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Abstract
The geometry of carbon cages(fullerenes) is governed by the isolated pentagon rule(IPR), which states that the most
stable fullerenes are those in which all pentagons are surrounded by five hexagons. Although this rule has been verified
experimentally, it is impossible for fullerenes in the range Cq to Cs to obey it. Here we describe the structure
determination of the IPR-violating metallofullerene, Sc,@Cgs, a Cgs fullerene encaging a scandium dimmer, by the
synchrotron radiation powder method using Large Debye-Scherrer Camera at BL02B2 in SPring-8. The results

indicate that encapsulation of the metal dimmer significantly stabilizes this extremely unstable Cg fullerene.

10o00gdg
O0000D0O0O0D0O0O00CeuOOouoooono
R. E. Smalley, H. W. Kroto, R. F. Curl [0 199601 [J
odooooooUdooOooooooooooood
odooooooooooooooooooood
e 00000000000 COO0DODOOODODOO
odooooooooooooooooooood
odooooooooooooooooooood
odooooooooOooooooooooood
odooooooooOooooooooooood
000o0d0ooooD200000000D00000
O00O00O0ODO0ODO0ODOOOO0O0Ooggogolsolated
Pentagon RuldlIPRCOOOOO0OOOOOOOODOO
o0o0o0oo0ooOoooooooooooobL2mg
odooooooooOooooooooooood
odooooooooOooooooooooood
gboobobooooiiPROCOOOSODOOSDO0O
00o0d00o0Doo0ooOdoouoooooogooog
00o0d00o0Doo0ooOdoouoooooogooog
0doooooooOoOooooooooooood
000o0ooooooonooooooooooog
0000000Do0ooO0ooooooooooo
oooooooooooo
IPROODOO0ODOOOOOODOOOODOOOO
O00000OCeOUODOFigMaDdD OO Cel
00D00o0o0o0ooDOooooooooDooooo

116 SPring-8 Information(] Vol.6 No.2 MARCH 2001

000050006000000000500000
0D00000000000000000Ce0005
0006000000000 00D0O0O0179000
0000000000000000000000 [
O000IPRODDOOOOOOC,OO0D0DDON
00000000000000000000000
0000000000 0nO00000000000
00000000000 IPROOODO200000
0O000000000000000C,00000
Fig. Db00C,0 00000000000 DOO0O
0000000000000 Ce, Ce, Ces, CesD O
O0IPRODDOOOOODOOOOOOODODODOO
00000000000000000000000
O0000000IPROODOOOOOODOODOO
00000000000000000000000

(a) Ceo

Fig.1 The structure of (a) Ceo and (b) Co.



goooboobobooobobooooboboon
goooboobobooobobooooboboon

oooboooboobobobooooobooboobogoon

Ssc00ooooooDbod200o0ooooonog
O0Sc,@Cee 0D ODDOODOOODOODOOODO®G6O
O0000CsODOOO0ODODOOOODDOOoOn
OUoooRsgoUUooUoIPROODOOOO
ooooooooooooooooooooooo
0ooooooooDoooooDooooooDooon
NatureDO OO DO OD0O0OD0OD0DOODOOOXOOO
oo0ooooooooooooooooooon
SPring-80 0000 00O0OBL02B20 00 XOO
oooooooooooD- ooooooooooo
00000Sc,@Cegl D00 DOO000DDO0O0On
00000000000 o0oo0ooo0oooOolIPrR
00o0oOos0002000000000000000
ooooooooooooooooooooooo
OB oU0000000SPring-80000000O0
ooooooooooooooDooDoXoooo
ooooDoDoooooooooDoDOMEM
0 Maximum Entropy Method[¥ Rietveld [0 0 O O
oooooe4sigooooodoooooooog
ooooooooooooo

200000
googdscObbobobobobboooooooonoO
gboogbbooboobooboooboobb

SchnCnooonoonoooooooooooon
O0DO0O000DO0O000DO0O0Sc@Ces0OD
goooobooboooodPLCOODOODOOO
gbobooobobobooobooboooobon
goooooooosonobbDmgiOooon
gbobooobobobooobooboooobon
gboobooooooo
ooobooobobobooobobobooobo
oooooDooXobooooooooooboobo
SPring-80 BLO2B20 D OO0 ODOO0OOOOOOO
gobooboooo- ooboobgooboobooo

OFig 2H6 "0 000000000000000ODO

00000000000000000000000
0000003000000000000000100
0000000000000 0X000000.750
00000000000000000000000
00000000000000000000000
00000000002000000000000
00000000000000000000000
000000026000 2038 d>200 0 000270 0
000000000000000

30 MEM/Rietveld O O

MEMUO Maximum Entropy MethodO O OO OO
OXOOoOooOooooooooooooooooo
00000o0ooooo0ooooooooooooo
O0000o0oO0ooOooooooREsmooooooo

Capillary size  :0.1~0.4mm ¢
Wavelength :0.4~1.0A
Exposure Time :5min.~1 hour

2 @ range
Temperature range: 20K ~1000K

: 0~380. degree

Fig.2 The Large Debye-Scherrer Camera at BL02B2 in SPring-8
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Fig.3 The preliminary Rietveld fitting result of Sc,@Cgg Crystal.

118 SPring-8 Information(] Vol.6 No.2 MARCH 2001

40 1IPROO OO Sc,@Ces I O O

Fig. 400000000030 O000Sc,@Ce0 0
gbooboobooboooobooboooobon
gboboobobooboooboboooobon
goboooobbogoooboscob2000000
Sc,0000000OD00OSe-ScOdnngn28m90
gogz20b0scOb0bDScooooooonon
gboboobobooooboboooobon
gboboobobgoboeboosooobooobogon
gboboogscO0gooboooboooosgon
gboboobobooooboboooobon
gboboobobooboooboboobooobgoon
UboboooooboobobooboOobObCepUsb
gbobooboboooobobooooboon
odooooooooouooooooseobonbon
gboboobobooooboboooobon
0000000000 C,008C-NMROODOOOD
00000000 0oooooob:mooooon
OO00oO0ooooooboOMEM/RietveldD 0D OO
OO0O0D0O0O000D0Sc,@CesdSc, 00D ODOODO
gboooobosgbobooobboc,0boooo200

Fig.4 (a) The X-ray structure of the IPR-violating Sco@Cegs fullerene
with top view along the C, axis and side view. The equi-
contour (1.4 e A3) surface of the final MEM electron charge
density. The Sc, dimer is colored in red. The two pairs of fused-
pentagons are clearly seen. (b)The Sc,@Cgg Structure models.
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