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Formate species synthesized on Cu(111} by the hydrogenation of CO; at atmospheric pressure in a reactor was
observed by UHV-STM. The ordered structure of the formate species changed in the order of p(2 X 4), ¢(2 X 8), (7 X 7),
p(2 X 3), (5 X 5) and ¢(2 X 4) with increasing coverage, indicating that various ordered structures appeared correspond-
ing to a small change in the formate coverage. The coverage of formate species in the o(2 X 4} structure corresponded to
Bucoo = 0,25, which was in good agreement with a saturation coverage measured by XPS at the same reaction condition;
thus, particles seen in the STM images indicate each formate species. Further, at a low formate coverage (Bcoo = 0.02),

formate chains were observed.
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Fig. 1 Schematic diagram of an STM apparatus equipped with a high-pressure reactor,
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Fig,2 STM image of a clean Cu(111) surface. 50 X 50 A2, tun-
neling current = 1.5 nA, sample bias =—0.01 V.
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Table 1 Structures and coverages of formate species synthe-

sized on Cu{111).
Temperature (K) Time (min) Structure Coverage

323 20 p(2 X 4) 0.125

" " cf2 X 8)+(7 X7y 0.125~0.143

" " (7X7 0.143
343 30 p(2 X 3) 0.167

” 50 (5X35) 0.200

# 60 c(2 X 4) 0.250

Fig.3 (a) STM image of a Cu{111) surface after exposure to 380 Torr CO, + 380 Torr H, at 20 min
(9.1 X 10" Lyand 323 K. 50 X 50 A wnneling current = 1.0 nA, sample bias = — 0.01 V.
(b) Adsorption mode] for the STM image. Formate domain with p(2 X 4) (black ellipse)
periodicity is shown on a Cu(111) surface (white circles), Formaie in a bridging bidentate
form with oxygen adsorbing on a tep site is shown in the figure.
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Fig. 4 () STM image of a Cu(111) surface after exposure to 380 Torr CO; + 380 Torr Ha at 20 min (9.1 X
107 L) and 323 K. 100 X 50 A?, wnneling current = 0.8 nA, sample bias = — 0.01 V. (b) Adsorp-
tion model for the STM image. Formate domains with (7 X 7) (black ellipse) and ¢(2 X 8) (gray
¢llipse) periodicities are shown on a Cu(111}) surface (white circles). .

Fig.5 (a) STM image of a Cu{111) surface after exposure to 380 Torr CO, + 380 Torr H, at 20 min.
(9.1 % $0" Ly and 323 K. 50 % 50 A?, tunneling current = (L8 nA, sample bias = — 0.01 V.
(b) Adsorption model for the STM image. Formate domain with (7 X 7) (black eliipse)
pericdicity is shown on a Cu(111) surface (white circles).

Fig. 6 (a) STM image of a Cu(111) surface after exposure to 380 Torr CO, + 380 Torr H, at 30 min
(14 X 107 1,) and 343 K. 50 % 50 A*, waneling current = 107 nA, sample bias = — 0.1 V.
(b) Adscrption model for the STM image. Formate domain with p{2 X 3} (black ¢llipse)
periodicity is shown on a Cu(111) surface (white circles).
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Fig. 7 (a) STM image of a Cu{111) surface after exposure to 380 Torr CO, + 380 Torr H, at 90 min
(4.1 X 107 L) and 343 K. 50 X 50 A%, tunneling eurrent = 1,0 nA, sample bias = — 0.2 V.
(b) Adsorption mode! for the STM image. Formate domain with {5 X 5) (biack ellipse)
periodicity is shown on a Cu{111} surface (white circles).

et

Fig. 8 (2} STM image of a Cu(111) surface after exposure to 380 Torr CO, + 380 Torr H; at 60
min (2.7 X 10" L) and 343 K. 50 X 50 A%, tuaneling current = 0.79 nA, sample
bias = — 0.1 V. (b) Adsorption mode! for the STM image. Formate domain with
c(2 X 4) (black ellipse) periodicity is shown on a Cu(111) surface (white circles).
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Fig.9 STM image of a Cu(111) surface after exposure to 380
Torr CO, + 380 Torr H, at 20 min (9.1 X 10" L) and
323 K. 300 X 300 ﬁﬁ, tunneling current = 1.0 nA, sam-
ple bias=—0.01 V.,
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Fig. 11 The size of the formate image in STM as a function of
coverage.
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