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Abstract  

 

A kinetic study of the gas phase reaction of the SF5 radical with the species F2, Cl2 and SF5 

has been performed. Quantum chemical calculations employing the DFT methods B3LYP, 

BMK, MPWB1K, BB1K and M06-2X combined with the 6-311+G(3df) basis set provide 

the required relevant parts of the potential energy surfaces. Transition state theory 

calculations for the SF5 + F2 → SF6 + F reaction lead to the rate coefficient 1.4 x 10-12 exp(-

4.1 kcal mol-1/RT) cm3
 molecule-1 s-1 at 213 – 245 K. From similar calculations, the 

expression 2.1 x 10-11 exp(-7.6 kcal mol-1/RT) cm3
 molecule-1 s-1 was obtained for SF5 + Cl2 

→ SF5Cl + Cl. The combination of the rate coefficients obtained for the F atom abstraction 

reaction with reported experimental kinetic information yields the value 3 x 10-12 cm3
 

molecule-1 s-1 for the SF5 + SF5 → S2F10 association reaction. A comparison with SACM/CT 

calculations and previous conflicting  rate coefficients for this process is presented. 

 

1. Introduction 

 

Sulfur hexafluoride SF6 is a gas that presents unique features, such as high thermal 

stability, high dielectric strength and low toxicity, and, as a consequence, has been widely 

employed in a variety of technological processes [1-4]. Even though at normal operating 

conditions the SF6  is thermally and photochemically stable, may explode when subject to 

an electrical discharge, such as an electrical arc, spark or corona. In the presence of small 

quantities of water, different byproducts such as HF, SO2, SOF2, SO2F2, SOF4, S2F10 are 



  

formed [5,6]. The presence of the SF5 dimer, S2F10, indicates that the SF5 radical is 

probably an intermediate species of the reaction mechanism. This radical has aroused great 

interest in the environmental area because it may associate with the CF3 radical or react 

with fluorinated polymers to generate the extremely potent greenhouse gas SF5CF3 [7].  

 

The participation of SF5 in a number of reaction mechanisms has been proposed. By 

instance, in the thermal decompositions of F5SOOSF5 [8] and F5SOOOSF5 [9,10], in the 

CO oxidation by O2 sensitized by SF5O radicals [11], in the thermal reaction between SF4 

and F2 in the presence of O2 [12] and in the photochemical reaction of F2O in the presence 

of SF4 [13] the SF5 radical plays an important role as intermediary. 

 

The present investigation is focused on the study of the photolysis of F2 at 365 nm in the 

presence of SF4 at 213 - 244 K by Aramendia and Schumacher [14]. The main product 

observed was SF6 and small amounts of S2F10 with a very significant participation of SF5 

radical. The experimental results were interpreted by the reaction mechanism: 

 

F2 + hν365 nm → 2 F             (1) 

SF4 + F2 → SF5 + F   (2) 

SF4 + F → SF5   (3) 

SF5 + F2 → SF6 + F   (4) 

SF5 + SF5 → S2F10   (5) 

SF5 + F → SF6   (6) 

F + F + M → F2 + M   (7) 



  

 

The ratio between the rate coefficients of reactions (4) and (5) of k4/k5
1/2 = 104.18±0.01 exp(- 

4.0 ± 0.2 kcal mol-1/RT) M-1/2 s-1/2 was found in this stationary study. No rate coefficient 

has been measured for reaction (4), and some conflictive and scattered values (from about 2 

x 10-14 to 2 x 10-11 cm3 molecule-1 s-1) have been proposed for the SF5-self association 

reaction [10,15,16]. However, the only available data for k5 has been measured in liquid 

phase over the 153 - 233 K temperature range [17]. 

 

In the present study rate coefficient values have been calculated for reaction (4) using the 

transition state theory combined with relevant information of the potential energy surface 

provided by reliable density functional theory (DFT) formulations. Furthermore, the k4/k5
1/2 

values of Ref. 14 have been employed to derive k5. These rate coefficients were afterwards 

compared with those resulting from statistical adiabatic channel model/classical trajectory 

(SACM/CT) calculations. In addition, for comparison with reaction (4), rate coefficients 

values for the similar reaction SF5 + Cl2 → SF5Cl + Cl are also reported.   

