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1. BT STMBJ (UE8-F & 1788 7R an oS B S BRRR L (ETTR%)
ARG T STM F5b % AT BMOR K, 7 el 2 el K A 18 T8 i H A0 iR
LTI, AN R RTIA 10 pA/V ~ 5 pA/V, HEESEE RSN TH
SENEMFER, RGEATEMER 4.4-BH0E S 7B S 8AE, Frish S
HREAW ARG R —8G EMIER B, BEOLKRZRME RS, WLt
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2. KJE THT jump-to-contact AL HLALE: STMBY 7%, M THE Ag
EREFEIF R HETHES. EIEX I jump-to-contact 1 crash-to-contact
FRRLE] M g R R 72k R S EM XA, ATE M e TR RA RIE
), AgETFHSEN1. 2. 3 Go (Go=2e¥h) ; Ja& MK AgJR T2 450 A1
i, BB Ag BTSN 1. 2.5, 4 Go, HFHIHBENETHSME, H
AT ETHSEERFRAEMZENKR.

3. WA TERIEMEE. I STMBY S I(s)BAMN T 1 itne & hfg
W51 IR T ST RANNED T BERES T I ariis 1T
N, XSy AT AR AR (1 43 F AR BUE AR D 43 T A A IR R SR B (building
block). P uffi: (a) XFHL TG HRAARXTIERERE > 1 L S E IS, Ag B
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MLt Au FHARIIAZI 20 7 U SEAR, (HES TERRMKEEK. b)) A K n
SEFINNRATAE R 2D ARG EY, MBS TERME RS S TS5
B2 AR R (o) & B M AR T [2,2]-paracyclophanes 73§ n-n
stacking FJHL ST, 75 Au HEAR LS 7.5 mGo, Pt HLAR LA 0.4 Go, BK
1) H1 FE #R BH[2,2]-paracyclophanes 73 Y] m-m stacking X FLf7 (5118 /& 70
FI . (d) FERAEER T T A FBACRA B W ERATEN T, BToT
HEARFKEMILGMN, 85 TFHES9 %8 14aq (4.0 nS) > 15aq (2.1 nS) >
26aq (0.68 nS). [FF, RERS T HARLFEAIE R AT, 7EI0 RS %
FRAEHEIE A AT B R JE 020 7 14aq r. 15aq r A1 26aq r, FRSPAE 23 B8 I0 £
300, 145 F1 55 nS. BEERATAEY 30 RS SAMS I TECLEORAIFE 70~80 £%,
B SE B A 4 T IR RIIEE R FME . () 18 1) ik 7t T — R 5 =Bkt
WERCAL AT B AN G TS, SEI TR I TR L SE Ry T K
FERAFH, x5 e B A R A A B O, S FAE R AR A —
SE VRN LA R T A S8 b A oy T 25 B R ¢ . BARIX — R 507
HA B @O E @O, AT 27 B850 7K MR R K
REDFEHCER R, HIRAKN 1.5 nm™, XEHTHIEAHEE TR FH
H,

4. FHHFEERI . BT eH& STMBI i 78 3R 1 45 B C(SPR) X B %
AL SR, $ S T CHEAC A B oy T A5 B0 TTIE, FERFIR-FE A & LL RO
TEFITEX S FE A% (PATP, 0.3 mGo) 4 F Hdr I 2 AR B =8 EOR AT A
7 HE (DMAB, 4.3 mGo) , MHTIKFERANFEARE SPR KB R L
RPERE . F38h, BRI DMAB 737 ) N=N XU ALE R AMG IR T & A
SR, MR EAARNER R SE, FFRLAR 3.

5. “E N RS TR BN LR SR ERE, L
THAFTIBEM A ROR AR, AN SCRI T Ak 2% 080 i 75 260 ER BT IR 1) 7 VE R Au-C
EER T2, FHl G 802 i Sonogashira [ N AS ikl & £, HEHE—
i Au-CHLANERE S — i ZBERIE (Bl BRI EBM 145, 1(s) 7k
FrFEEH S0 083.0M14.4 nS. FAh, TEXCRREL TR LG R A SRR K
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Abstract

