-1 +En+l —2En . 3
4 Rh, Rh, H,
3.2. 4
n=4 Rh, Rh, H,
3
RhnHZ Rhn H2 Rhn
- E[Rh,H,] + nE[RhK] + 2E[H] L
E,[Rh,H,] = [ 2+ 5 ern, .
n + —e—Rh,H, .
1 1.0 . .
- Rh L
E£.[Rh] - E[Rh,] + nE[Rh] ) >
n 5
E[Rh,] E[RhH] E[Rh EI[H S|
Rh, Rh,H, Rh H . - \ ‘
3 Rh, Y
RhnHZ . Rhn é I I I 4‘1 I I I fli I
H, "

n=6 7 RhH, Rh



8240 B
> Rhg H, H
Rh, Rh, H, H Rh.
1
i H Rh,
5 H,
Rh, Rh, H.
Rh, H, Rh, 2.0 .\ o
1.6 \\ '\
1.2 F % i .
_-_Rhn A’\ﬂ
- e RhH, = 12}
S
. 0.8F - -\_\
= I 0.8}
% L
qm : - . : 8
0.4+ * .
i '. 1 L I | 6 Rh,H,
2 4 6 3
n
3.3.
5 Rh Rh, H,
Rhn
H, Rh, Rh, H, 7 Rh, Rh,H,
Rh, H, Rh, 4
E. = EH? + F e — E(,lumr+H2 4 ) n=7 .
E cluster + H2 E H2 Rhn
H2 E cluster Rh n n = 1 3 H
Rh =2 78 H
6 1 H2 Rhn n n
Rh =456 H
H, Rh, n n
Rh H
6 n<4 n
Rh” Rhn HZ n = 3 5 8
n=> . n
=127 H, Rh,
8
.RhsH,
B _'—Rh,, [ ]
H2 R—hﬁ 6k —Q—R_hnH2 \
H, _
ST 1 H Rh, g A .
TRe—n Tn—n H 1 k‘l‘K 3 > :
b 2r . \o/ \. .
T Ri—H / /
RhnHZ n = 1 2 7 [ A -
.Rh6H2 T'Ri—H .H 1 ! 1 L T
Rh, H 0 2 4 ) 6 8
1 Rhn H2 n = 1 2 7
H Rh,H, n=127 7 Rh, Rh,H,




12 H, Rh, n=1—8 8241
Rh, H, 8 Rh, Rh, H, Fm—rn  Rh,
T Rh—Rh - 8 Rhn n = 7 Rhn H2 n = 3 5 8 ' Rh—Rh
T Ri—Rnh T Ri—Rn
T Rh—Rh
Rh, H, . H
Rh,
d 4
d
d DFT  GGA Rh,H, n=1—8
270 Rh, H,
L ><: Rh, H
*
260 | — '/ H Rh,
[ / / T Ri—Rh Rh, Rh, H,
N » L
B 250 /
g 1 . H, H,
- _._Rhn
240 R, n<S5 H n=6 H
[ H Rh,
230 1 n 1 I 1 1 1 n 1 L 1 L 1 4 H
2 4 6 8 Rh,H, — Rb,
n
8 Rh, Rh, H, T Rh—Rh
1 Bond G C Thompson D 1999 Catal . Rev. Sci. Eng. 41 319 71 923
2 Daniel M C  Astruct D 2004 Chem. Rev. 104 293 13 Cox AJ Louderback ] G Apsel S E Bloomfield L. A 1994 Phys .
3 Valden M Lai X Goodman D W 1998 Science 281 1647 Rev. B 49 12295
4 Boccuzzi F Chiorino A 2000 J. Phys. Chem. B 104 5414 14 Yang J L. Toigo ¥ Wang K L. 1994 Phys. Rev. B 50 7915
5 Molina L M Hammer B 2003 Phys. Rev. Lett. 90 206102 15 Yang J . Toigo ¥ Wang K L. Zhang M H 1994 Phys. Rev. B 50
6 Sanchez A Abbet S Heiz U Schneider W D Hikkinen H 7173
Barnett R N Landman U 1999 J. Phys. Chem. A 103 9573 16 Reddy BV Nayak S K Khanna S N Rao B K Jena P 1999
7 Lopez N Norskov J K 2002 J. Am. Chem. Soc. 124 11262 Phys. Rev. B 59 5214
Hakkinen H Landman U 2001 J. Am. Chem. Soc. 123 9704 17 Delley B 2000 J. Chem. Phys. 113 7756
9 Wallace W T Whetten R 1.2002 J. Am. Chem. Soc. 124 7499 18  Perdew ] P Wang Y 1992 Phys. Rev. B 45 13244
10 HagenJ Socaciu L D Elijazyfer M Heiz U Bernhardt T M 19  Lombardi J R Davis B 2002 Chem. Rev. 102 2431
Waoste L. 2002 Phys. Chem. Chem. Phys. 4 1707 20  Lide D R 1998 CRC Handbook of Chemistry and Physics 79th Ed.
11 Chen J C 2005 Chin. J. Comp. Phys. 22 0437 New York the Chemical Rubber Company Press p9
12 Cox AJ Louderback ] G Bloomfield L. A 1993 Phys. Rev. Lett.



8242 58

Density functional theory study of the interaction of H,
with rhodium clusters *

Ge Gui-Xian' ©  Cao Hai-Bin'  Jing Qun'  Luo You-Hua®
1 Key Laboratory of Ecophysics and Department of Physics Normal College ~ Shihezi University ~ Shihezi 832003 China
2 School of Science  East China University of Science and Technology ~Shanghai 200237 ~ China
Received 23 December 2008  revised manuscript received 18 March 2009

Abstract
The adsorption for H atoms on the Rh, cluster has been systematically investigated by density functional theory. The result
indicates that the lowest energy structures of Rh, H, are generated with H atoms being adsorbed on the lowest energy structure of
Rh, clusters and the lowest energy structures of Rh,, clusters are not changed by adsorbing H atoms. The total magnetic moment
is affected by average bond distance. The chemisorption of H atoms on Rh,, clusters belongs to dissociative adsorption. When H,
is absorbed on the Rh, clusters the stability and chemical action of corresponding clusters are dramatically increased. The
second order difference indicates 4 is magic number in Rh, H, and Rh,, clusters. Among various possible adsorption sites bridge

site is energetically preferred for n<5. The hollow site adsorption appears for n=6.
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