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ABSTRACT: We report the synthesis, characterization, and
self-assembly of a new gemini-type amphiphilic hexathienocor-
onene (HTCGemini), which owes its amphiphilicity to two
hydrophobic dodecyl chains on one side of the HTC core and
two hydrophilic triethylene glycol (TEG) chains on the other.
Bearing a “softer” aromatic HTC core than the conventional
hexa-peri-hexabenzocoronenes (HBC), and being more planar
than contorted-hexabenzocoronenes (c-HBC), HTCGemini is
demonstrated to yield various well-ordered assemblies in
solution, at the liquid−solid interface, and in solid state by the use of different processing techniques. Regular fibers, helices, and
tubes can be formed simply by processing from different solvents. At the liquid−solid interface, as visualized by scanning
tunneling microscopy (STM), pairs of molecules adsorb very close to each other and arrange in the p2 plane group, driven by
packing constraints and weak van der Waals interactions between adjacent molecules. HTCGemini also exhibits phase forming
behavior in the bulk upon thermal treatment, resulting in a crystalline, herringbone-like columnar structure. Owning to an
electron enriched aromatic core with respect to other reported coronenes, HTCGemini easily forms a stable radical cation, both in
solution and in the bulk, upon oxidative doping with nitrosonium tetrafluoroborate (NOBF4). Furthermore, light irradiation of
the blend film of HTCGemini and phenyl-C61-butyric acid methyl ester (PCBM) generates a prominent photocurrent which can be
switched repeatedly with a large on/off ratio (6.0 × 104). The self-assembled structures obtained from HTCGemini at different
length scales have potential applications in optoelectronic devices, solar cells, and redox sensors.

■ INTRODUCTION

Molecular self-assembly provides one of the most important
strategies for constructing artificial nanostructures.1 In partic-
ular, self-assembled nanostructures that consist of π-conjugated
molecules have attracted increasing attention because of their
potential applications in organic and supramolecular elec-
tronics.2 Properties such as exciton diffusion or charge carrier
transport largely depend on the nature of the interactions (e.g.,
π−π stacking) among the constituent building blocks.3,4 Other
driving forces of self-assembly include hydrogen bonding,5

electrostatic attraction,6 host−guest recognition,7 metal coor-
dination,8 charge transfer,9 and hydrophobic−hydrophilic
interactions.10 Among them, an amphiphilic molecular design
is well suited to tune the properties of organic electronic
materials.11 Amphiphilic molecules with large π-conjugated
cores have been employed to obtain excellent optoelectronic
properties associated with characteristic nanostructures.10

Various amphiphiles with electronically active motifs have
been observed to yield ordered aggregates in solution or bulk.
Typical examples include hexa-peri-hexabenzocoronene
(HBC),12 naphthalene diimide,13 perylene diimide,14 porphyr-
in,15 and fullerene16 based amphiphiles, which tend to possess
high charge carrier mobilities.

In 2004, a Gemini-shaped HBC amphiphile with two dodecyl
chains and two triethylene glycol (TEG) chains on the opposite
positions of the HBC core was first introduced by Aida and co-
workers.12a These amphiphilic HBC molecules self-assembled
into well-ordered nanotubes with a uniform diameter of 20 nm
by helically rolling up bilayer tapes composed of stacked HBC
units. Since then, various electronic functionalized nanotubes
with tailored properties were developed by the same group via
introducing coumarin,12e norbornene,12f trinitrofluorenone
(TNF),12g isothiouronium ion,12h and pyridyl pendents12i at
the TEG termini. Herein, we report the synthesis, character-
ization, and self-assembly of a highly “sulfur-doped” coronene
disc (30.2 wt % of the HTC core) with a gemini-type
amphiphilic molecular design inspired by Aida group’s seminal
work (HTCGemini, Figure 1a). HTCGemini appears to be a
versatile amphiphile to form various ordered supramolecular
structures through the use of different assembly conditions.
Upon processing from solution, uniform fibers, helices, and
tubes can be obtained by a proper choice of the solvents. The
assembly processes and the morphology of the aggregates are
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characterized by UV−vis spectra and electron microscopies.
When adsorbed on the surface of highly oriented pyrolytic
graphite (HOPG), HTCGemini gives rise to patterns of ordered
molecular pairs extending over several hundred square
nanometers. In the bulk, HTCGemini is arranged in a crystalline,
herringbone-like fashion in columnar structures. The derived
intercolumnar lattice indicates a lamellar organization of the
stacks due to dimer formation.

