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Fig. 1. (a) Side view and top view of the VOPc structural model; (b) STM topography obtained at 0.2 MLE coverage (24 nm X
24 nm, U = 0.5V, I = 0.1 nA). Blue and red circles highlight the O-up and O-down configurations of absorbed VOPc molecules,

respectively.

B 2 (a) BB RREE 520 K T il £ #9 CuO-(2x1) SALZ IR F 40 HF STM B A Z5 R E (4 nm x 4 nm, U=-05V, =
—0.1 nA); (b) I BE R FEAE 700 K B il 85 19 CusOg-c(6x2) b2 1Y i+ 433 STM HUILZ5 MBI E (9 nm x 9nm, U= 02V,
I=0.2nA). KEIKA A AIERICERE R, 2L EBRR AT IR 09 FUR 700 B <17 Fn <27 BRift

Fig. 2. (a) Atomic resolution STM image obtained on the CuO-(2x1) surface (4 nm x 4 nm, U= 0.5V, I = -0.1 nA), the struc-
tural model of CuO-(2x1) is superimposed onto it; (b) atomic resolution STM image obtained on the CuzOg-c(6x2) surface (9 nm x
9nm, U= 0.2V, I=0.2nA). The structural model of CuzO4-c(6x2) is superimposed onto it. In the structural models, the gray
and white balls represent the topmost and underlying copper atoms, respectively. The purple balls represent the oxygen atoms. Two

unequal oxygen atoms are denoted by the numbers “1” and “2”.
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Fig. 3. (a) STM image recorded on the CuO-(2x1) surface with the VOPc coverage of about 0.25 MLE (64 nm x 64 nm, U =
1.0V, I = 0.1 nA). The right inset shows that VOPc molecules form extended molecular chains instead of molecular diffusion on
the terrace (29 nm X 29 nm, U = 2.0V, I = 0.2 nA). The left inset shows the zoomed STM image which reveals the molecular
chains align along the [100] direction (24 nm x 24 nm, U = 1.0 V, I = 0.1 nA). (b) STM topography obtained at the VOPc cover-
age of about 1.0 MLE. The angle between adjacent molecular orientations is about 36° (10 nm x 10 nm, U = 1.0 V, I = 0.1 nA).
(¢) STM topography obtained by using a functionalized tip (13.7 nm x 13.7 nm, U = 1.0 V, I = 0.1 nA). (d) The proposed as-
sembly model of panel (b).
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Fig. 4. (a) Atomic resolution STM image recorded on the CuzOg-c(6x2) surface with the VOPc coverage of about 0.2 MLE (10 nm X
6nm, U= 15V, I =0.2nA). (b) The possible adsorption model of VOPc¢ corresponding to panel (a). (¢) STM topography ob-
tained at the 0.6 MLE coverage (94 nm x 94 nm, U= 1.5V, I = 0.2 nA). (d) Zoomed STM image. Ordered and disordered struc-
tures are separated by the blue curve. The blue circles denote the O-up molecules. The red and green circles highlight the O-down

molecules (17 nm x 17 nm, U= 1.0 V, [ = 0.2 nA).
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S FENTFEALZE c(6x2) 45 16 THUZ 8 B 7 [0 T
VARSI T =0 e o O I
WY B K 43 3 298 3.10 nm A1 1.65 nm, 5
STM MHELER ((3.1540.05) nm 1 (1.6040.05) nm)
Z R AE ST 22 B 24 A B I T DTRAE CuyOg-
c(6x2) FTH by, 532 T DX 23 5 78 2 CuO-
(2x 1) 256 RSy it 75 PP AR AL 28 A8 A7 Y 3R T
UUR'T VOPc 73+, JF0E5E T HAHA AT R, Kl 6(a)
R THE CuyOg-c(6x2) FMULFLZ) 0.2 MLE £
JEFIEEREZ 1.1 MLE VOPc 20 R #7538 STM
TSI Pl A7 28 T AN ] A 2 2B B, A 1] 48 5
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4, AR A IX 38k CuO-(2x 1) 4544, DL 3k

