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In situ XPS study of Si-deposited C60 thin films 
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The interaction between C60 and Si atoms in a Si-deposited C60 thin film has been investigated by 

using in situ X-ray photoelectron spectroscopy (XPS). It is found that the charge-transfer 

complex C60Sin was formed at room temperature after Si-atom beam deposition. The value of n 

for the charge-transfer complex C60Sin was approximately up to 6. 
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1. INTRODUCTION 

Si clusters have attracted much attention as new 

optical and electrical materials [1-5]. However, it is 

difficult to handle the Si clusters in actual processes, 

because they are so unstable that their properties are 

easily affected by their surroundings. 

Figure 1 shows the geometric structure of 

Si60-coated C60 [6-8]. This has been theoretically 

predicted to be stable as same as C60 and to behave like 

a single-shaped Si60 cluster, which is expected to be 

used as a functional nano-material when its synthesis 

Fig. 1 Geometric structure of Si60-coated C60• The 

open and closed circles represent C and Si atoms, 

respectively. 
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method is established. We have previously investigated 

the reaction of C60 with Si atoms using ex situ X-ray 

photoelectron spectroscopy (XPS) [9, 10]. Although it 

was found that the reaction proceeds in the 

Si-deposited C60 thin film, it was hard to analyze the 

chemical states of the Si atoms in the presence of Si 

oxides. In the present study, we performed in situ XPS 

measurements for the Si-deposited C60 thin film and 

discussed the stoichiometry of C60Sin compounds 

quantitatively. Observed chemical shift of C 1 s and Si 

2p spectrum was compared with that of those spectra 

for C60 adsorbed Si surface [ 11]. 

2. EXPERIMENT 

The details of the experimental setup for XPS 

measurement have been described elsewhere [12]. In 

this study, we installed a sample-preparation chamber 

to perform in situ XPS measurement. The outline of 

experimental conditions is described here. 

The sample-preparation chamber was equipped with 

a turbo molecular pump, a C60 vapor source, and a Si 

atom-beam source (Omicron, EFM3), and was isolated 

from the XPS analysis chamber via a gate valve. The 
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base pressure of the sample-preparation chamber and 

the XPS analysis chamber was kept at less than 1 x 

10-7 Pa. 

A stainless steel substrate with 20 mm in diameter 

was introduced into the sample-preparation chamber. 

A pristine C60 thin film was formed on the substrate by 

sublimation of C60 powder. Thereafter, the film was 

partially exposed to Si-atom beam with about 10 mm 

in diameter in order to form a pristine C60 thin film and 

a Si-deposited C60 thin film on the same substrate. The 

current of the Si-atom beam was adjusted to 20 nA by 

conventional flux monitor. The sample thus formed 

was transferred into the XPS analysis chamber, and the 

XPS (MgKu) spectra of the film were obtained in situ. 

The escape depth of the C 1s photoelectrons for this 

apparatus was estimated to be about 1.8 nm [13]. The 

binding energy of the spectrum was determined using 

the C Is (284.7 eV) peak of the pristine C60 thin film 

as a reference [11]. Analysis of the spectrum was 

carried out by Fisions analysis software package 

(ECLIPS). 

The deposition rate of the Six-deposited C60 thin film 

was estimated by 

x = Ns; I (Ne I 60) (1) 

where Ns; and Ne are the number of Si and C atoms, 

respectively. From the observed spectra, we found that 

the xis 21 ±4 for I hour deposition of Si atoms on one 

c60. 

3. RESULTS AND DISCUSSION 

3.1 Chemical shift of Si 2p spectrum 

The Si 2p spectra of the Si-deposited C60 thin film 

are shown in Fig. 2. Total exposure time of the Si-atom 

beam is represented on the right side of each spectrum. 

The dotted line represents the peak position for a clean 

Si surface (99.6 eV). The binding energy of the peak 

position for the spectra decreases as the exposure time 

increases. 
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Fig. 2 The Si 2p spectra of Si-deposited C60 thin 

film. Total exposure time of the Si-atom beam is 

represented on the right side of the spectrum, 

respectively. The dotted line represents a peak 

position for a clean Si surface. 
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Fig. 3 Number n of Si atoms for the charge-transfer 

complex C60Sin is plotted as a function of exposure 

time for the Si-atom beam. 
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In the present XPS system, the FWHM value of 2.0 

± 0.2 eV was suitable for peak fitting of Si 2p 

spectrum [14]. Using this value, all the spectra can be 

analyzed by considering two peaks at 100.2 eV and 

99.6 eV. An increase of the peak at 99.6 eV indicates 

the formation of Si aggregates. The chemical shift of 

+0.6 eV (= 100.2- 99.6) is comparable to that for C60 

adsorbed on the Si surface at 670 K (+0.4 """' +0.5 

eV), which has been reported by Suto et a! [11]. 

