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Abstract

In this paper, we studied the effect of molecular flexible side chains on the supramolecular coor-
dination self-assembly on metal surface, by using an ultra-high vacuum-scanning tunneling mi-
croscope (UHV-STM). The organic molecule L is composed of a carbazole skeleton with two pyridyl
group and a tetradecyl side chain. On the Au (111) surface with predeposited Cu atoms, the mole-
cules L coordinate with Cu via the pyridyl terminals into chains, while. STM study shows that the
tetradecyl side chain of the molecule L oscillates on the surface due to its thermal energy at room
temperature. Analysis based on high-resolution images reveals that the steric hindrance caused
by the side chain oscillation regulates the arrangement of the assembled metal-organic coordina-
tion chains. This experiment is of great significance for understanding and using the flexible side
chains in the surface self-assembly structure.
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FEARTC, RAEBBHAZ - FRIBEE 848 (UHV-STM), BT 4T RN (flexible side chain)
74 R RS TRLAL E AR . ATHLS LA 2 (pyridyl (py)) HOPE e B 301 — %+
MR, ERETRT CulAu(111)EE b, 4L LS py-Cu-py R R B REE . STM
BIER, S FENATLE+ I i T B S ST E R R A S . SCI RO i
B3 51 #2232 LB (steric hindrance) B RSO R & R HURLRL 5 T4 IR BE . A S0 T B4R AT
R T M R TE 2R T B 2185 45 R P AL R X

KA
PHBEEME, B2 TEHR, SRAENLTRA, A
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1. &t

MAGORFBHEAEIR 2 S0 A 2] 2 A, BRI 297Kk ([2] [3] /KEEA[4])5%.
5 A A1) 4% SR T SR B I DR PE R R A AR 34 [5]. 807 B 2% 2 7 7 (BUE ) Ild i
S, WER/REER . SRANECA IR R 2, S ARUUN. A IRIE 5 2 S 5y
TEER R RR[5] [6] [7] /R 4@ 2R A2 BR (M AE 4 1 F 4135 55 = 4k (AR SR e 2 T4 5 A R 2 R 47
EAE, HRR Y Z RS 7 B AR R0 DU H — R AR THRIME AR, 15309857801
JRIRIRERAE B, X R A =4 5 1 B AR A G B . R, 4EZ IRAH 1 B AR L
ZHZ T A BB ——2 FS5RREER 7, B £ 00 HAR 2 5 4% (8] 52 FRAH 5 H#T i #AL
ReME, BT MR L. & B A VLR e — R 91 (0.2~2 eV) [81RIAELLaE, [Hitk
HEHAEEMILERE . T+ 2R H 48 A WA 7 R 1 B 425 MRS IR 2 (8], i S. L. Tait %5
ANFIF py-Cu —H AL 77 AE Cu(LL0)4ef ik AR —4E 5> T4E[9], D. Kihne % AFIFH-CN-Co —HE {7
75 RAE Ag(L1L) T BRI T —4Eig BRZE#I[10], . 1. Urgel 25 AR H]-COO-Gd DY & it fi7 J5 3074 Cu(111)
R FR T T MR AR [11] . B TR K& AR ECAL F A3 T AR, 4 Rt —Se it A A )
[8]o FRATAT LA FH xS i o7 U, 3 iok e P Ay 4 R AT A 43 TR IR LA B A3 S50 . BRIk Z Ahid
AR Z 5 R BR80T, AR R[12]. II guest 43 F[13]. 484> 178 d5 %6 [14]
%,

