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Abstract: Utilization of nonbonding conformational locks (NCLs) to enhance the electron mobili-
ty of solar cell materials and the photovoltaic conversion efficiency of the devices has been widely ac-
cepted. Currently, studies on the working mechanism of NCLs were mainly based on macroscopic ex-
periments, while the regulation of charge conduction mechanism by NCLs at single-molecule level
was rarely researched. In this paper, single-molecule conductance measurements of organic conjugated

molecular systems containing NCLs were performed using scanning tunneling microscopy (STM) to
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investigate the effect of NCLs on intramolecular charge transport at the single-molecule level. It

showed that NCLs could promote intramolecular charge conduction by planarizing the molecular con-

formation and modulating the molecular band gap, while DFT calculations could confirm that NCLs

could furtherly enhance intramolecular charge conduction by establishing additional tunneling channels.

Therefore, the results of this study provided a theoretical and experimental foundation for the design

of high-efficiency organic photovoltaic materials based on NCLs.

Key words:single molecule measurement technology; scanning tunneling microscope; nonbonding

conformational lock; a model of molecule organic conjugate
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Fig.1 Conjugated molecules with conformational lock
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Fig.2 Conjugated molecules with the S---O conformation
lock:DT-B, DT-CB, DT-OB structures
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Tab.1 Electrochemical potentials and energy levels of the

molecules and experimental conductivity data

Eo'/ E,/ HOMO? LUMO/

KT X/om eV eV eV eV G/ns
DT-B 324 1.38 3.33 —5.65 —2.32 6.3

DT-CB 289 1.7 3.16 —5.97 —2.81 12.6
DT-OB 357 1.1 3.1 —5.37 —2.27 22.3
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Fig.3 Conductance measurements
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calculation
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Tab.2 Calculated torsion angles, molecular orbital energy levels, band gaps, conductivity values, and S: - O spacing

between the two thiophene rings

BT A /() HOMO/eV LUMO/eV Gap/eV G(X10 *G,) S—O/nm
DT-B —26.39/26.39 —5.45 —1.41 4.04 1.5 —
DT-CB —49.73/49.72 —5.71 —1.81 3.90 1.96 0.28
DT-OB —21.77/21.77 —5.00 —1.30 3.70 2.25 0.27
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