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C,, molecules were embedded in the pores of a zeolite FSM-16 by using a liquid phase 
method. The shift of photoluminescence spectra of C60 solid emhedded in FSM-16 was dis- 
cussed using data of ESR, PDS and SAXS. 

Kuywortls: nanostructure; one dimensional C60 solids; FSM-I 6; photolurninescence; ESR; 
PDS; SAXS 

INTRODUCTION 

Many kind of nanostructures such as nanocrystalline, porous silicon, 
carbon nanotubes and quantum dots have been prepared and studied. We 

have been interested in a zeolite FSM-16 [ 1 9 2 1  as a host material for the 
nanostrucured hodguest composites which has one dimensional periodic 
pores of a diameter of 2.7 nm. As a guest materials, we have choosed c60 

because c60 becomes semiconductors in the solid phase and can be 

vaporized a t  low temperature such as 400 “c , and also be dissolved in 

organic liquids. Therefore it is possible to prepare one dimensional Cm 

nanostructure by embedding CC,O molecules in the pores of FSM-16 with 

the vapor phase method and also by the liquid phase method. 

Because the vapor phase method was used before for embedding Cw in 

pores of FSM-16 131, we have tried the liquid phase method in this paper. 
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782 NOBUYlJKl  KOBAYASHI et ol. 

SAMPLE PREPARATION AND EXPERIMENTAL METHODS 

In the liquid phase method, we used C6o as a guest material and FSM-16 
as a host material. After the desorption of gases in pores of FSM-16 by a 

heat treatment at  500 “c for 8 hours in a vacuum of about 10-5 torr in an 

ampoule made by Pyrex glass 
soaked with a few drops of the C a  saturated toluene using a pipet. After 
the soaking with the saturated liquid , the sample was heated in a vacuum 
to evaporate the organic solvent toluene at 200 Y: for 30 minuits. These 

soaking of the saturated liquid and the desorption of the solvent were 
continued for ten times to get the brown colored sample of c60 embedded 
in FSM-16, which is written in a simplified form as Cso@FSM-16 in this 

paper- 
Photoluminescense spectra of the sample were obtained at 77 K and at 

room temperature (RT) with an excitation by the argon-ion laser mainly 
of 488 nm [3,4]. Photothermal deflection spectra (PDS) were obtained to 
get absorption spectra of c60 films, FSM-16 and C60@WM-16 using the 
perfluorohexane as a deflection medium 15,6]. For the measurement of 
PDS of Cao@mM-16, powder-like C60@mM-16 was fixed on the glass 
substrate to get a rather flat surface to deflect the laser beam. ESR was 
measured at  RT with using X-band of JEOL;JES=FElX. X ray 
diffraction and small angle X ray scattering pattern (SAXS) was obtained 
by using a system of Rigaku-Denki Co. at RT. 

the pores of FSM-16 in the ampoule was 

EXPERIMENTAL RESULTS AND DISCUSSION 

Photoluminescence (PL) spectra of a C6o film and C6o@FSM-l6 
measured at  77 K are shown in fig. 1. Two PL peaks of a c60 film at  1.49 
and 1.66 eV shift to higher energy of 1.51 and 1.69 eV for Cao@mM-16. 
The amount of the PL shifts of 30 and 20 meV for Cao@FSM-lC made by 
the liquid phase method are identical to that made with the vapor phase 
method by Umehara et el. 131. These shifts can be attributed to the energy 
shifts by the quantum size confinment of electrons in the nanostructured 
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C,, NANO-STRUCTURE EMBEDDED IN FSM-16 
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FIGURE 1. 
C6o@mM-16 measured at 77 K. 

Photoluminescence (PL) spectra of a C6o film and 

FIGURE 2. Electron spin resonance of Cso@FSM-16 at room 
temperature. 
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784 NOBUYUKI KOBAYASHI u r u l  

semiconductor C6o embedded in the fine pores of the diameter 2.5 nm in 

FSM-16 [31. This result is one of the verification of embedding c60 in the 
pores of FSM-16, though the tilling factor of c60 molecules in the pores of 

FSM-16 has not been obtained yet at present. PL spectra of C&?FSM-16 

do not depend on on the excitation wavelength of argon ion laser at 476.5, 
488,496.5,501.7 and 514.5 nm. Shifts of PL spectra at room temperature 
(RT) is smaller than that at 77 K. 

