Enthalpy of sublimation of CgyF3
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The Knudsen cell mass spectrometry method has been applied in order to obtain the enthalpies of sublimation of CgoF3g.

The chemistry of fullerenes is one of the most intensively
developing fields in fullerene science. Among the fullerene
derivatives fluorinated ones are of special interest because of
their high thermal stability and unique oxidizing and
fluorinating properties.! There have been scarcely any data
published on the thermodynamic properties of the fluoroful-
lerenes except for a few studies of the gas phase reactions
involving some fluorofullerene molecules> and anions of
difluorinated fullerenes.® So far, no data on thermodynamic
functions in the condensed matter phase have been obtained —
mainly due to the difficulty of controlling the fluorination
process and isolating pure products from the mixture,
although the selective synthesis of CgoFag has been reported*
and the preparation of CgoF36 was recently successfully
performed by our group.

We report here the first experimental determination of the
enthalpy of sublimation of CgF 3.

A magnetic sector MI1201 (Russia) mass spectrometer
combined with a high temperature ion source was used in our
thermodynamic studies.® The CqyF3¢ sample was prepared by
the solid phase reaction of Cgo with MnF; (details are
described in our earlier paper’). The composition of the
sample according to chemical elemental analysis corresponds
to C:F=060:36. A weighed amount (5.25 mg) was then
placed into the nickel effusion cell. The cell was resistively
heated and the temperature was measured with a Pt/PtRh
thermocouple. Electrons of energy 70 eV were used to ionize
the molecular beam evaporating from the cell.

The electron impact mass spectrum obtained at 425 K is
presented in Figure 1. The peaks corresponding to 1420, 1404,
1382, 1366, 1335 and 702 amu were identified in the spectra
and they were assigned to the ions CgoF3s0T, CeoF " 36,
C60F340+, C(,0F+34 and C59F+33. The Signal at 1404
corresponding to CeoF "53¢ was the predominant peak in the
available temperature range.
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Figure 1 Electron impact mass spectrum at 7' = 425 K in the mass
range 690-1430 amu.

To study the molecular presursors of the recorded ions we
analysed the mass spectra at different electron energies on a
VG double focusing mass spectrometer. Mass spectra
obtained at 70 and 12 eV electron energy are shown in
Figure 2.

Electron impact ionization is almost unfailingly accom-
panied by fragmentation of the molecules. One can see from
the mass spectra in Figures 2 (¢) and (b) that the intensity
corresponding to CsoF T35 practically vanishes at lower
electron energies while CgoF "53¢ and CgF 34 peaks remain
in the spectrum. The CFj3 loss from CgyF3¢ gives the most
intensive fragment which agrees with earlier collision induced
dissociation (CID) experiments performed on highly fluori-
nated fullerene species.” The discrepancy of the ion distribu-
tions in the spectra shown in Figures 1 and 2 are most
probably due to the interaction of the sample with the glass
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Figure 2 Electron impact mass spectra at different electron energies: (a)
70 eV, (b) 12 eV (mass range 1280-1430 amu).
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Figure 3 Plot of In (I x T) versus 1/T for CeoF * 36 (first series) (1) and
CeoF340" (2). Experimental points, regression lines and confidence
bands are presented.

capillary which leads to the partial decomposition of CgoF 3.

Thus small amounts of by-products such as CgoFag,
CeoF340 and CgoF360 are, apparently, present in the CgoF3g
sample prepared. Attempts to further purify the sample by
resublimation or changing the synthesis conditions did not
markedly change its composition.” High performance liquid
chromatography (HPLC) separation may be an alternative
way for the future isolation of pure compounds provided one
finds the proper solvent and suitable experimental conditions.
One can not exclude the possibility of degradation of CgyF3g
under heating or its reaction with the walls of the cell or glass
capillary in the mass spectrometer.