■ RESULTS AND DISCUSSION
Synthesis and Characterization. HTCGemini possesses

two hydrophobic dodecyl chains on one side of the HTC core
and two hydrophilic TEG chains on the other (Figure 1a). To
achieve the asymmetric functionalization of the HTC core, a
convergent strategy with stepwise introduction of hydrophobic
and hydrophilic thiophene segments to the anthradithiophene-
5,11-dione skeleton followed by photocyclodehydrogenation
was adopted (Scheme 1).
The hydrophilic thiophene part 8 was synthesized from 2,4-

dibromothiophene (3). Suzuki coupling of 3 with (4-
hydroxyphenyl)boronic acid (4) and further nucleophilic
substitution with 2-(2-(2-methoxyethoxy)ethoxy)ethyl-4-meth-
ylbenzenesulfonate (6) afforded compound 7, which was
converted to its pinacol boronic ester analogue 8 by Suzuki

coupling with bispinacol diboron in 41% yield (3 steps). The
hydrophobic part (2-dodecylthiophene-4-boronic ester) 11 was
synthesized by a reported procedure.18 On the other hand, the
key building block 11-(dibromomethylene)anthra[2,3-b:6,7-
b′]dithiophene-5(11H)-one (10) was obtained by selective
Corey−Fuchs reaction of one side of the anthrabithiophene-
5,10-dione (9) with CBr4 and (i-PrO)3P. Suzuki coupling of 10
and 11 afforded intermediate 12, which was further converted
to 13 by Corey−Fuchs reaction. Next, Suzuki coupling of 13
with hydrophilic segment 8 gave the precursor 2, which was
transformed into the target compound 1 (HTCGemini) by
cyclodehydrogenation. Full characterization of HTCGemini is
presented in the Supporting Information (SI) (Figure S1).
Electronic absorption spectra of HTCGemini in CH2Cl2 (SI
Figure S2) display two well-resolved absorption bands at 378
and 454 nm (β, p) characteristic for large polycyclic aromatic
hydrocarbons. The absorption maximum of HTCGemini (p band,
454 nm) exhibits a significant bathochromic shift (21 nm) with
respect to the corresponding band of symmetric alkyl
substituted HTC (433 nm),19 which represents the extension
of π-conjugation by the additional phenyl substitution on the
hydrophilic side. The absorption spectra of spin-coated films
disclose a bathochromic shift of 14 nm and spectral broadening,
indicating a strong tendency toward aggregation (SI Figure S2).

Self-assembly in Solution. The single-crystal structure of
an alkyl substituted HTC analogue19 demonstrates that the
HTC core is more planar than the contorted-hexabenzocor-
onene (c-HBC)20 but less planar than conventional HBC.21

