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Ishikawa 923-12, JAPAN 
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Abstract 
isolated by HPLC (High Performance of Liquid Chromatography). The precise 
mass spectroscopy by LD-TOF (Laser Desorption - Time of Flight) method leads 
to an observation of a new oxidized product during the HPLC process, which 
can be assigned to C58-c600 pair fullerenes by comparing with the LD-TOF mass 
spectrum of chemically oxidized C60. 

Higher fullerenes, including newly identified C86, were purely 

INTRODUCTION 

The fullerenes has a large potentiality for design and construction of new molecular 

functions due to their flexible molecular structures.' To gain an insight into their 

substances, it is unquestionably required to establish isolation techniques of pure c 6 0  

and higher fullerenes. The HPLC (High Performance of Liquid Chromatography) 

method has a high efficiency for isolation of higher fullerenes from solutions.2J 

Recent improvement of column used as an isolation material in HPLC makes it possible 

precisely to isolate pure higher fullerenes. In addition, the LD-TOF (Laser Desorption - 

Time of Flight) mass spectroscopy with a high sensitivity has been developed. The 

combination of the HPLC measurements and LD-TOF spectroscopy is expected to lead 

to a new identification of higher fullerenes. 

In this letter, the experimental results of identification and characterization of 

higher fullerenes by LD-TOF mass spectroscopy are reported. As expected, new 

higher fullerene, C86 and C88, are clearly identified. It should be noted that fullerenes 
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814 C. FUJIKAWA ET AL. 

are considerably influenced by oxidation during the HPLC process, as pointed out by 

Creegan et a1.4 and Diedrich et a1.2 Rather, at present, the reaction of C6o with air gives 

a severe problem to interpret the experimental data of the fullerenes particularly related 

with the transport phenomena. The LD-TOF measurement under a condition of a low 

level excitation of laser power provides an useful information of such an oxidation 

product. We will propose a new model for interpretation of a new product introduced 

in the HPLC process on the basis of the data of the LD-TOF measurements on fully 

oxidized C6o samples. 

EXPERIMENT AND RESULTS 

PreDaration of Fullerenes 

The black soot containing fullerenes was made by arc discharge of pure graphitic 

carbon in an atmosphere of -100 torr of helium gas.5 Soluble materials in toluene 

were obtained by the soxhlet extractor. The fullerenes were isolated by a HPLC 

(Watersm 600E) system, in which the temperature of the column (Buckyclutcher I, 

Trident-Tri-DNP) was controlled within an accuracy of 0.2 "c and two variable eluants 

are mounted to change the proportion of solvents. It was required to use these technics 

for high resolution of isolation. At same time, it is important to monitor the UV 

spectrum of samples. Typical experimental conditions are as follows; toluene : n- 
hexane = 1 : 1, pressure 1000 psi, flow rate 15 ml/min., UV detection at 280 nm, and 

temperature of co~umns at 43 'C . 

The repetition of the cyclic HPLC operation provides higher quality of fullerenes. 

The first run gives two strong peaks of c 6 0  and C70 and several other peaks. 

Removing the C6o and c70 components in the first run, the profile of the second run 

shown in Fig.l(a) has at least 10 bands (A-J). In the third run after the insolation of 

the E band twice, the band was clearly separated into two peaks. These structures 

directly correspond to peaks observed in the LD-TOF mass spectrum presented later. 
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FIGURE 1 (a) the second run HPLC profile and (b) the LD-TOF negative ion 

mass spectrum of soluble materials in toluene after reduction of concentrations of 

A (C6o) and C 00) components. (see text.) 

LD-TOF Mass Spectroscopy 

Fig.1 (b) shows the spectrum of soluble materials in toluene, in which the C6o and C7o 

components were almost separated out in the process of the soxhlet extraction. Thus, 

the concentrations of C ~ O ,  c70  and other higher fullerenes are almost of same order. 

This leads to a same order of intensities of the structures in a wide region of regulated 

time lag. In addition, this makes it possible to measure with no ghost lines usually 

observed in the LD-TOF measurements.6 From this spectrum, it can be concluded that 
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816 C. FUJIKAWA ET AL. 

components of G o ,  00, 0 6 ,  C78, c 8 2 ,  c 8 4 ,  c 8 6 ,  c S 8 ,  c 9 0 ,  c 9 2 ,  C94, and C 9 6  are 

well soluble in toluene, but 0 2 ,  C74  and Cso could not be separated. Comparing with 

the LD-TOF mass spectrum of samples directly sublimated from the soot, the 

component of C74  certainly was found in the soot and insoluble in toluene. Other 

members of c 7 2  and c80 could not be clearly detected. This reason is not clear. More 

higher fullerenes, such as C 9 s  and Cioo, have been identified by the LD-TOF analysis, 

but their concentrations were considerably smaller than the fullerenes sited above. 

