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Figure S1 Geometrical parameters for the naked reaction of HO, + HS optimized at the
CCSD(T)/6-311++G(3df,2pd)//B3LYP/6-311+G(2df,2p) level of theory
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Table S1 Zero point energy (ZPE/(kcal-mol ")), relative energies (AE and A(E+ZPE)/(kcal-mol-
1), enthalpies (AH(298)/(kcal-mol ")), and free energies (AG(298)/(kcal-mol!)) for the HO, + HS

reaction?

Species ZPE S AE AH(298) AG(298)  A(E+ZPE)
HO,+ HS 12.7 100.6 0.0 0.0 0.0 0.0
3SIM1 14.4 73.8 -4.7 -3.6 4.4 -3.0
IM1a 14.4 73.8 -4.7 -3.6 4.4 -3.0
3TS1 12.0 74.1 -0.5 -2.0 5.9 -1.2
3TS1a 12.0 74.2 -0.5 -2.0 5.9 -1.2
H,S +30, 11.8 99.5 -40.9 -41.8 -41.5 -41.8
3TS2 13.9 69.4 13.5 13.6 22.9 14.6
HSO + OH 11.8 100.3 -30.6 -31.5 -31.4 -31.5
3TS3 13.4 70.8 26.4 26.2 35.1 27.1
HSOH + 30 14.1 94.7 -5.8 -4.8 -3.1 -4.4
3TS4 12.4 69.9 25.2 23.7 32.8 249
H,0,+3S 16.7 92.0 -16.2 -12.5 -10.6 -12.2
ITS5 12.3 68.0 12.1 10.7 20.4 11.7
ITS5a 12.3 68.0 12.2 10.8 20.5 11.8
H,S + 10, 11.7 97.3 -10.6 -11.6 -10.6 -11.6
ITS6 13.3 69.1 35.8 0.1 353 447
ITS6a 15.4 64.9 35.5 4.1 36.9 47.5
'IMF6 17.5 76.0 -46.7 -43.7 -333 -45.1
HSO + OH 11.7 100.3 -30.6 -1.9 -31.5 -31.5
ITS7 13.4 66.8 13.7 13.3 233 14.4
'HSOOH 15.9 66.4 -44.4 -42.4 -32.2 -41.3
ITS8 13.4 70.8 34.6 34.8 447 359
HSOH + 'O 14.1 92.5 454 46.4 48.8 46.8
ITS9 14.1 66.0 -21.5 -22.6 -13.2 33.6
H,0,+ S 16.7 92.0 15.0 18.6 21.1 18.9

@ ZPE and S values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at
CCSD(T)/ 6-311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p)

level.
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Figure S2 Schematic energy diagram of the naked HO, + HS reaction energies (kcal mol')
computed at the CCSD(T)/6-311++G(3df,2pd)//B3LYP/6-311+G(2df,2p) level include zero-point
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Table S2 Rate constants (cm?-molecules+s!) for main reaction of the HO, + HS reaction within
the temperature range of 240.0-425.0 K

K kr1a krib kri

240 2.60E-11 2.90E-11 5.49E-11
250 2.35E-11 2.62E-11 4 98E-11
278 1.88E-11 2.09E-11 3.97E-11
288 1.76E-11 1.95E-11 3.72E-11
298 1.66E-11 1.84E-11 3.50E-11
308 1.58E-11 1.74E-11 3.32E-11
325 1.46E-11 1.61E-11 3.07E-11
375 1.24E-11 1.36E-11 2.60E-11
425 1.13E-11 1.24E-11 2.37E-11

kgy is the rate constant of Channel R1; kg, is the rate constant of the process of HO, + HS — 3IM1 — 3TS1 —
H,S +30,; and gy is the rate constant of the process of HO, + HS — 3IMla — 3TS1 — H,S + 30,;. kg = kot

kriy
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The predicated concentration of HS based on previous experimental

and theoretical reports at 298 K

The main source of HS radical is the reaction of H,S with OH radicall!:
H,S + OH - H,0 +HS 5.48E-12 (298 K) ke (1)
The formed HS radical is mainly dispelled by the reacts with atoms or molecules,

such as HO,[2!, 053], 0,4, NOI®!, NO,!®! :

HO, + HS = 30, + H,S 3.50E-11(298K) Kk,  (2)
03 + HS 30, + HSO 3.71E-12(298 K) ks (3)
0, + HS = OH + SO 4.00E-19(298 K) ke (4)
NO + HS - HSN=0 5.60E-13(298 K) ks (5)
NO, + HS > HSO + NO 7.00E-11(298 K) ks  (6)

Assumed that the production rate and the depletion rate is comparable, the
concentration of HS radical can be approximately equal to:
[HS]=(k1[H2SI[OH])/(k2[HO2]+k3[O3] +ka[O,] +ks[NO] +ks[NO,])

where k1, ky, k3, ks, ks and kg are rate constants for the reactions of R1, R2, R3, R4, R5
and R6, respectively. Therefore, the concentration of HS radical is calculated as a
value of 10% molecules cm=3 in the tropospheric conditon with 20% O,, 10 ppbv Og,
10ppbv NO, 10ppbv NO,,10pptv HO,, 1pptv OH and 10ppbv H,S.

References

[1] G.S.Tyndall and A. R. Ravishankara, Atmos. Environ., 1991, 23, 483-527.

[2] R.A. Stachnik and M. J. Molina, J. Phys. Chem., 1987, 91, 4603-4606.

[3] R.R.Friedl, W. H. Brune and J. G. Anderson, J. Phys. Chem., 1985, 89, 5505-5510.

[4] D.J. Nesbitt and S. R. Leone, J. Chem. Phys., 1980, 72, 1722-1732.

[5] G.Black, J. Chem. Phys., 1984, 80, 1103-1107.