B 5 (a) 0.9 MLE VOPc 43 FULEFE CuyOg-c(6x2) F it J5 3R 1) STM JESE (24 nm x 24 nm, U= 2.5V, I = 0.2 nA); (b) 4
Tl 5 B 20— A B RS 9 B W4 F 4 BRI STM IR (6.4 nm x 6.4 nm, U= 0.5V, I = 0.2 nA), V47 U0 5 i 2
FoR, FHAB WG 43 F B e F 2028 42°; (c) &L (b) ARG 43T 20 € S5 R B 5], 2354 B0 fif0 P4 €0, D 300 00 R

Fig. 5. (a) STM image recorded on the CuzOg4-c(6x2) surface with the VOPc coverage of about 0.9 MLE (24 nm x 24 nm, U =
25V, I = 0.2nA). (b) The submolecular resolution STM topography obtained at the coverage of about 1.0 MLE (6.4 nm X
6.4nm, U= 0.5V, I=02nA). The blue parallelogram indicates the unit cell of the molecular membrane. The angle between the
orientations of two adjacent molecules is about 42° as denoted. (c¢) Proposed structure model of the VOPc assembly. The unit cell is
indicated by an orange parallelogram.

6 (a) 7£ CuzOg-c(6x2) F i U2y 0.2 MLE 8 J F W M 25 1.1 MLE VOPc 4 FJ5 37441 STM JESLE (47 nm x 22 nm,
U=20V, 1=02nA), FHAELEFIRIA R L2454 (b) S X B4 /N5 I3 19 STM B4 (26 nm x 24 nm, U=2.0V, [ =
0.2 nA), PIFhA [ A 413 Z5 40 T 4 (IR 2L 3B () TE CusOg XA /N1 R 345 19 STM JE S (15.6 nm x 15.6 nm, U =
20V, I=02nA)

Fig. 6. (a) STM image obtained on the Cuz0,-c(6x2) surface with about 0.2 MLE Sb deposition and followed 1.1 MLE VOPc ad-
sorption (47 nm x 22 nm, U= 2.0V, I = 0.2 nA). (b) Zoomed STM image (26 nm x 24 nm, U= 2.0 V, I = 0.2 nA). Two kinds of
assembly structures are separated by a green curve. (c) Zoomed STM image obtained on the CuzOg-c(6x2) region (15.6 nm X
15.6 nm, U= 2.0V, I = 0.2 nA).
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Abstract

In recent years, regulating organic functional molecule has gradually received much attention in the field of
materials due to its significant contribution in improving the charge carrier mobility of nanometer
optoelectronic device. Molecular configuration and assembly structure of vanadyl phthalocyanine (VOPc) are
systemically investigated on pristine and oxidized Cu(110) surface by using low temperature scanning tunneling
microscopy. In the initial deposition stage, two molecular adsorption configurations, referring to O-up and O-
down, are randomly distributed on the pristine Cu(110) surface. By oxidizing Cu(110) at different oxygen
atmospheres and substrate temperatures, two different copper oxide structures are obtained, i.e. CuO-(2x1) and
Cus04-¢(6x2). The VOPc molecules are then deposited on both surfaces via thermal evaporation. For the CuO-
(2x1) surface, contrastly, extended molecular chains form in the initial adsorption and subsequently the VOPc
molecules assemble into an ordered molecular film involving both configurations. The VOPc¢ molecules shows
two packing orientations with a rotation angle of about 36° relative to each other. On CusOg-c(6x2), the O-
down and O-up molecules are isolatedly adsorbed at the initial coverage. As the coverage increases, molecular
assembly film gradually forms a parallelogram-shaped unit cell that involves only the O-up molecules. The
molecular film exhibits two distinct molecular orientations with a rotation angle of about 42° relative to each
other. The dipole-dipole interaction drives the configuration transition from the O-up configuration to O-down
configuration. The O-down VOPc molecules of the second layer tend to be adsorbed on the molecular
membrane supported by the CusO4-c(6x2) surface. The dipole-dipole interaction between neighboring molecular
layers may be responsible for the preferable adsorption of the second-layered molecules. This study suggests the
importance of surface oxidization in modifying configurations and orbital distributions of adsorbed molecules
that can affect the charge transport in molecular films during fabricating electronic devices.
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