According to their report, they concluded that the 

charge transfer from the Si surface to C60 molecules 

takes place. In a similar manner, the chemical shift of 

--0.4 eV was observed in the C 1s spectrum. This shift 

is also almost equal to that for the charge-transfer 

complex C60Sin formed on the C60-adsorbed Si surface 

at 670 K [11]. 

3.2 Charge-transfer complex C60Sin 

The Si-deposited C60 thin film is composed of the 

charge-transfer complex C60Sin and the Si aggregates. 

The value of n was estimated as follows. The number 

of Si and C atoms for the complex was estimated from 

the intensity of the Si 2p and C 1s peaks shifted by 

charge-transfer in their spectra, respectively. Then we 

used these numbers thus estimated in eq.(l), instead of 

the Ns; and Ne. Figure 3 shows the number n of Si 

atoms for the charge-transfer complex C60Sin as a 

function of exposure time of the Si-atom beam. The 

number n increases rapidly with the exposure time, and 

tends to reach the asymptotic limit of approximately 6. 

4.SUMMARY 

It is found that the charge-transfer complex C60Sin 

was formed for Si-deposited C60 film at room 

temperature, and the value of n for the charge-transfer 

complex C60Sin with sufficient Si atoms is 

approximately 6. 

ACKNOWLEDGEMENTS 

The authors would like to thank Dr. A. Nakao and 

Dr. M. Hara of RIKEN for the XPS measurements and 

the installation of the sample-preparation chamber. The 

present work was supported in part by a Grant-in-Aid 

for scientific research by the Ministry of Education, 

Culture, Sports, Science and Technology ofJapan. 

REFERENCES 

[1] H. Ing-Shouh, H. Mon-Shu, and T. T. Tsong, Phys. 

Rev. Lett., 83, 120-123 (1999). 

[2] M. 0. Watanabe, T. Miyazaki, and T. Kanayama, 

Phys. Rev. Lett., 81, 5362-5365 (1998). 

[3] K. -M. Ho, A. A. Shvartsburg, B. Pan, Z. -Y. Lu, C. 

-Z. Wang, J. G. Wacker, J. L. Fye and M. F. 

Jarrold, Nature, 392, 582-5 (1998). 

[4] E. C. Honea, A. Ogura, C. A. Murray, W. 0. K.­

R.- Sprenger, M. F. Jarrold, and W. L. Brown, 

Nature, 366, 42-44 (1993). 

[5] J. L. Heinrich, C. L. Curtis, G. M. Credo, K. L. 

Kavanagh, and M. J. Sailor, Science, 255, 66-68 

(1992). 

[6] Osawa, M. Harada, E. Osawa, B. Kiran and E. D. 

Jemmis, Fullerene Sci. Technol,. 3, 225-39 

(1995). 

[7] E. D. Jemmis, J. Leszczynski and E. Osawa, 

Fullerene Sci. Technol,. 6, 271-81 (1998). 

[8] H. Tanaka, S. Osawa, J. Onoe and K. Takeuchi, J 

Phys. Chem. B, 103, 5939-42 (1999). 

[9] H. Tanaka, J. Onoe, T. Hara, A. Nakao and K. 

Takeuchi, Mol. Cryst. Liq. Cryst., 340, 701-705 

(2000). 

[10] H. Tanaka, J. Onoe, T. Hara, and K. Takeuchi, 

Trans. Mater. Res. Soc. Jpn., 25, 1045-1047 

(2000). 

[ll] K. Sakamoto, D. Kondo, Y. Ushimi, M. Harada, A. 

Kimura and S. Suto, Phys. Rev. B, 60, 2579-91 

1177 



1178 In Situ XPS Study of Si-Deposited C6o Thin Films 

(1999). 

[12] J. Onoe, A. Nakao, and K. Takeuchi, Phys. Rev. B, 

55, 10051 (1997). 

(13] J. Onoe, K. Takeuchi, K. Ohno and Y. Kawazoe, J 

Vac. Sci. Tech. A, 16, 385 (1998). 

[14] A. Nakao, M. Iwaki, H. Sakairi, and K. Terasima, 

Nucl. Instrum. & Methods B, 65, 352 (1992). 

(Received December 8, 2000; Accepted February 8, 2001) 


