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Endohedral metallofullerenes are very attractive because of its unique electronic properties. Chemical
modification is helpful to design nano carbon molecules having the novel function. Firstly, I revealed
that the charge density and local strain of the fullerene cage are useful indices to decide the addition
position of the substituent. To functionalize the endohedral metallofullerene, the novel electron
donor-acceptor conjugate consisted of endohedral metallofullerene and zinc porphyrin was theoretically
designed and its properties were investigated. This conjugate was predicted to induce the intramolecular
charge separation by photoexcitation.

SR E R
(BHEHAL : )
[ERES LN [RIHE 2L & &t

200 9 2,700,000 810,000 3,510,000
201 04 800,000 240,000 1,040,000

FEE

FEE

FEE
W E 3,500,000 1,050,000 4,550,000

WIRAVE - (L2
FIBFR AR - MIE - JEREML: - iy
F—U— I BRI - 5 T - BT ARE

1. WFIEBHAE S W) DY 5 DI E DT FEBEHIEIT BT H R 72
ERAENBLEZ7 T — L xR A BNRZ L ERIMCBWTERICHE SN T
&7 T CThRTFRBIHOEEZET D W5, 77— LU a et L CRIIT 5 ik
& THIBRNEF =L TWD, BT, BV LTRSS WS AN, ZhE TIZ
BELTHEABZEDTWAN, TOAKED Co IZOWVWTIHHIMIITONTEZ L DD,



EBRNAT7 T —L IR LTIRIZEAEH
B TWARWy, LER-T, &NE 7 7
— L > OALERIEL, DS O&RIF T
KB EAIRREERETS T T <, AMAID S B 1E
AEMz 52 L TH LWEEREM 1 % 3 8
T5HEHFETE D,

2. WO HD

77—V I OERIF TR0 T A
H— BRI —A R ERNEEND, f
ZI1E La@Cy, 13, [RFBED ISR D Coy 77—
DOWNEZERIZ La JR - Z2NE L TEY | Lali
%#6mﬁ& CADEFBENIC LK
M La*Cy,” & b O M 7+ Th 5, Lalit
FIE Cqy 77— DR LN S LT BATIC
MELTWD, THIZXH LT La,@Cyy X
&N@QO:iW@@#%6 B EZITH -
7o Cy 7 — Y OWNEG N =12 5720, N
BRI = REWICEBICEEET S Z E R T
X5, ZOXHIBRTI—VCANOEBRE T
KO T A —%LEHIE Y T IREEH] T X
ML, BEREME S ) L L CHG T 31 A
RHAAL v TF~EHTHZ ERHFFTE S,
ZZ T, ALFEMIC LT T T DE
REESNT S 2 2 b S, B LUWEEE 2 R 8
T 5T ) RFESTERE L, EOIEMEWIEE
RN O RMAVICH LT 5 2 & &R
B,

3. WMo Bk

T R_RTOKAIL, ab initio 2 FHUEIER &
OV FEIL RS E 2 VW CTIT o 72,

(1) PSR o R

SIBNM T T — L I LW RE 2 565
SHBIZE, NATAHERRT7 T AKX —
EIRFBE—VICEAT HELIE, BIOED
NGB DL DENRIEFICEETH 5.
Z 2 T.La@Cy MW TIREr — ¥ LD ER
B LB OBRES R L, &t
%%ﬁ W 51 5 DI E %2 T3 5 729

R T TR A ST LTz,

(2)@%&5@ Y- DA

{bFEAfRIC ;ofﬁﬁwa7? Lk
BEREIL T 23 & LT, BTG T+ TH
5%§,\T/V7/{ )/75:@ xﬁl‘%@mb\
Lw@%k%kbt %%m#LtO%L¢

REEDEENTIZ Ko T, fLZHEARITIC
%hiﬁb\o?‘:%ﬁ (BT i YN e L?‘:o

4. WFFTEcR

(1)Q%ER@®M%

La@Cg, (& “FEEOBEHIL, XX A TF Ly
smaXy2yxy (Cp¥) LT X~ FINH
X (Ad) DN 23556 OALERINYE %
BRf LT, Cpr i p s T s, I

