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Fig. 1. STM images of 0.10 ML Bi deposited on Ag(111)
surface: (a) Large scale STM image contains Ag(111) step
where an amount of Bi atoms are aggregated; (b) high-reso-
lution STM image is obtained at step edge in Figure (a); (c) hi-
gh-resolution STM image is obtained far away the step edge
in Figure (a); (d) model structure of Bi atom embedded in
Ag(111) surface. Ag atom: white; Bi atom: purple. The

scale ruler of images in Figure (a)—(c) images is 1:5.
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K2 (a) T¥A9 Au(111) STM &, 72N Fi 38 B2 Au(111) 5743 8F; (b), (o) 7EF IR Au(111) SREHIFR 0.04 ML, 0.15 ML Bi

Fig. 2. (a) Large-scale STM image of cleaning Au(111) surface. The bottom left inset shows the atomic resolution STM image of

AR A Ag o R AETER Y HE,
FJERTE & I E4 B Bi T R £ Ag,Bi
W, TE AT Y RCE BB AE G AL R Ag,Bi B
L XA DU R R AT ABAT 2 Ag Bk Bi &
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Moy A e b (K 2(b)). Bi #E Au(111) £y
MO AR, SRR LARBCAL Y Au A IRIE
ST oA A L A, L 2(b) v G TR e A B D)
S5, XSSP o AR B B ORE T g Au(111) b
PR B9, UL Bi Al Au 22 84 B S i AR B4R
HH, BUE T Au AR EA. X P RS S H
Au JF T UL H BRI S5 10 it — 2 5050 56
E. BR T3R5 454 5 T Y 22 556, Au(111) F
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FIZRTH IR 5.4 eV, T Ag(111) A 4.4 V.
Bi 0 E R AL N 4.2 eV, 24 Bi YL E
Au(111) FWF, BR TR Au(111) 2 I 2 3] 525 1Y

Au(111) surface; (b), (c) different amounts of Bi are deposited on Au(111) surface of Au(111) at room temperature. The coverage of

(a), (b) is 0.04 ML, and 0.15 ML, respectively.
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a2 K . 78 0.10 ML B 2518, N4 0
R AgoBi 5 B, Bi JEF DL R I X BE AL
SFHE Ag(111) K (] 3(a)). 4 A B ) 1 6 2
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U LR ER S5 R I — 49 K4, BEBH 570 K B, Bi Ji
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(B G M A i BRI R E) Ag i) v LA iR Bi
JEF RS R 2] 5 T 22, B AgoBi Z B 145 &
/NF 74.44 meV, Bi-Ag A4 ARG AR SR
SEAETE, R, 76 A B TE UL 2 Ag,Bi SR 4k
¥, 7 0.25 ML #5550, Bi JiEF7E Ag(111) BJE
BT (121) g BEALER 0] (1 50 BT P S BREE 25 1), K
JEATF 3—10 ANJEFIRIEE (5.00 A) Z [0, 4nf&l 3(b)
Fin, 228 Bi JEFHUR T R Ag JEF; XA
R (FFT) B {CA7NiiE 2, AW B
B, VLR S E T Bi B4 AU R P
(). —A4EE Bi G E S 0.31 ML, RIRSIERGH
AL R EE Ag,Bi A4 )2 (B 3(c)),
X7 ) FET P A B 3 0 7S B R A B, Ul

KA. HBEBERSE 0.33 ML, R STE K
SEEM AgBi A 42 (K 3(d)), Bl sams SN
#—X] Frenkel Hfg. N AIKRER T4 (LEED)
PR3 4 iR R T P S B AR B AL B A S B 41
JEANABEA (B K H Ag IR, N2 6 B
(£1F8) >k B AgBi &4 )2, AR MATHET R
WA it e B A (4,

Bl 3 7E 570 K 1 Ag(111) 4 i I It JE AN 5] 7 35 B 1) Bi Jit
T (a) 0.10 ML; (b) 0.25 ML; (c) 0.31 ML; (d) 0.33 ML.
(b), (c) H (Y4 P & FFT 28 45 (d) (94 [ & LEED &,
e 51 P 1 Ag(111) HO 55 — G AT S BE A, S 2T a5
Rl H B SR VB X VB AR — AT T BE A (o) 2R
R BRI T = AR B R B B bR RO AN
By Lk 1:5