 

2. Computational methods 

 

To obtain the molecular data relevant for the kinetics studies, the B3LYP [18-20], BMK 

[21], MPWB1K [22], BB1K [23] and M06-2X [24] formulations of the density functional 

were employed. The last four hybrid functionals have been specifically developed and 

validated for thermochemical kinetic studies as the present. They provide mean absolute 

deviations from well established experimental activation energies of 1.80 (BMK), 1.39, 

(MPWB1K), 1.40 (BB1K) and 1.32 kcal mol-1 (M06-2X)). These DFT approaches were 



  

combined with the Pople split-valence triple-ζ basis set 6-311+G(3df) [25]. Such extended 

basis set confers large radial and angular flexibility to represent electron density far from 

the nuclei and among the bonded atoms. The molecular structures were fully optimized via 

analytical gradient methods. For the estimation the harmonic vibration frequencies, 

analytical second order derivative methods were employed. The Synchronous Transit-

Guided Quasi-Newton (STQN) method was employed for locating transition structures, 

which present only one imaginary frequency as confirmed by normal-mode analysis. 

Afterwards, the transition states were verified by following the intrinsic reaction coordinate 

(IRC) from reactants to products. All calculations were carried out using the GAUSSIAN 

09 suite of programs [26]. For the MPWB1K and BB1K methods, the BB95 and MPWB95 

functionals with the "IOp" values of 3/76 = 0580004200 and 3/76 = 0560004400, as given 

by Truhlar and coworkers, were employed [22,23]. 

 

The calculation of the rate coefficients for the reactions of SF5 with F2 and Cl2 was   

performed using the conventional transition state theory [27].  Limiting high pressure rate 

coefficients for the barrierless SF5 self-association reaction were calculated with the 

SACM/CT [28] approach. For all cases the required molecular information was provided by 

either experimental studies or quantum-chemical calculations. 

 

3. Molecular structures and harmonic vibrational frequencies  

 

Equilibrium molecular structures estimated for SF5 and S2F10 with the B3LYP, BMK, 

MPWB1K, BB1K and M06-2X functionals together with the experimental values 

determined for S2F10 by electron diffraction techniques [29] are listed in Table 1. The 



  

molecular geometries for SF5 and S2F10 are depicted in Fig. 1 (a) and (b), respectively. A 

staggered configuration (dihedral angle D(FSSF) = 45o) of the SF5 moieties was assumed in 

the analysis of the experimental data in Ref. 29. Our calculations based on fully optimized 

structures support this D4d symmetry. The measured equatorial S-F bond distances are 

0.027 Ǻ larger than the axial S-F’ bond distances. Values of 0.018, 0.013, 0.022, 0.022 and 

0.014 Ǻ are predicted for this difference for the B3LYP, BMK, BB1K, MPWB1K and 

M06-2X models.  In addition, the experimental mean S-F bond distance of 1.569 Ǻ can be 

compared with the values of 1.589, 1.565, 1.608, 1.607 and 1.569 Ǻ, predicted by these 

DFT models. Overall, as Table 1 shows, the smallest differences between the theoretical 

and experimental S-F, S-F and S-S bond distances, -0.006, 0.008 and -0.002 Ǻ, are 

provided by the BMK functional. However, reasonable bond distances are also predicted 

for the other employed models. In fact, the observed differences are, nearly, within the 

expected error limits [18-24]. The bond angles and dihedral angles are satisfactorily 

estimated by all DFT methods. Computed rotational constants calculated for SF5 and S2F10 

using the molecular parameters of Table 1 are presented in Table 2. 

 

The calculated SF5 and S2F10 harmonic vibrational frequencies together with the available 

experimental data are given in Table 3. A reasonable agreement between these sets of 

values is observed. Mean absolute deviations for the S2F10 of 24, 36, 42, 41, and 33 cm-1 

were found for the B3LYP, BMK, BB1K, MPWB1K and M06-2X models. 

