Force-Induced Inversion of Bowl-Shaped Molecule Sumanene
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Mechanical stimuli, such as compression, tensile, or shear stress, applied on solid
sometimes induces chemical reaction. Such mechanically induced reaction is known as
the “mechanochemistry” and attract great interest. In recent decade, thanks to the high
spatial resolution of the scanning tunneling microscope (STM) and atomic force
microscope (AFM), many chemical reactions have been studied in the single molecule
scale. However, in general, studies on mechanochemistry have been performed on a
macroscopic scale. So far, only a few experiments reported the structural changes of
single organic molecule induced by the mechanical stimuli from the tip of scanning
probe microscope [1-3].

In this study, we demonstrate the structural change of single molecule induced by the
mechanical stimuli from an AFM tip. We investigated bowl-shaped molecule, sumanene,
shown in Fig. (a). Inversion of a bowl is expected by simply applying the force by the
AFM tip. Experiments were carried out using a qPlus based AFM/STM system operated
in ultra-high vacuum at 5 K. Figure (b) shows a high-resolution AFM image of
sumanene layer on an Au(l11) substrate.
Sumanene layer consists of bowl-up and - (a)
down sumanenes and form a 6 x 6 periodicity. M’
This structure is different from the previously

reported sumanene layer on Au(111) [3] but is

rather similar to that on Ag(111) [4]. This is

because we successfully prepared a sumanene s
layer with a monolayer thickness. We

performed force curve measurement above  Figure (a) Side and top views of
sumanene in the bowl-down structure. A  sumanene. Black and white
sudden jump of force curve was observed in  spheres represent C and H atoms.
repulsive regime. Subsequent imaging (b) High resolution AFM image of
confirmed successful structural inversion the sumanene layer. Positions of
from bowl-down to bowl-up. With the support  bowl-up (blue) and -down (pink)
of theoretical calculations, the mechanism of  sumanenes determined based on
inversion will be discussed in detail. the AFM image are partially

overlaid.
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