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Recent development in STM measurements allows us 10 look into the detailed mechanism of catalytic reactions at
metal surfaces on the atomic level. The topies for the surface elementary steps such as adsorption, dissociation, diffu-
sion, surface reaction and reconstruction are reviewed in conjunction with surface heterogeneity and molecular interac-
tion, which are essential for the understanding of catalytic reactions at surfaces. As for the heterogeneous character, dis-
sociation of molecules at step edges, surface reactions at the perimeter of island, and precursor state of molecular ad-
sorption are visualized and proved by STM. The other aspects of the topics are related to molecular or atomic diffusion,
existence of hot atom, and chemical reconstruction. These insights obtained by STM will provide the basis of a aew

type of theory for catalytic reactions.
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Fig. 1 Constant height STM images from a video sequence recorded at 6 frames s displaying islands of
oxygen atoms on Ru(0001) at 300 K2 8=0.09. 8CA X 190A. () t=0; (b) r=0.17 s.
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Fig.2 STM topograph of Ru(0001) recorded 6 min (a) and 2 h (b) after adsorption of 0.1 L. NO at 300 K.Y
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Fig. 3 Mean square distances of N atoms from the step as a

function of time after adsorption; the inset shows the
measured disiribution of distances at 7080 s (points)
and a Gaussian with fixed parameters (full line).”
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Fig. 4 Atomic images of oxygen islands on Pt(111) recorded
after adsorption of Oz at 140 K and 3 L{zjand at 105
Kand 1L (b). (a) I00A X604 ; (b) 704 X 4D A.
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Fig. 5 STM images of Pt(111) during reaction of adsorbed oxygen atoms with coadsorbed CO molecules at 247 K re-

corded after 600-2020 5.9 180 4 X 1704,
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Fig. 6 Arrhenius plot of reaction rates between 237 and 274
K, determined by evaluating the changes in the num-
ber of oxygea atoms.!?
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Fig. 7 Reaction rates at 247 K, normalized to the length of

the boundary between oxygen and CO domains
(squares) and divided by 80/(1— &o), which is equal
to Bobco.”?
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Fig. 8 STM image of Cu{111) after exposure to a mixture of
380 Torr CO: and 380 Torr H; for 30 min at 343 K2
S0A X50A.
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Fig. 9 STM image of Ni(111) after exposure to 100 L CQ at
S00 K. 56A X56A.
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