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Recently it has been revealed that alkali-metal adsorption on metal surfaces does not always imply overlayer forma-
tion. Unusual structures including substitution between alkali-metal atoms and substrate atoms are observed with devel-
opment of structural determination techniques. We introduce these structures and discuss about the origin of the forma-
tion. Main part of this article is Li adsorption en Cu(001) surface. With increasing Li coverage, the surface structure of
Cu(001) evolves as {2 X 1), (3 X3} and (4 X 4} at room temperature, The (2 % 1) structure consists of missing-rows in the
top layer of the Cu(001) surface, in which Li atoms are located. The (3 X 3) and (4 X 4) structures are complex structure

including substituting Li atorns and Li adatoms.

L U &

ERBET LOT AR Y &BREREIITHEEOET M
R IR OB R Y s Ble W~ ABIESRR e h TN a %
HRTHB. AT ARF vy AOINERTAH ) &
BRFER2RFDLETERA I VbEiEaEL, |l
FEHFAERWEE A R E2EHRTD, “huc kv s
BEHOLFEEMET 4370, BFHUTMEN R
ERTVWE, MERISCBWTRBROTL DSBS
T sz imk, KRigcmg#EErmnLda s 208
BERAKFELNRTWSD, I OMESEEBHET e
LEEBEERT i) 2 ERWMEAEA CIThh Ty
B,

5T, ERETLOTAIVERBEE LW L, BE
REHE1IBOLREELET ALY &BRTE1 A—
CEBTHAHH., WET AR ERBETE, HERSHE
RETONFEEIC L DA 2R ENEE TR T
AU, —), fec(ll0) BEW L TA Y EELREFSE
B EEERWOBENELT S (FWEER Z &M
ENTWAD, ZRHEROWTIE, ZhETRESLLD

PERTHLITE R, EZAPRIL EO2 008G

WERS, BERFETAD)EREFOERERDY R
Hote L A FofEREH ShiEY, RERTH
Cu(001) R E~D U F 9 AREIC L ~THET 8
WEPLIZHAML, FOX S REESRERT A BT
WCTERT D,

2. Hiphohs & ERWE

AT Cul001) FH E~0U P 7 ARFIZBNT,
iR (180K) L= (G00K) THMERAMARRDZ D L
EFEMLEY, BRTIBEOCT VL YRESR &R,
Cu(001) @D iz F 7 AORBFEERELE. 2
DY 5 RBEREMNE PRI LTS, ZhueHL
T, BRTHARF LV F7ARTF0EZHRbY (i
R LEE) o EREASER L.

V0 ADRERROHERILT — P =B 10 TR
Ehi. ARELLBITEVFUVADRKVWA— V=t
—Z7r49ev (B —#7 A) 2a6eV (KE— 2 B) O2&
BB, Nowo BHiZs S AKX —TFNHEL L > TH—
VrBRRERTANELIELMCLEY., FRIZLES

— 55



790 B

L Fig. 1(a) RL X5, Y2 Bl Cu3dELE
LERLTEY, Fig.1(b) 0 X5 EEHREF RS
LieUF oA REFGTS, LENLT, JF 7 AR
EEN1EFORETLIOTHNE Y-/ BiLiE
HENT B E TERENCHEN L, FOoREM LIRS
P THE. Fig1le EmLEEL ST, BETYF7

LABREBE LG, Y-f ABBEICENL TN
A 12—
AB E10k -
iA E s
! =081 A 1
A g °
Y i L0.6r ° 1
BT Vo B ° B
aé i [:?‘Zj] g 04 ' o Q " L] o .‘
- Co3d) 202 o 4° .
= o
o '(; 0 150 200 25
. 0 50 100 150 2 0
Zodl Lils) Li deposition time (s¢.)
(@) {©)
1.2 ——
A
A B _’Q_].D— 4
O o ]
Cu s :‘%‘/0.6 3 A o 0|
A 2041 L .
A A E o 9 ° @ B
1 A B 202 ge®? 1
0 50 100 130 200 250
EG Li deposition time (sec.)
(by {d)
Fig. 1 (a) Schematic diagram for two Auger transitions of Li

KVV. Transition A termed Li (1s) VV is shown by
dotted arrows and transition B termed Li (1s) Cu (3d)
V is shown by solid arrows. (b) Ilustrations of the
characteristic Auger-electron emissions from the first
and second layers of Li adatoms on the Cu surface.
() Auger peak heights of peak A (open circles) and
pezk B (solid circles) versus Li deposition time at 180
K. (d) Same as {c} except 300 K.
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Fig.2 LEED patterns of the Cu(001)-Li system at 300 K for (a) (2% 1), (b} (3 X3} and (c} (4 X4) at 50 eV.
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Fig. 3 Top and side views of (a) fcc(001)-(2X1)-AM and
(b) fec(110)~(1 X Z)-AM. Light-gray spheres represent
substrate atoms in the first complete substrate layer,
blank spheres represent substrate atoms in the mixed
layer, while dark-gray spheres are alkali-metal (AM)
atems. Reclangles indicates (2X1) and (1X2) unit
cells for (a) and (), respectively.
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Fig.4 Top and side views of (a) missing-row model, (b) hol-
low site adsorption model and () on-top site adsorp-
tion model for Cu(001)-(2 X 1)-Li system. Light-gray
spheres represent substrate atoms in the first complete
Cu layer, blank spheres represent Cu atoms in the re-
constructed layer, while dark-gray spheres are Li at-
oms,
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Top and side views of (a) ¢(2X2) overlayer model,
(b) (2X 1} missing-row model and (c) ¢{2 X 2) substi-
tuting model. Light-gray and blank spheres represent
substrate atems, while dark-gray spheres are alkali-
metal atoms. In (d)~(f), alkali-metal atoms are removed
from surface structures of (a)—(c), respectively.
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Fig. 6 Schematic diagram of the LEED structure analysis
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Fig. 7 Top and side views of (a} Cu(001)-(3 X 3)-5 Li struc-
ture and (b) Cu(001)-(4x4)-10 Li structure. Light-
gray spheres represent Cu atoms in the first complete
Cu layer, blank spheres represent Cu atems in the
mixed layer, while dark-gray spheres are Li atoms,
Squares indicate (3 X 3) and (4 X 4} unit celis.
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Fig. 8 Top and side views of {a) Ag(001)-(3 X 3)-Na and (b)
virtual Ag(001)-(3%3)-K. Alkali-metal adatoms on
small islands of four Ag atoms are not depicted.
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Fig. 9 Top and side views of Cu(110)-(4 X 1)-3Li structure.
Light-gray spheres represent Cu atoms in the first
complete Cu layer, blank spheres represent Cu atoms
in the mixed layer, while dark-gray spheres are Li at-
oms. A rectangle indicates {4 X 1) unit cell.
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Fig. 10 Top and side views of (a) Cu(111)-(2X 2)-3Li struc-
ture, (b) AL(111)-(+/3 X +/3)R 30° -Na structure,
and {c) AI(111}-(2X2)-2Na structure. Light-gray
spheres represent Cu or Al atoms in the first com-
plete Cu or Al layer, blank spheres represent Cu or
Al atoms in the mixed layer, while dark-gray spheres
are Li or Na atoms. Gray lines outline each unit cell.
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