 

4. Rate coefficients for reactions SF5 + F2 →→→→ SF6 + F and SF5 + Cl2 →→→→ SF5Cl + Cl 

 



  

A single experimental study of reaction (4) has been reported [14]. This reaction participates 

in the gas-phase mechanism of the photochemical reaction between F2 and SF4. Although no 

complete kinetic information can be extracted for k4 from these experiments, as above 

mentioned, the k4/k5
1/2 relationship has been determined at 213.3, 225.2 and 243.9 K. The 

activation energy obtained for this ratio is 4.0 kcal mol-1. Considering reaction (5) is most 

likely barrierless (see below), such activation energy may be mostly attributed to reaction (4). 

To predict the Arrhenius parameters of this elementary process, TST calculations on relevant 

regions of the DFT potential energy surfaces were carried out. The resulting molecular 

parameters for the transition states (TS1) are listed in Table 1, while the structure is shown in 

Fig. 1 (c). As it can be seen, the B3LYP functional leads to the largest S---F bond distance.  

The associated harmonic vibrational frequencies are given in Table 3. The derived B3LYP 

imaginary vibrational frequency of 160i cm-1 is notably smaller than those obtained with the 

other functionals, 454i - 694i cm-1.  

 

The computed activation enthalpies ∆H#
0 and enthalpy changes ∆H0

0 for reaction (4) at 0 K are 

listed in Table 4. A schematic enthalpy diagram for this process is depicted in Fig. 2. As can 

be seen, significant differences between the B3LYP values and those obtained with the other 

selected functional were found. In fact, this functional predicts a barrier height 2 – 3 kcal mol-1 

smaller than the calculated from the other functionals. However, even larger underestimations 

have been reported for other reactions [21]. The large difference observed in the ∆H0
0 values, 

can be mostly attributed to errors in the calculated B3LYP/6-311+G(3df) total electronic 

energies for SF5 and SF6. The respective enthalpies of formation estimated at 0 K by total 

atomization energies of -194.0 and -267.7 kcal mol-1 are notably larger than those obtained, by 



  

instance, at the M06-2X/6-311+G(3df) level of -200.8 and -287.5 kcal mol-1. These last values 

are in very good agreement with experimental, -200.0 kcal mol-1 [33], and CCSD(T)//B3LYP 

(with full extrapolated basis sets), -288.4 kcal mol-1 [34] consensus data for these species. 

 

It is interesting to note that a very weak intermediate species SF7 located between the 

transition state configuration and the SF6 + F products is predicted by the employed 

B3LYP, BMK and M06-2X functional. This species had been previously found using the 

local spin-density approximation (LSDA) [30]. The equilibrium SF7 structure is depicted in 

Fig. 1 (d) and the computed geometrical parameters are given in Table 1. The present 

calculations lead to F-F bond distances 0.4 to 0.6 Ǻ larger than the estimated at the LSDA 

level. On the other hand, the resulting F5SF-F bond strengths at the B3LYP, BMK and 

M06-2X levels are very small: 0.1, 0.1 and 0.5 kcal mol-1. A much larger value of 3.5 kcal 

mol-1 is recovered by the LSDA calculations. In better agreement with the present 

calculations, the inclusion of non-local gradient corrections in the LSDA (LSDA/NL) leads 

to a bond dissociation energy of 1.2 kcal mol-1 [30]. 

 

The rate coefficients were calculated using the classical expression of the transition state 

theory k = (kBT/h) Q#/QAQB exp(-∆H#
0/RT) [27]. Here, Q#, QA and QB are the total (electronic, 

translational, rotational and vibrational) partition functions for the transition state, the SF5 and 

the F2 molecules. The molecular input data of Tables 2, 3 and 4 and the experimental values 

for the vibrational frequency and the rotational constant of F2 [33] were employed for these 

calculations. The resulting individual k4 values and its associated pre-exponential factors A 

and activation energies Ea are consigned in Table 5. Although the obtained Arrhenius 



  

parameters from the four functionals are in good agreement (the deviations in Ea values are 

smaller than the mean deviation of the employed models), due to the low temperatures 

investigated, large differences in the rate coefficients are observed. However, as to be 

discussed in Section 5, the experimental k4/k5
1/2 ratio provided a stringent key for select the 

more probable rate coefficients for reaction (4). 

