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Polyaromatic carbon molecules including fullerenes and carbon
nanotubes have been attracting great interest because of their
promising potential for electrical materials.1 In this context, bowl-
shaped polyaromatic hydrocarbons or π-bowls are now considered
to be another group of key materials in the science of nonplanar
π-conjugated carbon systems. The synthesis, structural characteriza-
tion, and complexation of π-bowls have been actively investigated
for about 15 years.2 However, the research on molecular electronics
has not been performed with π-bowls so far. We have studied the
C3V fullerene fragment π-bowl “sumanene” (1, C21H12) since the
first synthesis in 2003 (Figure 1a).3,4 X-ray crystallographic
structure analysis of 1 showed the 1D columnar π-stacking in a
concave-convex fashion, where every column is present in the
same direction.4a Each layer is stapled with a staggered fashion
probably due to a repulsive effect of the three methylene units and/
or maximization of the HOMO-LUMO overlap. These properties
motivated us to investigate the potential utility as electrically active
materials in a solid state. Here, we report the charge carrier mobility
of the needle-like crystal of 1 using time-resolved microwave
conductivity (TRMC) method, which shows the large intracolumnar
electron mobility (7.5 × 10-1 cm2 V-1 s-1) and its remarkable
anisotropy (9.2 times) along the π-bowl stacking column axis.

The charge mobility of organic materials is quantified by direct
current methods, such as time-of-flight (TOF) and field-effect
transistor (FET) methods. In these methods, the mobility is strongly
influenced by various factors, such as a quite small amount of
impurity, chemical and physical defects, organic/electrode inter-
faces, due to a long distance carrier transportation from the contact
electrode. On the other hand, the TRMC method can minimize such
factors because the nanometer-scale mobility of charge carriers
generated by laser pulse irradiation is quantified under oscillating
microwave without electrodes.5 In this study, the TRMC method
was employed to examine the intrinsic carrier mobility of 1.

The needle-like single crystal of 1 (approximate dimensions 280
× 200 × 700 µm3) was prepared from hexane/CH2Cl2 solution.
This crystal is stable under air. The crystalline indices are shown
in Figure 1b.6 The crystal is a hexagonal cylinder. X-ray crystal
structure analysis of this crystal confirmed a 1D columnar stacking
structure as reported before.4a,7 This stacking structure contrasts
markedly with that of a planar polyaromatic hydrocarbon like
triphenylene.8 Staggered stacking is depicted in green and yellow
in Figure 1c. It should be noted that the crystallographic c axis
(the [001] direction) is parallel to the long axis of this needle-like
crystal (Figure 1b).

Figure 2a shows the conductivity transient observed for the
needle-like single crystal of 1. The single crystal (approximate

dimensions 250 × 250 × 1000 µm3) was set in a microwave cavity
whose standing electric field direction was parallel or perpendicular
to the π-bowl stacking axis of the crystal to estimate the transient
conductivity of the photogenerated charge carriers along the
respective directions. The maximum value of φΣµ reaches 4.5 ×
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Figure 1. (a) Sumanene (1) and Br-sumanene 2; (b) the crystalline indices
of a needle-like crystal of 1; (c) a packing structure of a needle-like crystal
of 1. A staggered stacking is depicted in green and yellow. Hydrogen atoms
are omitted in the side and top views for clarity.