[6] R. Atkinson, D. L. Baulch, R. A. Cox, J. N. Crowley, R. F. Hampson, R. G. Hynes, M. E. Jenkin,

M. J. Rossi and J. Troe, Atmos. Chem. Phys., 2004, 4, 1461-1738.

S7



Part B

The H,S + 30, formations from the HO, + HS with

catalyst X (X = H,0) (pS8-pS13)

Figure S3

The geometrical structures of the optimized transitions state,
intermediates, and complexes involved in water-assisted Channels
occurring through H,O-*HO, + HS, HO,*** H,O + HS, HS--*H,O +
HO, and H,O---HS + HO, reactants

pS9

Table S3

Zero point energy (ZPE/(kcal-mol)), entropies (S/ (cal-mol''K)),
relative energies (AE and A(E+ZPE)/(kcal-mol')), enthalpies
(AH(298)/(kcal-mol!)), and free energies (AG(298)/(kcal-mol')) for
the binary complexes (H,O-*HO,, HO,***H,0, HS---H,0, HS:*-H,0,
and H,O-:-H,0)

pS10

Table S4

Zero point energy (ZPE/(kcal-mol')), relative energies (AE and
A(E+ZPE)/(kcal-mol)), enthalpies (AH(298)/(kcal-mol!)), and free
energies (AG(298)/(kcal-mol)) for water-assisted the formations of
H,S + 30, from the HO, + HS reaction

pS11

Table S5

Rate constants (cm?-molecules!-s) for the H,S + 30, formations from
the HO, + HS reaction occurring through water-assisted Channels
RWla, RW1b, RW2 and RW3 within the temperature range of 240.0-
425.0K

pS (12-13)
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Figure S3 The geometrical structures of the optimized transitions state, intermediates, and

complexes involved in water-assisted channels occurring through H,O--*HO, + HS, HO,*** H,O +
HS, HS"’HQO + H02 and
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Table S3 Zero point energy (ZPE/(kcal-mol')), entropies (S/ (cal'mol-'"K-1)), relative energies
(AE and A(E+ZPE)/(kcal-mol')), enthalpies (AH(298)/(kcal'mol!)), and free energies
(AG(298)/(kcal-mol)) for the binary complexes (H,O--HO,, HO, --H,0, HS---H,0, HS:--H,0,
and H,O---H,0)

Species ZPE S AE AH AG A(E+ZPE)
H,0 + HO, 223 99.7 0.0 0.0 0.0 0.0
H,0*HO, 24.8 72.6 -9.4 -7.6 0.5 -6.9
HO,-'H,0O 239 80.0 -3.5 -2.0 3.9 -1.9
H,O + HS 17.2 91.0 0.0 0.0 0.0 0.0
H,0-"HS 18.6 72.7 -3.0 -1.9 3.6 -1.6
HS*H,0 18.2 75.9 -2.7 -1.8 2.7 -1.7

@ ZPE and S values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at
CCSD(T)/6-311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p)

level.
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Table S4 Zero point energy (ZPE/(kcal-mol!)), relative energies (AE and A(E+ZPE)/(kcal-mol ")),
enthalpies (AH(298)/(kcal-mol ™)), and free energies (AG(298)/(kcal-mol')) for water-assisted the
formation of H,S + 30, from the HO, + HS reaction?

Species ZPE AE AH(298) AG(298)  A(E+ZPE)
H,0e++HO, + HS 28.6 0.0 0.0 0.0 0.0
SIMW1 29.5 34 4.4 1.1 2.6
SIMW 1a 29.5 3.4 4.5 1.3 2.6
STSW1 29.6 3.3 5.0 3.8 223
STSWla 29.6 3.2 4.9 3.9 22
SIMW2 30.4 4.4 4.1 5.7 3.3
SIMW2a 30.4 43 4.2 5.6 34
STSW2 27.3 17.1 4.7 16.3 6.3
STSW2a 27.3 17.0 4.6 16.1 6.2
SIMW3 29.7 3.8 2.7 3.3 2.7
SIMW3a 29.7 3.8 36.9 3.3 2.7
STSW3 293 32 -37.9 5.5 25
’TSW3a 28.6 2.4 2.7 5.1 2.4
SIMW4 28.6 2.9 2.9 4.0 3.0
SIMW4a 28.6 3.0 2.9 3.9 3.0
STSW4 26.1 5.7 2.5 11.2 3.1
STSW4a 25.9 5.7 2.5 10.7 2.9
H,0ee+H,S + 30, 26.5 342 -35.6 378 -36.3
HO,e+*H,0 + HS 28.4 0.0 0.0 0.0 0.0
SIMWS5 28.8 6.9 5.9 -1.3 4.1
SIMWS5a 28.8 6.9 5.9 12 42
STSWS 25.6 0.5 2.0 3.3 0.0
’TSW5a 25.6 0.5 2.0 3.3 0.1
SIMFWS5 26.0 -40.1 -40.3 -43.6 -40.3
SIMFWS5a 27.1 -39.6 -39.7 -38.1 -40.6
H,0-430, + H,S 25.2 -38.8 41.2 -49.1 -39.8
HO, + HS#++H,0 27.1 0.0 0.0 0.0 0.0
STSW6 26.2 6.1 2.7 14.7 5.1
’TSWé6a 26.0 6.5 4.1 15.7 5.5
H,Se++H,0 + 30, 273 -40.5 -41.0 377 -40.3
H,Oe++HS + HO, 27.5 0.0 0.0 0.0 0.0
SIMW7 29.6 -10.3 8.9 1.8 8.2
STSW7T 25.9 0.2 2.7 7.5 -1.8
H,OeeeH,S + 30, 26.5 -40.7 414 -40.9 -41.6

@ ZPE values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at CCSD(T)/6-
311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p) level.
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Table S5 Rate constants (cm?-molecules ! s!') for the H,S + 30, formations from the HO, + HS
reaction occurring through water-assisted Channels RWla, RW1b, RW2 and RW3 within the
temperature range of 240.0-425.0 K

