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Abstract 

Ab initio theory has been used to identify the pre-reaction complex in the atmospherically important 

reaction between OH + SO2, R1, where the binding energy of the pre-reaction complex was 

determined to be 7.2 kJ mol-1. Using reaction rate theory, implemented with the master equation 

package MESMER, the effects of this complex on the kinetics of R1 at temperatures above 250 K have 

been investigated. From simulations and fitting to the experimental kinetic data, it is clear that the 

influence of this pre-reaction complex is negligible and that the kinetics are controlled by the inner 

transition-state that leads to the product, HOSO2. While the effect of this complex on the thermal 

kinetics is small it potentially provides an efficient route to remove energy from vibrationally excited 

OH. The fitting to the past experimental data reveals that this inner transition-state is submerged with 

a barrier -0.25 kJ mol-1 below the entrance channel, which is outside the range predicted from the best 

theoretical calculations. The data fitting also yielded R1H0K equal to -(109 ± 5.6) kJ mol-11 and a more 

precise expression for k1
(T), (5.95 ± 0.83) × 10-13 × (T/298)-0.11 ± 0.27.  
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1. Introduction 

Sulphur dioxide, SO2, plays a major role in the atmosphere; its reaction with the hydroxyl radical: 

OH + SO2 ĺ HOSO2      R1 

ultimately leads to sulphuric acid via subsequent reactions of HOSO2 with O2 and H2O, where sulphuric 

acid contributes significantly to new particle formation.1, 2 Recently, experimental studies were used 

to determine the limiting high-pressure rate coefficient for reaction R1, k1
(T),3 and values for k1(T,p) 

over a wide range of conditions.4 These studies highlighted the difficulties in obtaining reliable 

parameters on this reaction, and in order to assign the limiting high-pressure limit, the analysis implied 

that a weakly bound pre-reaction complex, OHͶOSO, was present, see Figure 1: OH ൅ SOଶ    ௞భǡ౬ౚ౓ሱۛ ۛۛ ሮ    OH െ OSO     ௞భǡ౐౏ሱۛ ሮ      HOSOଶ                                         R1 

where k1,vdW is the rate coefficient for formation of the pre-reaction complex, vdW, and k1,TS is the rate 

coefficient for product formation, HOSO2, from the vdW, see Figure 1. It was after these papers were 

published that this pre-reaction complex was identified from theoretical calculations.5 However, these 

calculations were carried out at a relatively low level and the crucial barrier height between the pre-

reaction complex and HOSO2 is poorly defined. Also, recently, the OH + SO2 potential energy surface, 

but not including the pre-reaction complex, has been calculated at beyond-CCSDT correlation energies 

and this result was used to theoretically predict OH + SO2 rate coefficients.6 From this study, k1
 at 298 

K was calculated to be 1.3 × 10-12 cm3 molecule-1 s-1, which is considerably higher than the 

experimentally determined value: (7.2 ± 3.3) × 10-13 cm3 molecule-1 s-1.4 However, the main difference 

between these two studies is associated with the temperature dependence of k1
; the theoretical 

study assigns a barrier to reaction R1 of 1.1 kJ mol-1 6 while the experimental studies observe no 

increase in k1
 with temperature and assign a negative activation energy for reaction.3, 4 

In this report we investigate the potential effect of this pre-reaction complex 7, 8 to see if it can 

reconcile the results of this theoretical description of the reaction with the experimental data, where 

reaction rate theory, the master equation programme MESMER,9, 10 is used to perform the modelling 

and fitting. In addition, this master equation analysis identifies the energy of the transition-state 

controlling the reaction, the binding energy of the reaction product, HOSO2, and better defines k1(p,T).  
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Figure 1. Potential energy diagram for the reaction between OH and SO2, where a weakly bound 

complex, vdW, is formed before proceeding over the transition-state, TS, to products, HOSO2. The 

energies of the stationary states are those calculated in this work, with zero point energies added.  

