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Chemical Reaction on Single Crystal Metal Surfaces
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The Dt and Ir surfaces are known to provide charactersitic superstructures by changing the
atomic arrangement although these metals have only one crystalline form in the bulk. Se far, such
structural rearrangement has been accepted as a two dimensional phese change. In this review, it
is discussed from a view of morphological change of the crystal. Metal surface has a potentiality
for the synthesis of novel compounds, and in fact some novel compounds have been prepared on
these metal surfaces by performing catalytic reactions. Surface nitride on Pd (100) is an example
of a novel compound which is prepared by a catalytic reaction of NO and Hz The nitride has
a c(2x2) strucrture and is a reactive intermediate giving ammonia. A hexagonal OH overlayer
grown on Ni{100) surface during the reaction of Hs and O: is also a novel compound, which is
an intermediate for water formation reaction. These are the first examples showing that the in-
termediates have ordered structures, and this fact might contradict the reaction mechanisms based

on random reaction of adsorbed species.
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Fig. 1 Two types of ultra-high vacuum cham-
ber equipped with AES, LEED and HREELS
for chemical reactions in the pressure from
1078 Torr to one atmosphere.

Tabel 1 Metals which have only one crystal-
line structure®.

Ru Rh Pd Mg Se Zn
Os Ir Pt Y Cd

Table 2 Super-structures observed on clean
fce metal surfaces®’.

AL(110)  (5x1) Auf{llly  (1x2)
AL{100) (/2 x4 2) Au(l0) (5x20)

Te (110) (1% 2) Aufl1l) (VT x22)
Ir{100) (15}

Pe{1i0) (1x2)

Pt{100) (1x5) or (5x20)
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Fig. 2(a)
600C; (b) shape change of the particles by
heating in N2 at 600°C for 24 hr.

Pt-particles after growth in Hs at
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Fig. 8 RDFs of the 1.04 wt % Rh/ALOs cata-
lyst after the consecutive treatments. {a) re-
duction at 673K ; (b) evacuation at 673 K;

{c) CO admissionat 206K ; {d) He flushing
at B73K; (e) reduction at 573 K,
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Fig. 4 Preparation of a large amplitude oscil-
lating Pt(100) surface by adjusting CO pres-
sures on oxygen preadsorbed surface at 600 K.
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Fig. 5 Intensity variation of the ¢(2%2) LEED
pattern as a function of surface position and
time.

Fig. 6 Remove of the sulfur on Pt{110} sur-
face by reacting with Qs Dip of the scanning
AES line indicates the sulfur removed part.
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Table 3 Metals which make no nitrides.

Ru Rh Pd K Au
Os Ir Pt (Na)
p(lxl) c{2x2)

Fig. 7 A surface nitride formed on Pd{100}
by the reaction of NO (1,3 Torr) with He
(1.3 Torr} at 540 K.
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Fig. 8 HREELS of ¢(2x2) surface nitride on
Pd(100) prepared by the reaction of H: with
NOC.
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Fig. 9 A surface OH-compound of a hex.
structure formed on Ni{100) during the reac-
tion ¢f He and Os, and the HREELS of that.
(a) before the reaction; (b) during rsaction ;
(c¢) HREELS for the hex. surface,
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Fig. 10{a ) increase of oxygen on Ni(100) sur-
face when it was exposed to 5X 1077 Torr of
Hzand Oz; (b) the energy loss peak for the
OH stretching vibration.