BRARE LML TWBRFEICAINT S
ETREND, RFr—V EOBRIEE DR

Hrick v, E%ﬁiLaﬁ%#%%ﬂkﬁ%
=Y R LTWD Z ERbholz, sp?
Aﬁ@ﬁfﬁﬁ%ﬂﬁbf“é77 L
Zix. BT EARDRE WRENTFET D,
7?~vymﬁﬁmﬁéﬁﬁéwﬁmwmm
axis vector (POAV) & W) BERIC K - TRD 5
L5, POAV OREZWRFEIX, IS &
STELEMRHTHZENTEEDT, MG
ERENEEZBND, £ 2T, La@Cy, O
82 fH D [ FE IOV T POAV Z 3K | Sk D
EWRFZEOH LTz, BWMEE & POAV O
T 5 % it 72 9 SRS O 3 O R 3R A RAT L
Cp*DF &% PRI L7 (X 1), A
& LT, La@CyCp*~D Ad DFFINALE 2D
W L7z, RETRETHD Ad 1%, La
E%ﬁ%@ﬁ%ﬁ%%@kmmvwk%mﬁ
AT aEEx NG, ZOXHiC, H
% %ﬂbtlm@%mmwmcwkiw
Ad OFFIALE L, AL S X AR IE T 0%
AT MUVEATIZ L » CTRER & v, Bl E
kv, REFEHS;F— LOBRMEE L POAV I
IR D SIS IE % FeE 3 5 DA H 72 ta
EThHZEEHLMNI L, ZUXT 4
T OREREFRBLAHIE L, LA %ﬁ#é
WA et T2 FIEE L TEHEERERLZ D

D

o

"\
[
Py

\
"-/

ol

+

I3
»
~

X 1 La@Cy,Cp* D B T A%

(2) B G S TOEA

B 2RO R La,@Cy, & &1t 5455
FTHLHFRANLT 1) & m A= —
AL CHE S-S FaRit Lz, 20
mgmwmmb+~ T e 7 a iRy
FiE, A=Y —=DRE ST O EELY
b, Pravih 2y o THE 3BT L 724 o 5 i
TN LZETHDZ EBbnrolz,
CHITRFE S —T L Zn & ORITHEEREN
265A L7577 4 FOBRIEREL Y bEL,
IR - FHAAEH BB N TV D728
LEZOND, 20X 52, La,@Cy—ZnP
D5y FEERIEL, HOMO X R —ELTH 5
ZnP B2, LUMO X7 7 & 7% —EhiThH 5
La,@Cg N La, BHZELE D RBELL TV D
ZEERLE, Z®X 7% HOMO - LUMO
L OEE D RBELIE, La,@Cy—ZnP 23 Y675 i
B BENC L > T(La,@Cy)”  —(ZnP) " & L



CEM 7 BERRE 2 3BT 5 Al REME & 9R < IR
BLTnWbd, UELY, &ERNE7 7 —1
ZHWE Kb — « 77 &7 2 —BI5 1358
EIZ L - ThHTNERMDBEREEZERKT D
ZEEBERMNCTRILZ, Z ORI, HiE
A KBS BB AL B~ D IS I FEE I HRE T
XD,

‘,’?{} < Z}e/
N i S 25 W N
B AT AW FAE
}:Fé%‘(’ rLj/

/] e
,

¢
2 La,@Cg~ZnP ® HOMO (/£) & LUMO
H)

\

_—

5. TP
(WFFERFKAE . WFE 0 3 M O IEE 12
(=)

CdEssam ) (BH 17 10)

@ Lai Feng, Shankara Gayathri Radhakrishnan,
Naomi Mizorogi, Zdenek Slanina, Hidefumi
Nikawa, Takahiro Tsuchiya, Takeshi Akasaka,
Shigeru Nagase, Nazario Martin, Dirk M.
Guldi, “Synthesis and Charge-Transfer
Chemistry of La,@I],-Cg/Sc;N@],-Cq—Zinc
Porphyrin Conjugates: Impact of Endohedral
Cluster”, J. Am. Chem. Soc. 133, 7608-7618,
2011. &FEH

@ Midori O. Ishitsuka, Shogo Sano, Haruka
Enoki, Satoru Sato, Hidefumi Nikawa,
Takahiro Tsuchiya, Zdenek Slanina, Naomi
Mizorogi, Michael T. H. Liu, Takeshi
Akasaka, Shigeru Nagase, “Regioselective
Bis-functionalization of Endohedral
Dimetallofullerene, La,@Cg,: Extremal La-La
Distance”, J. Am. Chem. Soc. 133, 7128-7134,
2011. &FEH

3 Hiroki Kurihara, Xing Lu, Yuko Iiduka,
Naomi Mizorogi, Zdenek Slanina, Takahiro
Tsuchiya, Takeshi Akasaka, Shigeru Nagase,
“Sc,C,@Cq, Rather than Sc,@Cy,: Templated
Formation of Unexpected C,,(5)-Cq, and
Temperature-Dependent Dynamic Motion of
Internal Sc,C, Cluster”, J. Am. Chem. Soc.
133,2382-2385,2011. A&7

