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Fig. 1. The schematic structure of the forming principle of
molecular junction in STM-BJ technique.
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Fig. 2. Configuration evolutions in the stretching processes
of molecular junctions: (a)-(d) Stretching and configura-
tion evolution process of 4, 4'-bipyridine molecular junction,
in which the 4, 4'-bipyridine molecule is adsorbed on the
surface Au atom of substrate electrode (denoted as System I);
(e)—(g) stretching and configuration evolution process of 4,
4"-bipyridine molecular junction, in which the 4, 4-bipyridine
molecule is adsorbed on the surface of substrate electrode
(denoted as System II); (h)—(k) stretching and configura-
tion evolution process of 4, 4'-diaminobiphenyl molecular
junction, in which the 4, 4'-diaminobiphenyl molecule is ad-
sorbed on the surface Au atom of substrate electrode (de-
noted as System IIT).
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Fig. 3. Energy, force, and conductance traces of the molecu-
lar junctions in the stretching processes: (a) Energy, force
and (b) conductance traces as functions of electrode dis-
tances for the stretching process of system I. The bottom-
left inset in (b) is the experimental conductance traces that
are reported in Ref. [53], and the top-right inset in (b) is
the results calculated by applying NEGF method. (¢) En-
ergy and force traces as functions of electrode distances for
the stretching process of system II and (d) system III. The
inset in (c) is the conductance traces of system IIL.
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Fig. 4. Spatial distributions of occupied molecular orbitals of System I (b) and System I (c) in Fig. 2 that are delocalized on the mo-

lecule and probe electrode simultaneously. The numbers in the figures are the orbital energy relative to the Fermi level (the unit is eV).
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Fig. 5. (a) Spatial distributions of potential of the system that the molecule adsorbs on the second gold layer of prob electrode

(system I (b) in Fig. 2) and (b) the system that the molecule adsorbs on the top gold of prob electrode (system I (c) in Fig. 2).
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Molecular junction stretching and interface recognition:
Decode the mystery of high/low conductance switching in
stretching process of 4, 4'-bipyridine molecular junction”

Suo Yu-Qing Liu Ran  Sun Feng  Niu Le-Le  Wang Shuang-Shuang
Liu Lin  Li Zong-Liang '
(School of Physics and Electronics, Shandong Normal University, Jinan 250358, China)

( Received 10 August 2020; revised manuscript received 30 August 2020 )

Abstract

The high/low conductance switching in stretching process of 4,4'-bipyridine molecular junction is a
distinctive phenomenon in molecular electronics, which is still a mystery and has been unsolved for more than
one decade. Based on the techniques and processes of experimental measurement, the ab initio-based adiabatic
molecule-junction-stretch simulation (AMJSS) method is developed, by which the stretching processes of 4,4'-
bipyridine molecular junctions are calculated. The conductance traces of the molecular systems in the stretching
processes are studied and the mystery of high/low conductance switching in the stretching processes of 4,4’-
bipyridine molecular junction is decoded by using the one-dimensional transmission combined with the three-
dimensional correction approximation (OTCTCA) method. The numerical results show that, in the stretching
process of 4,4'-bipyridine molecular junction, the upper terminal nitrogen atom in the pyridine ring is easy to
vertically adsorb on the second gold layer of the probe electrode. At the same time, the molecule produces
unique lateral-pushing force to push the tip atoms of the probe electrode aside. Thus, the high conductance
plateau arises. With the molecular junction further stretched, the upper terminal nitrogen atom of the molecule
shifts from the second gold layer to the tip gold atom of the probe electrode with the tip gold atom moving
back to the original lattice position. Consequently, the conductance value decreases by about 5-8 times, and the
low conductance plateau is presented. According to our calculations, the phenomenon of high/low conductance
switching in the stretching process of 4,4'-bipyridine molecular junction also indicates that, single surface gold
atom often lies on the surface of substrate electrode. Moreover, the phenomenon of high/low conductance
switching can only be found when the molecule is adsorbed on the surface gold atom of the substrate electrode.
Thus, using conductance traces measured in the stretching processes of molecular junction and with the help of
theoretical calculations, the interface structures of molecular junctions can be recognized efficiently. Our study
not only decodes the physical process and intrinsic mechanism of the high/low conductance switching
phenomenon of 4,4'-bipyridine molecular junction, but also provides significant technique information for using
pyridine-based molecule to construct functional molecular devices, such as molecular switch, molecule memory,

molecular sensor, etc.

Keywords: single-molecule device, 4, 4"-bipyridine molecule, molecule-junction stretching, high/low

conductance switching
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