FEASCH, FRAME B s B - R E BB (UHV-STM), WF7T T 2 T 2 M BE [15]% & J@ 1
TR H AR HEEER . AP T L2 7-di(pyridin-4-yl)-9-tetradecyl-9H-carbazole) H 7 it g 3 4]
(-py) AT HE IR BT — 2% 0 e SNV A4 (L P ()i fd) . ZETSRUIAR T Cu 19 Au(11D)im b, 41 L
A LUl py-Cu-py Fifi g sGERRSE. STM HF R ER, =ik FENT L D0k i4E T H 5 #6E
TEA AR TH] 48 50y o SO0 R LI ol b (M 1) 428 20 51 S 11 2 A1 [ (sterric: hindrance [15]) %08 B i 4% 4
JE A WU 5355 1 TRT B
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Figure 1. STM diagram of self-assembly of flexible molecule L and Cu on Au (111). (a) Cu islands
on Au (111). The image at lower left corner shows the molecular structure formula of molecule L. (b)
Molecule L and Cu atoms are self-assembled into a chain structure. (c), (d) high resolution STM di-
agram: the letter “Cu” represents the Cu islands on the surface of Au (111), and the letter “I1”
represents molecular chains in the stationary state, and the letter “I1” represents molecular chainsin
the moving state. Tunneling parameters: (a) U=0.8 V, 1 =200 pA; (b) U=-1V, 1 =50 pA; (c) U =
-1V, 1=50pA; (d)U=-1V, =50 pA
Bl FM2F LS CufE Au(11l) EERMIB4EER STM El. (a) Cu B7E Au(111)3RE, LiEE
AGFLEMR; (b)L73F5 CuRFEEARAEREH. () (d) SAHENSTME: F8
“Cu” FR7x Au(111)FREM Cu B, F& “I” RRFBILRTSHS 7, F8 “I1° RRSER
SHIDFHE. STM & HE: ) U=08V, 1=200pA; (b)) U=-1V, I=50pA; c)U=-1V,
I=50pA; (d)U=-1V, I=50pA

2. SLAE

SIG YA AE v A R R 5 B4 (UHV-STM, Aarhus 150, Specs GmbH) & 4: 11317 . UHV-STM %
GE TAFSURAE 3 x 107 mbar 7o, T 5 5 SR AS S Au(L1) 458 2 V0 Ar+ 5% ol Ao JBS 2 T AT A
JEIE k AbFH (800 K, 15 min) 3 £Iff). FEMAEEI=IES, FAANS FRAERBIEAIS T L ISERR
ARBWIREM « Z5EALE Cu JE R H 7 R 2 R IR 2SR B IR R 1 o AR T B2 7 AR e 3R
LA EAE I IRIIREN T H R A — 2 IS5 . BT E I STM BI#RE I (~20°C) I STM LAELEE AR
X FHERM.
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3. SEWERSIR
31 4FLE CulRFE Au1)RAEMNBAR

TERCHT- 4 1) Au(L11) R THYIAR Cu JRF, AT LAE 2 Cu JET7E Herringbone 1125 A AL REAERK &, 4nl&
1(a). [AIIF, herringbone Z5#4) &5 Au(111)Z% 1HI (1) &a (A1 AHOC 1, FRATERI LA E 1 Au(111)3 [ ) & 77 1m) (O
Kl 14 Bf). 7EE L@FTRIFES EZRTUR L 57, SEIgs Rankl 1(b). KGR AN LA 21K
B EFRIRZE A LA AL TP AT 07 078 25 E Au(L11) R . HT py-Cu HIFCAL/EFI[16] [17], oAl T4
XEERIREE M5 7 L 5 Cu JR Filiid “Cu-py-Cu” HEBE BN 4r T8 . 1EiZFEM T, Cu B8 o5 R,
BT 5 2 FECAL A AMNSTM BIR BoR), R EAZELEZ R 1K Cu B (1 1(b) o FH & B LR AE R 43 Cu &)
A LUE B BERGS M 2 AN Cu Byl G A A K I — E ) . B AF A SR “Cu-L” 3 THELE
IR ERBEEAT H, XEAATTH SRR =A< T 0> 51—, M 2H5E S5 M 77 18] 5 40 5 i 16 1)
JEE—FURT DLW 73— 5 4] R T AR B R B 23 5 e 21 T B BRI 18]

