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Energetics for the hydrogenation reaction of acetylene in the Langmuir-

Hinshelwood mode involving complex A. Energetics for the same

pathway without Pd, is also

shown. The numbers in parentheses show

relative energies in kcal/mol. (H. Nakatsuji, M. Hada, T. Yonezawa,

Surf. Sci., 185, 319 (1987))
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Fig.3 Atomic arrangement of the Ru (0001) sur-
face. The Ru atoms of first, second and
third surface layers are marked by solid,
dashed and dotted circles, respectively.
The surface unit cell is also indicated.
Various hydrogen adsorption sites con-
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Fig. 4 Adsorption energy of hydrogen on Ru
(0001) along the path from the surface fcc
hollow site to the subsurface octahedral
site (indicated by an arrow) (a) without
and (b) with the surface hcp site occupied.
(M. Y. Chou, J. R. Chelikowsky, Phy. Rev.
B, 39,5623 (1989))
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square planar, tetrahedral, shown within
the surrounding Mg cube. (P. Lindberg, D.
Noreus, M. R. A. Blomberg, P. E. Siegbahn,
J. Chem. Phys., 85, 4530 (1986))

SRICH I 5RERFK & RFUKRDOBFIRE & KIS 273

BEEZOPRT Z EIFTEL D72 Mg NiH, TIRE
Ei RIS LMEBEBCTESMONTED,
SHRETIIHA Ni ©OBD 28 % [E1D HABEN TS &
Shh T3, HETRE O h -1 Dok BEE
BAGASH 2 HMERTERLVA, LBl TASDIIHEEK
B,

Mg;FeHg i\ T HEIBFDFE%ITL, Fe- HEES
lIFe®3d, 4s, 4p L HD 1s LOHFHATH BT &
%25x U7, LHL, FeHe , FeH,  $&kiz & bict 2
FANFFIVT, Mg NiH,DESLERDENIC K 5
DOELR RSN, -7

4. EERPTCOARDOIEE

FEDSHBMEAL-HEREFREBDEEHILNE
WFREY, BEEEREBhORMYIC bEEBLZT S
A, Pd, Ta, VRLT7 X%V TIIKEL, Fe,Ni, Cu
R HITEEE, W, Ge, Si TIREL. BEHYA b H
SBEDREH A b ~D/NY) T—BENID, Hid %
WHEBICE >THHA b ﬁaﬁ%gﬁﬂ‘éw) (BFILED.

Baykara'®'"” 5i3, Pdy 7 7 24—t TOHEFD
EHE X, ETHRAN . ZEROREY A b hSREANT
I LT, BFEL R NVF— IAREE L72 BHEEDS
Ao, FREMHSHMAABICIE039eV, AHB»HSE
HNHBICI3014eV DN ¥ - BT L ERRL
7- (Fig.6).

Sohlberg'® 513, Ti hTOHODES % HF ETHN
TW3. HSIES~6FDTIREF»SIELB/NENT 52
5 —%H0, HHETi FTOREHA P THBF T~
Fovg4 b oBOY 4 b ~BEITEEEXD/N) P —
EEHE L. MOV NCHAEET S EREN IRV
F—DNELIHS. BED YA b AR DEE, HIi3fED 367
kcal/mol TH A4 MEEBETE 5 LRI N

TLECEE OBV Si TREHRIESRTH S, SiTRH,
B, AI®P, AsEDRMYIFEF D F—7ickh HOHL
BusE 3 AE (AT 5. 1000 CRREDOSETRET
RTHHT A EDDh->TOSH, L@ SigFhic
RH,AFbRON, BETE500EEFKIZEB -2 &3
D ->THIEY, Si TRERIIK F—73shiorRick
D ¥ Feh AL ET 2 HOER & HOBEIT 5 EHHZED
->TL 5., —fic, B, Al%% F— 7L pBIEBYAT
i3, H' "BEFEEOKX WV Si-Sifd LE orv¥ 70
BEILTOLA, P, As R F—7 Uik n BEBETI,
H™ BEFEEO/NS O SiEFETOREEE-> T <
EObnTHB(Fig 7).

Chang® 53, EHIBIICEA TS Sie D & V% TR,
B TEHEL, Zo0DH™, H'EFMHRTIKE > TH



274 R, BEEE, ik 1§ i

CHEM
TRI ENT

oCT
(a)
TRI INT

TET (2)
TRI ENT (2)
CHEM (2)
1— N
" N
054+ ,/ \\ [~16
> AN
© /O |E kg
% ES / 32
8 ; 141/ 16
' ¥
SR / ];,9
; é B 25
o 4
°‘ ’
LY
® -t : : l
CHEM TRI oCT TRI TET
ENT INT
Fig. 6 (a) A 10-atom Pd cluster representing the

(111) surface and various site on a diffu-
sion path. (b) Energy variation as hydro-
gen approaches Pd (111) and diffuses
through the solid. (N. A. Baykara, J.
Andzelm, D. R. Salahub, S. Z. Baykara,
Int. J. Quan. Chem., 29,1025 (1986))
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Fig. 7 Possible diffusion path are marked by

arrows for the H' and H~ species. Relaxa-
tion effects are neglected. (K. J. Chang, D.
J. Chadi, Phys. Rev. B, 40, 11644 (1989))
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Electronic Structures and Reaction Mechanisms

of Chemisorbed Hydrogen and Occluded Hydrogen in Metals

Yoshihumi FUKUNISHI, Masahiko HADA, Hiroshi NAKATSUJI

Department of Synthetic Chemistry, Faculty of Engineering, Kyoto

University, Kyoto 606, Japan

We summarize some recent theoretical studies on hydrogen

chemisorption and storage in metals. They include molecular and

dissociative chemisorptions of hydrogen molecules on palladium and
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platinum followed by hydrogenation reactions, reversible
storage of hydrogen atoms in bulk metals, and the induced changes

of metal properties such as conductivity including superconductivity,

crystal structure, work function, etc.
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