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Abstract

Density functional at the B3LYP levels of theory using the Pople’s 6-311+ G(3df) basis
sets and the Dunning'’s aug-cc-pVTZ correlation consistent basis sets have been employed
to determine the enthalpy of formation (AH°(298)) of CF,OOC(O)F at 298 K, using the
isodesmic reaction CF,00CF, + FC(O)OOC(O)F — 2 CF,00C(O)F. Thus, the B3LYP/6-
311+ G(3df) and B3LYP/aug-cc-pVTZ methods yield AH%(298) values of —273.3 and —273.2
kcal mol™, respectively. From the reported AH?(298) for CF,O- and FC(O)O- radicals,
bond energy dissociation (D, ) values of 38.3 and 38.2 kcal mol* are deduced for
CF,00C(O)F, which are in agreement with the reported value for related peroxides. Also,
calculationsfor the enthal py change in the peroxide bond excision reaction were performed
at the B3LYP and B3PWOL1 using several basis sets. The corresponding D, , values obtained
using these enthal py changes are too low independently of both basis sets and method of
calculation used for the calculation.

Resumen

El método B3LYP delosfuncionalesdeladensidad con la base de Pople 6-311+ G(3df)
y con la base de correlacion consistente de Dunning aug-cc-pVTZ, fue empleado para
determinar la entalpia de formacion a 298 K (AH°(298)) del CF,O0C(O)F, utilizando la
reaccionisodesmica CF,00CF, + FC(O)OOC(O)F — 2 CF,00C(O)F. Esasi que se obtienen
valores de AH°(298) de —273,3 y —273,2 kcal mol™ para |os métodos B3LYP/6-311+ G(3df)
y B3LYP/aug-cc-pVTZ respectivamente. A partir de los valores de AH?(298) reportados
para los radicales CF,O- y FC(O)O-, se obtienen valores de energia de disociacion de
enlace D, igual a 38,3y 38,2 kcal mol*, que acuerdan con los valores reportados para
peroxidos similares. El cambio de entalpia en la reaccion de escision del enlace perdxido
fue calculado a los niveles B3LYP y B3PW91 utilizando varias funciones bases. Los
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correspondientes valores de D, obtenidos utilizando estos cambios de entalpia son
demasiado bajos, con independencia tanto del conjunto de funciones base, como del método
utilizados en el célculo.

I ntroduction

CF,00C(O)F was synthesized for the first time in 1967 by Cauble and Cady by
photochemical reaction of FC(O)OOC(O)F with fluorine[1] with ayield of about 5% (based
upon theamount of peroxide consumed). In aseparated [2] articlethese authorsreported some
physical and spectroscopic characteristic of CF,O0C(O)F. Atthesametime, Talbot [3] reported
the synthesis of CF,OOC(O)F by photochemical reaction of a mixture containing
FC(O)OOC(O)F and CF,N, inayield closeto 18%. L ater, in 1970 Anderson and Fox [4] and
DesMarteau [5] synthesized CF,O0C(O)F using the reaction between CF,(OF), and C(O)F,
catdyzed by CsF. Atthesametime, Blesaand Aymonino [6] reported inthisjourna animproved
method for the preparation of CF,OOC(O)F by photolysis of gaseous mixtures of
perfluorocyclobutanone, fluorineand oxygen, upon UV irradiation, with theyield being ca. 35%.

Speciescontaining only carbon, oxygen and fluorineatoms have renewed itsattraction
and many of them arebeing investigated or evenre-investigated sincethey haveshownto play an
important rolein atmospheric chemistry [7].

Recently [8], we havereported astructural and conformationa study of CF,OOC(O)F
structural and conformational features, whichincluded the use of gase ectron diffraction (GED)
technique, vibrational spectroscopy (IR of both gasphaseandisolated in Ar-matrix, and liquid
Raman) and quantum chemical calculations. Thedihedral angle around the peroxidebondin
CF,O0C(O)F (3(COO0C) = 111(5)°) with one sp*- and one sp* hybridized carbon substituent
isintermediate between thosefound in FC(O)OOC(O)F (83.5(14)°) [9] with two sp* hybridized
carbon substituentsandin CF,00CF, (123(4)°) [10] withtwo sp* hybridized carbon substituents.
Furthermore, syn orientation of the C=0 doublebond rel ativeto the O-O singlebond ispreferred
in CF,O0C(O)F. TheMP2AG® (G, — G’ ) value (AG® = 2.03 kcal/mol) isin excellent
agreement with theexperimental AG® valueof 2.09(22) kcal/mol asderived fromthematrix IR
experiment. The O-O bond length in CF,LOOC(O)F (1.422(15)A) is within experimental
uncertaintiesequal to thosein CF,OOCF, (1.419(20) A) and FC(O)OOC(O)F (1.419(9) A).

