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Figure S5. The geometry of reactive species involved in the Oj; initiated reactions of fenthion
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Table S1. Relative energy (AE), enthalpy (AH,gg) and free energy (AGyyg) corresponding to
the reactive species involved in the H-abstraction reactions of fenthion initiated by *OH
calculated at M06-2X/6-311++G(d,p) and ©wb97X-D/6-311++G(d,p) level of theory. The energy
is given in kcal/mol. (For reaction labels refer Scheme 1)

Reaction Reactive H-abstraction
. M06-2X/6-311++G(d,p) | ®b97X-D/6-311++G(d,p)
pathway specles AE | AHjos | AGyos | AE | AHjos | AGjog
RC1 -8.6 -9.1 -0.7 -9.5 -10.1 -1.4
R1 TS1 2.1 1.5 10.6 0.6 0.1 8.7
IC1 -12.5 | -12.3 -5.3 -10.0 -9.8 3.4
IM1+H,0 -7.8 -7.6 -9.0 -9.5 -10.1 -10.0
RC2 -5.1 -5.9 4.0 -4.8 -5.2 2.9
R2 TS2 2.4 1.6 114 0.7 -0.1 9.7
1C2 -10.1 | -10.5 -1.5 -8.3 -8.1 -1.2
IM2+ H,0 -4.3 -4.0 -5.3 -1.5 -1.1 -3.3
RC3 -7.6 -7.9 0.7 -6.9 -7.3 1.0
R3 TS3 0.6 -0.3 10.1 -0.9 -1.6 8.3
IC3 -11.7 | -11.6 -3.6 -8.4 -8.4 -0.8
IM3+ H,0 -4.9 -4.6 -6.0 -3.7 -3.3 -5.2
RC4 -6.5 -6.7 1.0 -5.0 -5.2 2.8
R4 TS4 -1.6 -2.5 6.8 -2.5 -3.3 5.4
1C4 -25.7 | -25.5 -19.1 -25.8 -25.6 -194
IM4+ H,O 222 | -22.0 | -23.2 | -223 -22.0 -23.5
RC5 -4.9 -5.3 3.0 -4.2 -4.5 3.0
RS TS5 -0.6 -1.6 8.1 -2.7 -3.6 5.7
IC5S -30.2 | -30.1 | -23.5 | -30.6 | -30.6 -23.4
IM5+ H,0 264 | -264 | -27.1 -26.8 -26.7 -27.6
RC6 -5.1 -5.9 39 -4.8 -5.2 2.9
R6 TS6 2.9 2.2 9.9 2.8 3.9 7.6
I1Cé6 215 | -21.4 | -14.0 | -21.6 -21.5 -13.9
IMé6+ H,O -17.0 | -16.7 | -18.1 -17.2 -16.9 -18.3
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Table S2. Relative energy (AE), enthalpy (AH,gs) and free energy (AGayg) corresponding to
the reactive species involved in the *OH-addition reactions of fenthion calculated at M06-2X/6-
311++G(d,p) and ©b97X-D/6-311++G(d,p) level of theory. (For reaction labels refer Scheme 2)

*OH -addition

R;‘;fg‘;“ lzeaecct‘evse M06-2X/6-311++G(d,p) ©b97X-D/6-311++G(d,p)