Electron spin resonance of Cao@FSM-16 is shown in fig.2. The g- 

value of C6o@mM-16 is 2.0031 which is larger than the g-value 2.0028 

for a Cm film of and that of 2.0025 for FSM-16. Electron spin density and 

FWHM are 1 . 4 ~ 1 0 ~ ~  and 1.3 Gauss respectively. The difference of g- 
values is also one the indirect verification of the embedding of c60 in FSM- 

16. 
Data of X ray diffraction and SAXS are shown in fig. 3 (a) and (b). The 

data of SAXS of FSM-16 and C6o@mM-16 are used to confirm the 

periodic honeycomb structure of FSM-16. In fig.3, (loo), (110), (200) and 
(210) of the periodic honeycomb structure are observed. The intensity of 
SAXS and X ray diffraction pattern for (210) of the honeycomb structure 
in FSM-16 is almost missing in that of C60@FSM-16 which may be the 

indirect verification of the embedding of Cm in FSM-16, though the origin 

of the decrease of the scattering for (210) is not clear at present. 
PD spectra of PDS for FSM-16, a C6o film and Cso@FSM-16 are shown 

in fig.4. PD spectrum of FSM-16 is similar to that of the pure SiOz films 

such as made from the tetraisocyanate silane [Si(CN0)4 ; TICS] 171. 

Several peaks of FSM-16 at lower energy than 1 eV are corresponding to 
defects and impurities in SiOz. C60 solid film shows an Urbach tail about 

44 meV as the same order as that obtained by the constant photocurrent 
method (CPM) [ S ]  and by PDS before 161. Absorption of C6o@FSM-16 

is showing an Urbach energy of 62 meV which is about 1.5 times larger 
than that of c60 films. The increase of the Urbach energy in Cso@FSM- 

16 is showing that the electronic band tails are incresed in Cso@mM-16 

compared with that of C6o films. This increase may be explained by the 

interaction of c 6 0  molecules in the pores with the walls of pores in FSM- 
16. 
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FIGURE 3 (a). Small angle X ray scattering, SAXS, of c6o@mM-16 at RT. 
(b). X ray diffbctlon patterns of CmC3FSM-16 and FSM-16 at RT. 
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FIGURE 4. PD spectra of photo-themal deflection spectra, PDS, of FSM-16, 
a C a  film and C&FSM-16. 
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786 NOBUYUKI KOBAYASHI ef a/. 

CONCLUSIONS 

Nanostructured composites of c60 as a guest material and FSM-16 for 
the host material were prepared by using a liquid phase method for 
embedding C ~ O  with a help of toluene into the pores of FSM-16. The c60 
embedded in the pores of FSM-16, which was written in a simplified form 
as C60@mM-16 in this paper, was studied by photoluminescence spectra 
(PL) at 77 K mainly. The shifts of peaks were observed in PL spectrum 
which was explained by the quantum size confinement of electrons in the 
c60 solid. X ray diffraction , SAXS and ESR spectra were used to 

characterize Cao@FSM-16. PDS was used to obtain the optical absorption 
characteristics which indicates an interaction of C6o molecules with the 
walls of pores of FSM-16. 

Acknowledgments 
We would like to thank to Shinji Inagaki and Yoshiaki Fukusima of 

Toyota Central R & D Laboratory Inc. for their supply the FSM-16 This 
work was supported in part by the Grant-in-Aid for Scientific Research 
from the Ministry of Education, Sport and Culture, Japan. 

Rejerences 
[ I ]  S. Inagaki, Y. Fukushiina and K. Kuroda, J.  Chein. Soc., Chem. Commun.. (1993) 680- 

682. 
[2] S. Inaguki, A. Kowai, N.Su/uki. Y. Fukushiina arid K. Kuroda, Bull. Chcrri. Soc. Jpii.. 

69 ( I996) 1449- 14.57. 
131 A. Urnchara, S. Nitta, ‘II ltoh. K. Yasuda and S. Nonomura, “Fullercnc and Photonics 

IV”, (Proc. of SPlE. Vol. 3142) ed. hy Z. H. Kafafi., (1997) 223-227. 
141 H. Hahuchi, E. Niqhiinura, S .  Nitta and S. Nonomura. Fullcrcnc Scicricc and Technol- 

ogy. 5 (1997) 231-241. 
IS] S. Nonomura. H. Hayashi and S. Nitta, Rev. Sci. Instrum., 60 (1989) 657. 
[6] T. Gotoh, S. Nonornura, H. Watanabc and S. Nitta, Phya. Rev., BS8 (1998) 10060. 
[7] T. Ohsaki, N. Takada, K. Iwama, S. Nitta and S. Nonornura, J. Non-Cryst. Solids, 198- 

200 ( 1996) 132. 
[S] S. Hasegawa, T. Nishiwaki, H. Habuchi, S. Nilta and S. Nonomura, Fullercnt: Science 

&Technology, 3 ( 2 )  (1995) 163. D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

26
 1

6 
A

ug
us

t 2
01

2 




