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Abstract CF;l has been widely used in the fields such as refrigerants, etching agents, foaming agents, fire extinguishing
agents and organic fluorine industry. By reacting CHF; with I, in the presence of a catalyst, CHF; can transform into CF;l.
Aiming at this catalytic process, possible reaction pathways for the generation of CF; (an important intermediate), CF,4 (a main
byproduct) and coke (an important reason for the catalyst deactivation) are investigated with quantum chemistry methods using
density functional theory (DFT). The results show that CF, and CF; could abstract the fluorine from CFCF; in multisteps over
graphite(001) surface to afford CF;, CF, and C, radical respectively. It is also found that the coke deposition in experiments is
due to the above fluorine abstraction. The suggested mechanism is in agreement with available experimental data and theoreti-
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cal computations.
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Figure 1 Proposed mechanism for the formation of CF;l catalyzed by AC
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Table 1 The adsorption energy of carbonfluorine intermediate
on graphite(001) AE,4 (kcal/mol)

CFCF; CCF; CFCF, CCF, CCF CcC

AE,s —13.23 —31.35 —14.31 —40.50 —13.23 —31.93

1.1 CF,%f CFCF; ME TR [
BATE W5 T CE, 4 CFCE; I ZFEL, Ak T 3t
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CF,
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iCF3 l CF, CC +CF,
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B2 74 CF3 & CF, BB R Mg 12
Figure 2 Proposed reaction pathways for the generation of CF;
and CF4
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Figure 3 Calculated reaction pathways and structures of reactant, transition state and product for the fluorine abstraction from CFCF,

by CF, (setp 1)

The marked distances are in A

reac

AE __ = -55.77 kcal/mol
AE* = 8.24 kcal/mol
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Figure 4 Calculated reaction pathways and structures of reactant, transition state and product for the fluorine abstraction from CFCF;

by CF; (setp 2)

The marked distances are in A
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Figure 5 Calculated reaction pathways and structures of reactant, transition state and product for fluorine abstraction from CFCF, by

CF, (setp 3)

The marked distances are in A
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Figure 6 Calculated reaction pathways and structures of reactant, transition state and product for the fluorine abstractions from CCF; by

CF; (setp 4)

The marked distances are in A
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Figure 7 Calculated reaction pathways and structures of reactant, transition state and product for the fluorine abstractions from CCF, by

CF; (setp 5)

The marked distances are in A

AE,

reac

=-16.73 kcal/mol
AE* = 28.76 kcal/mol

B8 itFAFRIN CF3 4 CCF Ji<FHi (setp 6)F S NLBEAR LA S S i SIS R A 4 K. BT s S ) i () R S B0 AL

Figure 8 Calculated reaction pathways and structures of reactant, transition state and product for the fluorine abstractions from CCF by

CF; (setp 6)

The marked distances are in A
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Table 1 Original and corrected barrier of transition states (kcal/mol), reaction energies (kcal/mol) under different temperatures.

Barrier corrected

Reaction energy corrected

Reaction step AE*

298.15 K 500 K 825 K 1000 K 298.15 K 500 K 825 K 1000 K
Step 1 24.30 23.93 23.57 22.82 22.06 —10.30 —11.56 —12.18 —12.92 —13.45
Step 2 8.24 8.77 9.89 10.89 12.46 —55.77 —53.75 —51.16 —49.62 —46.82
Step 3 32.64 32.16 31.65 30.78 30.19 —5.78 —6.07 —6.78 —7.59 —8.44
Step 4 5.65 6.16 7.05 7.41 7.96 —74.61 —73.89 —73.06 —72.46 —72.02
Step 5 28.49 27.64 27.18 26.77 26.14 —36.62 —3541 —34.69 —33.86 —32.85
Step 6 28.76 27.94 27.15 26.55 26.04 —16.73 —16.02 —15.75 —15.31 —15.14
Assoc. J. 1999, 60, 403.
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