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Figure S1. Structures of selected four ROOHSs for screening protonated water cluster model (Qiu et al., 2020; Enami, 2022;
Hu et al., 2022). Structure (a) is C1z a-AH derived via a-terpineol derived Cls and 1-propanol, (b) is C12 a-AH) derived via
a-terpineol derived Cls and ethanol, (c) is C12 a-AH) derived via a-terpineol derived Cls and ethylene glycol, and (d) is Cio

a-HH derived via a-terpineol derived Cls and water. The corresponding chemical formulas and molecular weights (MW, amu)

are labelled.
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Figure S2. Minimum-energy structures of protonated water cluster (a) H*(H20)1, (b) H*(H20)2, (¢) H*(H20)s, (d) H*(H20)a.

The atoms in red and white represent oxygen and hydrogen atoms, respectively.
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Figure S3. Calculated free-energy surfaces for acid-catalyzed hydrolysis of C13 a-AH in four different cases at the SMD/MO06-
2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H20), (n =1, 2, 3, 4) are set to zero

(reference state, R). RC, TSy (x = a, b, ¢, d, e), PC, IM and P represent pre-reactive complexes, transition states, post-reactive

complexes, intermediates and products, respectively.
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Figure S4. Calculated free-energy surfaces for acid-catalyzed hydrolysis of Ci» a-AHgy in four different cases at the
SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H20), (n=1, 2, 3, 4) are
set to zero (reference state, R). RC, TSx (x = a, b, ¢, d, €), PC, IM and P represent pre-reactive complexes, transition states,

post-reactive complexes, intermediates and products, respectively.
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Figure S5. Calculated free-energy surfaces for acid-catalyzed hydrolysis of Ci» a-AH) in four different cases at the
SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H20), (n=1, 2, 3, 4) are
set to zero (reference state, R). RC, TSx (x = a, b, ¢, d, €), PC, IM and P represent pre-reactive complexes, transition states,

post-reactive complexes, intermediates and products, respectively.
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Figure S6. Calculated free-energy surfaces for acid-catalyzed hydrolysis of C1o a-HH in four different cases at the SMD/MO6-
2X/6-311++G(3df,2pd)//IM06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H:0), (n =1, 2, 3, 4) are set to zero
(reference state, R). RC, TSx (x=a, b, ¢, d, e, f), PC, IM and P represent pre-reactive complexes, transition states, post-reactive
complexes, intermediates and products, respectively.
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Figure S7. Two-step acid-catalyzed hydrolysis pathway of four ROOHSs for screening protonated water cluster model. The
reaction pathways (a) for Ci3 a-AH, C12 a-AH¢q), and C12 a-AH¢), and (b) for C1 a-HH.
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Figure S8. Calculated free-energy surfaces for acid-catalyzed hydrolysis of CH;CH>OOH and CH2(X)OOH (X = NH;, OCHg,
OH, CH=CHa, SH, PHy, F, Cl and CHO) at the SMD/MO06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free
energies of ROOH and H*(H20); are set to zero (reference state, R). RC, TS, PC, IM and P represent pre-reactive complexes,

transition states, post-reactive complexes, intermediates and products, respectively.
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Figure S9. Calculated free-energy surfaces for acid-catalyzed hydrolysis of CH(CH3),OOH and CH(CH3)(X)OOH (X = NH_,
OCHgs, OH, CH=CHjy, SH, PH,, F, Cl and CHO) at the SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The
free energies of ROOH and H*(H.0), are set to zero (reference state, R). RC, TS, PC, IM and P represent pre-reactive

complexes, transition states, post-reactive complexes, intermediates and products, respectively.
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Figure S10. Calculated free-energy surfaces for acid-catalyzed hydrolysis of C(CH3)s00H and (C(CH3)2(X)OOH) (X = NH,
OCHgs, OH, CH=CHjy, SH, PH,, F, Cl and CHO) at the SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The
free energies of ROOH and H*(H.0); are set to zero (reference state, R). RC, TS, PC and IM represent pre-reactive complexes,

transition states, post-reactive complexes and intermediates, respectively.
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Figure S11. Calculated free-energy surfaces for acid-catalyzed hydrolysis of C(CHs)2(CH.CH3)OOH and
C(CH3)2(CH2(X))OOH (X = NH,, OCHs, OH, CH=CH, SH, PH, F, Cl and CHO) at the SMD/MO06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H,0)- are set to zero (reference state, R).
RC, TS and IM represent pre-reactive complexes, transition states and intermediates, respectively.
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Figure S12. Calculated free-energy surfaces for acid-catalyzed hydrolysis of C(CH3)2(OY)OOH (Y = CH,CHs, CH,CH,CHg,
CH(CHes)2, C(CH3)3, CH=CH>, and CHO) at the SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free
energies of ROOH and H*(H»0)- are set to zero (reference state, R). RC, TS, PC and IM represent pre-reactive complexes,