Fig. 3. Bi atoms were deposited on Ag(111) surface with
570 K: (a) 0.10 ML; (b) 0.25 ML; (¢) 0.31 ML; (d) 0.33 ML.
The insets are FFT transform in Figure (b) and (c). The in-
set is a LEED image where the dots in the yellow circle are
the first order diffraction spots of Ag(111) and the dots in
the magenta circle are the first order diffraction spots of the
V3 x /3 structure in (d). The black dotted line in ¢ indic-
ates a line defect of three atomic lengths. The scale ruler of
images in Figure (a)—(d) images is 1:5.

FESEFRIN V3 x VB3G5 I, 4REE755% 0.07 ML
Bi, Bi & REIE AU REEH, WK 4(a) F7R. AgyBi
B AR T ARSI R, RS Bi i+
MEAEH R ARS8, X Bi R F Y 8A i
KA, B DL B ARG T B i fE & 43R
THT. 2R R SRS R /3 x VB EEHE 2.10 A,
SEETET M BRGS0 STM AR 5
AREER )2 p x V3 Bi 5 B2 R0, 165
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B4 fEFBAIMME70 K A, Bi R A 43 (a) EARFFH A V3 x V3458 L FFULIE 0.07 ML Bi 589 STM [, 72
T AR E B2 p x VAR T4 BEE; (b) AR () AYFERH E A5 RE SN E 570 K FEARIE 10 min 75 3] 89 STM ; (c) v3x
V3G p x /3L AT BRI . Ag JR T Wk BiJE T 0. BRI A EL B R 1:5

Fig. 4. Observation of Bi film alloying-to-dealloying transition at room temperature and 570 K: (a) 0.07 ML Bi was deposited on

V/3 x 4/3 structure kept at room temperature. The bottom left inset shows the atomic resolution STM image of p X /3 structure;
(b) heating the sample to 570 K and holding for 10 min; (c) side view of /3 x /3 structure and p x v/3 structure. Ag atom: blue-

green; Bi atom: purple. The scale ruler of images in Figure (a)-(b) is 1:5.
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Bi J5 T 7EH IR 570 K 1Y Ag(111) )i |- 18
AR AR 208 G 45H: TEHRT, Kl
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026101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 2 (2022) 026101

K5 RESET, BiEFREAESOEIR  (a), (c) 570 K
B9 Au(111) 4 12485 0.02 ML, 0.18 ML Bi Ji&F; (b), (d) 4+
SJEE (a) FME (c) KR

Fig. 5. Bi atoms regulate the shape of herringbone below
0.18 ML: (a), (c¢) 0.02 ML and 0.18 ML Bi is deposited on
Au(111) surface with 570 K; (b), (d) high-resolution STM

images of Figure(a) and Figure (c), respectively.

B S0 SUE R e A LN 1), B Bi R
FERIYE AN, Au(111) SR E A JCF EERG N, sl 5
Ji7s. 7 0.02 ML 8 535 B, 85 58 1Y 8 8088 ik
TSR IE 52308, R IRIEECR B IE sX BOE B
S A Bl A 5, PRI E/INN IE 5% fa
A WA Bl JEF . Bi BRI
B 5 R T 0.02 ML, fEgeryih £ 52
1 Bi AR5 . dRSes i 5 2 0.18 ML,
fE BOCAR PR R AE AR, MIE LY AR OTC T
I, AR SES AN R & AR Ak, B Bi FIRRIK
SR R AR5 A, Bl BRL5 W B AR At 5 R
S BHFE hep A fee 17 8, /D WG B FE O 4548 1.
W % 75 25 BE M 0.02 ML #4n% 0.18 ML, Bi 1%
WRER W BH7E f0 B 2045 #f, {H Bi B 1250 W] 1
i, R, FEX AN AR, Au(111) Fmp S r7E L
FEREMT Bi R ER. T STM £k 4
T, 7650 nm? B XN, S8 5 0.02 ML B, Bi
MR R 57, 7 3 % 0.18 ML, Bi A%
B /b 2 28, Bi H RS I B R A R4 1 A
TS, UEHA F—%F A B2 B A0 57 45 a5 sk L
U, Bi J UG | B S 45 4 1) AR Ak 2 PRl
Au JFT R TRTRE B ke, 2 1 52 0] 2 1 o g 140471,

