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Fig.2 MP2/aug-cc-pVDZ optimized geometries of the stationary points on the reaction paths of
the decomposition of sulfurous acid with formic acid, acetic acid, propionic acid and nitric
acid as catalysts, respectively
Bond distances are in nm.
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Fig.3 CCSD(T)/aug-cc-pVDZ//MP2/aug-cc-pVDZ-calculated free energy profiles of gas-phase
decomposition of H,SO, without and with different catalysts
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Fig.4 NBO overlaps of donor-acceptor interaction for the reactant complexes INT2—INTS5S

Isosurface (50 e/nm>) are from MP2/aug-cc-pVDZ calculations. Values are the second-order stabilization energies.
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107" em® « molecule™ + s Z 0], K2y JAH R T HERMEAL N 1. 14~ 1. 49 £, RN ERME RN 1
1.0~ 10°f5. AHLL TR BE T AR AR iy S iy, H R | Zﬁa%ﬂﬁ&fﬁ%ﬁflﬁ@E%%iﬂlﬁjﬁ'ﬁﬁiﬂziﬁl]
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Table 1 Values of the equilibrium constants(K,, ), collision rate(k, ), unimolecular rate constant(k,s), and
overall rate constant( k) for the reactions R1—RS5 between 200—320 K

Reaction T/K K“q/(cm3 ) kygy /57! k/((:in3 ) -
molecule™) molecule™ + s71)
H,S0,+H,0 200 6.96x107Y 3.77x107! 2.63x107"
220 1.70x107% 4.67x10° 7.96x107"
240 5.36x107%0 3.75%x10! 2.01x10718
260 2.04x107%0 2. 17x10? 4.42x10718
280 9.05x1072! 9. 66x10? 8.73x10718
298 4.82x1072! 3.11x10° 1.50x107"7
300 4.52x1072! 3.51x103 1.59x107"
320 2.49%x1072! 1.08x10* 2.69x107"
Reaction T/K K(_q/((:mB ’ ha/ Cem® - b/ (em? - kygy/s™! k/(cina ' _
molecule™) molecule™ - s71) molecule™ « s71) molecule™ « s71)
H,S0,+HCOOH 200 1.95x107" 3.45x107"° 1.77x10° 2.55x10° 3.44x1071°
220 1.48x107 3.62x1071° 2.45x10* 8. 17x10° 3.58x1071¢
240 1.75%1071 3.78x1071° 2.16x10° 2. 15x107 3.66x1071°
260 2.94x10716 3.94x1071° 1.34x10° 4. 84x107 3.63x1071°
280 6.43x107"7 4.08x1071° 6.35x10° 9. 69x107 3.46x1071°
298 1.97x107"7 4.21x1071° 2. 14x107 1. 67x108 3.16x1071°
300 1.75x107"7 4.23%1071° 2.42x107 1.77x10% 3.12x1071°

320 5.65x107"® 4.37x107"° 7.73%107 2.98x10* 2.27x1071°
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Continued
Reaction T/K Key/ (om® - ky/ (em? - k_y/(em® - kyss/ E/(em® -

molecule™) molecule™ - s71) molecule™ « s71) s7! molecule™ « s71)

H,80,+CH;COOH 200 4.04x1078 3.93x1071° 9.75x10? 1. 56x10° 3.93x1071°

220 2.84x107™ 4.12x10710 1.45x10* 5.27x10° 4.11x107'°

240 3.17x107" 4.31x1071° 1.36x10° 1.45x107 4.27x1071°

260 5.05x1071¢ 4.48x1071° 8. 89x10° 3.42x107 4.37x1071°

280 1.06x1071° 4.65x1071° 4. 40x10° 7.12x107 4.38x1071°

298 3.14x1077 4.80x1071° 1.53%107 1.27x108 4.28x1071°

300 2.77x107"7 4.82x1071° 1.74x107 1.34x10% 4.26x1071°

320 8. 66x10718 4.97x1071° 5.74x107 2.34x10% 4.00x1071°

Reaction T/K Ky/ (em?® - ky/ (em? - koy/(em? - Fss/ k/(em® -

molecule™) molecule™ -« s7!) molecule™ - s71) s7! molecule™ - s7!)