Also included is OH(v=1) + SO2 reaction,  ǁŚŝĐŚ ŝŶŝƚŝĂůůǇ ĨŽƌŵƐ Ă ͞ ŚŽƚ͟ ǀĚW;Ύ*) that either re-dissociates 

back to reagents or undergoes intramolecular energy redistribution (IVR) to vdW(*), which does not 

significantly re-dissociate to OH(v=1) + SO2; the two thick arrows indicate that these processes are in 

competition. The Boltzmann energy distribution of the vdW is illustrated; it resides above the binding 

energy of this complex. 

 

2 Computational methods 

Ab Initio calculations were undertaken to determine molecular properties of the relevant species 

which were implemented in subsequent master equation calculations11, 12 using the MESMER 

package.11 Stationary points of the involved species were calculated with the DFT functional M06-2X 
13 and the aug-cc-pVQZ basis set.14-18 Molecular structures were optimized with the aid of the Gaussian 

09 D.01 software 19 using analytic gradients and the Berny algorithm 20 in redundant internal 

coordinates. Single point energies (SPE) of the M06-2X/aug-cc-pVQZ optimized geometries were 

computed via coupled cluster calculations with single, double and triple excitations, the triples being 

described perturbatively (CCSD(T)).21 SPE results were extrapolated to the complete basis set limit 

(CBS) using the extrapolation scheme presented by Peterson et al.17 and DƵŶŶŝŶŐ͛Ɛ correlation 

consistent basis sets (aug-cc-pVXZ, X=D, T, Q). Harmonic vibrational frequencies, rotational constants, 

force-constant matrices and zero-point energies (ZPE) were calculated at the M06-2X/ aug-cc-pVQZ 

level. The hindered rotor approach was used to describe the internal rotation around the O2S-OH 
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bond. The potential was mapped out via a relaxed scan of the dihedral angle with respect to this 

rotation, with 24 steps of 15°. A restricted structure optimization of the molecule at the M06-2X/ aug-

cc-pVQZ level of theory was performed for each step of the scan. Using this description of a hindered 

rotor, MESMER uses the procedure presented by Sharma et al.22 to project out the respective 

vibrational modes. 

One of the most versatile methods for modelling pressure dependent reactions is the energy 

grained master equation method (EGME), which  is described in general terms by equation E1: 

p
dt
dp

M        E1 

where M, the transition matrix, describes the temporal evolution of the population due to collisional 

energy transfer and chemical reaction and p is the population density vector. In setting up E1, energy 

levels for each species of the system (reagents, intermediates and products) are grouped into grains 

of typically 50 cm-1, and E1 describes a set of differential equations that links the grains of these 

species. Energy transfer brings about population/depopulation of each energy grain via its collision 

with the buffer gas, and is described in the current EGME by an exponential down model, where the 

probability of energy transfer, <ȴEd>, is reduced exponentially as a function of the separation of the 

two grains. Detailed balance ensures a Boltzmann distribution is obtained in the absence of chemical 

reaction. Also in the current EGME, the comparison of experimental data generated with different 

bath gases is possible, since the energy transfer parameter, <ȴEd>, can assume a different value for 

each gas. Chemical reaction between the energy grain species is described via microcanonical rate 

constants, which in the case of reaction with a defined transition-state are calculated via RRKM 

theory.23 When there is no barrier (saddlepoint) to reaction the microcanonical rate constants are 

calculated using Inverse Laplace Transformation (ILT)24 of k(T), where knowledge of k(T) may be 

known from experiments. 

The solution of E1 has the form of E2:  

   )0(1 pep t  UU        E2 

where p(0) contains the initial conditions for the grains, U is a matrix of eigenvectors obtained via 

diagonalization of M and ȿ is the vector of the accordant eigenvalues. MESMER solves the EGME and 

the phenomenological rate coefficients are selected from the chemically significant eigenvalues using 

the Bartis-Widom procedure.25 When considered, quantum mechanical tunnelling corrections are 

done with the use of an unsymmetrical Eckart barrier, following the procedure reported by Miller et 

al.26 

 

3 Results and Discussion 

The stationary points on the potential energy surface of reaction R1 were identified and are shown in 

