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Fig. 1. Individual DCA molecules adsorbed on Cd(0001):
(a) Molecular modeling of DCA; (b) STM image of the
Cd(0001) surface with hexagonal lattice, the scanning area
is 6 nmx 6 nm, the scanning bias is 1.0 V; (c) isolated DCA
molecules adsorbed on Cd(0001) at 77 K, 78 nm x 78 nm,
3.0 V; (d) close-up view of a single DCA molecule, 9 nmx
9 nm, 1.9 V.
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Fig. 2. Formation of 3D islands of DCA by low-temperat-
ure deposition: (a) A three-layer DCA island coexists with a
monolayer-island on the same substrate terrace, the scan-
ning area is 50 nmx 50 nm, the scanning bias is 2.8 V;
(b) height profile lines across the white and red dotted lines
in panel (a). The heights of first layer, second layer, and
third layer are 1.8 A, 2.9 A, and 3.7 A, respectively.
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Fig. 3. Instability of the second layer DCA island: (a)—(c)
Three sequential STM images of a second layer of DCA is-
land, showing the variation of island size and shape. The bi-
as voltage varies from 3.0 V (a), 2.5 V (b), to 2.5 V (c), the

scanning area is all 10 nm x 10 nm.
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O F 52 0 P R AR R (10 nmox 10 nm). 45 &8 314 X 3]
F w4390 R 2 (2) S8 20 nmx 20 nm, 0.18 V; (b) 50 nmx
50 nm, 2.8 V; (¢) 30 nmx 30 nm, 0.8 V; (d) -0.4 V;
(e) 0.3 V; (f) 0.5V

Fig. 4. DCA self-assembled monolayer formed at room tem-
perature: (a) A small monolayered island of DCA appeared
at step edge of substrate, # = 0.4 ML; (b) a large monolay-
er island of DCA appeared on the substrate terrace, 6 =
0.7 ML; (c) the full monolayer DCA on Cd(0001) showing 4 x
V/13 reconstruction; (d)—(f) bias-dependent STM images of
DCA monolayer (10 nm x 10 nm). All the scanning area
and bias are (a) 20 nmx 20 nm, 0.18 V; (b) 50 nmx 50 nm,
2.8V; (¢) 30 nmx 30 nm, 0.8V; (d) -0.4V; (e) 0.3V,
(f) 0.5 V.
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TR A STM 41, H 46 X3k 230 nmx 230 nm, F1 3
JE 2k 2.5 Vi (b) Bi(111) ¥ A9 R 43 #E &, 4 nmx 4 nm,
0.4 V; (c) #£ Bi(111) i _LJEAUH DCA £43FHI#%, 10 nm x
10 nm, 0.4 V; (d) P4~ H A B4 8 DCA #)2 B, 16 nmx
16 nm, 0.4 V

Fig. 5. DCA molecular clusters and monolayer islands on
Bi(111): (a) Morphology of Bi(111) thin films, the scanning
area is 230 nm x 230 nm, the scanning bias is 2.5 V; (b) ato-
mic-resolution STM image of the Bi(111) surface showing
the hexagonal lattice, 4 nm X 4 nm, 0.4 V; (¢) a seven-mo-
lecule cluster of DCA formed on Bi(111), 10 nm X 10 nm,
0.4 V; (d) two mirror domains of DCA monolayer with op-
posite misorientation angles respective to the Bi(111) lat-
tice, 16 nm x 16 nm, 0.4 V.
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AR FREE. 53T s S50 S Z [
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1 nm~—

Kl 6 Bi(111) Fm LAEAER DCA 4 FIHZ  (a) DCA
BRI BR 4L, 0.8 ML, 945 X488 40 nm x 40 nm,
FHliRE S 0.48 V; (b) BIRSLSITE/3HEE, 26 nm x 26 nm,
0.48 V; (c) B (b) iy bt Bt A8 ¥ (FFT) &, Horp ¢ d
I3 B JE R AR ¢ il d BB BRSO i, A (10 B v B B AR
TR R BUN B 5 525 (d) DCA 43 T3 2 I 45 W /R 35

