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Chemistry of Fullerene Multi-Adducts: Highly Soluble Fullerenes
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= Synthesis of Water-Soluble Fullerenols

Tiwo steps

Disadvantage
~ Complex mixture <
» Difficult structural analysis (especially NMRJ

» Difficult to isolate 2 7¢
~ Poor reproducible synthesis '_. Q-;'\A.»__'-’;"f’ <o AR < ]
~ Poor electronic property X hza Vinka 'y 3a

= Difficult material for' r'esear'ch

Advantage
» Low cost
(Applicable to C,,/C;, mixed fullerene, facile purification)
» Highly soluble / Less aggr egatien
» Spherical 3D molecule
» Variation / Tunable

=) Good material for practical use

K. Kokubo, T. Oshima ef al
K. Kokubo ef al, ACS Nano, 2008, 2, 327

ZTCTHRE, T REEH#E
BONd K [CO5-ULrVziskk
[n=3 SEBRTENSHREEF LI UL
ZOMRBR. LEDX D ICEZIMSHEER
ERRZEHET IEREZRAT
BDCECHINZUE UIZ, ¥DHIX
Ceo N'EZERETEMR LU CVZFA
Z. BICII—EREBODRIEE TG

Water-soluble

JP2004-264664

TBAH, 80°C, 1€h

30% H,O, ag / toluene
————

3  Water-soluble

TERENECWRTDCENTE

F U,

BoNIZ CaolOH) 44 EVNVD DI,

R TREDVVKBEEHZET DK
o BRIEDS-LYTHDFEUE,

K. Kokubo, T. Oshima et al., JP2007-031090
K. Kokubo ef al,, Nano Research, 2011, 4, 204

COERAI. FILVIVEEDE
HWABICIBRR UIC Coo 2. 1BRITEENAR
ORISR D, KED:BELEKZR
ERMSE DT ETERSINE T,
607C. 16EBEEICE. LEBEH
D Ceo [FTEICER L. TEBKIE
[CKEEIE D S5 —L Y CooOH), '8
FLTCEEY, KBITBITDIHDE
(FZERDEITH. KICWLUTEB
BRMIIKERMED S —L Y &80T
T,

<,> Osaka Uniwv.

B One-Step Synthetic Method
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B Qualitative analysis:
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= Quantitative analysis: average structure

Elemental analysis
[found(%)]

C: 44.68, H: 3.56

TGA (water content)
-] GrIA T Secondary
o ps smwe __— bound water
ca. 9wt

[ Estimated average structure
40

[caled(%)]
CGO(O H )52 C: 44,90 (+0.22), H: 3.27 (-0.29), |

200 00 Ceo(OH)44'8H20
ol [ fealed()]

pas) § C: 4,68 (-0.00), H: 3.75 (+0.19); H,0- 8.9 wt% |
‘o s tw of Cyy(OH)y,04+8H,0

"o
C: 43.81 (-1.30), H: 3.64 (+0.08}; H,O-- 8.7 wt%
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B Application to CMP Slurry
» Cu wafer polishing with C,o(OH)s,
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= Application to Life

Science

»Antioxidant activity by p-carotene bleaching assay (/n vitro)
»Cytoprotective effects against UV-induced cell death (in vivo)
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= Multi-arylation of Fullerene

bis-adduct

mone-adduct
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[calcd(%)] C: 90.39 (-0.05), H: 4.70 (+0.03),

Cl: 3.30 (+0.08)
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= Etching Durability of Multi-arylated Fullerene

{al, JP2011-026156
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7 Strong NIR absorption
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7 Good solubility
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Ceolp-Tol), (n=7-16)

Highly organic
solvenr-soluble

|
\ =20 wt% (250 mg/mL) |

3 mg/mlL
in toluene

-Summary: Fullerene Multi-Adducts
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-Our rules for Multi-Adduct Structural Analysis

#1. Need both qualitative and quantitative (C,H: +<1%) analyses
(OH) 0

#2. Consider co-crystal solvent (secondary bound water)

Jag !

#3. Confirm the addend by isolation of mono/bis-adduct
)y . Hals
#4. Establish a reproducible synthesis and purification
times...

#5. Try to obtain the mass spectrum and check the consistency
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