TK  KeqIMWI)  Keq(IMWla) Krswi Krswia Krswa Krswa krwia

240 4.51E-24 4.51E-24 2.88E-18  2.49E-18 2.53E+04 3.77E+04 5.37E-18
250 5.11E-24 5.11E-24 3.29E-18  3.09E-18 4.32E+04 6.38E+04 6.38E-18
278 7.14E-24 7.14E-24 4.68E-18 5.37E-18 1.73E+05 2.49E+05 1.01E-17
288 8.00E-24 8.00E-24 527E-18  6.44E-18 2.73E+05 3.88E+05 1.17E-17
298 8.93E-24 8.93E-24 591E-18  7.66E-18 4.21E+05 5.93E+05 1.36E-17
308 9.95E-24 9.95E-24 6.60E-18  9.05E-18 6.35E+05 8.88E+05 1.57E-17
325 1.19E-23 1.19E-23 7.93E-18 1.19E-17 1.22E+06 1.69E+06  1.98E-17
375 1.92E-23 1.92E-23 1.29E-17 241E-17 6.26E+06 837E+06  3.70E-17
425 2.96E-23 2.96E-23 2.00E-17  4.43E-17 2.27E+07 2.97E+07 6.43E-17
T/K  Keq(IMW3) Keq(IMW3a) krsws3 krsw3a kerswa krswaa krwib

240 6.51E-12 2.27E-13 3.44E-08 2.00E-08 1.44E+12 1.74E+12  5.44E-08
250 1.87E-12 6.93E-14 2.01E-08 1.16E-08 1.45E+12 1.80E+12  3.17E-08
278 9.79E-14 4.18E-15 5.90E-09  3.32E-09 147E+12 197E+12 9.22E-09
288 4.02E-14 1.78E-15 4.13E-09 2.30E-09 148E+12 2.02E+12  6.43E-09
298 1.77E-14 8.19E-16 2.99E-09 1.66E-09  1.49E+12 2.07E+12  4.65E-09
308 8.28E-15 3.98E-16 2.23E-09 1.23E-09 1.50E+12 2.11E+12  3.46E-09
325 2.59E-15 1.31E-16 1.44E-09  7.85E-10 1.51E+12 2.18E+12  2.23E-09
375 1.70E-16 9.81E-18 547E-10  291E-10 1.54E+12 2.35E+12 8.38E-10
425 2.32E-17 1.48E-18 2.86E-10 1.50E-10  1.57E+12 2.47E+12  4.36E-10
T/K krsws krswsa krwo krswe krswe krw3 krwa

240 4.73E-09 4.77E-09 9.50E-09  5.44E-18 9.39E-19 6.38E-18  7.54E-14
250 3.97E-09 4.00E-09 7.97E-09  6.49E-18 1.19E-18  7.68E-18  7.26E-14
278 2.70E-09 2.72E-09 5.42E-09 1.03E-17  2.23E-18 1.25E-17  6.66E-14
288 2.42E-09 2.44E-09 4.86E-09 1.20E-17  2.76E-18 1.48E-17  6.51E-14
298 2.20E-09 2.22E-09 4.42E-09 1.40E-17  3.38E-18 1.73E-17  6.37E-14
308 2.03E-09 2.04E-09 4.07E-09 1.61E-17  4.12E-18  2.02E-17  6.26E-14
325 1.80E-09 1.81E-09 3.61E-09 2.04E-17 5.67E-18 2.60E-17  6.10E-14
375 1.41E-09 1.42E-09 2.83E-09  3.76E-17 1.31E-17  5.08E-17  5.84E-14
425 1.25E-09 1.26E-09 2.51E-09  6.37E-17  2.68E-17  9.05E-17  5.79E-14

Keq(IMW1) and Keq(IMW 1a) is the equilibrium constant for the process of HyO+*HO, + HS — 3IMWI1 and
H,0¢sHO, + HS — 3IMW la, respectively; Keq(IMW3) and Keq(IMW3a) is the equilibrium constant for the
process of HyOs¢eHO, + HS — 3IMW1 and H,O¢*sHO, + HS — 3IMW la, respectively; krswi and krswi, is the
rate constant for the process of H,OsesHO, + HS — 3IMW1 — 3TSW1 — 3IMW2 and H,O¢**HO, + HS —
SIMW1a — 3TSWla — 3IMW2a, respectively; krswz and krswa, is the rate constant for the process of 3IMW2 —
3STSW2 — Hy0¢eeH,S + 30, and JIMW2a — 3TSW2a — H,0e¢eH,S + 30,, respectively; krsws and krsws, is the
rate constant for the process of H,OsesHO, + HS — 3IMW3 — 3TSW3 — 3IMW4 and H,0O¢*sHO, + HS —
SIMW3a — 3TSW3a — *IMW4a, respectively; krsws and krswa, is the rate constant for the process of 3IMW4 —
3STSW4 — H,0e¢*¢H,S + 30, and JIMW4a — 3TSW4a — H,0e¢<H,S + 30,, respectively; krsws and krsws, is the
rate constant for the process of HOy**sH,O + HS — IMWS5 — 3TSW5 — 3IMFW5 — H,0 + 30, + H,S and
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HO,¢**H,0 + HS — 3IMW5a — 3TSW5a — 3IMFW5a — H,0 + 30, + H,S, respectively; krswes and krswea is the
rate constant for the process of HS¢*sH,0O + HO, — 3TSW6 — H,Se¢*H,0 + 30, and HS+**H,0 + HO, — ’TSW6a
— H,See*H,0 + 30,, respectively; krwia> krwiv, krwa » krws, and krwq is the rate constant of water dimer- assisted

Channels RW1a, RWW1b, RWW2, RWW3 and RWW4. (1/kgwia=1/(krswi + krswia) + 1/(krswa + krswaa), 1/krwin

= U(krsws + krswsa) + 1/(krswa + krswaa), kKrww2 = krsws + krswsas krwws = krswe + Arswea)

S13



Part C

catalyst X (X = (H,0),) (pS14-pS23)