Furthermore, when Ar/CF,O0C(O)F mixturesare passed thought the spray-on nozzle
held at temperatures higher than 300 °C, new bands appear in the IR spectra superposed to
those belonging to the parent CF,O00C(O)F peroxide. These bands belong to CF,0O- and
FC(O)O- radicals[11]. No characteristic bands of CF,00- nor FC(O)OO- peroxi radicals
[12] werefoundinthel R spectra. Thesefeaturesagreewith the previousfinding of Argielloand
Willner [11]. Quantum chemical calculationsperformed at the B3LY P/6-311G* level of the
theory for bond energy dissociations predict the peroxide bond weaker than the C-O bonds.
Thus, the computed valuesfor D Do and D0 €21.3,70.2 and 75.5 kcal mol?,
respectively. However, thiscomputed D, , bond energy dissociation istoo low, ascompared
with reported valuesfor related peroxides|[§].

In the present contribution, wereport atheoretical study concerning thermodynamic
properties of CF,O0C(O)F, specidly thoserelated withthe D bond energy dissociation.
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Quantum Chemical Calculations

Electronic structure cal cul ationsusing Becke' sthree-parametersfunctional [13] withthe
corrdationfunctiona of Lee, Yang and Parr (B3LY P) hybrid functiona were performed withthe
GAUSSIAN 98 program [14]. The Popl € striple-zeta split valence 6-311+G(3df) basis sets
whichincludediffuseand polarization function [15] and the Dunning'striple-zetadiffusefunction
augmented correlation cong stent basi s sets, denoted asaug-cc-pV TZ, [16] wereused to calculate
fully optimized equilibrium geometriesand harmonic vibrational frequenciesof themolecules
under investigation. The syn conformer was taken as the more stable conformation for
CF,00C(O)F [8] (synwithrespect to C=0 and O-O bonds) and C, molecular symmetry with
syn conformation was adopted in FC(O)OOC(O)F [17] (syn with respect to C=0 and O-O
bonds). A good agreement was found between calculated and experimental geometrical
parametersand fundamental vibrational frequencies[18],[19].

Theentha py of formation of the CF,OOC(O)F moleculewasestimated using thefollowing
isodesmicreaction:

CF,00CF, + FC(O)OOC(O)F — 2 CF,00C(O)F

In aisodesmic reaction, reactants and products contai n the same number of the same
type of bondsand errorsdueto inherent limitationsin the basis set and electron correlation
energy nearly cancel [20]. Total energiesare corrected by zero-point vibration energies (ZPVE)
(without any scaling factor). Thermal corrections, 0K to 298.15K, are cal cul ated to estimate
the reaction enthalpy at 298.15 K (AH °(298)). AH.%(298) values for CF,O0CF, and
FC(O)OOC(O)F weretaken fromtheliterature[21], [22].

A second modd wasemployed for the cal cul ation of bond dissoci ation enthal piestaking
into account the difference between the corrected enthalpiesat 298 K for reactantsand products.
Thus, the bond dissociation enthal py for the CF,O0C(O)F — CF,O- + FC(O)O:- dissociation,
isthen determined by: D , = (H°,(CF.,O-) + H°  (FC(O)O-)-H°,(CF,OOC(O)F). B3LYP
and B3PW9L hybrid functiona swith Popl€ stype bas ssetsup to 6-311+G(3df) and the Dunning's
cc-pVDZ and aug-cc-pV TZ basissetswere applied. Theseresultsarelistedin Table 1.

