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A I F RS FEATHES. fECu(11)KH, FET
T H BB R A B S R o e filk £ (Her-
ringbone) % 4 F1“[ifi M1 4 % (Random-tiling) £5 #4 ", 7£
& B IIGali R, F KD TS RN
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B G B <Al £ A5 R ) AR Y. IR R AT AR
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R — ST AT A RO DR AR SC A Cd A A TR
T REATH ST

AW T I Ay FAECAAT IR ¥ [ 25 45
P LA K B HGE K T I ZEAARAR . FRA BRI 4
B&IE B (LT-STM) R B, 47 5 NI T8 2
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i ) ffe £ 55 4, TR TR = B R, R TR HE
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SEI6 BT S 1) 1% £ /& H A Unisoku 2 & A2 7= ¥
B R IE R B E BB (LT-STM), AREZ
H~1.5%107"" mbar. %%, Si(111)FEEMTES00°C FERA
8h, R HLEE TR #11200°C DA 2R i 2 1 10 24k
B, AR RE R RISI(111)-7x7R . @BEaiErcd
(99.998%) 25 ik 1 B LS FH SR 4l s, I BALTI(BN)
HHRT HFE R, F DA 810.35 MLIE R 2SI
(111)-7x73 0, 152D B HICA0001)FH# 5. LEFTR
CAE TR, Si(111)-7x7R IR FE =R, K1(a)
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Bl 1 (MR E)CA(0001) R F AN R 7 55 FE A F 1%
4 F. (a) CdA(0001)RMMMETF /73 FESTME], 4 nmx4 nm,
0.5V; (b) &7 35 5 19 7R 7 FECA(000 1)K M HISTM,
20 nmx20 nm, 1.9V, = FIFRAR/NEGRIF TR T 4SS
MiREE; (c) FRFLFHZEIIES, 50 nmx50 nm, 4.0 V;
(d) IR FRJZMISTM R 73 %4, 10 nmx10 nm, 4.0 V
Figure 1 (Color online) STM images of pentacene molecules with
different coverage adsorbed on Cd(0001) surface. (a) The atomic
resolution STM image of the Cd(0001) surface, 4 nmx4 nm, 0.5 V. (b)
STM image of low coverage pentacene molecules on the Cd(0001)
surface, 20 nmx20 nm, 1.9 V. The inset is the schematic structure of the
pentacene molecule. (c) The topography of disordered monolayer of
pentacene molecules, 50 nmx50 nm, 4.0 V. (d) The high resolution
STM image of disordered monolayer of pentacene molecules, 10 nmx
10 nm, 4.0 V.
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STMIEMTHL AR, X% B 4T 5 4 IR 1 AH ELAE AR 535,
WENO)FR. EMIRESH ARG TURREY &8
Ga& MM LK Ag(110), Ag(111)F1Au(111)3 i i i 2%
ARATP212423 B (o) 3 B 9 R TIN5 s
K. 2401078 55 k)1 ML, FHAR > T2 ) (1 R
SR BN, 4> T8 3052 3 2% (R AL B 2 e, AT
G FAER IR R T TR R PR, W1 () (d) o,
BT 43 7 o] AR STMIE B st Rl %, (H 5 T &R BEHLHES
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WA 5 N ST

% Bz mEg(DFT)HHEIF L ES T7ECd
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PR THEAE A 1 T % FEVZ #K #2112 (Density Functional
Theory, DFT)JVASPE A, TH5H 1, RAPAW 5%k
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CHA. N T BRI LR W 1, BAT T T optB86b-
vdW T iERIE IE AR, H—ANH2ZEH13 AR4)/=8x8
[ LR AL CA(0001) e 1T T~ T 5 A W BE 152 B N
400 eV. #KAEJ HiMethfessel-Paxton /7 VB TF, midd
JEFEN0.2 eV, AT B X P IAR K T BT s KRR
BATRACFI R SOTHARL 25 iAb [ f i 2 Cd
JR 7 AR AE, R AT R R TR R T R i,
W SIORE FE 90.03 eV/A. Sttt i 25 18 T AR AR IEAE
F. FE TR A ZKIR RO T TOP, FCC, HCPALR, % bt
RE2rIN1.81, 1.89, 1.90 eV; Bt REZE HIFA K, ATbA
Cd(0001) F I T A8 B A ] 5 H W Bt A ). P, A
HCPALU . E2(a)Fl(b) 5373 N 22 43 Ha A 25 B (A N0
BURIARAR I, P A o8 0 XA F A 5 B 3 €
o> Fe o B fur 2 B k>, AT RUE H: (1) WP I IR TR
3 P A THT (6 e 77 ) ) P R Amr 038 0 T, BT DA 7

B 2 (M4 K )Pentacene/Cd(000 1) 5 1 2 73 o 17 55 1
K. (a) MUIALIE; (b) T

Figure 2 (Color online) Electron density difference of pentacene/Cd
(0001) interface. (a) Side view; (b) top view.

