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K1 (a) &l FTE Ag (111) B HUAERE FIE A K B 89 STM JE S (U = 1.50 V, I = 0.2 nA, 75 nm x 75 nm); (b) Ag (111) |-
& AgoSb & 4 HZ R R~ STM AHSRIE (U = 1.50 V, T= 0.2 nA, 65 nm x 65 nm); (c)Ag (111) I Ag,Sb & 4 52 mf 3145
B B3 BE STM EIMG, 2508 3R/n B, 4l R i G B E i f 8 (U= 0.1V, I= 0.1 nA, 7.4 nm x 7.4 nm); (d) Ag,Sb &4
HE BB T HEATRERY R A FIRE (LR 53 X 3R AgoSb 5 B AH T Ag I S JLT-

Fig. 1. (a) STM morphology of antimony atoms deposited on Ag (111) at room temperature to form nano islands (U = 1.50 V, I =
0.2 nA, 75 nm X 75 nm); (b) large scale STM phase diagram of Ag,Sb alloy monolayer formed on Ag (111) (U =150V, I =
0.2 nA, 65 nm x 65 nm); (c) atomic resolved STM images obtained when Ag,Sb alloy monolayer is formed on Ag (111), the dia-

mond represents a single cell, the illustration shows the contour of the line measured along the black line (U = 0.1 V, I = 0.1 nA,

7.4 nmx7.4 nm); (d) atomic arrangement model of Ag,Sb alloy phase, the gray and orange spheres represent Ag and Sb atoms in

the Ag,Sb alloy phase, respectively.
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Kl 2 (a) VOPc 43T 45 #4 B U AL B AU AL AL ; (b) 7E~0.8 ML % 35 & F 3K /9 STM JE S (65 nm x 65 nm, U= -150 V, I =
~0.1 nA); (c) FE~1.0 ML 7 35 B T K819 STM B, BRAFAE D mas b, or F LT3 35 7 5 A 3R, 4 B 0 A R FET E%
(51 nm x 51 nm, U= -0.50 V, I = -0.1 nA)

Fig. 2. (a) Side view and top view of the molecular structure of VOPc; (b) STM image obtained at the coverage of ~0.8 ML (65 nm
x 65 nm, U=-1.5V, I =-0.1 nA); (¢) STM topography obtained at the coverage of ~1.0 ML, the molecular membrane covers the
whole surface except the existence of small amount of vacancies, the inset shows the corresponding FFT image (51 nm X 51 nm,
U=-050V,I=-0.1nA).
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Fig. 3. (a) High resolution STM image of VOPc molecular assembly structure (14 nmx14 nm, U = —0.50 V, I = 0.1 nA); (b) the
line profile measured along the blue line in (a); (c) schematic molecular model of the unit cell of the assembled VOPc membrane,
the unit cell consists of five molecules that are marked by the numbers “1-5”, the rotation angles of the molecular axis are about
11°42° and 2142°% (d) a possible structural model for assembling VOPc¢ molecular membranes on Ag,Sb/Ag (111), the green and
orange spheres represent Ag and Sb atoms in the Ag,Sb alloy monolayer, respectively.
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(a) 8.3 nm x 8.3 nm, U=-0.50 V, I=-0.1 nA; (b) 8.3 nm x

Fig. 4. The STM morphology of VOPc¢ molecular membranes obtained in the same region, scanning parameters: (a) 8.3 nm x
8.3 nm, U= -0.50V, I =-0.1nA; (b) 83nm x 83 nm, U= 0.50V, I = 0.1 nA; (c) schematic diagram of the electronic state dis-

tribution of molecular orbitals.
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TR VOPc 73 FHiAi IR B, + 5 XARE VOPe 43+, 28 1 )24 FRH O-up A (B A 1+F ), 5 2 )25 F K H O-down
TR (0530 ), W2 43T 1 B 43 31 phy 20 60 R4 (5 R 46 1E 7 38R

Fig. 6. (a) STM topography obtained at a positive bias of 1.0 V, the first and second layers of VOPc molecules are simultaneously
resolved (U = 1.0 V, I= 0.1 nA, 16.0 nm x 16.0 nm); (b) STM topography obtained at a negative bias of 1.5 V (U= -15V, I =
—0.1 nA, 16.0 nm X 16.0 nm); (c) line profile measured along the blue line in (a); (d) schematic model of the first and second layers
of VOPc molecules, the forks represent the VOPc molecules, the molecules in the first layer (black forks) adopt the O-up configura-
tion, and the molecules in the second layer (green forks) adopt the O-down configuration, the unit cells of both layers are high-
lighted by the red and green dotted squares, respectively.
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Fig. 7. (a) STM image obtained at VOPc coverage of approximately 2.1 ML (U = 1.0 V, I = 0.1 nA, 12.0 nm x 12.0 nm); (b) the
structural model of the third layer molecule relative to the second layer, the upper and lower layers of VOPc molecules are repre

sented by yellow and green crosses, the dashed square represents the corresponding unit cell; (¢) STM morphology obtained at a

VOPc coverage of approximately 3.1 ML (U = 1.0 V, I = 0.1 nA, 15.6 nm x15.6 nm); (d) a smaller size STM morphology image
was obtained at a VOPc coverage of approximately 3.1 ML (U = 1.0 V, I = 0.1 nA, 7 nmx 7 nm).
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Assembly of multilayer phthalocyanine vanadium oxide
molecules on Ag,Sb alloy monolayer”
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( Received 22 December 2023; revised manuscript received 2 April 2024 )

Abstract

Fabricating ordered molecular films and further tuning their assembly behavior is important for
constructing organic devices with diverse performances. By using high-resolution scanning tunneling microscopy,
in this work, we demonstrate that well-organized vanadyl phthalocyanine (VOPc) films can be formed via
‘bottom-up’ molecular self-assembly on a binary alloy Ag,Sb/Ag(111). The Ag,Sb monolayer is prepared by
evaporating Sb atoms on clean Ag(111) and followed by annealing. The VOPc molecules are deposited on the
Ag,Sb layer wvia thermal evaporation. The molecular configuration, structural and orbital characteristics of
VOPc are clearly clarified at a submolecular level. It is found that initially the ordered VOPc¢ membrane only
exhibits the O-up adsorption configuration. Its square-shaped unit cell consists of five VOPc molecules where
two adsorption orientations coexist with the horizontal axis of VOPc¢ which is rotated by about 11° or 21°
relative to the side of the unit cell. Due to the molecular dipole-dipole interaction, further-deposited molecules
result in the assembly of the second-layer VOPc films with the O-down configuration and the square-shaped
unit cell that contains only one VOPc molecule. Subsequently, due to the dipole-dipole interaction between
layered molecules, following VOPc¢ molecular layers adopt alternating O-up and O-down configurations as well
as the square-shaped unit cell, similar to the case of the second layer. In addition, we find that the molecular
orbitals overlap in each assembled molecular layer due to the m-m interaction which could facilitate the charge
transport along the m stacking direction of VOPc. This research provides possibility to regulate the adsorption

configuration and assembly behavior of functional organic molecules on metal surfaces by forming surface alloys.
Keywords: vanadyl phthalocyanine, scanning tunneling microscopy, structures, orientations
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