Two series of the temperature dependence of CeoF " 3¢ ion
were obtained in the temperature range 422-525 K. The
enthalpy of sublimation was derived from the equation:

In(I;T) = — <AHY> /RT + C (1

where /;; is the ion current of an ion 7 formed from the molecule
Jj; <AH%> is the enthalpy of sublimation of compound ;j (as
noted above it is averaged in our case), 7 is the absolute
temperature, R is the universal gas constant, C is a constant
depending on the ionization cross-section, sensitivity coeffi-
cient and mole fraction in the sample. The enthalpy of
sublimation can be calculated from the slope of a plot of
In(1,;T') versus 1.5

The slope was derived via a least squares treatment of the
data. The experimental data obtained for CgF 34 (one series)
and the impurity CgF340" are plotted in Figure 3 as a
function of In(Z x T) versus 1/T.

As shown previously in a '"F NMR study’ the CgFs6
sample represents a mixture of four isomers and nothing is
known of the CgyF340 isomers. Therefore the sublimation
enthalpy obtained in this work is defined as the value averaged
over all the existing isomers:

< ASH(;"> = ny (ASH(%)I s (2)

where y; is the mole fraction of the i-th isomer and (A;HY), is
the enthalpy of sublimation of the i-th isomer. We assume that
y;does not depend on temperature in the available temperature
range.

The sublimation enthalpy values obtained for CgoF3¢ in two
series agree within experimental error and were averaged to
further remove uncertainties. The recommended value for the
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enthalpy of sublimation of CgoF3¢ is as follows:
< AHY{CeF36} > = (134+6) kJ mol ™"

We also obtained the partial enthalpy of sublimation of
CeoF340:

< AHY{CsF340} >,, = (13614) kJ mol ™!

Assuming the formation of an ideal solution the obtained
partial sublimation enthalpy of CgF340 is an estimation of
the sublimation enthalpy of this compound.

As pointed out above, nothing has been known to date
concerning the evaporation behaviour of fluorofullerenes and
no data has been published on the thermodynamic parameters
of other fullerene derivatives in the solid phase. Thus it is
interesting to compare the obtained data with the sublimation
enthalpy of the pristine fullerene Cgo which is, according to the
latest result by Gigli e al..® ~ 50 kJ mol~! higher than that of
CeoF36 [AH *(CeoF36, 298 K) = (181+2) kJ mol~!].8

In summary, the evaporation study of CgoF35 demonstrated
that it is highly thermally stable and that it sublimes
congruently without decomposition at lower temperatures
than that of pristine Cgg.

We are grateful to the Russian Foundation for Basic
Research (grant no. 95-03-0979a), Russian Research Program
‘Fullerenes and Atomic Clusters’ (grant no. 94019) and the
Royal Society for financial support of this work. We thank
Dr. A. G. Buyanovskaya and I. G. Barakovskaya for
providing elemental analysis data. O.V.B. thanks Dr.
R. Taylor, Sussex University, UK, for collaboration.

References

1 A. A. Gakh, A. A. Tuinman, J. L. Adcock and R. N. Compton,
Tetrahedron Lett., 1993, 34, 7167.

2 1. N. Malkerova, D. V. Sevast’yanov, A. S. Alikhanyan,
S. P. Ionov and N. G. Spitsyna, Dokl. Akad. Nauk, Ser. Khim.,
1995, 342, 630 [Dokl. Chem. (Engl. Transl.), 1995, 342, 142].

3 0. V. Boltalina, L. N. Sidorov, E. V. Sukhanova and
1. D. Sorokin, Chem. Phys. Lett., 1994, 230, 567.

4 A.A. Gakh, A. A. Tiunman and J. L. Adcock, J. Am. Chem.
Soc., 1994, 116, 819.

5 0. V. Boltalina, A. Ya. Borschevskii, L. N. Sidorov, J. M. Street
and R. Taylor, J. Chem. Soc., Chem. Commun., in press.

6 L. N. Sidorov, M. V. Korobov and L. V. Zhuravleva, Mass-
spektral’nye termodinamicheskie issledovaniya, (Mass Spectral
Thermodynamic Studies), 1zd. MGU, Moscow, 1985 (in Russian).

7 A. A. Tuinman, P. Mukherjee, J. L. Adcock, R. L. Hettich and
R. N. Compton, J. Phys. Chem., 1992, 96, 7584.

8 V. Piacente, G. Gigli, P. Scaidala and A. Giustino, J. Phys.
Chem., 1995, 99, 14052.

Received: Moscow, 8th April 1996
Cambridge, 20th May 1996, Com. 6/02657E