BT Au(111) #F IR AR I AE 570 K, BBk >k 1Y
Au R TSV HES IR G B, B &
WA Au R AT B 5(c) Y
5 B I AR AR AN KL S — 25 UL AT Au JE - fl A B
R

B Bi Ji T2 5 B 0, R Au iR
TR, ARl Au(111) FiE Y B AL R,
T AW . Y Bl B BRI A 0.40 ML,
Au(111) R A FLEME SR, B T RIMLE
BAAEA, BRI Z5 % A B B ARk, W] 6(a)
P, B4y HER STM [ (K1 6(b)) s A2 = 5
MIGIRDE 5 8, ToiEsr BRI b Bi s+ m9HES ] Oy
X Bi MU PR 5e RS 0 B 5. A o
JER 220 2 AR SN, BiAKEZEZ A
Bi J&FREA—RIE Y, T BRE T, mip
R R =1 &7 TR S s e O S D e i e = e N
FEL K. 4RSI Bi 195 35 E & 0.60 ML, Bi
TG B 25, Al 6(c) fras. | 6(c) HIFETE
SETEANTR] A A DX 3 22 A s 1) DX 3 ph B 4
B, S BERESE I DI R AT AL L. BRI LA T
(7S TCFRZE R B /37 x /3T 45H, tnlEl 6(d) IR,
V3T x /3T AL 5 A B AR 1 e S IR 25 A A T AN,

B 6 (a), (c) TEPE 570 K A9 Au(111) 1K 7855 0.40 ML,
0.60 ML Bi Jit 7 (b), (d) 43312 E (a) FE (c) MK E.
Pl b ROFRREAS LY BB oK 1:5

Fig. 6. (a), (c) 0.40 ML, 0.60 ML Bi is deposited on
Au(111) surface with 570 K; (b), (d) high-resolution STM
images of Figure (a) and Figure (c), respectively. The scale
ruler of images in Figure (a) and Figure (c) is 1:5.
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Initial growth behavior of bismuth on Ag(111) and Au(111)°
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Abstract

The Rashba effect of surface alloys of semimetallic bismuth (Bi) is strongly related to its specific structural
properties. The initial growth behaviors of Bi atoms on Ag(111) substrate and Au(11l) substrate are
systematically investigated by combining scanning tunneling microscopy (STM) and density flooding theory
(DFT) in this paper. Continuous Ag,Bi alloy films are formed preferentially at the step edge on Ag(111) held at
room temperature; Bi atoms replace step edge atoms with low coordination number and are randomly
distributed from single atoms to the forming of long-range ordered Ag,Bi alloy phase as the coverage increases
to 0.33 ML on Ag(111) held at 570 K. With the coverage increasing, Ag,Bi is converted into Bi films with a
p x /3 structure by the dealloying process. In contrary to Ag(111), Bi growth behavior on Au(111) held at
room temperature and at 570 K are consistent: Bi atoms are adsorbed preferentially on Au atom pairs with
coordination 5 and are dispersed as single atoms and clusters in the densely packed region and the corners of
the herringbone reconstruction when coverage level is below 0.40 ML; as the coverage level increases to 0.60 ML,
the disordered Bi atoms gradually transform into the long-range ordered (/37 x +/37) phase. Moreover, the
adsorption of Bi atoms leads the Au(111) surface strain to gradually release. The different growth behaviors of
Bi atoms on Ag(111) substrate and Au(111) substrate suggest that the interaction between Bi atoms and the
substrate plays a key role. Bi atoms are adsorbed preferentially around atoms with low surface coordination

number under low coverage.

Keywords: semimetal bismuth, Ag(111), Au(111), scanning tunneling microscopy
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