Figure 2. (a) Conductivity transients observed for a single crystal of 1.
Blue and violet lines are the transients observed along the directions parallel
and perpendicular to the stacking axis (c axis) of the crystal, respectively.
The transients were recorded under an excitation at 355 nm, 0.83 mJcm-2.
(b) The transient observed for a cocrystal prepared from 1 and 2 (99: 1)
under the same excitation conditions.
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10-2 cm2 V-1 s-1 along the π-bowl stacking axis, where φ and Σµ
denote photocarrier generation yield (quantum efficiency) and sum
of mobilities for positive and negative charge carriers, respectively.
On the other hand, the much smaller transient conductivity was
exhibited along the perpendicular direction to the π-bowl stacking
axis (0.49 × 10-2 cm2 V-1 s-1). The anisotropic difference reaches
9.2 times. This can be explained by efficient π-π overlap between
the layers. Generally, the anisotropy of crystals tends to remain
low because of close packed π-conjugated molecules, in contrast
with the π-stacked discotic liquid crystal possessing the insulating
alkyl chains.9 The obtained value is higher than that of rubrene
single crystal,5e and comparable to that of dehydrobenzo[12]annulene
single crystal.10 Charge carrier generation and decay kinetics
are also investigated (Supporting Information, Figure S2), giving
the risetime of ∼50 ns and the apparent initial first-order decay
rate constant of 8 × 105 s-1, respectively. The risetime is almost
consistent with the time constant of the set of apparatus, suggesting
the intercolumnar charge separation (Figures S6 and S8) through
the singlet excited-state of 1.11 The apparent first-order decay
of the conductivity transient is predominantly attributed to the
recombination of the carriers with traps and/or impurities.

The dynamics of the charge carriers was also examined using a
cocrystal of 1 and the bromo substituted derivative 2 (Figure 1a)
to determine the charge carrier species because the high electron
affinity of the bromo group is known to give effective negative
charge carrier traps. Br-sumanene 2 was synthesized from 1 by
treatment with pyridinium hydrobromide perbromide. A cocrystal
was prepared from the hexane/CH2Cl2 solution of 1 and 2 (99:1).
The thus-obtained needle-like cocrystal was analyzed by EI-MS
and elemental analysis to show the presence of 2 (Figure S4).12,13

X-ray crystal structure analysis of this needle-like cocrystal also
confirmed a 1D columnar stacking structure as observed with 1.14

The photograph is shown in Figure S5 (approximate dimensions
70 × 70 × 1400 µm3). The corresponding conductivity transient
observed for a cocrystal of 1 and 2 is also displayed in Figure 2b.
Despite ∼2% of the molecules being substituted by the bromo
group, the observed conductivity transient resulted in a dramatic
drop (<0.05 × 10-2 cm2V-1s-1) in comparison with that of the
single crystal of 1. This could be explained by the trapping of
electrons by the bromo group, leading to dissociation of the Br-
aromatic bond.15 These findings suggest that the major charge
carrier is electrons in the π-stacking structure.

To confirm the charge carrier generation yield and species,
photocurrent integration measurement was performed on a solid
film of 1 sandwiched by Au and Al electrodes.16 Transient
photocurrent was observed mainly under the negative bias (3 V,
Figure S3), also suggesting electrons as the major charge carrier
species. The integration of the transient current gives the maximum
yield of photocarrier generation under the applied bias as φ ≈ 0.06,
which is unusually high as the yield of free charge generation in
the conjugated organic crystals because of the high electric field
strength in this measurement. Applying the maximum φ value in
the single crystal of 1, the minimum estimate of the intracolumnar
electron mobility along the π-bowl stacking axis is calculated to
be 7.5 × 10-1 cm2 V-1 s-1. This value is comparable to that of a
single crystal of C60 (0.5 ( 0.2 cm2 V-1 s-1 measured by TOF),17

one of the representative compounds showing n-type OFET
properties. The observed high electron mobility of 1 might be
attributed to the curved π-conjugated system. On the basis of this
mobility and one period of 9.1 GHz microwave field (110 ps), the
displacement length of mobile electron along the stacking is

calculated to be approximately 20 nm corresponding to 52 sumanene
molecules. Accordingly, ∼2% of Br-sumanene 2 is considered
reasonable to trap an electron.

In conclusion, the needle-like single crystal of 1 was revealed
to show the high electron mobility with large anisotropy by the
TRMC method. These findings allow the development of electrical
materials such as OFET based on π-bowls.
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