The results of identification of the A-J bands are presented by the dashed lines in 

Fig. 1. This indicates that the column of the Buckyclutcher I used provides a regular 
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The LD-TOF mass spectra of the isolated F-I region. 
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TOF MASS SPECTROSCOPY OF FULLERENES 817 

ordering of mass numbers except for some fraction of the B, F, and I bands. In order 

to clarify the irregularity of the F and I band, the individual LD-TOF mass spectra of 

the isolated F-I bands are shown in Fig.2. The observation of mass number of C82 in 

the I band, which is assigned to the mass number of c88 ,  might be responsible for the 

presence of the structural isomer of c 8 2  in the I band.7 

The LD-TOF mass spectrum of the B band is shown in Fig. 3(a). Mass numbers 

of main peaks in this band are 696,720, and 736, which might be corresponding to 

C58, C60, and c 6 0 0 .  This assignment suggests an oxidation of c 6 0  during the HPLC 

process as reported in previous papers.',-' In order to confirm such an oxidation of C ~ O ,  
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FIGURE 3 

(see Fig.1 (b)) and (b) the chemically oxidized sample. 

The LD-TOF mass spectra of (a) the isolated fraction from B band 
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818 C. FUJIKAWA ET AL. 

the LD-TOF measurement has been made on oxidized samples obtained by light- 

induced method.4 In Fig. 3 (b), the result is shown compared with the spectrum of the 

B band of Fig. 3 (a). 

The profiles of both spectra are similar and have a structure corresponding to the 

Css component, in common. Taking account of no observation of such signals in 

fresh samples before repeating the isolation process as show in Fig. 1 (b), the CSS 

fragment might be produced by oxidation. This suggest a pair formation of the Css and 

C600 fragments during a reaction in solution. The conformation of c58 previously 

reported8 is considered to have a stable structure if CsS is bridged by c600 through an 

oxygen atom. Detailed experimental results of optical and vibrational properties of 

higher fullerenes including the pair fullerene will be shortly reported elsewhere. 

ACKNOWLEDGEMENTS 

The authors express their thanks to Dr. T. Suzuki (Institute for Molecular Science) for 

supplying samples oxidized by light-induced method. 

REFERENCES 

1. W. Kratschmer, L. D. Lamb, K. Fostiropoulos, D. R. Huffman, Nature, 347. 354 
(1 990) 

2. F. Diedrich, R. Etitl, Y .  Rubin, R. L. Whetten, R. Beck, M. Alvarez, S. Anz, 
D. Senshama, F. Wudl, K. C. Khemani and A. Koch, Science, 252, 58 (1991) 

3. K. Kikuchi, N. Nakahara, T. Wakabayashi, M. Honda, H. Matsumiya, 
T. Moriwaki, S. Suzuki, H. Shiromaru, K. Saito, K. Yamauchi, I. Ikemoto and 
Y. Achiba, Chem. Phys. letters, 188, 177 (1992) 

4. K. M. Creegan, J. L. Robins, W. K. Millar, R. D. Sherwood, P. J. Tindall and 
D. M. Cox, J. Am. Chem. SOC., 114, 1103 (1992) 

5. S. Bandow, H. Kitagawa, T. Mitani, H. Inokuchi, Y. Saito, H. Yamaguchi, 
N. Hayashi, H. Sato, and H. Shinohara, J. Phys. Chem., 96, 9609 (1992) 

6. E. A. Rohlfing, J. Chem. Phys., 93. 7851 (1990) 
7. K. Kikuchi, N. Nakahara, T. Wakabayashi, S. Suzuki, H. Shiromaru, Y. Miyake, 

8. Reported in FALL Meeting, ‘93 of MRS (Boston) by G. P. Miller. 
K. Saito, I. Ikemoto, M. Kainosho and Y .  Achiba, Nature, 357, 142 (1992) 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
37

 1
8 

Fe
br

ua
ry

 2
01

3 


