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Study on Dynamic Behavior of Water—Soluble Ful lerene Nanoparticle
having a Fluorescent Tag for Bioimaging
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We succeeded in synthesizing fullerenols having pyrene moieties as a fluorescent
tag and found that the excimer emission and the fluorescent lifetime were varied by
changing the linker length. We also synthesized a fullerenol having a fluorescein
moiety which shows much stronger fluorescence in visible region. The fluorescent
quenching experiments revealed that the fluorescent quenching by energy transfer from
fluorophore to fullerene nucleus was retarded by 2. 5 times for fluorescein as compared
with that for pyrene fluorophore. The fluorescent quantum yield of fluorescein tagged
fullerenol was thus improved ca. 2 times higher than that of pyrene tagged fullerenol.
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Figure 1. Fluorescence spectra of 2 (Aex = 342 nm, solid line)
and 1-pyrenebutylic acid (Ax = 336 nm, dashed line) in THF.
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Figure 2. A schematic explanation of excimer emission of 2.
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Figure 3. IR spectra of l-pyrenecarboxylic acid,
1-pyrenecarboxylic chloride, and fullerenol 1.
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Figure 4. Dynamic light scattering (DSL) chart of 2 (0.10
mM) in THF. Size distribution by volume.
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Figure 5. Stern-Volmer plots for 1-pyrenebutylic acid (1.5
uM) with Cg (square) in benzene and with Cg(OH),, (circle)
in THF at 400 nm.
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Figure 6. Fluorescence decay of 1(Aex = 340 nm, A, = 386
nm) and 2(Aex = 342 nm, A, = 460 nm).
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Table 1. Emission lifetimes of 1-pyrenebutylic acid,
fullerenols 1, and 2.

Aex Aem T T2
compound
(nm) (nm) (ns) (ns)
1-pyrene

butylic acid 336 377 22.5 0
1 340 386 7.82 1.06
monomer 342 377 18.4 3.59

2
excimer 342 460 16.2 1.56
“Measured in THF.
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Ceo (OH) o HIRDWRIY & (2 460 nm (Z FITC |2
REE 7228 B B 4, & OWRINGREE & FITC
LT s L BASINTZTNVA LA R
NDEZ 0.9 LRBEE D ZLNTE, JLHRD
HroRE SR % 3FF LTz,

(5) HOREAL DE IS < S EREE
DB

L& FITC T, 77— L oKk
77—l KL, PORBRE L —BHE)
BRIGEWVWDR S DN ETRDT20, HEERE
1Tol=. 9. KBBL7 77—V iF77—1L
‘/ﬂ:ttm“fﬂéi‘éﬁéﬁ?%‘i% 1/3.5 12K 95
ZENbhrotl, Tk D Z & T,
7 T — L OIAE D L C HOMO-LUMO [ @
TRALNX—Xy v IR ERT LD EE
Z 55D, WIZ, BEL A% & FITC @
FR1/2. 5z nEWD T Enby
o7, Zhut, Bl U7z X 9 icaot — I &
XY RVOERZRYIPI/NELRY m X —
BEh iz %htt&bt‘&%z SYAAR

AR 4 & FITC Tl 1ZIEFR CHED®H
t2~7%wﬂﬁmémtﬂ I1Z FITC 12kt
Rp EEIHRENMMET LTV, 4 ot E:
FUERIT 0. 25 & RAES HAv, FITC @ 0.91 @
BL*F1/3.5¢7o7, E"l/‘/%ﬁ;%)\bka
7o —1 2 2 (0.14) TR B L 70
LA o BEALE 40T, BOEEFINR, 4
%W%%@%ﬁ&%c&%ﬂﬁ%htobm
L. Stern—-Volmer 7’12 v F235 AR (1/2.5)
ENDH I BEENRKEN-TZ (1/3.5) =
EOEMmE LTI, KB I—Lv T
LA UBEAESIN-Z EITEY ., WIRE
Wb X0 oy FRIBREES TS & EEAEZ Y




G hoT LEodEZILNS,

LIE ABFFEICT

BONEREERIET

L UToEBY LD,

1.

5.

(WFFEREH . Mo

Lyl It LEL N EET A
WA KB T — L S RiF D
ERIZENENRE) LTz,

75—Vl JRiF T, B TL
F LA ENLINS, T T — L UELIC
WL BTN R X —BENE =
HZ ENRboT,

Vo h—HEELTHIET, LD
THx UV —HENBIL, =L —F
BOELIMZ D Z LN TE T,

D EEERLY, T F LS I LY

LU HELEINII<L, 79— itk
RCKEEIL 7 7 — VLT, #OEEMNLo
HAENEZ VI WZ ERNFER ST,
TINF VA CENL B R T B AR
KERIL T T — L ) ki F O BT
INHRIL 0.25 ARSI TRi O Tl
HERMMNoT,

R/

Oy e OSBRI 812

(=Y

(
1.

MesEamsC) Gt 3 11)

Facile and Scalable Synthesis of Highly
Hydroxylated Water-Soluble Fullerenol
as a Single Nanoparticle

K. Kokubo, S. Shirakawa, N. Kobayashi,
H. Aoshima, and T. Oshima &@tf
Nano Kesearch, 2011, 4, 204-215
Synthesis and Regiochemistry of
[60]Fullerenyl 2-Methylmalonate
Bisadducts and their Facile
Electron—Accepting Properties

K. Kokubo, R. S. Arastoo, T. Oshima,
C.-C. Wang, Y. Gao, H.-Lin Wang, H. Geng,
and L. Y. Chiang &#HA

J. Org. Chem., 2010, 75, 4574-4583.

A New Approach to Benzofurane
Synthesis: Lewis Acid Mediated
Cycloaddition of Benzoquinones with
Stilbene Oxides

K. Kokubo, K. Harada, E. Mochizuk, and
T. Oshima
Tetrahedron Lett.
AR

2010, 51, 955-958.

(&) Gt4h)

1.

WA KERL 7 T — L U DAERB L)
= DR

ISR WE BNFE FREEE . K 15
H AL E 91 [AIRZF4ES 2011. 3. 28,
R

Synthesis of Fullerenols having

Fluorophore Moiety
K. Kokubo, S. Shirakawa, I. Morita, N.

Tkuma, T. Oshima
PACIFICHEM 2010. 12. 17, Hawaii, USA
3. Near-Infrared Optical Absorbing

[18] Trannulene
2-Methylmalonate

Nanocarbon Material:
as [60]Fullerenyl

Adducts
K. Kokubo, R. S. Arasto, H. Geng, H.-L.
Wang, T. Oshima, L. Y. Chiang

8th Eco—Energy and Materials Science
and Engineering Symposium (EMSES),
2010. 8. 21, Kyoto

4. FEAREBEVEIRE KR 7 T L ) — )L OfEi{H
B E DT KRR
ABREES, DALR A KRE 5
EBIETT—L T ) Fa—TREY
VIRY T A 2010.3. 4, 4R

(Z Dfh)
R BR— U
http://www. chem. eng. osaka—u. ac. jp/ oshi

ma—lab/

6. MR

(1) WFgefRE

INIAE BF (KOKUBO — KEN)
KKK - TR - Gk
o535 20304008