H,S0;+CH;CH,COOH 200 1.32x1071 4.29%x1071° 3.24x10° 2.29%x10° 3.75%1071°

220 7.95%107"7 4.49%x1071° 5. 65%10° 7.26x10° 2.53%x1071°

240 7.73x10718 4.69x1071° 6.07x107 1.90x107 1. 12x1071°

260 1.09x1071® 4.89x1071° 4.50x10% 4.27x107 4.23%107!!

280 2.04x107Y 5.07x1071° 2.49%x10° 8.56x107 1. 69x107 !

298 5.51x107%° 5.23x1071¢ 9.49x10° 1.48x10% 8.01x107 "2

300 4.81x107%0 5.25x1071° 1.09%x10'" 1. 56x108 7.42x10712

320 1.37x107%0 5.42x1071° 3.95%x10'" 2.65%10% 3.61x10712

Reaction T/K ”‘/(Cm ’ ky/ (em? - ky/(em® - kss/ k/(cin3 . )
molecule™) molecule™ - s71) molecule™ - s71) 7! molecule™ + s7)

H,S0;+HNO, 200 2.02x10716 3.33x1071¢ 1. 65x10° 8.37x10% 1.69x107"

220 2.83x107"7 3.50x10°1° 1.24x107 5.30x10° 1.50x107 13

240 5.62x10718 3.65%x1071° 6. 50107 2.45%x10* 1.37x1071

260 1.46x10718 3.80x1071¢ 2.61x10% 8. 88x10* 1.29x1071

280 4.66x107" 3.95%x1071¢ 8.48x108 2.67x10° 1.24x1071

298 1.92x107" 4.07x1071° 2.12x10° 6.33x10° 1.22x1071

300 1.76x107" 4.08x1071° 2.33%x10° 6.92x10° 1.21x1071

320 7.57x107%° 4.22x1071° 5.57x10° 1.59%x10° 1.20x107"13

Rtk A BT AR R S X KA ERBE (R S0, 1530 2 Iy 3 3 1 A 80 e B T B A R R
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Ab initio Calculation and Kinetic Investigation of
Monacid-catalyzed Decomposition of Sulfurous Acid’

FANG Sheng', LIU Jingjing', DUAN Xuemei'* , TAO Fuming’, LIU Jingyao'

(1. Laboratory of Theoretical and Computational , Institute of Theoretical Chemistry,
Jilin University, Changchun 130023, China;

2. Depariment of Chemisiry and Biochemistry, Fullerton, California State University, California 92834, USA)

Abstract The mechanism of decomposition of sulfurous acid to sulfur dioxide and water catalyzed by formic

acid, acetic acid, propionic acid and nitric acid, respectively, was investigated by ab initio calculations at the
CCSD(T)/aug-cc-pVDZ//MP2/ aug-cc-pVDZ level of theory herein. The computational results showed that

all the four acids presented catalytic effect for the decomposition of sulfurous acid. The reduction extent of the

energy barrier was in the order propionic acid>acetic acid>formic acid>nitric acid. Furthermore, the energy

barrier of propionic acid-catalyzed reaction decreased dramatically from 99. 84 kJ/mol of naked reaction to

27.24 kJ/mol. The rate constants of the catalyzed reactions in the temperature range of 200—320 K had been

calculated. In addition, the effective rate constants were also calculated in combination with the atmospheric

concentrations of these acids. The results indicated that the acetic acid had the most effective catalytic effect in

the atmospheric environment, and the lifetime of sulfurous acid was only 0. 02 s with the appearance of acetic

acid.
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