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ABSTRACT: Tailoring structurally anisotropic molecular assemblies while
controlling their orientation on solid substrates is an important subject for
advanced technologies that use organic thin films. Here we report a
supramolecular scaffold based on tripodal triptycene assemblies, which enables
functional molecular units to assemble into a highly oriented, multilayered two-
dimensional (2D) structure on solid substrates. The triptycene building block
carries an ethynyl group and three flexible side chains at the 10- and 1,8,13-
positions, respectively. These bridgehead-substituted tripodal triptycenes self-
assembled on solid substrates to form a well-defined “2D hexagonal + 1D
lamellar” structure, which developed parallel to the surface of the substrates.
Remarkably, the assembling properties of the triptycene building blocks,
particularly for a derivative with tri(oxyethylene)-containing side chains, were
not impaired when the alkyne terminal was functionalized with a large molecular
unit such as Cgy, which is comparable in diameter to the triptycene framework.
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Consequently, thin films with a multilayered 2D assembly of the Cg, unit were obtained. Flash-photolysis time-resolved
microwave conductivity (FP-TRMC) measurements revealed that the Cg, film exhibits highly anisotropic charge-transport
properties. Bridgehead-substituted tripodal triptycenes may provide a versatile supramolecular scaffold for tailoring the 2D
assembly of molecular units into a highly oriented thin film, and in turn for exploiting the full potential of anisotropic molecular

functions.

B INTRODUCTION

Thin films are practically important forms of materials for many
applications. For organic thin films, the constituent molecules
are usually anisotropic with respect to their structures and
properties, and therefore, the precise control of the arrange-
ment and orientation of the constituent molecules over a large
area, ideally over the entire film, is desired to take full advantage
of their inherent properties.' "> However, in reality, it is
difficult to avoid the formation of multidomain structures,
where each domain is randomly oriented with respect to the
substrate surface. This is mainly due to the fact that molecular
ordering occurs independently at multiple sites on substrates.

Recently, we reported a space-filling design for the rational
synthesis of organic thin films with exceptionally long-range
structural integrity.'* This design strategy relies on the use of a
particular type of tripodal triptycenes (Figure 1a), which self-
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assemble into a “2D hexagonal + 1D lamellar” structure
through nested packing of the triple blades of the triptycene
framework (Figure 1a). The nested hexagonal packing has been
seen for some crystalline'® and liquid crystalline' triptycene
derivatives. On the basis of the geometrical requirement for
tessellation, we demonstrated that the packing motif is eligible
for achieving long-range propagation of 2D structural order."*
For instance, a paraffinic derivative (R' = OC;,H,;) affords
perfectly oriented macroscopic thin films on various substrates
by simple vacuum evaporation or spin coating.'* We envisioned
that the “2D + 1D” structural motif of the tripodal triptycene
assembly might serve as a supramolecular scaffold that could
enable the controlled assembly of functional molecular units
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Figure 1. Schematic illustrations of the molecular structures of (a)
tripodal triptycene and (b) bridgehead-substituted tripodal triptycene,
and their assembled structures on a solid substrate.

into 2D arrays when the triptycene framework is properly
modified.'*"” Nevertheless, the incorporation of a bulky group
into each aromatic ring (i, at the 4,5,16-positions) of the
tripodal triptycene may impair the hexagonal nested packing. In
this context, a bridgehead-substituted tripodal triptycene
(Figure 1b) is interesting, since it may offer a sufficient space
that can accommodate molecular units that are comparable in
diameter to the triptycene framework.

