Development of Photoelectric Transfer Device
Constructed with Supramolecular Fullerene Nanocomposite

Hajime IWAMOTO, Associate Professor
Graduate School of Science and Technology, Niigata University

CO,
CO,

Abstract:

Fullerene has received great attention due to its potential applications in the fields of material
science. Electrochemical properties of fullerenes can be applicable to photoelectric transfer devices.
We have previously produced supramolecular polymeric nano networks formed by the
molecular-recognition-directed self-assembly between a calix[5]arene and Cg. Covalently-linked
double-calix[5]arenes take up Cg into their cavities. This complementary interaction creates a strong
non-covalent bonding; thus, the iterative self-assembly between dumbbell fullerene and ditopic
double-calix[5]arenes host produces the supramolecular polymer networks. Our synthetic
methodology should provide a way to construct new supramolecular fullerene architectures with
controlled dimensionality. In this study, we will creat new supramolecular fullerene architectures
and investigate their feasibility as photoelectric transfer devices.
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Schematic

Figure 1. representation of self-assembling
polymer formation by the iterative host-guest complexation
between dumbbell fullerene 1 and ditopic calix[5]arene 2.
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Scheme 1. Reagents and conditions: a) CUCN, HMPA, 150°C,
3 h, 83%; b) LiAlIH,;, THF, 12 h, and then Boc,0, NaOH,
17%,; c) TFA, CH,Cl,, 3 h, 99%; d) i-Pr,NEt, C¢HsBr, 12 h,
27%.
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Scheme 2. Reagents and conditions: a) LiAIH., THF, 59%; b)
DCC, HOBt, BrCsHs, 37%.
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Scheme 3. Reagents and conditions: a) TMSacetylene, Cul,
i-Pr,NEt, (PhsP),PdCl,, THF 2.5 h, 99%; b) KF, MeOH, 15
min, 95%; c) Cul, i-Pr,NEt, 3, (Ph3P),PdCl,, THF, 12 h, 63%;
d) NaOH, MeOH, 0°C, 30 min, 98%; e) (COCI),, THF, cat.
DMF, 3 h, 99%; f) THF, 3 h, 40%; g) Ac;0, pyridine, 3 h,
94%; h) TMSacetylene, Cul, i-Pr,NEt, (PhsP),PdCl,, THF 5 h,
87%; i) TBAF, THF 30 min, 99%; j) Cu(OAc),, pyridine,
45°C, 8 h, 99%; k) LiOH, THF-MeOH, 40°C, 2.5 h, 60%.
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Figure 2. '"H NMR spectra in chloroform-d: a); 2 (1 X 10°

mol/L) at 298K, b); a mixture of 1, (1 X 10°® mol/L) and 2 (1
X 107 mol/L) at 298K, c) the mixture of 1 and 2 at 223K.
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Figure 3. Absorption and fluorescent spectra in toluene. (lex:
420 nm, [2]: 1.0 x 10®° mol L™, [1,]: a) 0.0, b) 0.4, ¢) 0.8, d)
1.0, e) 1.25, f) 1.50, g) 1.75, h) 2.00, i) 2.25, j) 2.5, k) 2.75, I)
3.00 eq.
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Figure 4. Stern-Volmer plot for the fluorescence quenching of
2 by 1 in toluene.
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Figure 5. Fluorescence intensity of 2o: in the absence and ¢:
presence of one equivalent of 1. C is a concentration of 2 in
toluene.
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Figure 6. a) Scanning electron micrography (SEM) image of
the cast-film from a 1:1 mixture of 1, and 2. b) atomic force
microscopy (AFM) image of the cast-film from a 1:1 mixture
of 1, and 2. ¢) SEM image of the cast-firm from a 2:1:2
mixture of 1,, 2 and Ce. d) AFM image of the cast-firm from a
2:1:2 mixture of 1,, 2 and Ceo.
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Figure 7. AFM images of drop-cast of the 1,°2 solution in
chloroform on mica: a) 500 X 500 nm?; b) height profile of
the fibrils on a cross section of the blue line in the image b.
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Figure 8. The calculated structure of the plausible oligomer of
1,+2. Diameter of the double-calix[5]arene unit and length of
the didodecylbenzene group are shown.
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Figure 9. Scanning electron mlcrography (SEM) images of the
cast-films prepared from mixtures of 1, and 2 in a ratio of: a)
1:2,and b, c) 2:1.
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