
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 09:05
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Ultraviolet Photoelectron
Spectra of Mono Metal Atom
Encapsulated Fullerenes
Kentaro Iwasaki a , Kazunori Umishita a , Shojun
Hino a , Koichi Kikuchi b , Yohji Achiba c & Hisanori
Shinohara c
a Fac. of Eng. and Grad. School of Sci. & Tech.,
Chiba University, Chiba, 263-8522, Japan
b Dept. of Chemistry, Tokyo Metropolitan University,
Hachioji, 192-0397, Japan
c Dept. of Chemistry, Nagoya University, Nagoya,
464-8602, Japan

Version of record first published: 24 Sep 2006

To cite this article: Kentaro Iwasaki, Kazunori Umishita, Shojun Hino, Koichi Kikuchi,
Yohji Achiba & Hisanori Shinohara (2000): Ultraviolet Photoelectron Spectra of Mono
Metal Atom Encapsulated Fullerenes, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 340:1, 643-648

To link to this article:  http://dx.doi.org/10.1080/10587250008025540

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008025540


Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
9:

05
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol Crysf. and Liy. Crysr., 2000, Vol. 340, pp. 643.648 
Reprints ivailahle directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Ultraviolet Photoelectron Spectra of Mono Metal 
Atom Encapsulated Fullerenes 
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(Re(-rived May 30, 1999; I n  final form June 29, 1999) 

Ultraviolet photoelectron spectra of mono metal atom encapsulated fullerenes, M@C?* 
(M = La, Gd and Sc), are measured with a synchrotron radiation light source. When the exci- 
tation energy is tuned, spectral intensity oscillation is observed in these mono metal atom 
encapsulated fullerenes as was in empty fullerene, C X ~ .  Their incident photon energy depend- 
ence is essentially the same. Their spectra deeper than 5 eV are almost identical and are simi- 
lar to those of empty fullerene. The noticeahlc diffcrence among the spectra is in the energy 
region between the Fermi lcvel and 4 eV. which rcvcals thc degree of electron transfer from 
the metal atom to the fullerene cage. 

Keywords: metallofullerene; electronic structure: UPS; fullerenes; photoelectron spectra 

INTRODUCTION 

Isolation and purification of mono metal atom encapsulated fullercnes 

(metallofullerenes) in macroscopic quantities have made it possible to 

investigate their properties. such as their molecular structure and 

electronic structure. The interpretation of ultraviolet photoelectron 

spectra (IJPS) of metallofullercnes. M@Cx2 (M = La. Gd and Sc)  has 

helped to clarify their elcctronic structure and indicates the amount of  

electrons transferred from the metal atom to the cage 11-51. In this 
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paper, we compare the electronic structure of these fullerenes 

EXPERIMENTAL 

Lktails o f  preparation and separation of  LagCst and Gd('Cxr were 

described in Ref. [ 6 ] .  A method adopted for the preparation and 

separation of Sc@Cx2 [7] is slightly different from the one used for 

Idai@!Cxz and Gd@Cxz. The lJPS were measured by a photoelectron 

spectrometer at B1,8B2 of  LIVSOR in the Institute for Molecular Science 

12-51. 

RESULTS and DISCUSSION 

Fig. 1 shows the UPS of the M(GCs2 ( M  = La. Gd and Sc) together with 

that of  Cxz. The spectra of metallofullerenes exhibit several distinct 

structures between the Fermi level and 7 eV. These structures are also 

observed in empty fullerene Cx2 except for the existence of  structure 

indicated by N .  Appearance of structure N is obviously induced by an 

introduction o f t h e  metal atom into the cage. Among these fullerenes. 

structure B .  C.  and D are almost same in their position and intensity. 

l h e  intensity of these structures oscillates with the incident 

photon energy. The intensity of structures A - C is plotted in Fig. 2 as a 

runction of the incident photon energy The intensity of each structure 

is normalized by the sum of A - C .  I t  seems that the spectral 

dependence on the incident photon energy is essentially the same in these 

fullerencs. The intensity of structure A exhibits a maximum at 20 eV 

and a minimum at 30 rV. The intensity of  siructure B is low at 40 or 45 

zV. l 'he intensity ratio o f A  to B is almost unity at 20 or 40 eV, but i t  is 

0.5 at 3 0  cV. Intensity ofstructureA and Cexhibit  opposite behavior on 

the incident photon energy dependence. 