Here we demonstrate that newly designed tripodal
triptycenes (1¢y, and lpgg, Figure 2a), carrying an ethynyl
group and flexible side chains at the 10- (bridgehead) and
1,8,13-positions, respectively, can self-assemble on solid
substrates to form a highly oriented thin film with a “2D +
1ID” structure (Figure 1b), as reported for the prototype
systems (Figure la).'* Remarkably, even when the alkyne
terminal is functionalized with a large Cyy unit, the resultant
triptycene derivatives (2, and 2ppg, Figure 2b) inherit the
particular structuring capability of 1, affording thin films with a
highly oriented multilayered 2D assembly of Cg, (Figure 2c).
This result reflects the utility of the tripodal triptycene assembly
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Figure 2. Chemical structures of (a) 1¢y, and 1lpgg, and (b) 2y, and
215 (c) Schematic illustration of the structure of a thin film formed
from a Cgpappended tripodal triptycene, e.g, 2rgg. The part of
molecule (Cg, or side chain) that faces the substrate surface could not
be determined.

for the design of organic thin films with high structural
anisotropy and orientational order (Figure 1b).

B RESULTS AND DISCUSSION

Molecular Design and Synthesis. The space-filling design
using tripodal triptycenes is based on the nested 2D hexagonal
packing of the triptycene blades. Moreover, long side chains
attached to the triptycene framework endow the resultant
assembly with flexibility to facilitate microphase separation as
well as molecular reordering, leading to a thermodynamically
favored structure. With the structural features of the triptycene
building block in mind, we newly designed compounds 1¢;,
and lpgg (Figure 2a), where an ethynyl group was incorporated
into the bridgehead position on the other side of the flexible
side chains. The linear and rigid alkyne functionality is expected
to allow the maximum use of the space around the triptycene
framework. The terminal alkyne is also susceptible to chemical
modifications and transformation. As flexible side chains, we
used, along with a fully paraffinic dodecyl chain (Cj,H,ys),
another side chain that contained triethylene glycol (TEG)
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units to improve the solubility in common organic solvents.
Furthermore, such long and polar side chains would enhance
the microphase separation as well as softness of the assembled
state.

1,8,10,13-Tetrasubstituted triptycene is a rare class of
triptycene derivatives, and to the best of our knowledge the
only reported example is the synthesis of 1,8,13-trichloro-10-
alkyltriptycenes.'* Thus, we developed an efficient protocol for
the synthesis of 1¢;, and 1ygg involving selective introduction
of the corresponding functionalities into the framework of
triptycene.'® Scheme 1 outlines the synthesis of 1. Bromination
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“Reagents and conditions: (a) NBS, DMF, 0 °C, 16 h — 25 °C, 2 h,
93%; (b) NaOH, Me,SO,, THF, 25 °C, 15 h, 70%; (c) n-BuLi, DMF,
THF, —78 °C, 2 h, 92%; (d) ethylene glycol, TsOH, toluene, reflux, 48
h, 63%; (e) 2-methoxy-6-(trimethylsilyl)phenyl 1,1,1-trifluorome-
thane-sulfonate, CsF, MeCN, 65 °C, 18 h, 39%; (f) HCl, AcOH,
110 °C, 18 h, 95%; (g) BBr;, CH,ClL, 0 °C, 6 h, 90%; (h) 1-
diazoacetonylphosphonic acid dimethyl ester (Ohira—Bestmann
reagent), K,CO;, THF/MeOH, 25 °C, § h, 63%; (i) 1-
bromododecane (for 1¢;, and 2¢;,) or 15-bromo-2,5,8,11-tetraox-
apentadecane (for ligg and 21gg), K,CO; DMF, 75 °C, 18 h, 59%
and 79% for 1¢y, and Lygg, respectively; (j) lithium bis(trimethylsilyl)-
amide, Cqo, THE, 25 °C, 2 h, HCI, 22% and 32% for 2¢;, and 21gg,
respectively.