The H,S + 30, formations from the HO, + HS with

Figure S4

The geometrical structures of the optimized transitions state,
intermediates, and complexes involving water dimer-assisted Channels
occurring through HO,**+(H,0), (HO,***(H,0),a, HO;**(H,0),b) + HS
and HS-+(H,0), (HS:**(H,O),a) + HO,

pS15

Figure S5

Schematic energy diagrams of water dimer-assisted the channel of H,S +
30, formations occurring through HO,++(H,0),b + HS

pS16

Table S6

Zero point energy (ZPE/(kcal-mol!)), entropies (S/ (cal-mol!'K-1)),
relative energies (AE and A(E+ZPE)/(kcal-mol-)), enthalpies
(AH(298)/(kcal-mol')), and free energies (AG(298)/(kcal-mol')) for the
trinary complexes (HO,':*(Hy0),, HO;,'**(H,O)a, HO,**+(H,O),b,
HS::-(H,0),, HS***(H,0),a and (H,0),)

pS17

Table S7

Zero point energy (ZPE/(kcal-mol!)), relative energies (AE and
A(E+ZPE)/(kcal-mol)), enthalpies (AH(298)/(kcal-mol!)), and free
energies (AG(298)/(kcal-mol!)) for the HO,+HS reaction with water
dimer

pS18

Table S8

Equilibrium Constants and concentration of water dimer-assisted (H,O),
within the temperature range of 240.0-425.0 K

pS19

Table S9

Rate constants (cm3-molecules'-s™) for the H,S + 30, formations from
the HO, + HS reaction occurring through water dimer-assisted Channels
RWWI1-RWW4 within the temperature range of 240.0-425.0 K

pS (20-21)

Table S10

Effective Rate constants (cm?-molecules!-s!) for the H,S + 30,
formations from the HO,+ HS reaction occurring through water dimer-
assisted Channels RWWI1, RWW2 RWW3 and RWW4 within the
temperature range of 240.0-425.0 K

pS (22-23)
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Table S6 Zero point energy (ZPE/(kcal-mol')), entropies (S/ (cal'mol-'-K-1)), relative energies

(AE and A(E+ZPE)/(kcal-mol')),

enthalpies

(AH(298)/(kcal-mol 1)),

and free energies

(AG(298)/(kcal-mol!)) for the trinary complexes (HO, -*(H,0),, HO,-**(H,0),a, HO, -*(H,0),b,
HS"‘(HzO)z, HS"'(Hzo)za and (HzO)z)

Species ZPE S AE AH AG A (E+ZPE)
H,O + H,O 26.8 90.2 0.0 0.0 0.0 0.0
(H,0), 29.0 69.4 53 -3.6 22.7 -3.1
(H,0),+ HO, 37.9 124.0 0.0 0.0 0.0 0.0
HO; " (H,0), 41.2 83.6 -15.8 -13.9 -21.9 -12.6
HO;, - (H20),a 41.2 83.6 -15.8 -13.9 -21.9 -12.6
HO, - (H20),b 39.5 101.0 -4.7 -3.2 -16.4 -3.2
(H,0),+ HS 32.8 115.3 0.0 0.0 0.0 0.0
HS" (H,0), 34.7 85.9 6.2 5.0 -16.4 43
HS"* (H,0),a 34.7 85.8 6.2 5.0 -16.4 43

@« ZPE and S values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at
CCSD(T)/6-311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p)

level.
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Table S7 Zero point energy (ZPE/(kcal-mol!)), relative energies (AE and A(E+ZPE)/(kcal-mol ")),
enthalpies (AH(298)/(kcal-mol!)), and free energies (AG(298)/(kcal-mol!)) for the HO, + HS with

two water molecule reaction

Species ZPE AE AH(298) AG(298) A(E+ZPE)
HO,*++(H,0), + HS 45.0 0.0 0.0 0.0 0.0
HOye++(H,0)a + HS 45.0 0.0 0.0 0.0 0.0
SIMWWI 45.8 -3.7 2.7 2.8 -2.8
SIMWW 1a 45.8 -3.7 2.7 2.7 -2.8
STSWW1 45.2 -2.6 2.5 4.5 -2.5
STSWWla 45.2 -2.6 2.5 4.5 2.5
SIMWW?2 45.6 -3.2 2.4 3.9 -2.7
SIMWW2a 45.6 -3.2 2.4 3.9 -2.7
STSWW2 42.5 10.9 9.4 15.3 8.9
STSWW2a 42.4 11.0 8.8 14.8 8.3
SIMWW3 46.0 -2.5 -1.4 4.6 -1.5
SIMWW3a 46.0 -2.5 -1.4 4.6 -1.5
STSWW3 44.6 1.9 1.8 8.3 1.6
STSWW3a 44.6 1.9 1.8 8.3 1.6
SIMWW4 45.5 -3.8 0.3 6.9 -3.6
SIMWW4a 45.5 -3.8 0.3 6.9 -3.6
STSWW4 41.8 9.4 6.1 13.3 6.0
STSWW4a 41.7 9.6 6.4 134 6.2
H,S ¢*¢(H,0), + 30, 433 -29.1 -30.1 -32.1 -30.9
H,S +++(H,0), a + 30, 433 -29.1 -30.2 -32.1 -31.0
HSe¢*+(H,0), + HO, 43.6 0.0 0.0 0.0 0.0
HSee¢(H,0), a + HO, 43.6 0.0 0.0 0.0 0.0
SIMWWS5 45.0 1.4 -4.7 -33 -33
SIMWW5a 45.0 1.4 -4.9 -3.4 -34
STSWWS 40.5 -3.1 14.1 9.3 11.1
STSWWS5a 41.5 -2.0 8.3 4.6 6.3
H,S #*+(H,0), + 30, 433 -0.3 -38.3 -38.9 -39.0
H,S +¢+(H,0), a + 30, 433 -0.3 -38.8 -39.0 -39.1
HO,e++(H,0),b + HS 433 0.0 0.0 0.0 0.0
SIMWW6 43.9 2.5 2.1 5.4 -1.8
STSWW6 41.2 2.8 -0.5 4.9 0.8
SIMFWW6 43.2 -43.3 433 -36.3 -43.3
H,S **+(H,0), + 30, 42.9 -42.3 -433 -40.1 -42.7

@ ZPE and S values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at
CCSD(T)/ 6-311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p)

level.
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Table S8 Equilibrium Constants and concentration of water dimer within the temperature range of
240.0-425.0K