The intensity of structure N also oscillates upon the incident 

photon energy change. which is evidence of  charge transfer from the 

metal atom to the cage. Interference among outgoing wave functions of  
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Binding Energy / eV 

FIGURE 1 .  UPS of the mono metal atom encapsulated 
fullerenes. Excitation energy is 20 eV. 
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F I G U R E  2. 'The relative intensity of the structures A - C of the 
fullcrenes plotted as a function of the incident photon energy. 
The intensity of each structure is normalized by the sum ofA - C .  
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the eniitted photoelectrons are able to explain the intensity oscillation [ 8. 

91. The basis for this explanation is that fullerene is spherical and 

photoelectrons are ejected from the carbon atoms constituting the cage of 

about 0.7 nm or more diameter. The fact that the intensity of N 

oscillates means that these electrons are no t  on the metal atom but 

actually on the cage. l h i s  is further evidence of electron transfer from 

the metal to the cage. 

Scandium. lanthanum and gadolinium are group 111 elements and 

they arc trivalent. I t  is probable that a trivalent atom gives threc 

electrons to the cage. To understand the difference among the UPS of 

the upper valence band region, a comparison of the spectra of'MQCx2 (M 

= La. Sc)  and C82 are useful. Analysis of  the difference spectra reveals 

that there are two components jus t  below the Ferrni level (0.3 - 2.2 KV).  

In La(&:xz the intensity ratio between the two components is 1 : 2. but i t  

is unity i n  Sc(u]C~z. This finding implies that the amount ol'transttrred 

electrons in La(@Cxi and SC@]CH~ is 3 and 2. respectively. 

There are theoretical calculations on thc electronic structures of 

m~tallot'tillerenes. Fig. 3 shows the UPS of I.a(u]Cxr and the calculated 

ionization potentials (Ips) of La'-'kiJCxz-' of four structures of different 

gromctry 1101. In order to have better comparison o f t h e  UPS with the 

calculation, Ips are multiplied by 0.8. and broadened by a convolution 

with a 0.8 eV FWHM Gaussian. UPS of La@,C:xi gives the best lit with 

C'? geometry among the 4 structures. Similar comparison was done on 

the spectrum of Scfu](.%r and the calculated Ips ot' three S ~ + ~ ( u ) C x r - ?  

structures o f  different geometry. I t  reveals that the C ~ V  geometry could 

hc the precise structure of  Sc(3C8~ (Fig. 4) .  This conclusion is 

supported by an X-ray powder study using the Rietveld analysis 

combincd Wit11 maximum entropy method [ 1 I ] .  

Ac kn ow I ed g e m en t s 
The authors would like to express their thanks to Dr. K. Kobayashi and 
Prof. S. Nagasc for supplying the unpuhlished data. The authors arc 
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FIGURE 3. 'The UPS of  La@Cxz (upper part) and the 
calculated spectra obtained with feu,. different structures (lower 
part). Note that energy scales for the UPS and calculated ones 
are different. 

12 8 4 EF 

Binding Energy I eV 

I ~ l G l l K E  4. The UPS ofSc/Cr)c'x: (upper  part) and the calculated 
spectra o f  c'?, - S C ' ~ I ' U K ' K - ~  , ., (lower part). Note that energy 
scalcs for the UPS and calculated one are different. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
9:

05
 1

6 
A

ug
us

t 2
01

2 



648 KENTARO IWASAKI et nl. 
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Dr. M. Aoki for their advice during the UPS measurements. This study 
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