Fig. 6. Incommensurate DCA monolayer on Bi(111): (a) Mo-
iré pattern appeared in the DCA monolayer, 0.8 ML, the
scanning area is 40 nm x 40 nm, the scanning bias is
0.48 V; (b) close-up view of the moiré¢ pattern, 26 nm x
26 nm, 0.48 V; (c) fast Fourier transformation (FFT) of
(b), where c¢* and d* are the reciprocal lattice vectors of
DCA monolayer, the circled spots are the reciprocal lattice
vectors of moiré pattern; (d) schematic model of the DCA

monolayer.
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X, P wELX T FN IIT 08 435 S (R D F R +6°, T
WE X 143 F db A 00 A AR R —6°. 18] 7(b) 285 X TIT
(R4 HE STM [, AT LI B4R DCA 431
S5, A 53 P )5 BB AR T . 0
T RERITERE M5 10.0 AR 8.0 A, X5/ 1(a)
T DCA 4> TS5 AL —21, BLHEE — 2% DCA
gy AR B AR DL CoP 7 235 I AR Bi(111) &
JE I
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1.5}
wn
b=t
=i
}=1
2 1.0}
N
=
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=
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Voltage/V

Kl 7 DCAZTHZHREEE  (a) 3 AR J5E ) DCA
FE 2w 4 X 80 50 nmx 50 nm, 47§ £ A 0.56 V;
(b) B X I H1 ) DCA 43 T4 #EEl, 6 nmx 6 nm, 0.12 V;
(c) £ DCA/CA(0001) Fil DCA/Bi(111) 43 FJZ2 H REH
BRI, FHRm I U= 1.0V, I =20 pA F&FMHT
Fig. 7. Rotational domains in the DCA monolayer: (a) Th-
ree rotational domains of DCA monolayer with different
directions, the scanning area is 50 nmx 50 nm, the scan-
ning bias is 0.56 V; (b) high-resolution STM image of the
DCA molecules in domain III, 6 nmx 6 nm, 0.12 V; (c) scan-
ning tunneling spectra acquired on top of DCA molecules
on Cd(0001) and Bi(111), respectively. The tip was kept at
the condition of U= 1.0 V, I = 20 pA.
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Abstract

The interactions between molecules and substrates play an important role in growing organic thin films.
The metallic and semimetallic substrates, owing to the different electronic structures, can have distinct
interactions with molecular films. Here we make a comparative study on the two-dimensional (2D) self-
assemblies of dicyanoanthracene (DCA) molecules on the metallic Cd(0001) and semimetallic Bi(111) surfaces.
It is found that the DCA thin film grown on Cd(0001) surface at low temperature exhibits a three-dimensional
(3D) growth mode, with the monolayer islands, two-layer islands, and three-layer islands coexisting on the
Cd(0001) surface. When deposited at room temperature, the DCA molecules exhibit a 2D growth mode, where
the monolayer DCA adopts the 4x /13 reconstruction with respective Cd(0001). The commensurate epitaxy
indicates that there is strong interaction between DCA molecules and Cd(0001). In clear contrast, the DCA
molecules deposited on the semimetallic Bi(111) surface at low temperature exhibit a 2D growth mode.
Furthermore, a moiré pattern with the periodicity of 2.6 nm is observed in the DCA monolayer, indicating the
incommensurate epitaxy of DCA monolayer on Bi(111). This can be explained by the weak interaction between
DCA and Bi(111) substrate. These results demonstrate that both of the electronic structure of substrates and

substrate temperatures can be used to adjust the structures of morphology of DCA films.

Keywords: dicyanoanthracene, sannning tunneling microscope, incommensurate structures, semimetallic

substrate

PACS: 68.55.—a, 68.37.Ef, 68.43.Hn, 81.15.—z DOI: 10.7498 /aps.72.20222197
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