P Y P AE AHyg | AGas AE AHyg AGyog

RC7 38 292 20.1 26.9 73 11

R7 TS7 11 22 8.7 25 3.4 6.8
M7 21 23 11 213 225 2.1

RCS 8.8 29 20.1 26.9 73 11

RS TS8 0.56 0.5 9.8 20.6 1.7 8.7
M8 20 21 10 119.4 220.4 210.5

RCY 8.8 292 20.1 6.8 7.0 0.1

R9 TS9 20.4 15 9.1 2.4 3.4 6.8
M9 18 219 9.1 [18.4 119.5 93

RC10 33 8.6 0 26.6 6.9 1.7

R10 TS10 23 33 7.4 36 4.6 6.1
IM10 220 22 10 0.4 216 2103

RC11 8.3 8.6 0 26.9 73 1.0

RI1 TS11 0.42 20.7 11 20.7 0.7 8.2
IM11 24 26 14 218 229 2120

RCI12 8.8 292 20.1 76 7.0 18

R12 TS12 2.9 4 7.1 47 5.7 5.
™12 22 23 11 21.8 229 2120

RCI3 47 47 1.9 38 3.9 3.5

R13 TS13 148 0.57 10 20.4 13 8.4
IM13 22 24 13 217 229 124

RC14 49 47 13 3.4 32 28

R14 TS14 032 20.6 9.5 11 1.9 7.8
IM14 24 25 15 235 245 1143

RCI5 49 53 3 3.1 3.0 32

RI5 TS15 2.17 133 11 20.1 0.8 8.4
M15 17 18 76 17,6 18,7 8.7

RC16 5 53 1.9 37 4.0 3.6

R16 TS16 1.54 0.62 11 204 13 8.9
IM16 -19 220 292 119.2 203 9.4

RC17 47 47 1.9 3.8 3.9 3.5

R17 TS17 3.39 2.59 12 1.6 0.8 10.2
IM17 22 24 12 223 233 12,5

RCIS 47 47 1.9 38 3.9 3.5

RIS TS18 202 1 8.4 2.6 33 5.9
IM18 19 20 10 119.7 0.7 210.7

RC19 72 74 0.7 26.9 7.4 1.8

R19 TS19 57 26.6 3.4 53 6.5 4.0
IM19 21 23 11 118.6 119.9 3.4

RC20 73 77 16 6.8 73 1.9

R20 TS20 56 6.9 4 53 6.6 42
V20 116 18 5.9 [14.3 15,5 47
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Table S3. Calculated rate constants (k, cm?® molecule™ s') and the total rate constant (Ko,
cm?® molecule™ s™') for the studied *OH initiated reactions of fenthion over the temperature
range 200 — 400 K.

Reaction k (cm*molecule's™)

Pathway 200 K 250 K 298 K 300K 350 K 400 K
R1 5.3x1014 5.7x10-14 6.4x10-1 6.5x10-1 7.5x1014 8.7x1014
R2 1.1x101 1.2x10°15 1.3x10°1 1.3x10°15 1.5x10°1 1.8x10°15
R3 9.3x10°15 9.7x10°13 1.0x1014 1.0x1014 1.2x1014 1.4x104
R4 3.3x1012 2.1x10712 1.6x10712 1.6x10712 1.3x10712 1.2x10712
R5 3.0x10°"7 3.9x10°7 4.9x10°7 5.0x10°7 6.2x10°17 7.7x10°17
R6 4.1x1013 5.1x1013 6.2x10713 6.2x10°13 7.5x10°13 9.0x1013
R7 3.9x101¢ 1.7x10-1¢ 1.1x101° 1.1x10-1¢ 8.3x10°"7 7.0x10°17
RS 1.2x10 1.2x101 1.2x10714 1.2x1014 1.3x104 1.4x10
R9 1.3x10°13 1.1x10-13 1.0x1013 9.9x10-1 9.6x104 9.7x1014
R10 1.1x10M 3.5x1012 1.7x10°12 1.7x10712 1.0x1012 7.8x10°13
R11 6.9x10°13 6.4x10°13 6.5x10°1 6.5x10°1 6.9x10°1 7.5x10°13
R12 3.1x10°1 7.1x10°12 2.8x10°12 2.7x1012 1.4x1012 9.2x1013
R13 7.9x10°17 6.8x1017 6.7x10°"7 6.7x10°"7 7.1x10°77 7.8x10°17
R14 1.7x1014 1.8x10714 2.0x1014 2.0x10-14 2.3x10 2.6x104
R15 2.9x1014 3.1x10714 3.3x1074 3.3x10°14 3.7x1014 4.1x10
R16 1.7x10-14 1.7x10-14 1.8x10-14 1.8x10-14 2.0x1014 2.2x10714
R17 3.2x10°15 2.4x10°15 2.2x10°1 2.2x10°15 2.0x10°15 2.1x10°1
R18 3.3x10°13 3.3x10°13 3.4x10°13 3.4x10°13 3.6x10°13 4.0x10°13
R19 1.6x10”7 9.8x10° 1.6x10° 1.5x10° 4.3x10-10 1.6x10°10
R20 7.5x10°8 3.9x107 6.0x1010 5.6x10°10 1.4x10-10 5.5x10M