— 18 —



B ohog -

THHD Op 2ELICHIE SN S & Hex, MO AR » b
WA RIC He-De SELEISAEE 5, Fig. 9 OF
T Hex. HBORE/LAYOERBIE R A O,
1678 Torr (29 5 & A paiE ZRRIICEN DT B EH
TEBXHIIEH, HREELS & AES 3 TEEE
{BEE~THD &, Fig. 10 ord L5 Hes #iED
{b&did 2 BRI RETAERT 217 Tubb, £TBHE
7 c@x2) KWL, Lis#ic OH 24% Hex. H
EoFRmLEUIHRT 5. BERETORERbL X
O ER 2T S B RAREICOLT L, ChETRS

YL TIRESND LN "WNIBE” & B
LT EFR" &b fo Bl A o< dEs

EZLZOFTHEALEGENHL TV DBELAET
HhH, L LERTES 2ERICH2BESLRER
B 7y FTERTES TOIBESRBRLTLRIgnE
EZ LMD, bL, COMRHEIVTHEILILERD
BARF o FRERICDE LG ERESE L ERY
BT ERTEROL, FLEEOENRERETEL
JIBABEETEN Y, TOFET, Ni(100)ZEHEic
Hex. #:80 OH {h&YismE T 28 LT
N5 cBx2) OEERENRED L S NEEEREALT
VBZOPICERTARERELY

3. &H DI

CE TEERR TOMFENESTERAT 2D 0E
EHLEAE, £ 0BRLOER LERbshcbo
TH -l REAFOESRICLD, RHTEETHIHE
BALDEEMLCEPTIRICE T, LhLEZ
?E%Tméﬁ%@%%cﬁéé,%%@mﬁwﬁ%n
EWMOEYDELRLSESFEELHEL S, BH
ﬂ”@ﬁmﬂﬁoiﬁm&ﬂ@wom ch THEIM

FIS T IC R &ﬁii ET TR R LS AR
ﬁﬁA%%ﬂﬁ T, FUNEER R A

THH5o %@m"ﬁ.f, ERZEEOFERI SR O&R

BERBARICMA L EOTEEREBN 2255489

— 663 —

CES,

8

7

8)

9)

10)

11

12)

18)

15)
16)

17)

X B

- Bl 29, 626 (1987).

H B, [DEXRAR: [SRSHE 57, 209 (1687).
AL F. Wells : “Structural Inorganic Chemistry”,
5th Edition (Clarenden Press, Oxford, 1884).
“Chemistry and Physies of Solid Surfaces V¥
ed. by R. Vanselow and R. Howe, (Springer-
Verlag, 1984) p. 207,

T. Wang, C. Lee and L.D. Schmidt:
Sci. 168, 181 (1985).

K. Tanaka, T. Kawamura, T. Yamada, and
J. Nakamura: ECOSS-10, P-A 35 (Bologna,
1988); Hrhpt—: BAMIEY S, BEHRATE Y V8
v s 1PE4, (FRL, 1088).
H.P. Bonzel and S, Ferrer:
1263 (1982),

G. Binnig, H. Rchrer, €. Gerber and E.
Weibel: Surf, Sei. 131, L 379 (1983) 9; T.T.
Tsong and Q. Gao: Surf, Sci. 182, L 267 (1087).
Q. Gao and T.T. Tsong: Phys Rev. Lett, 57,
452 (1986).

N.F.J. Van't Blik, J.B.A.D. Van Zon, D.C,
Koningsberger and R. Prins: J. Molee. Catal.
25, 379 (1984).

P. A, Thiel, K.J. Behm, P. R, Norton and &,
Ertl: Surl. Sei. 121, L 553 (1082); R.J. Behm,
P.A. Thiel, P.R. Nerton and G. Ertl: ]
Chem. Phys. 78, 7437 {1983),

R. Imbihl, M.P. Cox and G. Ertl:
Phys. 84, 3519 (1986),

M. P. Cox, G. Eril and R. Imbihl: Phys. Rev.
Lett. 54, 1725 (1985).

H.P. Bonzel and R. Ku: J. Chem. Phys. 59,
1641 (1973).

T. Yamada, J. Nakamura, . Matsuo and XK.
Tanaka: Phys. Elect. Conf. {1088).

J. Nakamura, T, Yamada and K. Tanaka : Surf.
Sci, 185, L 515 (1987),

K. Tanaka and T. Yemada: 6th Int. Conf., on
Surf. and Colloid Seci. 4 C 02 (Hakone, 1988).

Surf,

Surf, Sci. 118,

J. Chem,



