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Fig. 1. The initial configurations for 4, 4’-bipyridine con-
necting with different gold electrode: (a) The molecule is
connected beside ideal pyramid-shaped gold electrode (sys-
tem I ); (b) the molecule connects with the gold electrode
in which only the top two layers of Au atoms form pyram-
id shape (system II'). In this system the third layer of the
electrode contains more Au atoms which form a platform;
(c¢) the molecule adsorbs on planar-shaped gold electrode
with a single Au atom on the electrode surface (system IIl');
(d) the molecule adsorbs on planar-shaped gold electrode

without single surface Au atom (system IV).
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Fig. 2. The structure evolution processes for 4, 4'-bipyrid-
ine moves away from gold electrodes with different tip geo-
metries: (a)—(d) System I; (e)—(h) system II; (i)—(1) system
IIT; (m)—(p) system IV.
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Fig. 3. The energy and force traces for (a) system I, (b) sys-
tem II, (c) system IIT and (d) system IV with 4, 4"-bipyrid-

ine moving away from different gold electrodes.
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Fig. 4. The spatical distributions of part delocalized occu-
pied molecular orbitals for system I, system II and system
III. These orbitals are both delocalized on the molecule and
electrode. The figures in the brakets are the total numbers
of the delocalized occupied molecular orbitals and the orbit-
als which have contributions to N-Au bond.
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Theoretical study on mechanical evolution process of interface
between gold electrode and pyridyl anchor group”
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Abstract

Pyridyl-ended molecular junctions show high and low breaking forces successively in formation process and
at the same time exhibit intriguing conductance switching behaviors. To understand the forming process of
pyridyl-ended molecular junctions, the interaction between 4,4"-bipyridine molecule and gold electrode is studied
by the ab initio-based adiabatic simulation method. The processes that the molecule moves away from electrode
tip with different contact configurations are simulated, and the molecule-electrode interface evolutions, energy
of the molecule-electrode system and the force between molecules and electrode are calculated in the
simulations. The numerical results show that during the molecule moving away from the pyramid-shaped
electrode, the pyridyl is easy to vertically adsorb on the second gold layer of the electrode tip. In this contact
configurations, the tip Au atom deviates from the original position due to the lateral pushing force of the
pyridyl. It needs about 1.3-1.5 nN stretching force for the pyridyl breaking from the second gold layer and
switching to the tip Au atom, which is evidently larger than the force of 0.8-1.0 nN for the molecule breaking
from the tip Au atom. This result is well consistent with the experimental observations, which thus reveals the
relationship between the interface structures and the stretching force in the formation process of bipyridyl
molecular junction in the experiment. The interaction between 4,4'-bipyridine molecule and plane-shaped gold
electrode is very weak. It needs no more than 0.5 nN for the molecule breaking from the plane-shaped gold
electrode. However, when the molecule adsorbs on the single Au atom which is adsorbed on the surface of plane-
shaped electrode, the molecule can sustain 1.7 nN stretching force. Our study shows that the ab initio-based
adiabatic stretching simulation method can not only reveal the geometric evolution process of molecule-electrode

systems, but also identify the specific contact configurations between molecule and electrode.

Keywords: molecular device, molecule-electrode interaction, interface configuration evolution,

4, 4"-bipyridine molecule, atom-scale structure identification
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