of 1,8-diacetoxyanthracene (3)'’ using NBS in DMF gave 1,8-
diacetoxy-10-bromoanthracene (4)* in 93% yield. This
bromination can be carried out using a relatively high-
concentration solution of 3 (5.0 g/150 mL), which enables
the gram-scale synthesis of 4. Compound 4 was converted into
S in 70% yield by alkaline hydrolysis, followed by methylation
using Me,SO,. The bromo group of § was transformed into a
formyl group through lithiation with #-BuLi in THEF, followed
by the reaction with DMF, to give 6 in 92% yield. The formyl
group of 6 was converted into 1,3-dioxolane. Diels—Alder
reaction of the resultant 7 with 3-methoxybenzyne, generated
in situ from 2-methoxy-6-(trimethylsilyl)phenyl 1,1,1-trifluor-
omethanesulfonate, gave rise to triptycene derivative 8 in 39%
yield. The presence of the dioxolane group leads to the
formation of 8, likely due to a steric effect as well as its weakly
electron-donating properties. Note that Diels—Alder reaction of

3-methoxybenzyne and 6 with an electron-withdrawing formyl
group resulted in a complex reaction mixture, in which the
formation of the desired product (9) could not be detected.
Deprotection of the dioxolane group of 8 with aqueous HCl in
acetic acid resulted in 9 in 95% yield."® Single-crystal X-ray
analysis confirmed the molecular structure of 9 (Figure S1).
Similar to the case of previously reported 1,8,13-trimethoxy-
triptycene,'* this compound in the crystal formed a pseudo
hexagonal array through nested packing of the propeller-shaped
triptycene blades. After demethylation of 9 by the reaction with
BBr;, the resultant 10 was treated with the Ohira—Bestmann
reagent”’ in MeOH/THEF to give 11 in 63% yield (two steps).
Target compounds 1¢;, and 1ygg were obtained in 59 and 79%
yields, respectively, by the Williamson reaction of 11 with the
corresponding alkyl bromides in the presence of K,CO; in
DME. The structures of all new compounds were unambigu-
ously characterized by 'H, *C NMR, FT-IR spectroscopy, and
high)—rlgsolution APCI-TOF mass spectrometry (Figures S16—
S58).

Cgo-appended tripodal triptycenes 2¢;, and 2ygg (Figure 2b)
were also designed to test the capacity of the new tripodal
triptycene building blocks for the controlled 2D assembly of
bulky molecular units. On the basis of molecular modeling, the
diameter of Cy, (van der Waals diameter: 1.0 nm) and the
cross-sectional area of triptycene (van der Waals diameter: 1.0
nm) are almost identical. Thus, Cg, appears to be the best motif
for demonstrating the scope of the supramolecular scaffold.
Besides, the controlled synthesis of Cg, assemblies have
attracted considerable attention, because they potentially
exhibit superb electronic zproper‘cies for the development of
organic electronic devices.””**

Compound 2¢;, was obtained in 22% yield by the
nucleophilic addition of in situ-generated lithium acetylide of
Icpy to Cg in THE.'®** The FAB mass spectrum of 2¢;,
showed a clear ion peak of m/z = 1550. 66 (calcd. for
C115HgO5 [M]*: m/z = 1550.66, Figure $54)."° The 'H NMR
spectrum of 2¢;, in CDCl; at 25 °C displayed a singlet signal at
7.42 ppm arising from the proton attached to the Cg; unit,
along with signals from aromatic and aliphatic protons of the
triptycene and dodecyl side chains, respectively (Figure $51)."*
In the ®C NMR spectrum of 2y, 30 signals due to the Cg
unit were detected, which is consistent with the symmetry of
disubstituted C4, (Figure $52)."* With a procedure similar to
that for 2¢;,, compound 2rgg was obtained from 1ygg and Cg
in 32% yield and fully characterized by 'H and “C NMR
spectrlcgscopy and FAB mass spectrometry (Figures SS5—
$58).