This comparison encouraged us to exploit the self-assembly of
HTCGemini in various solvents. In sharp contrast to the seminal
work on the gemini-shaped HBC amphiphile reported by the
Aida group,12 HTCGemini is highly soluble in THF, CH2Cl2, and
CHCl3 even at room temperature. This can be attributed to
both the polyoxyethylene side-chains and the “soft” and slightly
twisted HTC core as compared to the fully planar HBC core.
After screening the solvents, 2-methyltetrahydrofuran
(MeTHF), dioxane, and acetone were found to be better
suited for the self-assembly of HTCGemini than THF, CH2Cl2,
and CHCl3. When added to MeTHF, HTCGemini was gradually
dissolved upon heating up to 60 °C and produced a red-orange
solution. After standing at 25 °C for several minutes, the
solution formed a transparent red-orange gel A (SI Figure S3a).
On heating to 70 °C, the gel of HTCGemini became a fluid and
eventually turned into a solution again. The sol−gel transition
was thermally reversible. The critical concentration for gelation
in MeTHF was estimated to be 7 mg/mL (0.8 wt %) using the
“stable to inversion of a test tube”.22 With a solvent mixture of
MeTHF and MeOH (v/v = 1:1), the critical gel formation
concentration could be decreased to 3 mg/mL (0.36 wt %),
while forming a bright yellow opaque gel B (SI Figure S3a).
Scanning electron microscopy (SEM) images of these two
different gels revealed fibrous aggregates. However, the
diameter of the fibers of the transparent gel A from MeTHF
was significantly smaller than that of the opaque gel B formed
in MeTHF/MeOH (Figure 2). High resolution SEM of gel B
clearly demonstrated that the thick fibers consisted of bundles
of thinner fibers (SI Figure S4).
When dioxane or acetone was added to the solid of

HTCGemini at room temperature, a yellow suspension was
obtained even with extensive sonication, and a completely clear
solution only formed upon heating. After the hot solution was
gradually cooled to room temperature, a soft cloudy precipitate
was generated (SI Figure S3b). Transmission electron

Figure 1. (a) Molecular structure; (b) top and (c) side view of
simulated model17 of HTCGemini. (C, gray or blue; S, yellow; H, white;
O, red.)

Scheme 1. Synthesis of Asymmetric HTCGemini 1 by Stepwise
Functionalization of 9
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microscopy (TEM) images of the precipitate formed in dioxane
displayed uniform helices with large aspect ratios (>1000,
Figure 3a). The helices extended over several tens of

micrometers while the diameter was only 12−15 nm (SI
Figure S5). High resolution TEM images revealed that the
pitch of such helices was around 3.4 nm (Figure 3b),
corresponding to the calculated length of a bilayer of HTCGemini
(3.6 nm). In contrast, the precipitates formed by a heating−
cooling process in acetone mainly unveiled a completely
different morphology, i.e. nanotubes with 200−300 nm in
length and a uniform diameter of 20 nm (Figure 3c and d). The
thickness of the wall was approximately 3.6 nm, which was
related to the molecular length of the interdigitated dimer,
resulting in an internal tube diameter of 13 nm.
To gain further insight into the self-assembly process,

temperature dependent electronic absorption spectra were
recorded at 10 °C intervals in dioxane and acetone. A
bathochromic spectral shift of 7 nm was observed when
cooling the hot dioxane solution of HTCGemini from 90 to 30 °C
(Figure 4a). Moreover, two clear isosbestic points appeared at
435 and 458 nm, which indicated a thermoreversible assembly
process. On the other hand, no obvious shift was observed in
the case of acetone (Figure 4b). The aggregate formation of

HTCGemini was also examined with other binary solvent systems
and monitored by UV−vis spectroscopy. For example, when
adding H2O to the THF solution (1.2 × 10−5 M) from 0 to
90%, the most intensive absorption bands at 378 and 454 nm
dramatically decreased together with a bathochromic shift of 12
nm (SI Figure S7a). Other mixed solvents such as THF/
MeOH, CH2Cl2/MeOH, dioxane/MeOH, and dioxane/H2O
gave analogous trends when increasing the polarity of the
solutions (SI Figure S7b). In all cases, as observed by SEM
measurements, the precipitates formed in the aforementioned
binary solvents appeared to be rose-like spheres with diameters
ranging from several to tens of micrometers (SI Figure S6).
To understand how the ordered fibers, helices, and tubes

were formed, Fourier transform infrared spectra (FT-IR) of the
isolated aggregates were measured. FT-IR spectra of the dried
HTCGemini helices obtained in dioxane displayed CH2 stretching
vibrations at 2849 (νsym) and 2918 (νasym) cm