@ Michio Yamada, Mari Minowa, Satoru Sato,
Masahiro Kako, Zdenek Slanina, Naomi
Mizorogi, Takahiro Tsuchiya, Yutaka Maeda,
Shigeru Nagase, Takeshi Akasaka,

“Dimetallofullerene La,@1,-Cq, with
Silirane”, J. Am. Chem. Soc. 132,
17953-17960, 2010. A5

® Junko Nagatsuka, Sachie Sugitani, Masahiro
Kako, Tsukasa Nakahodo, Naomi Mizorogi,
Midori O. Ishitsuka, Yutaka Maeda, Takahiro
Tsuchiya, Takeshi Akasaka, Xingfa Gao,
Shigeru Nagase, “Photochemical Addition of
Cq  with  Siliranes: Synthesis  and
Characterization of Carbosilylated and
Hydrosilylated Cg, Derivatives”, J. Am. Chem.
Soc. 132,12106-12120,2010. & FHH

® Dirk M. Guldi, Lai Feng, Shankara Gayathri
Radhakrishnan, Hidefumi Nikawa, Michio
Yamada, Naomi Mizorogi, Takahiro Tsuchiya,

Takeshi Akasaka, Shigeru Nagase, M.
Angeles Herranz, Nazario Martin, “A
Molecular Ce,@1,-Cq, Switchs
Unprecedented  Oxidative  Pathway in

Photoinduced Charge Transfer Reactivity”, J.
Am. Chem. Soc. 132, 9078-9086, 2010. A&t
H

@ Xing Lu, Zdenek Slanina, Takeshi Akasaka,
Takahiro Tsuchiya, Naomi Mizorogi, Shigeru
Nagase, “Yb@C,, (n = 40, 41, 42): New
Fullerene  Allotropes  with ~ Unexplored
Electrochemical Properties”, J. Am. Chem.
Soc. 132, 5896-5905,2010. At

Takeshi Akasaka, Xing Lu, Hidenori Kuga,
Hidefumi Nikawa, Naomi Mizorogi, Zdenek
Slanina, Takahiro Tsuchiya, Kenji Yoza,
Shigeru Nagase, “Dichlorophenyl Derivatives
of La@(C5,(7)-Cg, : Endohedral Metal Induced
Localization of Pyramidalization and Spin on
a Triple-Hexagon Junction”, Angew. Chem.
Int. Ed. 49,1-6,2010. &#HiH

© Yutaka Maeda, Satoru Sato, Koji Inada,
Hidefumi Nikawa, Michio Yamada, Naomi
Mizorogi, Tadashi Hasegawa, Takahiro
Tsuchiya, Takeshi Akasaka, Tatsuhisa Kato,
Zdenek Slanina, Shigeru Nagase,
“Regioselective Exohedral Functionalization
of La@Cq, and its
1,2,3.4,5-Pentamethylcyclopentadiene and
Adamantylidene Adducts”, Chem. Eur. J. 16,
2193-2197,2010. %t

Xing Lu, Hidefumi Nikawa, Takahiro
Tsuchiya, Takeshi Akasaka, Makoto Toki,
Hiroshi Sawa, Naomi Mizorogi, Shigeru
Nagase, “Nitrated Benzyne Derivatives of
La@Cyg,: Addition of NO, and Its Positional
Directing Effect on the Subsequent Addition
of Benzynes”, Angew. Chem. Int. Ed. 49, 594
-597,2010. £t

) Xing Lu, Hidefumi Nikawa, Lai Feng,
Takahiro Tsuchiya, Yutaka Maeda, Takeshi
Akasaka, Naomi Mizorogi, Zdenek Slanina,




Shigeru Nagase, “Location of the Yttrium
Atom in Y@Cg, and Its Influence on the
Reactivity of Cage Carbons”, J. Am. Chem.
Soc. 131, 12066-12067, 2009. 25

@ Hidefumi Nikawa, Tomoya Yamada, Baopeng
Cao, Naomi Mizorogi, Zdenek Slanina,
Takahiro Tsuchiya, Takeshi Akasaka, Kenji
Yoza, Shigeru Nagase, “Missing
Metallofullerene with Cg, Cage”, J. Am.
Chem. Soc. 131, 10950-1954,2009. & FHiH

@ Yuta Takano, Motoki Aoyagi, Michio Yamada,

Hidefumi Nikawa, Zdenek Slanina, Naomi
Mizorogi, Midori O. Ishitsuka, Takahiro
Tsuchiya, Yutaka Maeda, Takeshi Akasaka,
Tatsuhisa Kato, Shigeru Nagase, “Anisotropic
Magnetic Behavior of Anionic Ce@Cg,
Carbene Adducts”, J. Am. Chem. Soc. 131,
9340-9346, 2009. #HiA