TK [H2O] Keq((H,0),) [(H20),]
240 8.29E+15 4.36E-22 3.00E+10
250 2.21E+16 3.34E-22 1.63E+11
278 2.25E+17 1.78E-22 8.99E+12
288 4.25E+17 1.47E-22 2.65E+13
298 7.64E+17 1.23E-22 7.18E+13
308 1.31E+18 1.05E-22 1.79E+14
325 3.04E+18 8.15E-23 7.54E+14
375 2.12E+19 4.61E-23 2.07E+16
425 8.56E+19 3.09E-23 2.26E+17

[(H20).]= Keq((H:0)2) [H0]?
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Table S9 Rate constants (cm3-molecules!-s™) for the H,S + 30, formations from the HO,+ HS
reaction occurring through water dimer-assisted Channels RWW1-RWW4 within the temperature
range of 240.0-425.0 K

T/K Keq(IMWW1)  Keq(IMWW1a) krswwi krswwia krsww2 krsww2a
240 4.20E-26 5.24E-26 2.63E-20 8.45E-20 6.75E+02 2.26E+02
250 4.63E-26 5.78E-26 5.14E-20 2.14E-19 1.77E+03  6.27E+02
278 5.52E-26 6.89E-26 3.32E-19 1.26E-18 1.85E+04 7.46E+03
288 6.01E-26 7.50E-26 9.76E-19 2.35E-18 3.84E+04 1.61E+04
298 6.37E-26 7.95E-25 1.92E-18 5.11E-18 7.58E+04 3.31E+04
308 6.80E-26 8.48E-25 4.22E-18 7.05E-18 1.44E+05 6.51E+04
325 7.30E-26 9.11E-25 8.27E-18 1.75E-17 3.90E+05 1.87E+05
375 9.37E-26 1.17E-24 9.32E-18 2.34E-17 4.41E+06 2.41E+06
425 1.04E-25 1.30E-24 5.21E-17 7.04E-17 2.86E+07 1.73E+07
krwwi krwwia Keq(IMWW3)  Keq(IMWW3a)  krswws krswwsa krswwa

2.63E-20 8.45E-20 1.22E-23 1.23E-23 7.26E-17 7.17E-17  3.10E+08

5.14E-20 2.14E-19 1.30E-23 1.31E-23 9.01E-17 891E-17 3.95E+08

3.32E-19 1.26E-18 1.48E-23 1.48E-23 1.56E-16  1.54E-16  7.53E+08

9.76E-19 2.35E-18 1.58E-23 1.58E-23 1.86E-16  1.84E-16 9.38E+08

1.92E-18 5.11E-18 1.65E-23 1.66E-23 2.21E-16 2.18E-16 1.16E+09

4.22E-18 7.05E-18 1.73E-23 1.74E-23 2.60E-16 2.57E-16 1.43E+09

8.27E-18 1.75E-17 1.83E-23 1.84E-23 3.37E-16 3.33E-16 2.01E+09

9.32E-18 2.34E-17 2.24E-23 2.25E-23 6.59E-16 6.52E-16 4.93E+09

5.21E-17 7.04E-17 2.44E-23 2.45E-23 1.16E-15 1.14E-15 1.05E+10

krswwaa krwwa krww2a krwws krww3a krwwa

3.31E+08 7.26E-17 7.17E-17 4.01E-22 3.83E-22 4.61E-15

4.24E+08 9.01E-17 8.91E-17 4.60E-22 4.15E-22 4.41E-15

8.25E+08 1.56E-16 1.54E-16 7.75E-22 6.03E-22  4.04E-15

1.03E+09 1.86E-16 1.84E-16 9.68E-22 7.19E-22  3.96E-15

1.29E+09 2.21E-16 2.18E-16 1.23E-21 8.71E-22  3.89E-15

1.59E+09 2.60E-16 2.57E-16 1.58E-21 1.07E-21  3.85E-15

2.24E+09 3.37E-16 3.33E-16 2.45E-21 1.55E-21  3.79E-15

5.51E+09 6.59E-16 6.52E-16 9.26E-21 4.86E-21 3.77E-15

1.18E+10 1.16E-15 1.14E-15 3.24E-20 1.45E-20  3.88E-15

Keq(IMWW1) and Keq(IMWW 1a) is the equilibrium constant for the process of HO,**+(H,0), + HS — 3IMW1
and HO,#++(H,0),a + HS — 3IMW la respectively; Keq(IMWW3) and Keq(IMWW?3a) is the equilibrium constant
for the process of HO,*¢*(H,0), + HS — 3IMW3 and HO,***(H,0),a + HS — *IMW3a respectively; krswwi and
krswwia is the rate constant for the process of HO,ee¢(H,0), + HS — JIMWWI1 — 3TSWW1 — 3IMWW?2 and
HO,¢*+(H,0),a + HS — 3IMWWIla — 3TSWWla — 3IMWW2a, respectively; krswwa and krswwa, is the rate
constant for the process of JIMWW2 — 3TSWW2 — H,Ses¢(H,0), + 30, and ’IMWW2a — 3TSWW2a —
H,Sees(H,0)za + 30,, respectively; krwwi and krwwia is the rate constant for the process of HO,e+¢(H,0), + HS —
SIMWWI — 3TSWWI1 — 3IMWW2 — 3STSWW2 — H,See¢(H,0), + 30, and HO,*¢+(H,0),a + HS — JIMWW la
— 3 TSWWla — 3IMWW2a — 3 TSWW2a — H,See¢(H,0),a + 30,, respectively; krswws and krswwsa is the rate
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constant for the process of HO,¢*¢(H,0), + HS — 3IMWW3 — 3TSWW3 — JIMWW4 and HO,***(H,0),a + HS
— IIMWW3a — 3STSWW3a — JIMWWA4a, respectively; krswws and krswwaa is the rate constant for the process of
SIMWW4 — 3TSWW4 — H,See¢(H,0); + 30, and 3SIMWW4a — 3STSWW4a — H,Ses+(H,0),a + 30,, respectively;
krww2 and krww2a is the rate constant for the process of HO,ee¢(H,0), + HS — 3IMWW3 — 3TSWW3 —
SIMWW4 — 3STSWW4 — HySees(H,0), + 30, and HOyees(H,0)a + HS — SIMWW3a — 3TSWW3a —
SIMWW4a — 3TSWW4a — H,Sees(H,O)a + 30,, respectively; krwws and krwwsa is the rate constant for the
process of HSee¢(H,0), + HO, — 3IMWW35 — 3TSWW5 — H,See¢(H,0), + 30, and HSe**(H,0),a + HO, —
SIMWWS5a — STSWW5a — H,Sees(H,0),a + 30,, respectively; krwwa is the rate constant of water dimer-assisted
Channels RWW4. (I/krwwi = Vkrswwi + Vkrswwa, Vkrwwia = Uktswwia + Vkrswwoa, UVkrww2 = Vkrswws +