−1 (SI Figure S8),
which could be ascribed to an all-trans conformation, in
accordance with formation of closely packed, crystalline
domains.23 Similar to other reported disc-shaped amphiphile-
s,2a,11,12 HTCGemini appeared to form bilayers, driven by the van
der Waals interaction of the hydrophobic alkyl chains and the
π−π stacking of the HTC discs.12−15 Their alkyl chains were
well-interdigitated, thus stabilizing the bilayer structure. The
repulsion between the hydrophilic TEG chains could suppress
the formation of multilayer structures in polar solvents.12 The
molecular length of fully stretched HTCGemini was estimated to
be 4.2 nm, while the length of the aromatic core of the
interdigitated dimer was 3.6 nm, which was in good agreement
with the HRTEM and XRD measurements (SI Figure S9).
With all these results in mind, we proposed a molecular model
to illustrate the assembly process of HTCGemini in solution, as
shown in Figure 5. The molecules first form dimers by the
interdigitation of dodecyl chains, which are further packed into
columns via π−π stacking. Assisted by the interaction between
hydrophilic TEG chains at the periphery of columns and the
surrounding solvent molecules, these columns are eventually
twisted to form helices or tubes, depending on the polarity of
the solvents. In 2008, Aida group’s systematic studies on the
assembly of a series of different HBC molecules revealed some
structural parameters being essential for the tubular assem-
bly.12b It was concluded that the real essence is making the
discotic π-conjugated molecule less symmetrical with two
phenyl rings and sufficiently long paraffinic chains (>n-C8H17)
on the opposite sides of the HBC unit. The hydrophilic TEG
chains are not essential but helpful for growing long and robust
nanotubes. Accordingly, we synthesized a symmetric bola-type
amphiphile 1TEG as a model compound, where four TEG chain

Figure 2. (a) SEM images of gel A of HTCGemini formed in MeTHF;
(b) SEM images of gel B of HTCGemini formed in MeTHF/MeOH.
(Inset: photograph of gels A and B.)

Figure 3. (a, b) TEM images of HTCGemini aggregates formed in
dioxane by a heating−cooling process; (c and d) TEM images of
HTCGemini aggregates formed in acetone by a heating−cooling process
(scale bar = 50 nm for c; scale bar = 20 nm for part d).

Figure 4. Temperature dependent UV−vis spectra of HTCGemini in (a)
dioxane (1.7 × 10−4 M) and (b) acetone (1.0 × 10−4 M) using a 2 mm
quartz cell.
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substituted phenyl rings are attached to the HTC disc. The self-
assembly behavior in solution under conditions identical to
those of HTCGemini was investigated (SI Figure S10).
Unfortunately, ill-defined aggregates were formed in all solvent
systems used for HTCGemini and neither nanofibers nor
nanotubes could be observed. On the other hand, two
hydrophobic HTC analogues bearing four hexyl or dodecyl
chains assemble into nanorods or nanoribbons in dioxane.
Thus, it can be concluded that the unsymmetric molecular
design as well as the amphiphilicity of the molecule make
HTCGemini a versatile platform for the generation of various
ordered nanoarchitectures. Moreover, compared to the conven-
tional rigid HBC and the heavily twisted c-HBC, HTCs are
more flexible for processing and possess promising electronic
properties which are discussed later.
Self-assembly at the Liquid−Solid Interface. In order to