Self-Assembly Behaviors of Tripodal Triptycenes 1.
Tripodal triptycenes 1¢;, and 1lygg exhibited a phase behavior
that involved only crystalline and isotropic liquid phases
without the formation of any mesophase. For example, 1¢;,
showed melting (T,,) and crystallization points (T.) at 238 and
233 °C, respectively, in differential scanning calorimetry (DSC)
(Figure S2a). The powder X-ray diffraction (XRD) pattern of a
bulk sample of 1, at 25 °C, observed upon cooling from its
isotropic liquid in a glass capillary, displayed a diffraction
pattern (Figures 3ab and S3a), which is characteristic of the
“2D hexagonal nested packing + 1D lamellar” structure of
tripodal triptycenes.'* The three XRD peaks with d-spacings of
2.51, 1.25, and 0.83 nm were indexed as diffractions from the
(001), (002), and (003) planes, respectively, of a 1D lamellar
structure. The observed layer spacing (¢ = 2.50 nm) is
comparable to the length of the longer molecular axis of 1¢;,
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Figure 3. (a) Powder XRD pattern and its peak assignment of a bulk
sample of 1¢;, at 25 °C on cooling from its isotropic liquid in a glass
capillary (diameter: 1.5 mm). (b) Schematic illustration of the “2D +
1D” structure of self-assembled 1¢;,. (c) Schematic illustration of the
experimental setup for GI-XRD. (d) 2D GI-XRD image and Miller
indices for the observed diffraction spots of a S0 nm-thick film of 1¢;,,
prepared by vacuum evaporation of 1¢;, onto a silicon wafer preheated
at 120 °C. (e) AFM height image of a S0 nm-thick evaporated film of
¢y and (f) its height profile measured along the red line in (e).

(~2.6 nm). The XRD peaks observed in a wider-angle region
(g9 > 8 nm™") have d-spacings of 0.70, 0.40, and 0.35 nm with a
reciprocal ratio of 1:4/3:2 and are thus assignable to diffractions
from the (100), (110), and (200) planes of a 2D hexagonal
lattice. The lattice parameter (a), defined as 2d,,,/ \/ 3, is 0.80
nm, which is comparable to those observed for previously
reported tripodal triptycenes (0.81 nm)."* Compound 1rgg
showed a phase behavior similar to 1¢;,. On the basis of DSC
analysis (Figure S2b), the T, and T, of 11pg were determined
to be 189 and 185 °C, respectively. The powder XRD pattern
of a bulk sample of lrpg indicated the formation of 2D
hexagonal nested packing and a 1D lamellar structure (Figure
S3b). The hexagonal lattice parameter (a = 0.82 nm) is
identical to that of the assembly of 1¢y,, and the layer spacing (c
= 2.74 nm) agrees with the length of the longer molecular axis
of 11gg (~2.7 nm).

Upon vacuum evaporation or spin coating, compounds 1¢;,
and 1pgg successfully assembled on solid substrates to give a
highly oriented thin film. For example, a thin film of 1¢;, with a
thickness of 50 nm was obtained by vacuum evaporation onto a
silicon wafer preheated at 120 °C. The 2D grazing-incidence
XRD (GI-XRD) image of this film at 25 °C showed, in the
meridional direction, intense spots with d-spacings of 2.61,
1.30, and 0.87 nm (Figures 3c,d and S4a). From the reciprocal
d-spacing ratio, these spots were assigned to be diffractions
from the (001), (002), and (003) planes, respectively, of a 1D
lamellar structure, which developed parallel to the substrate. In
the equatorial direction, three spots were observed with d-
spacings of 0.72, 0.42, and 0.36 nm (Figures 3c,d and S4a),
which correspond to diffractions from the (100), (110), and
(200) planes of a hexagonal lattice, respectively. Thus, the
nested packing of the triptycene unit of 1¢;, results in 2D
hexagonal arrays, which pile up to form a layered structure
parallel to the substrate. Consistent with this structural aspect
of the thin film, the AFM image of the same film of 1,
showed an indented terrace structure (Figure 3ef).”” The
height of each layer was approximately 2.5 nm, which is in good
agreement with the layer spacing (2.61 nm) observed in the GI-
XRD image. Similar to 1¢;,, compound lpgg, upon vacuum
evaporation, assembled on a silicon wafer to form a thin film
with a “2D + 1D” structure. The comparison of the GI-XRD
and AFM™ data of the evaporated films of 1c;, and lpgg
(Figure S4b—d) indicates that the structural and orientational
orders of the “2D + 1D” assembly in their films are essentially
identical.