 

To compare the order of magnitude of k4 estimated at 300 K, ∼1 x 10-15  - 1 x 10-14 cm3
 

molecule-1 s-1, the rate coefficients measured for similar reactions for the FC(O)Ox (with x = 0 

- 2) fluorine containing radicals were chosen [35-39] . The reported values for FCO + F2 → 

FC(O)F + F, 4.5 x 10-14 cm3
 molecule-1 s-1 [35], FC(O)O + F2 → FC(O)OF + F, 3.4 x 10-15 cm3

 

molecule-1 s-1 [39], and FC(O)OO + F2 → FC(O)OOF + F, < 1 x 10-17 cm3
 molecule-1 s-1 [39], 

show the ample range of rate coefficients  that can be expected for the of this type of F atom 

abstraction processes.     

 

For the sake of comparison, the Cl atom abstraction reaction from Cl2 by the SF5 radical,  

                                           SF5 + Cl2 → SF5Cl + Cl                         (8), 

was also studied. To this end, the M06-2X6-311+G(3df) functional was selected. As 

reaction (4), this is also an activated process being the activation enthalpy at 0 K (TS2) of 

6.2 kcal mol-1. In addition, the derived reaction enthalpy of only -2.1 kcal mol-1 indicates 

that this is a near thermoneutral process. In Fig. 2 a schematic enthalpy diagram of this 

process is presented. By contrast to the linear F5S---F---F TS1 transition state, an angular 

F5S---Cl---Cl configuration, as Fig. 1 (e) shows, is predicted for TS2    Employing the 

above ∆H#
0 value, the computed harmonic vibrational frequencies of 336i, 18, 72, 173, 187, 



  

258, 298, 396, 398, 490, 558, 561, 571, 630, 674, 894, 899 and 902 cm-1 and the rotational 

constants A = 0.086, B =0.022 and C =  0.021 cm-1 (derived from the r(S-F)av = 1.581 Ǻ, r(S-F’) = 

1.547 Ǻ,  r(S-Cl) = 2.353 Ǻ, r(Cl-Cl) = 2.142 Ǻ and ∠(SClCl) = 153.7o structural values, see Fig. 

1 (e)), the rate coefficients for reaction (8) were estimated. The resulting values at 298, 370, 

430 and 500 K are 5.4 x 10-17, 6.2 x 10-16, 2.7 x 10-15 and 1.0 x 10-14 cm3
 molecule-1 s-1. 

These values can be reasonably represented by the Arrhenius expression k8 = 2.1 x 10-11 

exp(-7.6 kcal mol-1/RT) cm3
 molecule-1 s-1. The predicted rate coefficient at 298 K for 

reaction (8) is about 20 times smaller than the calculated for reaction (4) at the same level 

of theory. To our knowledge, no experimental data for reaction (8) have been reported for 

comparison.  

 

 

 

5. Rate coefficients for reaction SF5 + SF5 →→→→ S2F10 

 

DFT calculations performed along the minimum energy pathway of the SF5 self-association 

(reaction (5)) at the B3LYP/6-311+G(3df) level revealed an energy profile without a 

maximum. This fact indicates the presence of a simple bond forming reaction exhibiting a 

smooth transition between the rotational modes of the SF5 radicals and the S2F10 transitional 

modes. These type of reactions are normally studied using the unimolecular reaction rate 

theory. In particular, an appropriate way to treat a reaction with such a potential at the high 

pressure limit is provided by the SACM/CT [28]. In this model the dynamics of a valence 

interaction between two linear rotors is calculated combining statistical adiabatic channel 

model (SACM) with classical trajectory (CT) calculations on a Morse potential. In the 



  

framework of the SACM, the high pressure rate coefficients can be factorized as k∞ = frigid 

k∞
PST

 [40], where k∞
PST is the phase space theory rate coefficient computed with the isotropic 

part of the potential, and frigid is the rigidity factor that accounts for dynamical constraints 

arising from the anisotropy of the potential energy surface. Following Ref. 40, k∞
PST was 

obtained from the expression k∞
PST = (kBT/h) (h2/2πµkT)3/2 fel Qcent, where µ denotes the 

reduced mass of the collision pair for the A + B → C reaction, fel = Qel,C/Qel,AQel,B is the 

electronic degeneracy factor and Qcent = Γ(1+1/ν)(kBT/Cν)1/ν the centrifugal pseudo-partition 

function.  Here, Cν and ν are rotational parameters derived from the analysis of the centrifugal 

barriers [41]. For the present case, the values Cν=1.88 x 10-3 cm-1 and ν=1.12 were employed. 