1/kTSWW4, l/kRWWZa: 1/kTSWW33 + 1/kTSWW421)
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Table S10 Effective Rate constants (cm?-molecules-s!) for the H,S + 30, formations from the
HO,+ HS reaction occurring through water dimer-assisted Channels RWW1, RWW2 RWW3 and
RWW4 within the temperature range of 240.0-425.0 K

T/K [(H,0),] Keq(HO, *(H,0),)  Keq(HO» " (H0)a) — krwwi krwwia
240 3.00E+10 2.01E-16 2.04E-16 2.63E-20  8.45E-20
250 1.63E+11 6.57E-17 6.65E-17 5.14E-20  2.14E-19
278 8.99E+12 4.41E-18 4.46E-18 3.32E-19 1.26E-18
288 2.65E+13 1.91E-18 1.93E-18 9.76E-19  2.35E-18
298 7.18E+13 8.76E-19 8.86E-19 1.92E-18  5.11E-18
308 1.79E+14 4.23E-19 4.27E-19 4.22E-18  7.05E-18
325 7.54E+14 1.36E-19 1.38E-19 8.27E-18 1.75E-17
375 2.07E+16 8.92E-21 9.02E-21 9.32E-18  2.34E-17
425 2.26E+17 1.13E-21 1.14E-21 5.21E-17  7.04E-17
k'rwwi k'rwwia krwwa krwwaa k'rww2 K'rww2