assess the effect of amphiphilic substituents on the lateral
interactions between adsorbed molecules, the self-assembly of
HTCGemini was investigated at the 1,2,4-trichlorobenzene
(TCB)/highly oriented pyrolytic graphite (HOPG) interface
using STM. HTCGemini forms ordered arrays of molecules that
extend over several hundred square nanometers on the surface
of HOPG (Figure 6a). The molecules adsorb in pairs, and two
molecules in a given pair are slightly shifted with respect to
each other (Figure 6b). The oblique unit cell of HTCGemini
contains two molecules (plane group p2). The striped (orange
colored) features that run approximately perpendicular to the
HTC core and also parallel to one of the main symmetry axes
of the HOPG lattice arise from the peripheral chains. A careful
observation of the HR-STM images reveals that the striped
features are not continuous on one side of each molecular core,
as highlighted by the blue ovals in Figure 6b and c. The
discontinuity of these features indicates partial desorption of
two chains attached to the HTC core. The lack of chemical
sensitivity of the STM measurements precludes unambiguous
identification of the hydrophilic TEG and aliphatic chains.
Nevertheless, it is readily anticipated that the striped features

correspond to the adsorbed dodecyl chains (SI Figure S11).
This is because the interactions of the hydrophilic TEG chains
with the hydrophobic HOPG surface are known to be
unfavorable.24−26 In fact, temperature programmed desorption
(TPD) studies carried out on alkanes24 and polyethylene glycol
dimethyl ethers25 (structurally similar to TEG chains) indicate
that desorption barriers for alkanes are higher than those of
corresponding ethers on the surface of graphite. For example,
the desorption barrier (ΔEDes) for [CH3(OCH2CH2)3OCH3]
is 99.6 kJ/mol,25 whereas this value is 116.9 kJ/mol24 for
dodecane, which is approximately the same chain length.24,25

Moreover, a comparative STM investigation of amphiphilic and
hydrophilic oligothiophenes also indicated that molecules with
aliphatic chains tend to adsorb more strongly on the HOPG
surface.26 Thus, it is reasonable to conclude that the TEG
chains are desorbed from the HOPG surface and the observed
stripes in STM images arise from the aliphatic chains. The
desorbed TEG chains are thus pointing toward the solution
phase and are solvated by the polar TCB molecules.
The dodecyl chains are closely packed; however, there is no

sign of any interdigitation. This is due to the fact that the
distance between the alkyl chains on the HTC core is only 5.4
Å, which is too small for interdigitation with those of adjacent
molecules.27 Instead, the molecules adsorb on the HOPG
surface in which the alkyl chains are simply adsorbed next to
each other, as depicted in a molecular model shown in Figure
6c. The molecular pair formation appears to be driven by
packing constraints and weak van der Waals interactions
between adjacent molecules (Figure 6d). The lack of
interdigitation between dodecyl chains of HTCGemini observed
in the two-dimensional (2D) monolayers is in contrast to the
structural information obtained from the bulk (3D) self-

Figure 5. Schematic illustrations of the structure of self-assembled
graphitic helices and nanotubes consisting of HTCGemini.

Figure 6. (a) Large area STM image of HTCGemini adsorbed at the
TCB−HOPG interface. (b) High resolution STM (HR-STM) image
of HTCGemini revealing partially desorbed TEG chains (blue ovals).
The unit cell parameters are as follows: a = 3.1 ± 0.1 nm, b = 3.5 ± 0.1
nm, and α= 63.0 ± 2.5°. The main symmetry axes of HOPG are
indicated in the lower left corner. (c) Molecular model for the packing
arrangement. The TEG chains as well as the phenyl rings connecting
them to the central core are omitted in the model for the sake of
clarity. (d) Schematic illustration showing the relative orientation of
two HTC molecules in a molecular pair.
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assembled aggregates using FT-IR and TEM, which point
toward interdigitated dodecyl chains. This difference mainly
arises from the presence of the substrate (HOPG) in the case of
the former.
Bulk Organization. After investigating the assembly of

