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Controlling Surface Dynamics by Vibrational Excitation of a Single Molecule
—Acetylene Moleculeson Pd(111)—
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We report the control of surface dynamics of individual acetylene molecules on Pd(111) at 4.7 K, which involves (1) de-
termination of adsorption sites of the molecules, and (2) inducing rotational and hopping motions of acetylene by excita-
tion of specific vibrational modes through inelastic electron tunneling process. Topographic STM images of an acetylene
molecule on the Pd(111) surface revealed that the molecule occupies the 3-fold hollow site as the most stable adsorption
site. When the tunneling electrons were injected, the molecul e rotated among three equivalent orientations with two thresh-
old voltagesat 0 150 mV (00 150 mV) and at [0 370 mV (O 280 mV) for C2H2 (C2D2), which correspond to C-C and C-H
stretch modes. On the other hand, when the higher electron energy was applied, the molecule showed lateral hopping mo-
tion to the adjacent site in addition to rotational motion. The threshold was obtained at [0 370 mV (O 280 mV) for CzH2
(C2D2). The apparent energy dependence of the efficiency of the dynamic motions and the strong isotopic shift indicate that
we can control the rotational and hopping motions by the excitation of specific vibrational modes of a single acetylene
molecule.
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(c)

(8) STM images of the acetylene molecule adsorbed on Pd(111) obtained with (a) normal bare tip (1:0 0.8 nA,

VsO 20 mV, scan area: 1.2x 1.2 nm?) and (b) a molecular tip (It0 0.8 nA, Vs 20 mV, scan area: 1.0x 1.0
nm?). The white dots represent the positions of Pd atoms on the substrate. (c) Schematic drawing of acetylene
on the Pd(111) surface showing top views of the molecular adsorption site and configuration consistent with the

STM image.
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(b)

Fig. 2. (&) STM image of 6 acetylene molecules adsorbed on Pd(111). (1:00 0.827 nA, Vs 20
mV, scan area: 5x 5 nm?) (b) Schematic diagram of acetylene on Pd(111) showing 6
orientations.
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Hobboobbboboobooooobooonn Fig.3. STM images obtained (a) before and (b) after rota-

nomooooooobboooobobooonoooo tional motions (110 0.827 nA, Vs 20 mV, scan area:
0000000000000 00000o0o0oooon 3x 3 nm?). The asterisk shows the position of the tip
0000000 while injecting tunneling electrons. The acetylene

3 molecule was rotated by injecting tunneling elec-
000000000000 0000000000Y0 trons. (c) Tunneling current during a 160 mV voltage
30000000O00oooooooOoooooooog pulse over an acetylene molecule (4 nA for 19).
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Fig. 4. STM images obtained (a) before and (b) after hop-
ping motion of the molecule (1:0 0.827 nA, VsO 20
mV, scan area: 3x 3 nm2). The asterisk shows the
position of the tip while injecting tunneling elec-
trons. The acetylene molecule hopped by injecting
tunneling electrons. (c) Tunneling current during a
380 mV voltage pulse over an acetylene molecule (4

nA for 0.59).
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ple bias voltage.
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(a) Rotations and (b) hoppings per electron for both Cz2H2 and C2D2 at 4 nA as a function of sam-
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ple bias voltages. The lines in both graphs correspond to the linear fit using the least square

method.
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