Kiotal 2.4x107 1.3x108 2.2x10°° 2.1x10° 5.9x101° 2.2x1010
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Table S4. Relative energy (AE), enthalpy (AH,gs) and free energy (AGsyg) corresponding to
the reactive species involved in the studied subsequent reactions of the intermediates, IM19

Reaction Reactive
pathway species AE AHass AGass
R19a IM19 0 0 0
P1 -64.4 -65.6 -54.0
IM19 0 0 0
RC21a -21.3 -22.7 -11.0
R21a TS21a -15.7 -17.0 -5.5
IC21a -37.7 -38.7 -27.2
IM21+P3 -28.8 -30.1 -30.9
IM19+0, 0 0 0
R19b RC19b -3.1 -2.8 5.5
TS19b 6.7 6.1 16.9
IM19b 0.5 -0.1 10.6
IM19+0, 0 0 0
TS19b1 0.6 -0.3 10.6
R19b1 IC19b1 -32.7 -32.8 -35.1
P5+SOOH -19.4 -19.5 -22.8
R20a IM20 0 0 0
P2 -67.4 -68.7 -56.9
IM20 0 0 0
RC21b -18.6 -19.9 -8.3
R21b TS21b -14.1 -15.5 -4.0
IC21b -40.5 -41.5 -31.9
IM21+P3 -27.9 -29.2 -29.9
IM20+ O, 0 0 0
R20b RC20b -1.7 -1.3 5.8
TS20b 6.2 5.5 16.3
IM20b -0.2 -0.9 10.2
IM20+ O, 0 0 0
R20b1 TS20b1 -9.9 -11.0 1.4
IC20b1 -30.6 -30.0 -32.1
P6+SOOH -24.8 -24.9 -28.0
IM21+HO,¢* 0 0 0
RC22 -12.6 -12.7 -3.2
R22 TS22 -11.2 -11.7 -1.0
1C22 -43.5 -42.9 -35.5
P4+ O, -40.4 -40.3 -39.2
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and IM20 calculated at M06-2X/6-311++G(d,p) level of theory. (For reaction labels refer

Scheme 3)

Table S5: The maximum absorbance wavelength (A, in nm), excitation energy (T, in eV),
electronic transition and oscillator strength (f in a.u) of fenthion and its products calculated at
TD-MO06-2X/6-311++G(d,p) level of theory.

Reactive N T Electronic f
species s Y transition

Fenthion 209 5.93 H-1-> L+1 0.12
P1 222 5.57 H->L+4 0.34
P2 220 5.63 H-1->L+2 0.17
P3 216 5.72 H->L+4 0.19
P4 202 6.12 H-1>L 0.07
P5 211 5.85 H-2 > L+2 0.18
P6 210 5.90 H-1 > L+1 0.11

Table S6. Relative energy (AE), enthalpy (AH,eg) and free energy (AGaog) corresponding to
the reactive species involved in the Oj; initiated reactions of fenthion calculated at M06-2X/6-
311++G(d,p) level of theory. (For reaction labels refer Discussions in Page no. 13 of the main