In addition to the vacuum evaporation method processing of
a solution of 1¢;, and 1gg usmg spin coatlng % also resulted in
thin films that possess a “2D + 1D” structure with high
orientational order. Accordingly, GI-XRD and AFM images of
spin-coated films of 1¢;, and 1qgg on a silicon wafer, measured
after thermal annealing at 120 °C for 1 h (Figures SS and S6),
were very similar to those observed for the evaporated films
(Figures 3d,e and S4). Nevertheless, a closer look at the GI-
XRD data showed that higher-order diffractions from the 1D
layers as well as the diffractions from the hexagonal lattice are
not explicit (Figures SS and S6), indicating that the structural
order of the “2D + 1D” assembly in the spin-coated films is
relatively low compared to those in the evaporated films
(Figures 3d and S4).

Self-Assembly Behaviors of Cg-Appended Tripodal
Triptycenes 2. The bridgehead-substituted tripodal tripty-
cenes underwent controlled assembly to form a “2D + 1D”
structure even when covalently attached to Cg4,. However, 2g¢
carrying TEG-containing side chains behaved much better than
fully paraffinic 2¢,, in that a much higher order “2D + 1D”
structure was achieved in the assembly of 2rgg. This is most
likely caused by the difference in the softness of the side chains:
TEG-containing side chains may allow for molecular
reorganization to correct small structural mismatches in the
assembly.

Cgo-appended 21y displayed no sign of phase transition in a
temperature region from —S50 to 250 °C (Figure S7a).
Thermogravimetric analysis indicated that 2ppg has a high
thermal stability (thermolysis onset temperature = 390 °C,
Figure S8a). The powder XRD pattern of a bulk sample of 25¢
in a glass capillary at 25 °C showed broad diffraction peaks
(Figures 4a and S9a). A clear XRD peak with a d-spacing of
5.02 nm was indexed as diffraction from the (001’) plane of a
1D lamellar structure. If we consider both the layer spacing (c =
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Figure 4. Powder XRD patterns and their peak assignments of a bulk
sample of 21 (a) before and (b) after thermal annealing at 120 °C
for 1 h in a glass capillary (diameter: 1.5 mm). Insets represent
schematic illustrations of the structural elements and parameters of
self-assembled 27gg before and after thermal annealing.

5.02 nm) and the length of the longer molecular axis of 2ygg
(~3.4 nm), a bilayer lamellar structure, rather than a monolayer
lamellar structure, likely forms (Figure 4a, inset). Meanwhile,
the XRD peaks with d-spacings of 0.50 and 0.40 nm can be
assigned as diffractions from the (110) and (200) planes of the
hexagonal lattice with a = 0.95 nm (Figure 44, inset). This value
is larger than that of the 2D hexagonal lattice formed in the
assembly of lygg (a = 0.82 nm), but is comparable to the
diameter of Cg, (1.0 nm). Thus, a periodic hexagonal assembly
of the Cq units, brought about by the triptycene scaffold, is
mainly responsible for the diffractions.

Notably, thermal annealing resulted in a dramatic change in
the assembly structure of 2. The XRD pattern of 21gq at 25
°C, observed after thermal annealing at 120 °C for 1 h, showed
five XRD peaks with d-spacings of 3.36, 1.70, 1.11, 0.85, and
0.67 nm (Figure 4b), which are indexed as diffractions from the
(001), (002), (003), (004), and (00S) planes of the 1D
lamellar, respectively (Figure S9b). The layer spacing
significantly decreased from $5.02 to 3.37 nm (Figure 4),
which agrees with the length of the longer molecular axis of
21g6 (~3.4 nm). This change can be rationally explained by
considering that transformation from the bilayer lamellar to a
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monolayer lamellar structure occurs upon thermal annealing.
Furthermore, the 2D hexagonal structural order was greatly
improved by the thermal treatment. Accordingly, three XRD
peaks with d-spacings of 0.79, 0.49, and 0.41 nm were clearly
observed (Figure 4b). From their reciprocal d-spacing ratio
(1:\/ 3:2), these peaks were unambiguously characterized as
diffractions from the (100), (110), and (200) planes of the
hexagonal lattice with a = 0.95 nm (Figure S9b).