Atomic wire and metal/molecule/metal junctions (molecular junctions) are the basic
units of molecular electronic. Such heterojunctions show special features of quantum
transport. How to build those molecular heterojunctions and to characterize their
charge transport and explore the influencing factors are the currently important
research contents in the field of molecular electronics. The technology of scanning
tunneling microscope break junction (STMBJ) is one of the most extensively applied
methods for construction of metal atomic wire and molecular junctions. STMBJ can
quickly and repeatedly construct the heterojunctions and collect a lot of conductance
curves for statistical analysis. Furthermore, STM also can be used to carry out the I-V
characterization. In this thesis, by using STMBJ technique, we study the quantum
conductance of silver atomic wire and a series of molecular junctions. Furthermore,
by combining a laser excitation system to the STMBJ setup, we explore the
interaction between light and molecular junctions and study an SPR-driven surface
catalytic reaction. The main research contents and conclusions are outlined as follows:
1. The improvement of the platform based on STMBJ setup. In collaboration with Dr.
Zhaobin Chen (Xiamen university), we extend on a commercial STM instrument,
the data acquisition channel and current collection range by changing the
preamplifier circuit so that the current detection range can be enlarged up to 10
pA/V ~ 5 nA/V, meeting the testing requirements of for recording the conductance
of both metal atomic wire and molecular junction in one experiment. By using 4, 4
'-pyridine molecules, we tested and verified the reliability of the system, the
results being consistent with most of the other groups. Thereafter we update the
STMBJ setup by combining optical system and observation system. The updated
platform can operate under laser irradiation, which lay a foundation for
construction of heterojunctions and for study of interactions between light and
molecular junctions.

2. Development of the STMBJ method based on jump-to-contact mechanism by
electrochemical means for the construction and study of the quantum transport of
Ag atomic wire. By comparing the methods jump-to-contact STMBJ and crash-to-
contact STMBJ, it is found that the former method creates well-defined crystalline

atomic wire and Ag quantum conductance of 1, 2 and 3, integer times of Go (Go =

v
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2e%/h), can be obtained; While the latter method creates defective Ag atomic wire
andthe Ag quantum conductance at 1, 2.5, 4 Go, which are not multiples of
quantum conductivity value. The results reveal the relationship between the
atomic structure and quantum conductance.

To explore the influencing factors of molecule conductance. By using STMBIJ or
I(s) techniques charge transport of molecular junctions are studied including the
pyridyl molecules, the paracyclophanes, ruthenium metal organic compounds and
anthraquinones. Those molecules can be used as a potential building block for
molecular devices. (a) We use gold and silver electrodes for testing pyridyl
molecules electron transport behavior. It is found that the conductance value is
lower by Ag electrode than by Au electrode, but the step length measured by Ag
electrode is longer than by Au electrode. (b) The 2D conductance histogram of
porphyrin derivatives shows the relationship between conductivity and
configuration during the stretching process. (¢) The conductance of [2,2]-
paracyclophanes measured by Au and Pt electrodes are relatively high, which are
7.5 mGo and 0.4 Go respectively, revealing that charge transport is very good in
intramolecular n-m stacking of [2,2]-paracyclophanes. (d) The conductance of
anthraquinone derivatives molecules in electrochemical environment are also
studied. The molecules have different substituent positions, leading to different
length and conjugation, their single molecule conductance are respectively: 14aq
(4.0 nS) > 15aq (2.1 nS) > 26aq (0.68 nS). Anthraquinones at reducing state are
better conjugated and their conductance value increase to 300 nS (14aq_r), 145 nS
(15ag r) and 55 nS (26aq_r) respectively. Their conductance ratio of reduction
/oxidation are about 70 ~ 80 times. (¢) By using I(s) method, a series of ruthenium
metal organic compounds are studied. Although this series of molecules have
single or double metal centers, the relationship of their molecular conductance and
molecular length is still rendering exponential decay, the decay coefficient  is 1.5
nm’!, indicating their charge transport matching the tunneling mechanism.

. Investigation of the influence of light on the molecular junction. We present a
mult-functional platform to study the plasmon-driven chemical reactions and
dynamics at single-molecule level. We can detect the product of p,p’-
dimercaptoazobisbenzene (DMAB, 4.3 mGo) on a p-aminothiophenol (PATP, 0.3
mGo) modified Au(111) surface under laser induced plasmon-driven chemical

reaction. The tip - substrate coupling interaction with p-polarized laser can

A%
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produce strong plasmon that effectively drives PATP to be oxidized to DMAB. On
the other hand we found that there is N=N double bond in DMAB molecule which
becomes cis-trans isomerism under UV irradiation, the conductance ratio of the
cis/trans isomers is about 3.

5. Development of "bottom up" construction of molecular junctions based on
molecular assembly. (a) By electrografting diazonium salt on Au(111) surface, a
molecular layer with Au-C binding is formed. A subsequent surface Sonogashira
reaction modification of the end group of the asprepared molecular layer leads to
attachment of, forming a molecular junction with Au-C contact and acetyl thiol (or
ferrocene) end group. The molecular conductance measured by I(s) method were
3.0 and 4.4 nS. (b) Octdithiol modified Au(111) immersion in HAuCls solution
form metallic nanoisland (~10 nm)/octdithiol/metal junction, characterization of
the structure by STM, XPS and I-V test. This method is much more convenient
and avoid damage of molecular layer and short circuit problem compare with the

electrochemical reduction.

Keywords: molecular electronics; Silver atomic wire; Molecular junctions; Quantum

transport; Scan tunneling microscopy (STM)
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