Michio Yamada, Mayuko Okamura, Satoru
Sato, Chika I. Someya, Naomi Mizorogi,
Takahiro  Tsuchiya, Takeshi Akasaka,
Tatsuhisa Kato, Shigeru Nagase, “Two
Regioisomers of Endohedral
Pyrrolidinodimetallofullerenes M, @], -Cq,
(CH,),NTrt (M = La, Ce; Trt = trityl): Control
of Metal Atom Positions by Addition
Position”, Chem. Eur. J. 15, 10533-10542,
2009. #EHiH

@ Michio Yamada, Naomi Mizorogi, Takahiro
Tsuchiya, Takeshi Akasaka, Shigeru Nagase,
“Synthesis and Characterization of the Ds,
Isomer of the Endohedral Dimetallofullerene
Ce,@Cg,: Two-Dimensional Circulation of
Encapsulated Metal Atoms Inside a Fullerene
Cage”, Chem. Eur. J. 15, 9486 — 9493, 2009.
e

Makoto Hachiya, Hidefumi Nikawa, Satoru
Sato, Naomi Mizorogi, Yutaka Maeda,
Takahiro Tsuchiya, Takeshi Akasaka, Shigeru
Nagase, “Effective and Convenient
Separation Method for D,;-Cg,(84:23) using

Diels-Alder Reaction”, ITE-IBA Lett. 2,41-45,

2009. A
@ Keith E. Whitener, Jr., R. James Cross, Martin
Saunders, Sho-ichi Iwamatsu, Shizuaki

Murata, Naomi Mizorogi, Shigeru Nagase,
“Methane in an Open-Cage [60]Fullerene”, J.
Am. Chem. Soc. 131, 6338-6339, 2009. &5t
"

(FR¥ER) GE8fh)

(D Lai Feng, Shankara Gayathri Radhakrishnan,
1 B R, Zdenek Slanina, —JII ¥, +
BWUR, FRBfE, K. Nazario Martin,
Dirk M. Guldi, THigr(IDHRL T 4V 2 —
BRANUT T — L S FOR L
WE  NEY T A Z—DRE] | 40 [

MER7I—L - ) Fa—TREV VR
UL, 20113 H9H, BHKF

@ A ARESE, R, KiZ Aoy
LT =N, RNET T — L DR &
BHREEL, 40 ERET T - -
) Fa—TRAEVVRY T A, 2011 4 3
H 8 B, &HKRY

(® MIZOROGI, Naomi, AKASAKA, Takashi,
NAGASE, Shigeru, [ Theoretical Study of
Endohedral  Structures and  Electronic
Properties of Scandium Carbide Endohedral
Metallofullerenes | . PacifiChem2010, 2010
412 H 17 H. Honolulu, USA

@ HEAARESE, RO, KiE (Ao v
LT =N, RNET T — L DR &
BRI, B AR 4 BB
K% (2010), 2010 48 A 30 H., HIEK
2

(® MIZOROGI, Naomi, AKASAKA, Takashi,
NAGASE, Shigeru, [ Theoretical Study of
Scandium Carbide Endohedral
Metallofullerenes | . 217th ECS Meeting, 2010
44 H 27 H. Vancouver, Canada

® foigta, AT, FREE =, IR L
I8 R i B R E S RAINIE, THEREHUA
IR, JNAEST/A . SLANINA, Zdenek, ﬂ
Wk, TR 2BMEICL 28RN T Z
— L B AROMERIR b AHE ), 56
20 MIEREA L AR R 2. 2009 429 H 28
H., BER KT

@ BRI 1. ZINH S, A ARE
£, LEREUR, KB R, Rk, T&Bh
— A FNEA 7 T —1 > Sc,C,@Cqy DI
WRE], FHITETT—L e ) Fa—
TREYVRY T A, 200049 A 2 H,
O AFXEEESEY

® feigla, ATHEE, fmEiEE. Z)IHSE 1l
38 R i B AR E S RAINIE, HEREHUA
IR, JNAEST/A . SLANINA, Zdenek, ﬂ
W, BN T 7 — L v OALERINE
TR T BRBEHERG ), 3T T T — LT
Fa—TRETHRT T L2009 49 A 2
H. o< IXEES®ES

(£ D]
R i
http://www.tara.tsukuba.ac.jp/~akasaka-lab/

6. MWFTCHEAR
(DR EE

%Eﬁ H% (MIZOROGI NAOMI)

B KT « REEHEEE R 2R - %
ﬁnﬁ
MeE&xeS: 60462199