Figure 1 and their energies are given in Table 1. A van der Waals (vdW) pre-reaction complex was 

identified and was calculated to be 7.2 kJ mol-1 below the entrance channel. This vdW complex was 

recently identified by Miriyala et al.,5 but using a lower level of theory calculation, MP2/aug-cc-pVTZ. 
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The recent calculations of Long et al.,6 Klopper et al.27 and the present calculation are in good 

agreement with experiment 28 with respect to RHR1, see Table 1; from 0 to 298 K adds about 5 kJ mol-

1 to the binding energy. The fact that Miriyala et al.5 calculates RHR1 in agreement with the other 

calculations would appear to be fortuitous as their barrier for the transition-state, TS, is very high, 22.2 

kJ mol-1. The value for TS from Long et al.6 and this study are 1.1 and 1.2 kJ mol-1, respectively. The 

study by Long et al. 6 is the highest level calculation and the present calculation is in good agreement 

with it. Therefore it is concluded that the values of Miriyala et al.5 are only semi-quantitative and their 

value of -17.6 kJ  mol-1 for the binding energy of the vdW complex would appear too large compared 

to our value of -7.2 kJ mol-1.  

The reason the vdW complex is important is because it can influence energy transfer 

processes between reagent species. In our previous study 3 to determine k1
, the removal rate 

coefficients of vibrational excited hydroxyl radical (OH(v)) in the presence of SO2 were determined: 

OH(>0) + SO2 ĺ HOSO2**    R1(v) 

where HOSO2** is the nascent product, where the ** indicates that it has additional energy from the 

vibrationally excited OH. Now HOSO2** can be lost in a number of ways but it is unlikely to return to 

OH(>0),29  so the removal rate coefficient is a measure of the limiting high-pressure rate coefficient 

for reaction R1, k1
. This is known as the proxy method for determining the high-pressure rate 

coefficient, and was first proposed by Smith.30 However, in our recent study, the removal rate 

coefficients, k1(>0) were > k1
.3 In order to extract k1

 our analysis implied another species on the R1 

potential energy surface, i.e. OHͶOSO, a vdW complex. In order to bring about efficient vibrational 

energy transfer the vdW complex has to have a significant lifetime, and if the lifetime is sufficiently 

long then the k1(>0) would provide a proxy for the limiting high-pressure rate coefficient for vdW 

complex formation, which is reasonably expected to be close to the gas-kinetic collision frequency, ~ 

10-10 cm3 molecule-1 s-1, see Table 2 for estimates of the vdW complex capture rate coefficient, k1,vdW
. 

However, the measured values of k1(v) were much smaller than the gas-kinetic frequency and 

increased significantly with vibrational level.3 This implies that the lifetime of the complex is too short 

for the internal modes of the vdW to totally re-distribute the energy throughout the complex, but long 

enough for partial re-distribution, this is illustrated in Figure 1 for OH(v=1) + SO2. The RRKM lifetime 

of this vdW complex is ~ 1 picosecond, and its population at T > 250 K is mainly above the barrier to 

products, HOSO2, see Figure 1. Redistribution of energy throughout a molecule is known as 

intramolecular energy redistribution (IVR) and typically occurs on the femto to pico-second 

timescale,29 therefore it is a possibility that IVR is incomplete before OHͶOSO formed from OH(v) re-

dissociates back to reagents. Whether the presence of this vdW complex on the R1 PES can 

quantitatively explain our k1(v) data 3  is something to be determined in the future, but the magnitude 

and behaviour of k1(v) is qualitatively consistent with the vdW complex facilitating partial vibrational 

energy relaxation.  

In the present study the effect of this vdW complex on the thermal rate coefficients, k1(p,T) is 

investigated using reaction rate theory, implemented with MESMER.9 The overall reaction R1 (see 

Figure 1) incorporates the formation of the vdW complex:  

   OH + SO2  ĺ  vdW(OHͶSO2)    R1,vdW 

followed by further reaction over the inner transition-state to products: 
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   vdW(OHͶSO2) ĺ  HOSO2     R1,TS 

