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The fluorine atom locates in the right upper corner of the periodic table and possesses the largest electron
negativity of all the elements. This unique electronic nature enables fluorinated compounds to emerge a large
variety of functions especially dielectric response. The fluorination on the molecular skeleton not only
introduces electron—accepting ability but also generates a large dipole moment. Another noteworthy is that
the small atomic radius of fluorine enables the co—crystallization with its hydrogen derivative

Sumanene (Sum) is a representative buckybowl which is a fragment of C60 and its unusual bowl shape structure
gives various unique properties. And Sum shows bowl inversion along its dipole in the solution state. Such
a unique bowl flipping behavior is potentially applicable to a switching trigger for the addition of structural
and electrical perturbations.

In this thesis, the author tried to apply Sum skeleton as the stimulus—responsive component to emerge some
physical function in the solid state to focus on the in—plane motion of Sum instead of the bowl inversion
behavior and introduced fluorine atoms as the director of in—plane motion. In chapter 1, 1, 1-difluorosumanene
(F2-Sum)was developed. Thermal experiments at various temperatures, X-ray diffraction, and infrared
investigations demonstrated planar motion in the packing columns of 1, 1-difluorosumanene was achieved at high
temperatures, with no phase transitions in the crystalline form. The dielectric experiment of
1, 1-difluorosumanene in powder and single—crystal state indicated the real (¢ 1) and imaginary (e 2) parts
of the dielectric constant increased above 360 K at 1 MHz due to Debye—type dielectric relaxation
suggesting an in—plane motion caused by an electric field. Based on the result of chapter 1, the author
succeeded in tuning the dielectric properties of Sum by co—crystallization with F2-Sum in chapter 2. The author
created several co—crystals consisting of F2-Sum and sumanene. Co—crystallization was successful in altering
structural and physical properties, notably the dielectric response, without the need for chemical
modifications. X-ray analysis and theoretical investigations demonstrate that 1, 1-difluorosumanene lowers
intermolecular interaction energy and benefit in increasing the dielectric response of the cocrystals. In
chapter 3, the author synthesized 1-fluorosumanene (F-Sum) was designed and synthesized, with one fluorine
at the benzyl position of sumanene. Interestingly, 1-fluorosumanene displays bowl inversion in the solvated
state, leading in the formation of two diastereomeric isomers: F-Sum.,, and F-Sum.,, each with a different
dipole moment. The study discovered an energy relationship between F-Sum.,,, F-Sum.,s, and the solvent, allowing
for the manipulation of the exo:endo ratio in single crystals by choosing the proper crystallization solvent.
The molecular dynamics (MD) simulations demonstrate that F-Sum.,, enhances packing structure elongation. The
solvation—induced stability differential between F-Sum,,s and F-Sum,.,, influences the final exo to endo ratio.
The variable exo—endo proportion of F-Sum enables the development of novel materials with unique dielectric
properties.

These works pave the way for future research into sumanene in—plane motion, including the presentation of
design strategies and synthesis of benzyl fluorinated sumanenes, as well as fully characterization
methodologies for molecular movements using specific—heat measurements, variable temperature PXRD, variable
temperature x—ray, and variable temperature IR. Because the orientations of the fluorosumanenes in the packing
structures can be changed in single crystal state under the external electric field, the author believe that
these works will benefit the development of molecular machines, molecular devices, and molecular switches
and the related physical properties of them that depend on the packing structure can be altered by external

electric field.
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