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In situ x-ray diffraction experiments of the fluorinated fullerenes, CmF, (x = 0.36 and 48) at 
high temperatures have been undertaken. The structural phase transformation of CboF48 was 
observed at about 358 K. It was also found that the lattice parameters of the low temperature 
phase of C60F48 show anomalous change at about 3 LO K. The thermal expansion coefficients 
of the fluorinated fullerenes were determined by using the change of the lattice parameters 
with temperature. 
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INTRODUCTION 

The discovrrics o f  synthesizing rnc%tiods for high purity fluorinatrd fullcrcncs 

have inspired many studies in the physical and chemical properties of these 
mat.rrials. [ I ,  '1 Recently, wc Iiavr found that the stable pliasc,s of (:60FS(i 

and CSOF,8 under ambient conditions arc a body u:ntc*red cnhic (bcc) and a. 

body centered tetragonal (bct) phases, respectively and that the bct phasc 

of CsoF4, transforms into a face centered cubic (fcc) phase at about 353 
l i .  r31 However, the Inechanisxri of the phasc transformation is not still well 

understood. In this study, in order to clarify the mechanism, the temper- 

at.nre dependence of the lattice parameters a t  temperatures from 292 to 

419 li was measured by x-ray diffraction experiments. The temperature 

dependence of the lattice parameters yields information about phase trans- 
formation, e.g.. wticthcr the transition is of first or second order. We have 
also carried out thp same experiments on '260 and CWFx to compare their 
high temperature bcliavior with that of C60F48. 
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EXPERIMENTAL 

Powder x-ray diffraction nicasurcnm(mts wcxrr performrd 011 a Rigaku R I N T -  
2200 using Co K a  radiation. Pyrolytic graphite was used as a counter 
monochromator. The powder was sealed in a 0.3 mm diameter silica glass 
capillary. IIigh temperature cxpcrirnents were done with a home-made small 
furnam of a 10 mm diar1wtc:r rermiic tube wound by a I’t wirc with windows 
for iricidcnt and diffracted beam. ‘I’hc sample in thc capillary was set i n  
t tic furnace. The sarnplc tcmpcraturc was rrionitored by a thciriiiocouple at 
the top of the furnace. The distance from t h e  samplc! to the therrriocoupln 

was about 20 nun. Prior to the experiments, the saniple temperaturc was 
calibrated by setting anot1ic.r thermocouple at the sarriple position. 

RESULTS & DISCUSSION 

Figures 1 and 2 show thc. c-liange i n  the diffraction pattern of C w F s  and 
(!taF4X with temperature. A s  sliowri in Fig. 1, no remarkable change was 
observed in the diagrams of C,IJx. On the other hand, the diffractioii 
pattern of CwF48 bcgins to change a t  about. 358 I< (Fig. 2). The lower 
and higher temperature phases are bct and fcc phases, respectively. This 
bcc t o  fcc. transition of C&14e is reversible since the samplr after the high 
tr.rripcraturc measurc‘rii(*nts showcd the same patt,ern as t,hat of the starting 
samplc. 

I . . ~ . ’ . . ~ ” . ’ l  
10 15 20 

2 8 ldeg. 

FIGURE 1 
with temperature. 

Change in X H D  diffraction pnttcrri of C60F~i 
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STRUCTURES AND TRANSFORMATIONS OF C&, 63 I 

10 15 20 
2 8 Ideg. 

FIGlJKI< 2 Change in X l t D  diffraction pattern of C60F,8 
with temperature. 

'1'111- vxtriidcd re11 of l i d  caii be trcatrd as a fare centerrd l.rt.ragona1 (frt) 
rcll that  is derived by the elongation of an fcc cell along thc c-axis with the 
new choirr of a-axis coinciding with the (:face diagonal of the initial lici, 

rcll. For convrnienrr sake, wr t.reat the lower t,emperature phase of C,ioF4w 
as fct. 'I'hc observed lattice parariieters a and c of the frt phase aiid a of 

the frc pliase of CmFw are plotted in Fig. 3 as a function of tcniperaturr. 
The lattirr: parameters were detc:rriiiiied by the least-square method using 6 
and 4 rrflrrtions for the fct and the fcc phases, respectively A small jump 
is observed at 358 I<. This behavior shows that  the phase transforination of 
CWFde from fct to fcc is a first-order transition. Furthermore, it is shown 
il l  Fig. 3 that c parameter of the fct phase increases with temperature u p  

to 310 K and then dccrrnses while the a parameter increases linearly. 

Figure 4 shows the ohservcd lattice parameters of c 6 0  and &F= as a 
function of temperature. In contrast to the drastic change of the lattice 

parameters of &Fu, the changes of the parameters of Cm and CMFS are 
quite small. Thr evaluated thermal expansion coefficients a t  830 Ii are 2.51 
x lo-', 4.39 x lo-', 5.30 x lo-' and 4.25 x lo-' K-' for fct C.&,s, fcc 

C W F , ~  (tiy r~xtrapolation), bcc CsoF~s and fcc c60, respectively. 
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FIGURE 3 Temperature dependence of lattice parameters, a 
and c ,  i n  CWF48. Solid circles and open triangla indicate thc 
parameters determined with increasing and decreasing tempera- 
t u re, respectively. 

E 
C 

11.4 
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300 400 

Temperature / K 

FIGURE 4 Temperature dependence of lattice parameters, a ,  
of CG0 (open circles) and CWFS (solid circles). Solid straight 
lines are least squares fits to the observed data. 
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