Inverse Laplace Transformation (ILT) is a pragmatic method to calculate the microcanonical rate 

constants.24 ILT is particularly useful for reactions where there is no barrier (saddlepoint) to reaction 

as it is not obvious where the transition-state is located. If the barrierless reaction of interest has been 

studied experimentally and its rate coefficient k(T) determined, then ILT of k(T) calculates the 

corresponding set of microcanonical rate constants. Typically, for a barrierless reaction k(T) can be 

represented by the expression: A (T/298)n. In the present analysis this representation is used for the 

ILT. More details on using ILT can be found in the MESMER manual.10 In the present MESMER 

calculation ILT is used to describe the formation of vdW(OHͶSO2), via reaction R1, k1,vdW. This is a 

barrierless reaction, see Figure 1, and while there are no experimental rate coefficients it is reasonable 

to assume that k1,vdW
 is fast and close to the gas-kinetic collision frequency. This is borne out in the 

analysis, see Table 2. RRKM theory 23 is used to calculate microcanonical rate constants over the inner 

transition-state, k1,TS, where there is a defined barrier (saddlepoint) to products. These coupled 

reactions R1,vdW and R1,TS are solved within MESMER, together with the energy transfer processes, 

in order to generate k1(p,T).9 These calculated rate coefficients are regressed (adjusted parameters 

are given in Table 2) to best fit the experimental data.  

In our previous study on the thermal rate coefficients much of the literature was not used in 

the final assessment as it could not be reconciled.4  These unreconciled data could be attributed to 

unwanted chemistry arising from SO2 photolysis perturbing the observed kinetics and included data 

that indicated R1 had a positive temperature dependence.31 In the present MESMER analysis we use 

just the reconciled data, see the supporting information, ESI. In addition, the current analysis included 

high temperature dissociation data, k-1(p,T), from Blitz et al. 28 where OH was in equilibrium with SO2. 

These data were not used in our previous analysis.4 Including these data decreases the uncertainty in 

k1(p,T), see Figure 2. When the Blitz et al. 28 study was carried out the nature of SO2 photolysis was 

unknown. However, aŶ ͞ƵŶŬŶŽǁŶ͟ bimolecular OH loss channel was included in the analysis, and this 

can now be reasonably interpreted as reaction between OH and the SO2 photolysis products. 

However, there is still considerable uncertainty in the k1(p,T) data from this study, so these data are 

not included in the current analysis. The k-1(p,T) data should be reliable as it is unimolecular and 

depends strongly on temperature and is not strongly affected by SO2 photolysis products. Re-analysis 

of this data confirms this assertion.  

Reaction R1 according to Figure 1 is not a single step but is made up of the reactions R1,vdW 

and R1,TS. When the reaction is more than a single step it is safest to assume that the measured kinetic 

data are simply the total removal of OH rather than assume it is OH reacting to HOSO2. So in the 

MESMER analysis the literature data are assigned as the total loss of OH in the presence of SO2, and 

the total loss of HOSO2 in the case of the high temperature data. Experiments measure 

phenomenological rate coefficients,32 which correspond to eigenvalues of the kinetic matrix, assuming 

the underlying abstract model is correct. The eigenvalue might be equal to a single step rate coefficient 

in the case of a simple reaction, but it might be a mixed rate coefficient for a reaction like R1, i.e. a 

combination of k1,vdW and k1,TS. A good example of a complex reaction is the reaction between OH + 

CH3OH, which at room temperature appears to be a single step but is revealed to be complex as the 

rate coefficient at very low temperatures (T < 100 K) dramatically increases and is controlled almost 

exclusively by the pre-reaction complex.33  
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Several models were considered when performing the MESMER data analysis and the results 

are summarized in Table 2. The first case considered all the species in Figure 1 and described the 3n-

6 vibrations as harmonic oscillators, model A; a rigid rotor harmonic oscillator model. From model A, 

it is observed that the rate coefficient for the formation the vdW complex, k1,vdW, is fast and ill-defined, 

(1.6 ± 1.9) × 10-10 cm3 molecule-1s-1. This implies that the reaction is wholly controlled by the inner 

transition-state, TS. The energy of the TS is slightly negative (-0.38 kJ mol-1) compared to the entrance 

channel, which implies the overall rate coefficient is going to decrease as temperature is increased.  