Fully paraffinic 2¢;, also self-assembled to form a “2D
hexagonal packing and 1D bilayer” structure (a = 0.97 nm and ¢
= 5.22 nm, Figure S10a). However, the powder XRD pattern of
a bulk sample of 2¢;, (Figure S10a) was broader than that
observed for the bulk sample of 21z (Figure 4). Even after
thermal annealing at 120 °C for 1 h,”” it remained almost
unchanged, except that a very small peak with a d-spacing of
3.24 nm newly arose from a monolayer lamellar structure
(Figure S10b). In contrast to the case of 2gg, transformation
of the assembly of 2, into a higher order structure is largely
suppressed, and thus the bilayer lamellar structure, which may
be kinetically favored, prevails over a thermodynamically
favored monolayer lamellar structure.

Thin Films with Highly Oriented 2D Hexagonal Arrays
of Cg Units Using the Tripodal Triptycene Building
Blocks. We prepared a thin film of 215 by simply spin coating
(500 rpm) a toluene solution of 2rgg (1.0 mmol/L) on a
silicon wafer, followed by thermal annealing at 120 °C for 1 h.
The GI-XRD image of this film at 25 °C showed, in the
meridional direction, clear diffraction spots (Figures S and
S11), which were characterized as diffractions from the (001),
(002), (003), (004), and (006) planes of a monolayer lamellar
structure with a layer spacing of 3.31 nm. In the equatorial
direction, three short arcs arising from diffractions from the
(100), (110), and (200) planes of a 2D hexagonal lattice (a =
0.97 nm) were observed. These observations allowed us to
conclude that Cg-appended 2 g is capable of forming a highly
oriented thin film, where the multilayers of the 2D hexagonal
Cgp arrays develop parallel to the substrate surface (Figure Sa).
To further confirm the orientational order of the assembly of
2rpg on substrates, we measured a through-view XRD image
using a relatively thick film. To prepare the film sample, a
toluene solution of 2rpg (1.0 mmol/L) was sandwiched
between two sapphire substrates, and then the solvent was
slowly evaporated under ambient conditions. Figure S12 shows
the through-view XRD image of the resultant film. Notably,
only diffraction spots from the (100), (110), and (200) planes
of the hexagonal lattice were observed without any diffractions
from the (00!) planes of the lamellar structures (Figure S12).
This result strongly supports the above conclusion regarding
the orientational order of the “2D + 1D” structure of 2 on
the substrates. Therefore, the tripodal triptycene scaffold
enables the formation of thin films with 2D assembly of the
Cgo unit, which are perfectly oriented parallel to the substrate
surface.

As described in the previous section, 2¢;, in the bulk formed
a less ordered assembly than 2pgg. Likewise, a spin-coated film
of 2y,, obtained under conditions identical to those for 2,
had relatively low quality in terms of the structural and
orientational order of the “2D + 1D” assembly, and only an X-
ray diffraction due to the 1D monolayer lamellar was observed
in its GI-XRD image (Figure S13). Furthermore, the surface
roughness of the film of 2¢;, (root-mean-square surface
roughness 1.08 nm, Figure S14b) was more than three
times higher than that of the film of 275 (root-mean-square
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Figure S. (a) Schematic illustration of the experimental setup for 2D
GI-XRD, along with the structure of a spin-coated film of 2gg on a
silicon wafer. (b) 2D GI-XRD image and (c) its 1D-XRD profile (blue:
meridional direction, red: equatorial direction) of the spin-coated film
of 275, measured after thermal annealing (120 °C, 1 h).

surface roughness = 0.30 nm, Figure Sl4a). Obviously, the
controlled assembly of a bulky and rigid group such as Cg
using the triptycene scaffold should require sufficiently soft side
chains that allow molecular reordering.

