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Development of Supramolecular Block Copolymers via Unique Molecular Recognition
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We developed a methodology that employed our unique host-guest motifs to achieve
supramolecular block polymeric assemblies with a high degree of organization. The calix[5]arene-fullerene
"ball-and-socket” interaction and molecular associations of bisresorcinarenes were demonstrated to be key
intermolecular connections that facilitated supramolecular block copolymerization of monomeric building
blocks. We also synthesized white-light-emitting ?raphene quantum dots via the peripheral
functionalization as a new carbon-based functional material.



B X C—19, F—19. Z—19 (@)

1. WFEBH YW DO &

B o®E /) ~—0EGLVEONDHLE
SIROWMEIL, BEEICHWATE v~ — 0O
SOMR ST TR, FoRYIEGEICRE L E
BAEZIT D, /o T, HEAKROESIHEETI
IR ~—oiks BEICHIET 5720
OHEITFETHDH, LEAKIZIE, To¥
LEARSCKEEELK, 7y s EE
K Lo FEREERERH Y, HLEESEKD
Wt OB NS, T D OB I
DRELPNCHIZE S N T & T2, ITHETIE, BEFEO
HESEDSCE Sy TLF 2RI L7z
R HFEROBRBE N THOIL TS,

2. WHEOHB

T, Texix, HEESEOBEEHIEIZ R
H7p 0y RS 2R L EA RS & B
RITDHZET, TNETABMPHELVE SN
TEXT-EAMEORBERENERTE D L
Bz T, AWFGEEEC, BEko® ) v—X&
D7 bR AEBLHESK Yy NT— 7 HKEE
RO EMEREZ BN L LT, B
ERA L8 BEEEROE R TIE %R
BT D,

3. WMo HE

Figure 1. Supramolecular complexes.
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Figure 2. Hosts 1 and 2, and dumbbell-shaped fullerene
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Figure 3. Schematic illustration of the formation of
supramolecular fullerene polymers.
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Figure 4. Fluorescence changes in (a) 1 (2.0 x 10~ mol
L™, Zex = 420 nm) and (b) 2 (2.0 x 10°mol L™, Aex = 400
nm) in the presence of 3 (a—i: 0.0, 0.2, 0.6, 1.2, 1.8, 2.4,
3.0, 3.6, 6.0 12 x 107 mol L’1)at 298 K in toluene. Job
plots for (c) 1 with 3 ([1] + [3] = 2.0 x 107> mol L™") and (d)
2 with 3 ([2] + [3] = 2.0 x 107° mol L™). X; and X; indicate
the molar fractions of 1 and 2, respectively. A/’ indicates
[1=1oX].
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Figure 5. (a) Diffusion coefficients (D) and (b) viscosities
() of 1 (open circle), 2 (open square), 3 (open triangle), 1
with one equivalent of 3 (filled circle), and 2 with 1.5
equivalents of 3 (filled square) at 297 K in chloroform.
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Figure 6. Scanning electron microscopic images of
cast-films prepared from: (a) a 1:1 mixture of 1 and 3, (b)
a 2:3 mixture of 2 and 3, (c) a 2:1 mixture of 2 and 3, and
(d) a 2:5 mixture of 2 and 3. Atomic force microscopic
images of spin-coated films of (e) a 1:1 mixture of 1 and
3, (f) a 2:3 mixture of 2 and 3.
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Figure 7. Schematic representation of supramolecular
polymerization of bisresorcinarene 4a—d.
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Table 1. Acid-catalyzed condensations of
bisresorcinarenes.

HO O OH
5 H+, EtOH

(MeO)4CH — (CHy),, ~CH(OMe),

6a:n= 4

b:n= 6

cn= 8

d:n=10

entry  R—(CHp)—R Product % yields

1 6a 4a 45
2 6b 4b 62
3 6c 4c 57
4 6d 4ad 33
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Figure 8. (a) SEM and (b)—(e) AFM images of cast films
prepared from ethanol solutions of 4 with (a)—(b) toluene,
(c) no co-solvent, and (d) DMF. The white scale bar in
(a) denotes 5 um.
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Scheme 1. Synthesis of edge-functionalized graphene
quantum dots GQDs.
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Figure 9. AFM images (a), (b) of GQD-1 (0.9 ym x 0.9
pm) and GQD-2b (0.9 pm x 0.9 pm) on mica disks.
Height profiles (c), (e) of the cross sections of the white
lines in (a) and (b), and magnified images (d), (f) of
GQD-1 and GQD-2b.
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Figure 10. UV/vis absorption and fluorescence spectra
of (a) GQD-1, (b) GQD-2a, (c) GQD-2b, and (d) GQD-2¢c
in CHyCl,. (e) Optical images of GQD-1 (360 and 380
nm), GQD-2a, GQD-2b, and GQD-2c. (f) The CIE 1931
chromaticity diagram of GQD-1 (Aex = 360 nm), GQD-1
(Aex = 380 nm), GQD-2a (Aex = 360 Nnm), GQD-2b (Aex =
360 nm), and GQD-2¢ (A« = 360 nm).
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