The submerged barrier returned by model A contrasts with the slight positive barrier from the ab initio 

calculations, see Table 1.  In model B, k1,vdW is fixed to the value from model A and returns only slightly 

reduced errors in the parameters. This is further evidence that the vdW complex has little effect on 

the kinetics over the temperature range of the data, i.e. k1,vdW is not coupled to the other parameters 

and this is borne out from the correlation matrix of Model A. Models A and B return R1H0K equal to -

112 kJ mol-1.  

A potential problem with describing the 3n-6 vibrations as harmonic oscillators is that they 

have degrees of anharmonicity, and the degree of anharmonicity is much higher for the low frequency 

vibrations. This problem manifests itself as incorrectly calculating density of states and hence the 

entropy of the reaction, RS, which in turn affects the value assigned to the enthalpy of the reaction, 

RH. This is a problem as theory calculates the 0 K enthalpy of reaction, RH0K, but experimental values 

are determined at temperatures 100s K higher, e.g. 563 K in the case of R1H(HOSO2) from Blitz et al.28 

Experiments and theory attempt to compare R1H0K, but for this to be a like-for-like comparison, the 

internal motions of the molecules need to be described accurately. A better way to account for the 

low frequency bend and torsional vibrations is to describe them as hindered rotors. In the hindered 

rotor models of Table 2, the hindered rotation around the HOͶSO2 bond has been calculated and 

used in the MESMER calculation; this hindered rotation mode is projected out of the Hessian using 

the method reported by Sharma et al. 22 rather than removal of the corresponding vibration. In Model 

C where a hindered rotor is considered for the HOͶSO2 bond, then, as expected, the vdW capture 

rate coefficient, k1,vdW, is fast and ill-defined, (1.3 ± 5.9) × 10-10 cm3 molecule-1s-1. When this capture 

rate coefficient is fixed, model D, the errors in the returned parameters are little reduced. This 

indicates that vdW complex is not playing a significant role in the kinetics; the same conclusion when 

comparing Models A and B. The energy of the TS is again slightly negative, (-0.24 ± 0.10) kJ mol-1, and 

in agreement with the vibrational only description of the system, model B. The effect of including a 

hindered rotor is observed in the returned value for R1H0K is (-108.9±0.7) kJ mol-1, which is ~3 kJ mol-

1 less than the vibrational model, B. This difference arises mainly because model D (R1S298K = -137.5 J 

K-1 mol-1) has a lower entropy of reaction than model B (R1S298K = -143.7 J K-1 mol-1). In general, model 

D is a better description of the system than model B, so from MESMER fitting to the experimental data 

our recommended value for R1H0K is (-108.9±0.7) kJ mol-1.  

From Table 2, it appears that Klopper et al.27 is in best agreement with our recommended 

value for R1H0K based on the MESMER modelling of the experimental data. The more recent ab initio 

value from Long et al.6 is -111.5 kJ mol-1 and this is the highest level calculation. Our present calculation 

gives -110.9kJ mol-1. So it would appear for present the system, the accuracy of ab initio calculation is 

no better than a few kJ mol-1 (-108.9 versus -111.5 kJ mol-1). However, the MESMER value of (-

108.9±0.7) kJ mol-1 is dependent on the energy transfer parameters for helium, <Edown,He> = 

Ed,He×(T/298)m, as this was the bath gas used for the equilibrium experiments.28 The values for 
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<Ed,He> in Table 2 are consistent with values obtained for other systems,34
 and for model D the 

temperature dependence of <Edown,He> has been fixed to (T/298)1.0. In model E the temperature 

dependence of <Ed,He> has been allowed to float, (T/298)m, and returns a value for m close to unity 

(0.99 ± 1.52), but the returned parameters have increased errors. The value for R1H0K from model E 

is (-109.1±5.5) kJ mol-1, which is essentially the same value as model D, but the errors are larger and 

probably represent a better overall estimate of how well R1H0K is known. The correlation matrix from 

model E has m strongly correlated (almost unity) to R1H0K, where m increases with binding energy. 

Until more k1(p,T) are determined over a larger temperature range it is not possible to favour a 

particular theoretical study with good confidence. 