2B, FAVED X STM & 1(c)h KL, o FEEAMFHEIRES. £5 1(c), E1d)+, F
B “Cu” /8 Au(111)3RTH Y Cu &y, F+8F “ 17 FoR—4e TR RS, 78 “117 Rox—4E0 1
HEMIZEPIRE, A EAREAIRER. W STM B FE BT IDIRES I — 45 TR, X2 STM
FH T AR T mnEE B 4 T BB G5 R . X AR STM BT, 1321 EHE AT UL 2 BLE —
DTAFEN R Z MG B — A SRR Z A m, ERTRRA R — K4, WK 1(d)H ot LR HE
Pt PR X ek ) e 2R S PR R IRBN I S . SR bR EREANGE XN RA 4 %078, CRHSGHEL RS
o REHWI D TR TARENNE, PEI»TRELETREN 1S, ERRSTHERENEES T
PN, (ERT LA FRERITESOR IR T 5052 T4, Bl 1(b)rh R 250518k — 2 1 E B,
AREIMIEWR 134, AT LLAE 2B XL ESM L. 7 TR TE s RS EE 2 57 136
KT AR ER S 2 T2 A 2 1 RE s, XFE T v] LA 4 2 754 K L83 [6]. Fr LATE—Left
FLHIE K B H2% 1 13 Re AT DUE SR LR TR BSOS 3 14y 1, BIA0TE B 2 3 S0 Hr ol R BOR K+
B RIR S 5 R AR IX AN LR [17] [19] [20]. Cu BihZk o T2—1%, XRRE NS Cu BHERR L
I3 T3 (M e B B SR ) AE Cu B BT (A 1(c), P A(d)). MEMRR AN 1(d) R R 1 B, ket sEdn
Kl 1(d)H e 2 frw .

WIRTSCATR, M B 225 4544 (1) 7 11 -5 AeF JE e o R 2 s 17 £ — 502 T CAHE W 20 5 4 i Tm) FR 4 Y Aot
HABLEMED T EBEEH[18]. TATELEMFE LM FHE—— T K, o PRSI R, W
K 2(a) & 2(0) 4 B2 A [F R ~T (0 7 b v S 1 STME BRI AR O 2 RS R ] . ] 2(a) 9 STM I I45-43
FHERI I (Cu-L-Cu) v 1.88 nm, 4 THEIE]#E(Cu-Cu)ly 1.02 nm. 7 A1 (] 2(b))IEFLALIT Cu JE-T#8
BT AR bridge £7, SXAFER AL KILF AL 2 B A 7100 T AH [F A IR B A2 L, T BLBERF & STM Il &
1B X 4 S T o B R Y 8 R A e — o Pl 2(bo) RO ASE 78 ] ] 3 3 A JES P A A i B——2.88 A 5
5y FEER A (Cu-L-Cu)ly 1.87 nm, 4 FHERIRIEE(Cu-Cu), tH2TEE T 485 1 LA, 4 1.00
nm. A LAEAME S EEY A, BEALR G, E 20) P HEERE AuQl)HRKSE—EET, &
AR [ PR B Au BRI AT IR T 2.88 A, X RLRST (K14 T AR PR B4 JeS - o 3 BL 4T85 28 v ()
LB RTE R HIE T =TT RS 1) WEEEPEL H R T AR, 2) MIEEE STM B
SEBRAE L 3) MlEE N Rege C-C MLz, 7E14] 2(b) e H RIRERL b 5 IR FTE L 20T 7E4T I 1 Bt o7 2 45
FAFL, [0 T 85 R A AR 27 BRAR T TR0 AH S5, LA 70 A IS P W P BBt R R0 ) o SRR 114 4 [ PR B e e
() A2 AT SR 231 I BRI A o MRS DL b, FRATIRAUE 74N 737 (FUAL R 1) S54SR A BAR R RE 150+

BT
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Figure 2. An STM image and a model image of state I. (a) The molecular model im-
age of state | is on the STM image. Molecules coordinate by Py-Cu-Py style. The
green rectangle indicates that the cycle of molecular chain is 1.88nm, and the distance
between molecular chains is 1.02 nm. (b) Model image of state | and Au (111) sub-
strate. The green rectangle indicates that the cycle of molecular chain is 1.87 nm, and
the distance between molecular chains is 1.00 nm. Tunneling parameters: (a) U = -1
V, 1 =50 pA