manuscript)
Reaction . . O; -addition
pathway Reactive species

AE AH g AGog

ORC1 -7.1 -6.7 3.9

S1FE OTS1 5.5 4.8 18.8
PO1 -39.2 -40.3 -25.6

ORC2 -6.4 -6.1 5.0

S1FX OTS2 7.9 7.2 21.2
PO2 -38.7 -39.9 -25.3

ORC3 -54 -4.9 3.7

S1BE OTS3 6.4 5.6 19.6
PO3 -37.9 -39.0 -24.4

ORC4 -4.4 -3.9 5.4

S1BX 0TS4 8.5 7.8 21.7
PO4 -37.3 -38.4 -24.0

ORC5 -8.1 -8.0 3.6

S2FE OTS5 4.6 3.8 18.7
POS -35.7 -36.9 -21.6

SIFX ORC6 9.1 9.2 3.6
OTSé6 5.9 5.0 19.8
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PO6 -36.7 -38.0 -22.7
ORC7 -5.3 -4.8 4.2
S2BE OTS7 7.1 6.5 19.5
PO7 -37.1 -38.4 -23.3
ORC8 -4.8 -4.4 4.9
S2BX OTS8 9.9 92 22.8
PO8 -38.6 -39.9 -24.1
ORC9 -8.1 -8.0 3.6
S3FE OTS9 3.7 2.8 17.7
PO9 -38.6 -39.7 -24.7
ORC10 -9.1 -9.2 3.6
S3FX OTS10 53 4.2 20.3
PO10 -39.5 -40.6 -25.5
ORC11 -5.4 -4.9 4.3
S3BE OTS11 7.4 6.8 20.3
PO11 -38.3 -39.3 -25.9
ORC12 -8.5 -8.4 2.9
S3BX OTS12 9.1 8.5 21.4
PO12 -40.5 -42.1 -25.1
ORC13 -7.1 -6.9 4.6
S4FE OTS13 5.4 4.6 19.4
PO13 -38.3 -394 -24.8
ORC14 -7.4 -7.1 3.7
S4FX OTS14 8.5 7.9 21.8
PO14 -37.5 -38.5 -23.5
ORC15 -5.0 -4.4 3.8
S4BE OTS15 8.1 7.5 20.3
PO15 -35.7 -36.7 -22.7
ORC16 -3.8 -3.2 5.7
S4BX OTS16 10.6 10.0 232
PO16 -34.6 -35.5 -22.0
ORC17 -5.0 -4.6 54
S5FE OTS17 9.0 8.4 21.8
PO17 -36.2 -37.1 -22.8
ORC18 -5.2 -4.7 54
SSFX OTS18 10.5 9.9 23.9
PO18 -38.8 -39.8 -25.4
ORC19 -5.4 -4.9 4.3
S5BE OTS19 9.2 8.6 22.0
PO19 -36.9 -38.0 -22.8
ORC20 -5.0 -4.5 4.4
S5BX
O0TS20 10.7 10.1 224
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PO20 -40.5 -41.6 -26.5
ORC21 -7.2 -6.9 4.6
S6FE OTS21 6.4 5.6 20.6
PO21 -39.4 -40.6 -24.7
ORC22 -7.7 -7.4 4.1
S6FX 0TS22 10.3 9.5 24.5
PO22 -40.4 -41.6 -25.8
ORC23 -5.5 -5.0 3.6
S6BE OTS23 8.0 7.4 21.0
PO23 -40.3 -41.3 -26.9
ORC24 -5.4 -4.9 4.5
S6BX O0TS24 9.7 9.1 22.5
PO24 -43.4 -44.5 -29.5
ORC25 -5.4 -5.1 5.1
S7PS OTS25 4.9 4.2 18.2
PO25 -28.5 -29.6 -14.4
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Table S7. Calculated rate constants (k, cm® molecule™ s™') and the total rate constant (ki
cm?® molecule™ s77) for the studied *Oj initiated reactions of fenthion over the temperature range

Reaction k (cm®*molecule's™)