Also from Table 2, is can be seen that the energy of the TS is always slightly negative compared 

to the entrance channel and is almost independent of the chosen models. Model E, where all the 

parameters are allowed to float returns an energy for the TS equal to (-0.24±0.10) kJ mol-1. This value 

with its errors is outside the values from the ab initio calculations. This indicates that the accuracy of 

these calculations is > 1 kJ mol-1. While such accuracy from calculations is an achievement, a difference 

of 1 kJ mol-1 does make a significant difference at room temperature when predicting rate coefficients. 

In model F, the energy of the TS is fixed to the value of Long et al. (1.1 kJ mol-1 and very close to our 

calculated value of 1.2 kJ mol-1) 6 and from Table 2 it can be seen that point, the goodness of fit, is 

twice that of the previous models, and in model G, where both the energies of the TS and R1H0K are 

fixed to the values of Long et al.,6 the fit is worse. In the ESI, Figure S1 shows a plot of k1(calculated) 

versus k1(measured) for models E and G, where deviation from a slope equal to 1.0 indicates 

disagreement between the model and experiment, plus an inset plot of the model E fit to the 

experimental data versus buffer gas concentration. By fixing the energy of the TS to a positive value it 

cannot provide as good a fit to the data as models A ʹ E. The possibility that the vdW complex might 

provide an explanation of the experimental data with a positive value for TS is discounted as the 

current MESMER analysis shows that for T > 250 K the kinetics of reaction R1 are almost exclusively 

controlled by the inner transition-state, TS.  

The assumption in the MESMER analysis that includes the vdW complex, is that the inner 

transition-state, TS, is fixed as temperature (energy) is varied. This is a good approximation for 

reactions over significant barriers. But this is not the case here as the calculated barrier from the vdW 

complex to TS is only 8.2 kJ mol-1. When the barrier is small or barrierless the transition-state moves 

as a function of energy;35 generally becoming more adduct-like as temperature increases. However, 

this analysis has shown that at T > 250 K the vdW complex has essentially no influence and the kinetics 

are wholly controlled by the inner transition-state, TS. Therefore we can simply treat the reaction 

using one transition-state, where Inverse Laplace Transformation (ILT) parameters, k1
 × (T/298)n, are 

used to calculate the microcanonical rate constants, and the value of n allows for the variation of the 

inner transition-state with temperature. The data have been modelled using this single transition-

state, ILT model and the results are given in Table 2, model H. The energy transfer parameters are 

essentially unchanged from the other models and the value of n is -0.09 ± 0.27, which is effectively 

equal to an Ea of -0.20 kJ mol-1, i.e. consistent with the results from the vdW complex models. In Figure 

2, k1
 from model G is plotted as a function of temperature, together with our previous estimate of 

k1
 from R1() analysis 3 and the theoretical values of Long et al.6 From Figure 2, it can be seen that 

our previous study and the present analysis are in good agreement, with the present analysis better 

defining k1
(T). The present values of  k1

(T) show a slight negative temperature dependence, which 
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is in stark contrast to the Long et al. values for k1
, which are increasing with temperature as a 

consequence of the 1.1 kJ mol-1 barrier. The input file for the MESMER calculation are given in the ESI 

together with simple parameterized forms for k1(p,T) for helium, argon and nitrogen (similar to air) 

bath gases. 

 

 

 

 

 

 

Figure 2. k1
(T) determined in this work, Model H, Blitz et al.,3 using the removal rate coefficients of  

vibrational excited OH with SO2, and the theoretical study by Long et al.6 The red line is an Arrhenius 

fit to the present data and yields an Ea/kJ mol-1 equal to -0.20. 