1.59E-25 5.16E-25 7.26E-17 7.17E-17 4.38E-22  4.38E-22

5.51E-25 2.32E-24 9.01E-17 8.91E-17 9.66E-22  9.65E-22

1.32E-23 5.05E-23 1.56E-16 1.54E-16 6.18E-21 6.18E-21

4.94E-23 1.20E-22 1.86E-16 1.84E-16 9.43E-21 9.43E-21

1.21E-22 3.25E-22 2.21E-16 2.18E-16 1.39E-20 1.39E-20

3.19E-22 5.39E-22 2.60E-16 2.57E-16 1.97E-20 1.96E-20

8.49E-22 1.82E-21 3.37E-16 3.33E-16 3.46E-20  3.46E-20

1.72E-21 4.37E-21 6.59E-16 6.52E-16 1.22E-19 1.22E-19

1.33E-20 1.82E-20 1.16E-15 1.14E-15 2.96E-19  2.96E-19

KeqHS (H0),) Keq(HS-(H,0),2) krwws krww3a K'rww3 k'rww3a

3.20E-22 4.84E-22 4.01E-22 3.83E-22 3.85E-33 5.56E-33

2.09E-22 3.29E-22 4.60E-22 4.15E-22 1.57E-32  2.23E-32

7.44E-23 1.31E-22 7.75E-22 6.03E-22 5.18E-31 7.10E-31

5.41E-23 9.85E-23 9.68E-22 7.19E-22 1.39E-30 1.88E-30

4.02E-23 7.58E-23 1.23E-21 8.71E-22 3.55E-30  4.74E-30

3.04E-23 5.94E-23 1.58E-21 1.07E-21 8.60E-30 1.14E-29

1.98E-23 4.08E-23 2.45E-21 1.55E-21 3.66E-29  4.77E-29

7.04E-24 1.68E-23 9.26E-21 4.86E-21 1.35E-27 1.69E-27

3.24E-24 8.77E-24 3.24E-20 1.45E-20 2.37E-26  2.87E-26

Keq(HO, *(H,0),b) krwwa k'rwwa

1.16E-29 4.61E-15 1.60E-33

2.14E-29 4.41E-15 1.54E-32

9.60E-29 4.04E-15 3.49E-30

1.54E-28 3.96E-15 1.61E-29

2.40E-28 3.89E-15 6.70E-29

3.64E-28 3.85E-15 2.51E-28

7.03E-28 3.79E-15 2.01E-27

3.59E-27 3.77E-15 2.80E-25

1.32E-26 3.88E-15 1.16E-23
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Keq(HO, +*(H,0),) is the equilibrium constant of HO,'**(H,0), complex; Keq(HO, "(H,0),a) is the equilibrium
constant of HO, +"(H,0),a complex; Keq(HS:**(H,0),) is the equilibrium constant of HS---(H,0), complex;
Keq(HS **(H,0)sa) is the equilibrium constant of HS **(H,0),a complex; Keq(HO, **(H,0),b) is the equilibrium
constant of HO, (H,0),b compleX; krwwi and krww1a is the rate constant for the process of HOpes+(H,0), + HS
— SIMWWI1 — 3TSWW1 — IMWW2 — 3TSWW2 — H,Seee(H,0), + 30, and HO,e++(H,0),a + HS —
SIMWW1a — ’TSWWla — 3SIMWW2a — 3STSWW2a — H,Sess(H,0),a + 30,, respectively; krwwz and krwwaa is
the rate constant for the process of HO,¢¢*(H,0), + HS — 3IMWW3 — 3TSWW3 — 3IMWW4 — 3TSWW4 —
H,See+(H,0), + 30, and HOyee+(H,0)a + HS — IMWW3a — 3TSWW3a — IMWW4a — 3TSWW4a —
H,See+(H,0)za + 30,, respectively; krwws and krwwsa is the rate constant for the process of HS¢#¢(H,0), + HO, —
SIMWWS — 3TSWW5 — HySees(H,0), + 30, and HSess(H,0),a + HO, — SIMWW5a — 3TSWW5a —
H,Seee(H,0)za + 30,, respectively; krwwa is the rate constant of water dimer-assisted Channels RWW4; [(H,0),] is
the concentration of the water dimer; k'rww; and k'rwwia iS the effective rate constant for the process of
HO,e++(H,0), + HS — 3IMWWI — 3TSWWI — 3IMWW2 — 3TSWW2 — H,Sees(H,0), + 0, and
HO,e++(H,0)a + HS — IMWWla — >TSWWla — 3IMWW2a — 3TSWW2a — H,Seee(H,0)a + 30,,
respectively; K'rww2 and k'rww2a is the effective rate constant for the process of HO,se+(H,0), + HS — JIMWW3
— 3TSWW3 — 3IMWW4 — 3TSWW4 — H,See¢(H,0), + 30, and HO,**(H,0)a + HS — IMWW3a —
ITSWW3a — JIMWW4a — 3STSWW4a — H,Sese(H,0)sa + 30,, respectively; k'rww3 and k'rwwia is the effective
rate constant for the process of HSees(H,0), + HO, — 3IMWWS5 — 3TSWW5 — H,Se*¢(H,0), + 30, and
HS¢*+(H,0),a + HO, — 3IMWWS5a — 3TSWWS5a — H,Sees(H,0),a + 30,, respectively; k'rwwa the effective rate
constant of water dimer-assisted Channels RWW4; (k'rwwi = krwwi - Keq(HO, *(H,0),) - [(H20)2],  Ak'rwwia =
krwwia - Keq(HO *(H,0)2) * [(H20)2], K'rwwz = krwwa * Keq(HO, *(H20),) * [(H20):]s K'rwwaa = Krwwaa -
Keq(HO,*(H;0)a) - [(H0)], Krwws = krwws - Keq(HSe**(H;0),) - [(H0)a]s  A'rwwia = Krwwsa -
Keq(HS#**(H,0),a) - [(Hy0)2], k'rwwa= krwwa - Keq(HO, *(H,0),b) - [(H,0),])
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Part D

The H,S + 30, formations from the HO, + HS with

catalyst X (X = (H,0)3)(pS24-pS29)

Figure S6

The geometrical structures of the optimized transitions state, intermediates,
and complexes involving in HO,***(H,0); (HO;:**(H,0);a) + HS reactions

pS25

Table S11

Zero point energy (ZPE/(kcal-mol!)), entropies (S/(cal-mol-'K)), relative
energies (AE and A(E+ZPE)/(kcal-mol)), enthalpies (AH(298)/(kcal-mol 1)),
and free energies (AG(298)/(kcal-mol')) for the quadruple complexes
(HO,*++(H,0)3 and HS-*+(H,0)3)

pS26

Table S12

Zero point energy (ZPE/(kcal-mol!)), relative energies (AE and
A(E+ZPE)/(kcal-mol")), enthalpies (AH(298)/(kcal-mol!)), and free energies
(AG(298)/(kcal-mol 1)) for the HO, + HS with water trimer

pS27

Table S13

Equilibrium constants and concentration of water trimer-assisted the H,S + 30,
formations from the HO, + HS reaction within the temperature range of
240.0-425.0K

pS28

Table S14

Rate constants and effective rate constants (cm3-molecules™'*s) for the H,S +
30, formations from the HO,+HS reaction occurring through HO,--+(H,0);
(HO;*+*(H,0O)3a) + HS reactions within the temperature range of 240.0-425.0
K

pS29
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Figure S6 The geometrical structures of the optimized transitions state, intermediates, and
complexes involving water trimer-assisted Channels occurring through HO,***(H,0);
(HO,**+(H,0)3a) + HS reactions
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Table S11 Zero point energy (ZPE/(kcal-mol-")), entropies (S/(cal-mol-!'K1)), relative energies
(AE and A(E+ZPE)/(kcal-mol ")), enthalpies (AH(298)/(kcal-mol')), and free energies
(AG(298)/(kcal-mol1)) for the quadruple complexes (HO,:**(H,0); and HS-++(H,0)3)

Species ZPE S AE AH AG A(E+ZPE)
(H,0),+ H,0O 42.4 114.5 0.0 0.0 0.0 0.0
(H,0); 45.7 79.5 -11.0 -9.0 -18.7 -7.7
(H,0); + HO, 54.6 134.2 0.0 0.0 0.0 0.0
HO, " (H,0)3 56.8 99.8 -14.6 -13.1 -2.8 -12.5
HO, " (H;0)3a 56.8 99.8 -14.6 -13.1 -2.8 -12.5
(H,0); + HS 49.5 125.4 0.0 0.0 0.0 0.0
HS" (H,0); 50.6 99.7 4.9 4.0 3.6 3.8
HS' (H,0)sa 50.6 99.7 4.9 4.0 3.6 3.8

@ ZPE and S values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at
CCSD(T)/ 6-311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p)

level.

S26



Table S12 Zero point energy (ZPE/(kcal-mol!)), relative energies (AE and A(E+ZPE)/(kcal-mol-
1), enthalpies (AH(298)/(kcal-mol')), and free energies (AG(298)/(kcal-mol")) for the HO, + HS

with water trimer?

Species ZPE AE AH AG A(E+ZPE)
HO, *(H,0);+HS 60.6 0.0 0.0 0.0 0.0
HO, "(H,0);tHSa 60.6 0.0 0.0 0.0 0.0
HS*(H,0);+HO, 59.5 9.8 9.0 6.4 8.7
HS:-(H,0);+HO,a 59.5 9.8 9.0 6.4 8.7
SIMWWWI 61.7 -4.1 -3.1 4.3 -3.0
SIMWWW a 61.7 -4.1 -3.1 4.3 -3.0
STSWWW1 60.8 1.6 1.8 10.0 1.9
STSWWWla 60.8 1.6 1.8 10.0 1.9
SIMWWW2 61.2 0.6 1.3 8.2 -0.8
SIMWWW2a 61.0 1.5 2.1 8.4 -0.7
STSWWW2 57.5 10.3 7.2 14.6 7.3
STSWWW2a 57.4 10.7 7.5 14.3 7.5
30,+H,S*(H,0); 58.9 -31.0 -323 -33.6 -32.7
30,+H,S*(H,0)3a 58.9 -31.0 -323 -33.6 -32.7