HTCGemini in the physisorbed monolayers and the aggregates
formed in solution, the ordering of its neat solid sample
becomes particularly important. The bulk thermotropic proper-
ties of HTCGemini were investigated by differential scanning
calorimetry and polarized optical microscopy (POM).
HTCGemini exhibits one phase transition during cooling, related
to solidification from the isotropic melt at 185 °C (SI Figure
S12). One additional peak appears at 45 °C, which is assigned
to the reorganization of the alkyl substituents. This phase was
further characterized by means of cross-polarized optical
microscopy of thin films cooled from the isotropic phase.
Cooling HTCGemini by 5 °C/min results in a highly birefringent
spherulite texture which is characteristic for crystalline phases
(Figure 7a and SI Figure S13). The organization in the bulk was

investigated by two-dimensional wide-angle X-ray scattering
(2D-WAXS) on extruded fibers (1 mm in diameter). The 2D
pattern discloses reflections characteristic for a crystalline phase
(Figure 7b). The phase assignment is in agreement with the
spherulite texture observed in POM. In this phase, the
molecules form columns which are aligned along the fiber
axis as indicated by distinct equatorial reflections in the small
and middle angle range. Meridional scattering intensities at the
same positions can be attributed to misalignment (see
azimuthal integration in SI Figure S14). The unit cell for the
intercolumnar organization can be described by a rectangular
2D lattice with parameters of a = 71.3 Å and b = 14.5 Å (Figure
7c, d). The lamellar-like structure with molecules organized in a
herringbone arrangement leads to the appearance of only h00
reflections in the equatorial plane, whereby the 100 and 300
peaks are missing (simulation in SI Figure S15 agrees well with

the experimental results). The molecular tilt toward the
columnar axis is indicated by the typical off-meridional
reflections, with a π-stacking distance of 3.7 Å.

Electrical Conduction of Doped Nanofibers and
Photoconduction of Blended Film. To demonstrate the
“bottom-up” strategy toward the construction of functional
materials for electronics using the HTC system, we examined
the potential electrical conduction of the ordered aggregates
formed in solution upon self-assembly. To begin with, cyclic
voltammetry was employed to investigate the redox processes
of HTCGemini. As shown in SI Figure S16, HTCGemini in CH2Cl2
exhibits well-resolved consecutive oxidation steps with the first
oxidation onset potentials as low as 0.19 V (vs Fc/Fc+). The
energy levels from electrochemistry are summarized in SI Table
S1 for comparison. This low oxidation potential prompted us to
explore the properties of radical cations.28 Chemical oxidation
of HTCGemini in CH2Cl2 with nitrosonium tetrafluoroborate
(NOBF4) afforded a new transition peak at 628 nm as well as a
broad transition in the near-infrared (1035 nm), while the
π−π* transition band (429 nm) of the neutral state gradually
disappeared (Figure 8a). The well-organized fibers are

composed of densely packed redox active building blocks
which are expected to be electroconductive when charge
carriers can be generated in such a highly ordered electronic
array. Upon adding a solution of NOBF4 in acetonitrile, a one-
electron oxidant,29 to the nanofibers of the dried gel B, the
original color changed from yellow to dark brown. Electron
paramagnetic resonance spectroscopy of the resulting dark
brown solid displayed a resonance signal with a g value of
2.0015 (ΔHpp = 0.43 mT) at 25 °C (SI Figure S17). Thus,
HTCGemini can be oxidized by NOBF4 to give a stable radical
cation at ambient conditions. These results prompted us to
further investigate the doping effect on the conductivity of
these nanofibers after oxidation. SEM images show that the
fibrillar structure of HTCGemini nanofibers is preserved after
doping with NOBF4.
We investigated this possibility by measuring the electrical

conductivity across a 5 μm-wide Au gap by a two-probe method
(SI Figure S18). The devices were fabricated by drop-casting an
aliquot of HTCGemini gel (30 μL) onto SiO2/Si substrates with
prepatterned Au electrodes. A fixed area with bundles of fibers
across the Au gap (5 μm) was selected to measure the
conductivity before and also after adding NOBF4. The parent
nanofibers have low conductivity (blue circles), while the
nanofibers after oxidation exhibit a pronounced linear I−V
profile with Ohmic behavior (red circles) as shown in Figure

Figure 7. (a) POM image of HTCGemini; (b) 2DWAXS of HTCGemini
as an extruded fiber (the fiber was mounted vertically toward the
detector; meridional reflections in the small and middle angle region
are due to misalignment of the columnar stacks); (c) top view and (d)
side view of a rectangular 2D lattice (green dashed line: a = 71.3 Å, b =
14.5 Å; the HTC core was tilted ca. 45°) of the molecular organization
model deduced from the 2D WAX analysis.