2. 17589 STM EILARAERE . (a) 7> FREEKE 17589 STM B L. 5FEfL
FHRA Py-Cu-Py, REBKSHAEIRTR T 57 FiEi AR 1.88 nm. 5 FikiE)ER
1.02nm. (b) | 555 Au(L1D)M REMREIE., FEKAMIERRT S5 FHENEEA
1.87 nm. S FHEEIEEH 1.00 nm, A LAREFRSEE. STM 3EEME: () U=
-1V, 1=50pA

K 2T LSRR 1 L B AR S, T RTHMEMAE, W 2) U4 B a2 hx
1AL IR ) A PR RN N RTINS, T ARTES A C R4 E . N. Hauptmann 25 A —
T TAE A XA EL G5 T A B [21] o ATV R BT FUTR B R L5 3 =4 C JEFFIAH
AR ER) H JE A BRHE AR AR C R SRR T 1n) b 40708 1 HEH B B4 R R 1H 5 4 A A
HAER, $£=4 CET 5 A C JFFRKE gauche AL T A Bl 7. @25 Ll 5 STM
BRI EE RIS A C IR P55 =4 C R AL BEX R T STM Bl 4, il 2(a).

wm EATA, LTS Cu i AAZREBANEL ) T4, KREHW S TR T IA, DEST
AT 17, NHEATRAATHS AN, RIS FEMRESS ST L IEERRSHG. 18
T BB GBI b = A2 AR ) st T X3 B 2(a) i 2 s g 2k, TTAS I S Ak T ax P2 5l
W& E L PR R T AR TREERRER RS . Bk, L - FEE RSN o185k 13
e LA MARE . K 3, BORG TIIREMIAE, (R RZH 0y T E Rk, A4
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Figure 3. STM image of state Il. The bright approximate circular regions are Cu
islands, and the rest regions are the molecular chains in state 11. The size of STM
image is 60 nm x 60 nm. Tunneling parameters: U = -1V, | =50 pA

E 3. 1175/ STM B, =RIEUEFRXIERE Cu &, EKBAE I SHSF
#. BRF: 60nmx60nm. STM 3 3%M: U=14V, 1=50pA

SRS T M5 THERPE RS 2 OX B2 S0P BB B0 TREMINL ). 3 Hh il (o iR 2R A g 3£
RO TREMIALE, 1AM FEEMEE al 4 1.02 nm (& 2(a)), TSm0 THEREE a2 44 2.0~3.0 nm, ]
W,oa2 th al K2 . MIE 3 ] LLE TS o0 T4 (RIS 1 sl B sl o 0%k, Bt LA BE 1 77
X o3 (R R R B AR A o X B EE X S5 MRS i AT H. Cun S5 AR A 0% 51 RS A7 BELx B 4 3
SEREAT R [15]. H. Cun BRI 738 R FE 3, Mafir=4A7H (steric hindrance), Eff%E -
o AR R A SIS U E 4B o TS E = IR T B — EMAEe S8, AREW Ry FE &
R & A7 BH o

3. &ig

AXHMMFRIED T L5 Cu i 74E Au(111)R il Py-Cu-Py BUr 8 SCHL 1 @A MLy 788 H 412%E
D TEAERR EAPIARGS: — DRI TARREN 1, B MRERmEsm s, 185+ L
FE Cu BT AR AR R ML, NI RE 53 T RE R = A7 115 Au(Q10) 4 B =4 <110> &k ) —
Blo 2 WERIIELE 1 AM> TEER RS 2, IXRBN LA 70 78 (36 1 Rl iR sh (16,
XSGR P RS A AL RHAE 7T BERR T o S50 A I Al by 0 PO 428 30 5 S ) 22 T A5 FEL 280 ML RE A% 1 422
eRAHEAL > TR EE .y LAUEE A A2 AE XS 70 T E IR B AR 2 1A A, IR P 00 42 5 4 4
THE A DU B A EEA N7 10 B 4L b o SXAOM T 237 U BE X B 2H e 45 b ) i P24 P e EEAE oAt
KA B AL T, I dE 2 FLAMZR SR R, BEAT AR Z T -
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