@ ZPE values obtained at B3LYP/6-311+G(2df,2p) level of theory; The energy values are obtained at CCSD(T)/ 6-
311++G(3df,2pd) level whereas the H and G corrections are taken from the B3LYP/6-311+G(2df,2p) level.
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Table S13 Equilibrium constants and concentration of water trimer-assisted the H,S + 30,

formation from the HO,+ HS reaction within the temperature range of 240.0-425.0 K

I'/K Keq(H,0)s [(H,0),] [HO] [(H>0)s]

240 6.00E-20 3.00E+10 8.29E+15 1.49E+07
250 2.95E-20 1.63E+11 2.21E+16 1.06E+08
278 5.30E-21 8.99E+12 2.25E+17 1.07E+10
288 3.12E-21 2.65E+13 425E+17 3.51E+10
298 1.90E-21 7.18E+13 7.64E+17 1.04E+11
308 1.20E-21 1.79E+14 1.31E+18 2.82E+11
325 5.88E-22 7.54E+14 3.04E+18 1.35E+12
375 1.06E-22 2.07E+16 2.12E+19 4.66E+13
425 2.94E-23 2.26E+17 8.56E+19 5.69E+14

[(H,0)s]= Keq(H0)s [(H20),] [H,0]
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Table S14 Rate constants and effective rate constants (cm3-molecules™'s™") for the H,S + 30,
formations from the HO,+HS reaction occurring through HO,***(H,0); (HO; **(H,0);a) + HS
reactions within the temperature range of 240.0-425.0 K

T/K Keq(TSWWWI1)  Keq(TSWWW 1a) krswwwi krswwwia  krswww2  Frswwwaa
240 9.24E-26 1.89E-25 5.48E-18 7.31E-18  2.54E+08 1.05E+09
250 8.85E-26 1.85E-25 8.01E-18 2.10E-17  3.30E+08 1.32E+09
278 8.61E-26 1.86E-25 2.02E-17 3.57E-17  6.58E+08 2.40E+09
288 8.70E-26 1.91E-25 2.66E-17 4.78E-17  8.31E+08 2.94E+09
298 8.88E-26 1.97E-25 4.20E-17 7.05E-17  1.04E+09 3.57E+09
308 9.14E-26 2.05E-25 5.54E-17 9.78E-17  1.30E+09 4.33E+09
325 9.73E-26 2.21E-25 9.41E-17 1.90E-16  1.85E+09 5.90E+09
375 1.24E-25 2.88E-25 4.69E-16 7.11E-16  4.67E+09 1.33E+10
425 1.63E-25 3.86E-25 1.14E-15 243E-15 1.01E+10 2.65E+10
krwwwi krwwwia Keq(HO,-*(H,0)3)  Keq(HO»*(H0)sa)  [(H20)]  Krwwwi  Krwwwia
5.48E-18 7.31E-18 7.84E-16 7.84E-16 1.49E+07  6.40E-26  8.54E-26
8.01E-18 2.10E-17 2.73E-16 2.73E-16 1.06E+08  2.32E-25  6.08E-25
2.02E-17 3.57E-17 2.14E-17 2.14E-17 1.07E+10  4.63E-24 8.19E-24
2.66E-17 4.78E-17 9.76E-18 9.76E-18 3.51E+10  9.12E-24  1.64E-23
4.20E-17 7.05E-17 4.70E-18 4.70E-18 1.04E+11  2.05E-23  3.44E-23
5.54E-17 9.78E-17 2.37E-18 2.37E-18 2.82E+11  3.71E-23  6.54E-23
9.41E-17 1.90E-16 8.20E-19 8.20E-19 1.35E+12  1.04E-22  2.10E-22
4.69E-16 7.11E-16 6.43E-20 6.43E-20 4.66E+13  1.40E-21  2.13E-21
1.14E-15 2.43E-15 9.40E-21 9.40E-21 5.69E+14  6.10E-21  1.30E-20

Keq(IMWWW1) and Keq(IMWWW]1a) is the equilibrium constant for the process of HO,:-*(H,0); + HS —
SIMWWW 1 and HO, +*(H,0)3a + HS — 3IMWWW I, respectively; krswwwi and krswwwia is the rate constant for
the process of HO,*¢*(H,0); + HS — 3SIMWWWI1 — STSWWWI1 — 3IMWWW2 and HO,¢*+(H,0)3a + HS —
SIMWWWl1a — 3STSWWWla — SIMWWW2a, respectively; krswwwz and krswwwaa is the rate constant for the
process of JIMWWW2 — 3TSWWW2 — H,Sees(H,0); + 30, and ’IMWWW2a — 3TSWWW2a —
H,Seee(H,0)3a + 30,, respectively; krwwwi and krwwwia is the rate constant for the process of HOpee¢(H,0); + HS
S I3IMWWWI — STSWWWI1 — SIMWWW2 — STSWWW2 — H,See+(H,0); + 30, and HOye++(H,0);a + HS —
SIMWWWIa — TSWWWla — 3IMWWW2a — 3TSWWW2a — H,Sees(H,0);a + 30,, respectively;
Keq(HO, +(H,0)5) is the equilibrium constant of HO,**(H,0); complex; Keq(HO, *(H,0);a) is the equilibrium
constant of HO, *(H,0);a complex; [(H,0)s] is the concentration of the water trimer; k'rwwwi and &'rwwwia iS
the effective rate constant for the process of HO,*¢¢(H,0); + HS — SIMWWW1 — S TSWWW1 — 3IMWWW2 —
STSWWW2 — HySees(H,0); + 30, and HO,e++(H,0)3a + HS — SIMWWWla — 3STSWWWla — 3IMWWW2a
— 3TSWWW2a — H,Sees(H,O)3a + 30,, respectively; (1/krwwwi = Vkrswwwi + Vkrswwwa, UVkrwwwia =
Vkrswwwia + 1Vkrswwwaar  Krwwwi = krwwwi © Keq(HO,*+(H20)3) - [(H20)3])s  A'rwwwia = Arwwwia *
Keq(HO,'**(H,0)sa) - [(H20)3])
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