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Electromechanical Properties of Single-Molecule Junctions
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Single-molecule junctions have attracted attention for their application as
single-molecule devices and as model systems for metal-molecule interfaces in organic electronic
devices. In single-molecule junctions, the interface structure and molecular conformation change
reversibly, and the properties such as electrical transport and thermoelectric properties exhibit
tunable mechanical response. In this study, we investigate the mechanical modulation of
thermoelectric properties of single-molecule junctions by mechanically changing the molecular
orientation and the structure of the molecule-metal interface. We confirmed that the thermopower of
single-molecule junctions can be increased or decreased by applying mechanical external forces.
Theoretical simulations revealed that the t thermopower modulates in response to mechanically
induced changes in the metal-molecule interface structure and molecular orbital energy.
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Figure 1. (a) Molecular structure investigated in this study (b) Experimental sctup for the

thermopower measurement of the single-molecule junctions (SMJs). To compensate for the

thermoclectric voltage across the leads, a Au wirce is used to apply voltage to the heated Au

substrate, which is connected to the sample stage at room temperature. (¢) Example of current-
la voltage curves for a Cep-SMJ, measured at temperature differences of 0 K and 10 K.
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Figure 2. Distribution of thermocelectric voltage (Vi) for (a) Ceo, (b) BPY, (¢) PPD single-
molecule junctions (SMJs), measured at different temperature differences, Plot of peak values
of Vu in the distribution for (d) Ces, (¢) BPY, () PPD-SMJs, as a function ol tcmperature
diflerence.
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Figure 3. (a) Evaluation of the nanogap distance (i.e., tip-electrode separation distance) of the
SMIJ. The displacement of the STM tip (Z), tip bias voltage, corresponding electric current
through the junction as a function of time (b) Thermopower (S) plotted as a function of the gap
size for the PPD-SMJs measured at temperature difference of 15 K. The red points show the
average S values as a function of the nanogap distance (bin size: 0.1 nm). The dotted line
corresponds to the size of PPD molecule, blue line with arrows indicate the evaluation range.
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Figure 4. Relationship between thermopower (S) and the nanogap distance for (a) Ceo, (b) BPY,
(c) PPD-SMIs measured at different temperature differences of 10 K for Ceo and BPY and 15
K for PPD.
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Figure 5. Transmission spectra for (a) Ceo, (b) BPY, and (¢) PPD molecular junctions. Colour
lines represent different electrode separations.
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Figure 6. Calculated thermopower as a function of the electrode separation, for (a) Cen, (b)
BPY, and (¢) PPD junctions.
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