Conducting Properties of the Thin Film with Highly
Oriented 2D Hexagonal Arrays of Cg, Units. Since the thin
film of 2pgg possesses a highly oriented, multilayered 2D
assembly of C4, (Figure 2c), the charge-transport properties of
the film along the direction parallel to the substrate surface
should be better than those in the perpendicular direction
(Figure 6a). To confirm the anisotropic conducting behavior
expected from the structural feature of the film (Figure 6a), we
carried out flash-photolysis time-resolved microwave conduc-
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Figure 6. (a) Schematic illustration of a thin film of 21 sandwiched
between quartz plates for FP-TRMC measurements. (b) FP-TRMC
profiles of the thin film of 2gg at 25 °C, observed along parallel (red)
and perpendicular (blue) directions to the substrate surface.

tivity (FP-TRMC) measurements using a thin film of 2gg,
which was sandwiched between quartz substrates and thermally
annealed at 120 °C for 1 h. This method makes it possible to
evaluate the intrinsic charge-transport properties of materials as
well as anisotropy without attaching electrodes.”® Thus, the
sandwiched film of 2y5g was placed in a microwave resonant
cavity in such a way that the electric-field vector of the
microwave could be polarized in a direction parallel or
perpendicular to the substrate surface and then exposed to a
laser-pulse (wavelength = 266 nm) with a photon density of 6.8
X 10" photons cm™. Figure 6b shows the resultant rise and
decay profiles of transient conductivities parallel (red) and
perpendicular (blue) to the substrate. Here, the transient
conductivity is defined as ¢Xu, where ¢ and Xy are the
photocarrier-generation yield and the sum of the mobilities of
the generated charge carriers, respectively. Analysis of profiles
gave the maximum transient conductivities in the parallel
(P2, = 1.0 X 107 cm?/V s) and perpendicular ($Zptper, =
1.9 X 107 cm?/V s) directions, which in turn gave a degree of
anisotropy (¢Zﬂpara/ ¢Eﬂperp) of 5.3.* This result, which is
obviously brought about by the structural anisotropy of the
film, may be interesting in that spherical Cg4, has no inherent
preference for 2D assembly and exhibit large anisotropic
conduction.

B CONCLUSIONS

Inspired by the remarkable self-assembling properties of
paraffinic tripodal triptycenes that lead to the spontaneous
formation of thin films with a completely oriented “2D + 1D”
structure (Figure 1a),'* we have developed a supramolecular
scaffold for tailoring the 2D assembly of functional molecular
units into organic thin films (Figure 1b). The building block of
the supramolecular scaffold consists of newly designed tripodal
triptycene (1, Figure 2a), which has a terminal alkyne unit at
the bridgehead position for covalent modifications. This design
enables the use of molecular units with a diameter as large as
approximately 1 nm for controlled 2D assembly. We chose Cq,
to demonstrate the assembling ability of the supramolecular
scaffold. We found that the Cgy-appended tripodal triptycene
thus synthesized (2, Figure 2b), when carrying very flexible side
chains to allow reordering of the resulting assembly, gives a thin
film with a highly ordered and orientated “2D + 1D” structure
on solid substrates, where the Cg, units are densely clustered
two dimensionally. Consequently, this thin film exhibited
anisotropic conducting properties. Considering that triptycene-
based supramolecular scaffolds are capable of directing
functional molecular units to assemble into a highly oriented
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anisotropic 2D structure that is compatible with the geometry
of substrate surfaces, the present approach may contribute to
the design of high-performance organic thin films with
anisotropic functionalities.
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