Pathway 200 K 250 K 298 K 300 K 350 K 400 K
S1FE 1.34 x 102! 1.04x 102 | 4.07x 102 | 428x 1020 | 4.51x 102 1.38x10°1°
S1FX 3.07x 102 | 7.99x 102 | 6.65x 1022 | 720x 102 | 7.78x 1022 | 4.27x 10%!
S1BE 1.91x 102 | 2.25x 102 1.14 x 1020 1.21 x 1020 1.28x 1020 | 4.77x 1020
S1BX 733x10% | 2.59x 102 | 2.60x 1022 | 2.84x 102 | 3.09x 102 1.95x 102!
S2FE 5.11x 102! 221 x 1020 6.04 x 1020 6.27 x 1020 6.52x 1020 1.52x 101
S2FX 1.78 x 1022 1.06 x 102! 3.49x 102! 3.65x 102! 3.82x 102! 1.03 x 1020
S2BE 1.12x 102 | 398x 102 | 2.56x 102! 2.75 x 102! 2.94 x 102! 1.33x 10-2°
S2BX 355x1026 | 252x10% | 393x10% | 435x10%3 | 481x102 | 427x102
S3FE 5.53x 1020 1.54x 101 | 3.17x 101 | 326x 10 | 3.36x107"° 6.31x 101
S3FX 1.78 x 1022 1.06 x 102! 3.49 x 102! 3.65x 102! 3.82x 102! 1.03 x 10-2°
S3BE 231x102 | 480x10%2 | 3.46x 107! 3.73 x 102! 4.01 x 102! 1.97 x 10-2°
S3BX 6.99 x 10 3.62x 102 4.62 x 1022 1.42x 102 1.55x 102 1.16 x 102!
S4FE 6.18x 102 | 4.41x 107! 1.63 x 1020 1.71 x 1020 1.80 x 1020 527x 102
S4FX 6.57x 10 2.39x 102 2.44 x 1022 2.66 x 1022 2.90 x 1022 1.86 x 102!
S4BE 1.08 x 1023 3.34x 102 9.53x 102 1.03 x 102! 1.12 x 102! 6.53 x 102!
S4BX 1.21x 1026 1.27x 102 | 2.51x 102 2.81x 102 3.13x 1023 3.34x 1022
S5FE 1.80 x 1026 8.01x10% 9.51x 10 1.04x 103 1.14x 1033 8.40x 103
S5FX 3.39x10% | 340x10% | 659x 10 | 7.36x102* | 820x 10 | 8.65x 102
S5BE 2.53x 102% 1.33x 102 1.71 x 1022 1.89x 1022 | 2.07x 102 1.59 x 102!
S5BX 3.28x10%7 | 3.55x102% | 7.21x10% | 8.06x 102* | 9.00x 10> | 9.81x 10
S6FE 4.05x 102 | 440x 102 | 2.12x 102! 2.25x 102! 2.39x 102! 8.63 x 102!
S6FX 1.81x 1077 1.49x 102 | 2.53x 102 | 2.81x102* | 3.12x 10 | 2.98x 102
S6BE 391 x 102 1.12x 1022 | 9.86x 1022 1.07 x 102! 1.16 x 102! 6.63 x 102!
S6BX 6.53x 102 | 436x102* | 6.56x 102 | 7.26x 102 8.02 x 1023 6.93 x 1022

PS 3.55x 1018 | 5.79x 1018 8.46x 10718 8.59x 10718 8.72x 10718 1.25x 1077
Kiotat | 3.61x 108 | 599 x 1018 8.92x 1018 | 9.07x 10" | 9.22x 1018 1.36x 1018
200 — 400 K.
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Figure S1. The IRC plots for the *OH initiated reactions of fenthion calculated at M06-2X/6-

311++G(d,p) level of theory.
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Figure S2. The geometry of reactive species involved in the H abstraction reaction of fenthion
initiated by *OH optimized at M06-2X/6-311++G(d,p) level of theory.
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Figure S3. The geometry of reactive species involved in the *OH-addition reactions of fenthion

optimized at M06-2X/6-311++G(d,p) level of theory.
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Figure S4. Time-dependent species population profiles for the reaction pathway R1 at 298 K,
calculated at different pressures (P) using MESMER software employing RRKM theory. The

pressure values are given in bar.
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Figure S5. The geometry of reactive species involved in the Ojs.initiated reactions of fenthion
optimized at M06-2X/6-311++G(d,p) level of theory.
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