Table 1. Calculated D, bond energy dissociations, in kcal mol™, for
CF,O0C(O)F as the enthalpy reaction change at 298 K for the process
CF,O0C(O)F — CF,0- + FC(O)O-2

6-31G* | 6-31+G*? | 6-311+G* | 6-311+G(3df) | cc-pVDZ | aug-cc-pVTZ
B3LYP 28.8 - 24.0 26.8 28.1 26.8
B3PW91 29.2 26.9 25.0 28.2 28.1 28.1

2CF,O- was optimized assuming C_geometry. ® The convergence criteria are not
reach for CF,OOC(O)F at the B3LYP/6-31+G* level of calculation.
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Results and Discussion

Theenthapy of formation of CF,OOC(O)F wasevauated using the calcul ated isodesmic
reaction enthal pies AH %(298) and the experimental enthal py of formation of CF,OOCF, of -
343+3 kca mol [21] and the computed enthal py of formation for FC(O)OOC(O)F of -202.9
kca mol[22]. Fromthe B3LY P/6-311+G(3df) and B3LY Plaug-cc-pV TZ levelsof caculations,
AH.°(298) vauesof —273.3 and—273.2 kcal mol ™ were cal culated for CF,OOC(O)F. According
totheexperimenta uncertainties, anerror level of +4 kca mol* isestimated for theabovevaue[21].

The predicted AH.°(298) val ues, in conjunction with the AH.°(298) val ues of —149+2
kcal mol*for CF,0- [23] and of -86.0 kcal mol™ for FC(O)O- [24], lead to reaction enthal pies
values of 38.3 and 38.2 kcal mol* for CF,O0C(O)F — FC(O)O-+CF,O- at the B3LY P/6-
311+G(3df) and B3LY P/aug-cc-pV TZ, respectively. Themean D , valuefor CFLOOC(O)F
of 38.2 kcal mol* liesin between of the experimentally determined bond di ssociation energy
vauesfor thesymmetrically substituted peroxides, which are47.5+0.5 kcal mol* for CF,OOCF,
[25], and 313 [26] and 29.5 kca mol™ for FC(O)OOC(O)F[27]. In addition, the experimental
D, ., valuefor CF,O0C(O)OCF, is34 kcal mol*[27]. Itisinteresting to notethat thismolecule
displaysasimilar D , valueasca culated inthiswork for CF,OOC(O)F.

Thus, our previoudly caculated D, valueat theB3LY P/6-311G* level of caculation of
21.3kca mol™*[8] seemto below. It should be noted that thisvaluewas cal culated by using the
enthal py changein the dissociation reaction CF,O0C(O)F — CF,0O- + FC(O)O-. Inorder to
study both the role of the basis set and the cal culation method in the computed D value,
severd basissetsat the B3LY Pand B3PW91 methodswereused (Table1). D, val uesdepend
strongly on the basis sets. With the two levels of approximation used in thiswork, both 6-
311+G(3df) and aug-cc-pVTZ, (351 and 414 basis function for CF,OOC(O)F, respectively)
basi s setsdisplay better resultsthan the previously reported [8] B3LY P/6-311G* method (162
basisfunction for CF,O0C(O)F), but aretill toolow (ca. 10 kcal mol™*) ascompared with the
va ue obtained by using anisodesmic reaction scheme and experimenta datareported for related
peroxides[25], [28]. Similar discrepancieswere reported for the computed thermodynamic
properties of FC(O)OOC(O)F. Strong dependencieson the basis set were calculated for the
D, value obtained as enthal py differences (FC(O)OOC(O)F — 2 FC(O)O-) by using the
B3LYP level of approximation [22], [29]. Even at higher level of calculations (B3LY P/6-
311+G(3df)//B3LY P/6-311+G*), the D , value is around 14 kcal mol™* lower that the
experimenta one. Theuse of aschemeof isodesmic reactionsleadstoaD,,  which agreesfairly
well with that determined experimentally. Inthe Reference[22], it was suggested that for the
description of anon-isodesmic reaction the B3LY P method resultsinadequate probably dueto
deficienciesinthetreatment of electron correlation effects. Inthe present study for CF,OOC(O)F
acoincidencewith thereported result wasfound. Inaddition it isshown that the B3PW91 hybrid
method hassimilar limitationseven by using larger basissets. Therefore, theuse of anisodesmic
reaction schemefor areliable description of these systems can be considered asnecessary.
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