T TR AR, TR R IR RRRUE 1
PR, RIHASEHE, AT IE B STMIE i it
BB (2) WP G I 2K 45 9 i (Rl 0 ) PR L A 2
FEARAL AR S ): Fr v IR R, A IR, A
TE FL A AR .
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JF, BATT I TR TE 7 B JE AT IR K AR B ARG K
AT LVE BRI R ), BRAK A 1 5 A IR 2 TR FR AH
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KR EE 320 KN, & 6 3 2K 4 1 & B A P s HE
F, ABATYSRAT /D385y I 5> T4 T TR HE RS .
K3(a) & P HEFI S A 1 s oy HESTM MR, IR 2Ky
THEB A B AT 2R M BB, (2 AN AR T
B[], 0Bl e AR B . 2eik BLAE I 5 17 5 2 1 1)
KAH AT T-CA(000 )4 I fh1m). S AFIBEESE XAF
B, 53R <t a5 s 7 X, BN RS AP
NT, B HEEC NG =(9.4£0.2) A, a,=(27.5+0.2) A,
6=(90.3°£0.5°), 43T HIHERI% B H0.77 nm ™. 7ESTM
B, —AN RS A1.42 nmx0.42 nm,  1X
RSP /ANTFESFHivan der Waals)/N <} (1.42 nmx
0.5 nm), [KBLFATHHEWT, 2otk BHAE PSR T
DL S 22 A5 IR B PECAFR T, 431 LAS“TRI X T [ HEAR
T AT HES, ARSI T7 R T o F 2 B i n-nk
A B3I T R bl fa B 25 R L Sk
[20,21]53 A8 T PIAECu(111) R H A48 Ga®k
[T 1B o i 0 S G B U =) @7 A = = A ey A 4. 5
HEEM. AEAFRZ, AR TR L4, A

RG> T T etk fi B S5 RIS TM R 20 38 K, 9 nmx9 nm,
1.6 V; (b) “fffa & HEF 1 45 s i

Figure 3 (Color online) Self-assembled herringbone structure of

pentacene. (a) The high resolution STM image of 2D herringbone
structure of pentacene molecules, 9 nmx9 nm, 1.6 V; (b) schematic
model of the herringbone-packed pentacene molecules.
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B 4 (MR HEF =M. () HFHETH
S ELLER) T 4EE X, 20 nmx20 nm, 1.8 V; (b) “Hlf 4 1)
5P = R AR, 20 nmx20 nm, 2.6 V; (¢) FHE=
B EE M ISTM 43 HE I, 10 nmx10 nm, 2.3 V; (d) FHE=
R Al =

Figure 4 (Color online) Chiral clover structure of pentacene mole-

cules. (a) The 2D domain of chiral clover structure of pentacene
molecules, 20 nm>20 nm, 1.8 V; (b) coexistence of herringbone domain
and chiral clover structure domain, 20 nmx20 nm, 2.6 V; (c) the high
resolution STM image of chiral clover structure, 10 nmx10 nm, 2.3 V;
(d) schematic model of chiral clover structure.

A, 8 HSTMAERJ I ik vl BAS 3 9%
FAR ST FE = R T . B2 hF
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Bl 5 (W& ZEE
SRR TIEARAS. (a) BN HL H ko 2 A T = i RS A
I, 14 nmx14 nm, 0.9 V; (b) HARRIL O+ HOLLE I, it
A~ He bk, BS R, AR TR BLT R X
KA T WA B FEH4%, 14 nmx 14 nm, 1.9 V; (c) JhnH
JEfkit 2 J5, @M E T = s i, X R A
Bk A T FHEMAZ, 14 nmx14 nm, 0.6 V; (d) FHE=H%
SER RIS BRAA (14 7 R ]

Figure 5 (Color online) Chirality switching of the chiral clover
structure induced by the electric field from STM tip. (a) The chiral
clover structure domain before the voltages pulse. (b) A voltage pulse
was applied when scanning to the position of the red cross. Subsequent
scanning indicates that chiral switching from R to L enantiomer
occurred in the area below the cross mark. (c) The same chiral clover
structure domain as (a) after the voltage pulse, indicating that the
chirality switching occurred in the entire domain. (d) Schematic model
of the R and L enantiomers of the chiral clover structure.