For the calculation of the rigidity factor we treat the SF5 radical as a quasi-linear rotor with the 

C4v symmetry axis assimilated to a C∞v axis of a linear rotor. The interaction between the two 

quasi-linear rotors is assumed to lead to the formation of a linear adduct. Under this 

conditions, the rigidity factor at 0 K was estimated as frigid(T→0) = (1 + 1.5Z + Z4)-1/4. Here, 

Z= Ceff
2/2.34 and Ceff = {[ε(re)]

2/2BeDe} (kT/De)
2α/β-1 [1 + 0.42(2α/β - 1)  + (2α/β - 1)2]. In the 

last expression ε(re) is the geometrical average of the transitional frequencies at the 

equilibrium configuration (184.5 (2) and 247.5 (2) cm-1, from Ref. 32), Be is the average of the 

largest rotational constants of the SF5 radical (0.124 (2) cm-1, from B3LYP/6-311+G(3df) 

calculations) and De ≈ ∆H298 K is the bond dissociation energy (47.3 kcal mol-1 [42]). To 

characterize the relevant potential energy features, a range parameter of β = 1.9 Å-1 was 

derived for the Morse potential using the S-S stretching frequency on S2F10 (245.5 cm-1 [32]) 

while a standard anisotropy parameter of α/β = 0.5, α = 0.93 Å-1, (defined as ω = ωe exp(-α(r - 

re) [43]) was used to model the evolution of the transitional vibrational frequencies along the 

minimum energy path. Simplified SACM calculations show that a large number of 



  

experimental recombination/dissociation rate coefficients at the high pressure limit can be 

satisfactorily reproduced using a ratio α/β ≈ 0.5 ± 0.1 [40, 44-53]. The computed frigid(T→0) 

values were afterwards corrected by temperature dependencies: frigid(T) = frigid(T→0) [1 – 

(2.31Ceff) (βre)
1/2 exp(X/2.044) with X= ln(kBT/De) - βre, being re = 2.4 Å the distance between 

the center of mass of SF5 radicals in S2F10. The resulting SACM/CT values at 213.3, 225.2 and 

243.9 K are 8.4 x 10-13, 8.3 x 10-13 and 8.1 x 10-13 cm3
 molecule-1 s-1. Due to the large density 

of states of S2F10, no appreciable falloff effects can be expected for reaction (5), such that, at 

normal pressure conditions, k5
 ≈ k∞,5.  

 

No gas-phase experimental data are available for the SF5 self-association. However, kinetic 

measurements have been performed by following the SF5 concentrations by ESR after the 

photodissociation of SF5C1 or SF5OOSF5 in nonpolar solvents (cyclopropane, and 

dichlorodifluoromethane) over the 153 - 233 K range [17]. On the basis of this data, the 

obtained equation k5 = 1.7 x 10-11 exp (-1.7 kcal mol-1/RT) cm3
 molecule-1 s-1 has been 

recommended for the gaseous phase reaction [54]. At 300 K, the SACM/CT calculations 

lead to a rate coefficient of 7.6 x 10-13 cm3
 molecule-1 s-1 while, in a good agreement, a 

value of 9.8 x 10-13 cm3
 molecule-1 s-1 is obtained from the kinetics data measured by Tait 

and Howard [17]. However, at lower temperatures, for instance at 200 K, a value of 8.6 x 

10-13 cm3
 molecule-1 s-1 is obtained from the SACM/CT calculations and a rate coefficient a 

factor of 3 smaller, 2.4 x 10-13 cm3
 molecule-1 s-1, is recovered from the above Arrhenius 

expression.  