 

3 Conclusions 

Calculations on the reaction between OH + SO2, R1, reveal that on its potential energy surface a weakly 

bound van der Waals complex is initially formed, bound by 7.2 kJ mol-1. In our previous paper on the 

removal of vibrationally excited hydroxyl with SO2,3 a weakly bound van der Waals pre-reaction 
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complex was invoked to explain the data. Therefore these calculations confirm this prediction. The 

impact of this complex on kinetics of reaction R1 have been investigated using master equation 

analysis, implemented using MESMER, where the results are compared to the literature and the 

important parameters of the potential energy surface are suitably adjusted to best fit the literature, 

where T > 250 K. This analysis reveals that this pre-reaction complex has essentially no influence on 

the kinetics, and implies the rate coefficient is wholly controlled by the inner TS, see Figure 1. From 

the MESMER fitting to evaluated kinetic data, it is clear that the energy of the inner TS is negative 

compared to the entrance channel, -0.2 kJ mol-1, and this is over a kJ mol-1 lower than the best 

calculated value for TS. This MESMER analysis assigns a value for R1H0K of (-108.9 ± 5.6) kJ mol-1, which 

is in good agreement with recent ab initio calculations. In the ESI, parameterized forms for the output, 

k1(T,p), of the MESMER calculations are provided for a wide range of pressures and temperatures, for 

the bath gases helium, argon and nitrogen. 
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Table 1. Comparison of the theoretical calculations and experimental study on the reaction OH + 

SO2, R1. See Figure 1 for details of the species. All calculated energies are quoted with zero point 

energy added and are relative to OH + SO2. 

 vdW /  

kJ mol-1 

TS / 

 kJ mol-1 

RH0K(HOSO2) / 

kJ mol-1 

RH298K(HOSO2)/ 

kJ mol-1
Miriyala et al.  

2017 5 

-17.6 22.2 -109.2  

This study 

2017 

-7.2 1.2 -110.9  

Klopper et al. 

2008 27 

  -109.4 -114.7 ± 3 

Long et al. 

2017 6 

 1.1 -111.5  

Somnitz 

(2004) 36 

  -103.6  

Blitz(2003) 28    -113 ± 6 
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Table 2. MESMER fits to the experimental data on R1, where <Edown> = Ed × (T/298)m. 

 R1H0K / 

kJ mol-1 

Ed,He        ×  (T/298)m      

/cm-1 

Ed,Ar        ×  (T/298)m     

/cm-1 

ILT(a)= A × 

(T/298 )n 

TS/ 

kJ mol-1 


pts(b) 

Vibration 

Model A 

±


± 1.0 fixed 319 ± 30 0.5 fixed 1.6 ± 1.9 

× 10-10 

-0.38 ± 

0.16 



0.56  ± 0.68 

Vibration 

Model B 

-112.3 ± 

0.8 

152 ± 16 1.0 fixed 331 ± 33 0.5 fixed 1.6 × 10-10 

 fixed 

-0.31 ± 

0.13 

1.31 

 

0.56  fixed 

Hindered 

Model C 

-109.1 ± 

0.8 

122 ± 12 1.0 fixed 231 ± 20 0.5 fixed 1.3 ± 5.9 

× 10-10 

-0.24 ± 

0.10 

1.33 

-0.80  ± 4.2 

Hindered 

Model D 

-108.9± 

0.7 

120 ± 6 

 

1.0 fixed 235 ± 11 

 

0.5 fixed 1.3 × 10-10 

fixed 

-0.25 ± 

0.08 

1.31 

-0.80 fixed 

Hindered 

Model E 

-108.9 ± 

5.6 

120 ± 24 0.99 +/- 

1.52 

233 ± 61 0.5 fixed 1.3 × 10-10 

fixed 

-0.24 +/- 

0.10 

1.32 

-0.80 fixed 

Model F -112.6 ± 

1.0 

209 ± 17 1.0 fixed 350 ± 24 0.5 fixed 1.3 × 10-10 

fixed 

1.1 fixed 3.15 

-0.80 

Model G -111.5 

fixed 

207 ± 16 1.0  

fixed 

350 ±   

16 

0.5 fixed 1.3 × 10-10 

Fixed 

1.1 fixed 3.27 

-0.80 fixed 

ILT(TS) 

Model H 

-108.5 ± 

0.9 

114 ± 11 1.0 fixed 238 ± 20 0.5 fixed 5.95 ± 0.83 

× 10-13  

 1.30 

-0.11 ± 0.27 
(a)Units are cm3 molecule-1 s-1, see main text for more information on ILT. (b)Number of points equals 

36. 
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