AR I F I T SR B AF R m R, 3
ANFER AT AR, AR, KT
Y PR X 1) T AR O 0F 7S R AT — B QR R
LN, EAu(UTD)FRTE ) G T Fo-iE R ZE1E
T 5 B RN R AT LAAER AR ) SN e A 55 AR, £ Cu
(L11)FR [HI A1 15 1 (5 ) MR 1) 1k 45 i B 20 T B0 1)
B0, IS BE A A 45 R B B AT R
A ) & Rl A B 22 Cd(0001) %% IR (4 Tk 4 4 (CuPc)
T IR 45 4 T LLAE STMET 2R (1 FL 7 X 5 N R A4 F
PEFRARR?,

S 38 TR O BE 25400 K, ST = M 45

B DB R r R A A, nEle(a) . K6
(b)F ()73 T R FH 124 1 Rl 338 225 460 A 1 At = 1 670 4l
THISTM = 73 #E . A 7 7 K B #1147 T Cd
(000 1) 4} i (149 s ) ELAR IH MU G fECZR T, FRATTI &=
(0 9 T 2K B 2H 26 it 35 45 K 10 i 4% 5 0N ¢, =(8.0+
0.2) A, ¢,=(17.1£0.2) A, ¢=122.6°+0.5°. 43T HIHEF 2
JE80.87 nm ™2, AT P = AR N T 5.0%. K
6(d)&FF TR B A e i s M s = . SCHR[33]4kiE
T IR VUK (Tetracene) LA« /i X} /1 (Corner-to-Corner) [
TEAHEZIIS, P55t 2 8] (1 26 B FE 25 °40.48 nm;
PLeskX} 3k (Head-to-Head) 1 sCHEFIRS, #5430
2 A F 4 FLEE 25 M0.13 nm; - LL“JF 3£/ ”(Side-by-Side)
(T HEZI I, 5 43 H 0 22 8] 2 BB 29 °40..69,
0.72F10.73 nm =FhiEH. 8T =S 2] E6(c) 14 K
FR 21 rh o 2 A ) 3 B B ON0.14 nm, 5 SCRR[33]
HIE ()X KGOV A, BT DABRATTHEN 754 3 45
R IE TRy 1SR B Skons Sk HES T 2

Bl 6 (MZROR IR IR > T 3 HE R 45 4. (a) JF LA
HERE RS 454 (1) — 485 X, 18 nm=18 nm, 1.5 V; (b)F(c)7H
FE1.5 VAI-1.5 V¥ [N B 21 (% 45 2514 (K] STM i )
K, 10 nmx10 nm; (d) & )< K

Figure 6 (Color online) Close-packed brick-wall structure of penta-
cene molecules. (a) The 2D domain of close-packed brick-wall structure
of pentacene molecules, 18 nmx18 nm, 1.5 V. (b) and (c) are the high
resolution STM images of brick-wall structure acquired at 1.5V and
—1.5 V respectively, 10 nm x10 nm. (d) Schematic model of brick-wall
structure.
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Figure 7 (Color online) The di/dV spectrum obtained in pentacene
self-assembled monolayer on Cd(0001) surface, ¥=0.90 V, /=86 pA.
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Structural transition of pentacene monolayer on Cd(0001)

SHI MingXia, LIU Lei, TAO MinLong, SUN Kai, TU YuBing,
ZHAO LiJuan & WANG JunZhong

School of Physical Science and Technology, Southwest University, Chongqing 400715, China

Pentacene is a typical organic semiconductor molecule, which has important application value in organic electronics. In
this paper, the two-dimensional self-assembled structures of pentacene on the Cd(0001) surface were investigated by
means of organic molecular beam deposition (OMBD) and low-temperature scanning tunneling microscopy (LT-STM).
Three structural transitions induced by temperature were found. (1) Pentacene molecules form a disordered molecular
monolayer under the room-temperature deposition conditions. (2) For the disorder monolayer, annealing the sample at
320 K leads to the transition from disordered phase to a well ordered monolayer, in which two kinds of molecular chains
with different molecular orientations are alternately arranged, constituting the herringbone structure. (3) When the
annealing temperature is increased to 350 K, the herringbone packing transforms into a unique chiral clover structure that
has never been reported: three same pentacene dimers arrange into a chiral pinwheel structure. (4) Further increasing the
annealing temperature to 400 K, the chiral clover structure transforms into a common and ordered brick-wall structure.
With the combination of density functional theory (DFT) calculation, it is found that the change of charge density at both
ends of individual pentacene molecule is opposite, which indicates that the each pentacene molecule has the net dipole
moment. It is particularly interesting that the organizational chirality of chiral clover structure can be switched from one
enantiomer to another driven by the electric filed from a STM tip.

pentacene, scanning tunneling microscopy, molecular self-assembly, herringbone structure, clover structure,
structural transition, chiral phase transition
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