 



  

It appears interesting at this time to compare the above SACM/CT estimations with the k5 

values obtained combining the values derived from the k4/k5
1/2 expression with the TST rate 

coefficients derived for reaction (4) in Section 4. In Table 6 are listed the computed k5 values 

using the k4 values given in Table 4 and the k4/k5
1/2 values of 1.21, 1.99 and 3.94 M-1/2 s-1/2 

determined at 213.3, 225.2 and 2343.9 K [14]. It can be seen that BMK and the MPWB1K 

functional lead to very large k5 values which are even larger than the calculated upper limit 

rate coefficients, k5,∞
PST ≈  1 x 10-10 cm3

 molecule-1 s-1 . Therefore, we have selected the 

average of the BB1K and M06-2X rate coefficients which leads to k4 = 1.4 x 10-12 exp (-4.1 

kcal mol-1/RT) cm3
 molecule-1 s-1.  

 

In Table (7) are listed the calculated rate coefficients. As can be seen, the k5 values obtained 

with the relationship k4/k5
1/2 and the best TST predictions for k4 are about a factor of 4 larger 

than the above SACM/CT estimations based on α/β = 0.5. Nevertheless, as Table 7 shows, 

they can be well fitted increasing this parameter to 0.57, which is  still within the expected 

range of α/β ≈ 0.5 ± 0.1 [40, 44-53]. By contrast, the rate coefficients recommended [55] on 

the basis of the liquid phase measurements of Ref. 17, are about 7 - 10 times smaller than 

those obtained here. It should be noted that the disproportionation reaction SF5 + SF5 → SF4 + 

SF6 instead of the self-association reaction (5) might be predominant in these experiments 

[54]. Other k5 values based on similar reactions or obtained from the analysis of complex 

reaction mechanisms have been reported at room temperature: 2 x 10-11 [15], 2 x 10-12 [16] and 

< 2 x 10-14 cm3
 molecule-1 s-1 [10]. Our k5 value of about 4 x 10-12 cm3

 molecule-1 s-1 at 300 K 

is closest to the value suggested by Benson and Bott [16]. The 50 times smaller upper limit 

proposed in Ref. 10 appears to be unreliable. Direct experimental measurements and/or 



  

theoretical kinetics studies of reaction (5) on ab initio characterized radial and angular parts of 

the potential energy surface, similar to those recently performed for other reactions [55-57], 

are clearly desirable.  

 

4. Conclusions 

 

The present quantum-mechanical and kinetic study of the gas phase reactions of SF5 with F2 

and Cl2 provides TST rate coefficients k4 = 1.4 x 10-12 exp(-4.1 kcal mol-1/RT) and k8 = 2.1 x 

10-11 exp(-7.6 kcal mol-1/RT) cm3
 molecule-1 s-1 for these atom abstraction elemental 

processes. Combining the k4 values with the experimentally determined ratio k4/k5
1/2 at 213 - 

244 K [14], rate coefficients were derived for the self-SF5 association reaction (5). The 

extrapolated room temperature value for k5 of about 4 x 10-12 cm3
 molecule-1 s-1 is consistent 

with value estimated by Benson and Bott [16] and disagrees strongly with a proposed upper 

limit [10]. In addition, the results are consistent with those predicted by standard SACM/CT 

calculations.  
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Table captions 

 

Table 1. Structural parameters calculated for SF5, S2F10, TS1 and SF7 (bond lengths in Å, 

angles in degrees). a From Ref. 29. b From Ref. 30. 

 

Table 2. Rotational constants (in cm-1) calculated for SF5, S2F10 and TS1. 

 

Table 3. Harmonic vibrational frequencies (in cm-1) calculated for SF5, S2F10 and TS1. a 

From Ref. 31. b From Ref. 32 

 

Table 4. Activation enthalpies and enthalpy changes (in kcal mol-1) for reaction (4). 

 

Table 5. TST rate coefficients (in cm3 molecule-1 s-1) and Arrhenius parameters A (in cm3 

molecule-1 s-1) and Ea (in kcal mol-1) for reaction (4).   

 

Table 6. Rate coefficients for reaction (5) (in cm3 molecule-1 s-1) calculated combining the 

TST rate coefficients k4 from Table 5 and the k4/k5
1/2 relationship (See text). 

 

Table 7. Rate coefficients for reaction (5) (in cm3 molecule-1 s-1). a From average TST 

calculations and the k4/k5
1/2 relationship (see text). bSACM/CT calculations with α/β = 

0.57. d From Refs. 17 and 54. 