Figure 8. (a) UV titration upon adding NOBF4 solution to a solution
of HTCGemini in CH2Cl2 (1 mM); (b) I−V curve of a device fabricated
from the nanofibers of HTCGemini before and after oxidation with
NOBF4 at 25 °C.
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8b. The current at 1 V of the oxidized sample is amplified
almost 900 times compared to the neutral species due to the
formation of radical cations which facilitate the charge
transport. From the I−V profile of the oxidized nanofibers,
the resistivity at 25 °C was calculated to be 1.1 MΩ, which is
less than that for the reported amphiphilic HBC nanotubes (2.5
MΩ).12a The lower resistance of the doped HTC materials in
comparison with that of reported doped HBC materials could
be ascribed to the electron rich HTC aromatic core.19

Thiophene-annulated coronenes are remarkably strong
electron donors and can be used as active layers in OPVs in
combination with acceptors such as PCBM.30 To assess the
hole transporting properties of HTCGemini, a photodetector
device31 was fabricated by spin-coating the blend of HTCGemini
and PCBM (1:2 molar ratio) onto prepatterned Au electrodes
with subsequent drying in air at room temperature. The
photocurrent was monitored by turning the white light
illumination (20 mW/cm2) on and off when a bias voltage of
2 V was applied. A typical on/off current switching profile is
shown in Figure 9. The device exhibited a rapid response to the

white light irradiation, and the generated photocurrent could be
switched on−off with a large Ion/Ioff ratio of 6.0 × 104. This
value is comparable with that of the coaxial HBC-TNF
nanotubes11a (ca. 104) and much higher than that of the
Langmuir−Blodgett films of an anthracene supramolecular
nanoribbon (ca. 40),32 whereas it is slightly smaller when
compared with that of metallosalphen dimer complex based
photoconductive tapes (ca. 9.0 × 104).8c

■ CONCLUSION
In summary, we have synthesized a new amphiphilic disc-
shaped molecule (HTCGemini) with high sulfur content in the
core. Various ordered assemblies of HTCGemini can be formed
in solution, at the liquid−solid interface, and in the solid state
by using different processing techniques. The slightly twisted
skeleton of the disc and the amphiphilicity make the molecule
versatile for tuning the supramolecular structures from fibers to
helices and to tubes by the choice of solution processing
conditions. In the bulk, HTCGemini undergoes phase formation
upon thermal treatment. The self-assembly at the liquid−solid
interface leads to formation of large domains of defect-free
monolayers. STM reveals a peculiar packing of molecules
wherein pairs of molecules are adsorbed close to each other
with their hydrophilic TEG chains pointing away from the

hydrophobic HOPG surface. The strong electron donating
ability of HTCGemini coupled with pronounced domain
formation observed on the HOPG surface could be exploited
for surface functionalization of technologically relevant
substrates (e.g., graphene). The ordered nanofibers obtained
from solution self-assembly of HTCGemini could be doped by
NOBF4, leading to the formation of stable radical cations, thus
greatly enhancing the conductivity of the nanofibers. Upon
irradiation with white light, the blends of HTCGemini/PCBM
generate a prominent photocurrent capable of reversible
switching with large on/off ratios. The self-assembled structures
obtained from HTCGemini at different length scales by using
different processing conditions have potential applications in
optoelectronic devices, solar cells, and redox sensors.
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