  

Figure captions 

 

Figure 1. Molecular Geometries obtained for SF5 (a), S2F10 (b), TS1(c), SF7 (d) and TS2 

(e). 

 

Figure 2. Schematic enthalpy diagrams for reactions (4) and (8) calculated at the M06-

2X/6-311+G(3df) level of theory. 



  

                                                             Table 1 

 

SF5  B3LYP BMK BB1K MPWB1K M06-2X Experimental 
r(S-F) 1.623 1.595 1.647 1.646 1.595  

r(S-F’) 1.554 1.536 1.573 1.572 1.541  

∠(FSF) 89.9 90.0 90 89.9 90.0  

∠(FSF’) 91.8 91.3 92 91.8 91.3  

S2F10  B3LYP BMK BB1K MPWB1K M06-2X Experimentala
 

r(S-F) 1.593 1.568 1.612 1.611 1.572 1.574 

r(S-F’’) 1.575 1.555 1.590 1.589 1.558 1.547 

r(S-S) 2.327 2.272 2.337 2.332 2.249 2.274 

∠(FSF) 90.0 90.0 90.0 90.0 90.0  

∠(FSF’) 89.8 89.8 90.1 90.1 89.8 89.8 

∠(FSS) 90.2 90.2 89.9 89.9 90.2  

D(FSSF’) 45.0 45.1 44.7 44.9 45.0  

TS1 B3LYP BMK BB1K MPWB1K M06-2X  

r(S-F) 1.610 1.581 1.569 1.567 1.580  

r(S-F’) 1.552 1.534 1.526 1.524 1.538  

r(S-F’’) 2.475 2.349 2.328 2.326 2.234  

r(F-F) 1.451 1.447 1.435 1.430 1.459  

∠(FSF’) 92.1 91.8 91.8 91.7 92.0  

∠(FSF’’) 87.9 88.2 88.2 88.3 88.0  

SF7 B3LYP BMK BB1K MPWB1K M06-2X LSDAb    
r(S-F) 1.577 1.555   1.558 1.567 

r(S-F’) 1.577 1.555   1.558 1.565 

r(S-F’’) 1.580 1.558   1.562 1.584 

r(F-F) 2.819 2.567   2.605 2.185 

∠(FSF’) 90.1 90.1   90.1 90.4 

∠(FSF’’) 90.0 89.9   89.9  

 



  

 

                                                           Table 2 

 

Rotational  
Constants 

           SF5           S2F10 TS1 

A B C A B C A B C 

B3LYP 0.120 0.120 0.084 0.044 0.022 0.022 0.086 0.034 0.034 

BMK 0.124 0.124 0.087 0.045 0.023 0.023 0.089 0.036 0.036 

BB1K 0.126 0.126 0.089 0.043 0.022 0.022 0.087 0.041 0.041 

MPWB1K 0.116 0.116 0.082 0.043 0.022 0.022 0.090 0.037 0.037 

M06-2X 0.124 0.124 0.087 0.045 0.023 0.023 0.089 0.038 0.038 

 



  

                                                              Table 3 

 

 SF5 S2F10     TS1 

B3LYP 226, 338,338, 436, 
494, 494, 522, 522, 
601, 778, 778, 862. 

93, 171, 171, 223, 238, 238, 
323, 326, 395, 395, 406, 
406, 482, 482, 518, 547, 
547, 556, 556, 597, 598, 
610, 651, 660, 794, 830, 
830, 889, 903, 903. 

160i, 64, 64, 133, 133, 
234, 353, 354, 454, 479, 
508, 508, 538, 570, 698, 
806, 806, 865. 

 
BMK 

 
247, 365, 365, 468, 
536, 536, 569, 601, 
657, 849, 849, 927. 

 
121, 205, 205, 273, 295, 
295, 352, 376, 435, 435, 
436, 436, 514, 514, 554, 
584, 584, 594, 594, 649, 
650, 662, 709, 731, 854, 
903, 903, 968, 984, 984. 

 
454i, 70, 70, 167, 167, 
261, 328, 384, 384, 488, 
550, 550, 582, 620, 708, 
885, 885, 933. 

 
BB1K 

 
205, 312, 312, 402, 
453, 453, 467, 517, 
566, 732, 732, 815. 

 
188, 227, 231, 240, 274, 
276, 351, 358, 408, 408, 
410, 411, 479, 479, 500, 
539, 539, 550, 550, 560, 
560, 598, 620, 625, 765, 
780, 780, 862, 862, 871. 

 
522i, 75, 75, 178, 187, 
265, 326, 390, 390, 496, 
559, 559, 588, 641, 723, 
916, 916, 941. 

 
MPWB1K 

 
207, 314, 314, 403, 
454, 454, 471, 519, 
568, 734, 734, 817. 

 
186, 234, 239, 251, 274, 
279, 360, 360, 411, 411, 
416, 416, 481, 481, 503, 
541, 541, 553, 553, 561, 
561, 602, 622, 627, 768, 
782, 782, 864, 864, 876. 

 
520i, 76, 76, 178, 198, 
267, 330, 392, 392, 498, 
562, 562, 592, 646, 728, 
922, 922, 947. 

 
M06-2X 

 
245, 365, 365, 468, 
535, 535, 566, 606, 
606, 855, 855, 927. 

 
119, 202, 202, 270, 276, 
276, 357, 361, 427, 427, 
432, 432, 510, 510, 551, 
578, 578, 589, 589, 647, 
651, 657, 707, 726, 862, 
902, 902, 971, 980, 980    

 
694i, 90, 90, 211, 211, 
262, 326, 388, 388, 492, 
550, 550, 575, 629, 721, 
902, 902, 934. 

 
Experimental 

 

387, 387, 525, 525, 
553, 633, 818, 818, 
892.a

 

 

115, 184.5, 184.5, 245.5, 
247.5, 247.5, 414, 414, 427, 
427, 507, 543.3, 573, 573, 
590, 628, 628, 637.5, 683.5, 
695, 824.5, 864.5, 864.5, 
917, 937.8, 937.8.b

 

 

 



  

                         

                            Table 4 

Level of theory   ∆H#
0    ∆H0

0 

B3LYP    0.7   -57.4 

BMK    2.6   -73.2 

BB1K    3.5   -76.6 

MPWB1K    2.8   -78.3 

M06-2X    3.5   -73.3 

 



  

 

                                                           Table 5  

 k4   

 Level of theory T = 213.3 K T = 225.2 K T = 243.9 K      A  Ea 

BMK 1.3 x 10-15
 1.9 x 10-15

 3.3 x 10-15
 2.4 x 10-12

 3.2 

BB1K 9.9 x 10-17
 1.7 x 10-16

 3.5 x 10-16
 2.0 x 10-12

 4.2 

MPWB1K 6.6 x 10-16
 1.0 x 10-15

 1.8 x 10-15
 2.0 x 10-12

 3.4 

M06-2X 7.4 x 10-17
 1.2 x 10-16

 2.4 x 10-16
 9.3 x 10-13

 4.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

                                              Table 6 

 k5 

 Level of theory T = 213.3 K T = 225.2 K T = 243.9 K 

4.3 x 10-124.6 x 10
12BMK 

6.6 x 10-10
 5.4 x 10-10

 4.1 x 10-10
 

MPWB1K4.1 x 10
BB1K 

1.8 x 10-10
 1.5 x 10-10

 1.3 x 10-10
 

M06-2X 2.3 x 10-12
 2.3 x 10-12

 2.3 x 10-12
 

    

 



  

Table 7 

T/K k5
a
 k5,∞

PST b
 frigid

b
 k5,∞

b
 k5

c
 

213.3 3.2 x 10-12
 9.7 x 10-11

 0.035 3.4 x 10-12
 3.1 x 10-13

 

225.2 3.3 x 10-12 
9.9 x 10-11

 

0.033 3.3 x 10-12
 3.8 x 10-13

  

243.9 3.4 x 10-12
 1.0 x 10-10

 0.031 3.1 x 10-12
 5.1 x 10-13
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Highlights 

 

� Kinetic analysis of reactions of SF5 radical with F2 and Cl2 molecules 

� Quantum-chemical calculations of potential energy surfaces of SF5 radical reactions 

� Theoretical estimation of rate coefficients for the reaction SF5 + SF5 → S2F10 

 

 