transition states, post-reactive complexes and intermediates, respectively.
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Figure S13. Calculated free-energy surfaces for carbocation formation during the acid-catalyzed hydrolysis of
C(CHs3)2(X)O0OH, where X = NH,, OH, OCHs, CH=CH,, SH, or PH.. Free energies are computed at ©B97X-D/6-
311++G(3df,2pd)//0B97X-D/6-31+G(d,p) levels with the SMD solvation model, with ROOH and H*(H20). set as the

reference state at 0 kcal mol™. Transition states (TS) and intermediates (IM) are labelled.
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Figure S14. Changes in reaction energetics for carbocation intermediate formation during acid-catalyzed hydrolysis of
C(CHz3)2(OCH3)OO0H under (a) implicit solvation only vs. (b) explicit monohydration. Free energies (G) computed at
SMD/M06-2X/6-311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. R and IM denote the reactant and carbocation, while R --H,0

and IM --H-0 are their monohydrated forms.
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Figure S15. Correlations between the logarithms of the acid-catalyzed hydrolysis second-order rate constants (log ka) and the
sum of Taft constants (3.0*) of the selected a-substituted ROOH model compounds, including CH2(X)OOH, CH(CH3)(X)OOH,
C(CH3)2(X)OOH, and C(CH3)2(OY)OOH, where X = -NH,, -OH, -OCHs, -CH=CH,, -SH, -PH,, -F, -CI, -CHO, and Y = -
CH2CHjs, -CH>CH,CHs, -CH(CHs)2, -C(CHa)s, -CH=CH, -CHO.
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Figure S16. Correlations between the logarithms of the acid-catalyzed hydrolysis second-order rate constants (log ka) and the
sum of Taft constants (3¢*) for C(CH3)sO0H and B-substituted C(CHs)2(CH2(X))OOH, where X = -NH;, -OH, -OCHjs, -
CH=CH, -SH, -PHj, -F, -CI, -CHO.
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Figure S17. Calculated free-energy surfaces for acid-catalyzed hydrolysis of isoprene-OOH at the SMD/MO06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H.0); are set to zero (reference state). RC,
TSx (x =a, b), PC, IM and P represent pre-reactive complexes, transition states, post-reactive complexes, intermediates and

products, respectively.
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Figure S19. Calculated free-energy surfaces for acid-catalyzed hydrolysis of a-pinene-OOH(; at the SMD/MO06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H»0); are set to zero (reference state). RC,

TS, IM and P represent pre-reactive complexes, transition states, intermediates and products, respectively.
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Figure S20. Calculated free-energy surfaces for acid-catalyzed hydrolysis of a-pinene-OOH3) at the SMD/MO06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H»0); are set to zero (reference state). RC,

TS, IM and P represent pre-reactive complexes, transition states, intermediates and products, respectively.
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Figure S21. Calculated free-energy surfaces for acid-catalyzed hydrolysis of trimethylamine-OOH at the SMD/M06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H»0); are set to zero (reference state). RC,
TS, PC, IM and P represent pre-reactive complexes, transition states, post-reactive complexes, intermediates and products,

respectively.
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Figure S22. Calculated free-energy surfaces for acid-catalyzed hydrolysis of trimethylamine-OOHy) at the SMD/M06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H20), are set to zero (reference state). RC,

TSx (x =a, b), IM and P represent pre-reactive complexes, transition states, intermediates and products, respectively.
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Figure S23. Calculated free-energy surfaces for acid-catalyzed hydrolysis of dimethyl sulfide-OOH, at the SMD/M06-2X/6-
311++G(3df,2pd)//M06-2X/6-31+G(d,p) level. The free energies of ROOH and H*(H20); are set to zero (reference state). RC,

TS, IM and P represent pre-reactive complexes, transition states, intermediates and products, respectively.
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Table S1. Taft (¢*) constants of different substituents (Perrin et al., 1981).

Substituents

*

Substituents

(2 [
-H 0.49 -CHs 0.00
NH, 0.62 -CH,NH;, 0.50
-N(CHa)2 0.32 -CH,OH 0.62
-OH 1.34 -CH,0OCH; 0.66
-OCH; 1.81 -CH,SH 0.62
-OCH,CHs 1.68 -CH2PH, —
-OCH,CH,CHs 1.68 -CH;CH=CH, 0.00
-OCH(CHs)z 1.62 -CHoF 1.10
-OC(CHa)s — -CH.CI 0.94
-OCH=CH, — -CH,CHO 0.62
-OCHO —
-SH 1.68
-SCHs 1.56
_|:>H2 _
-CH=CH, 0.56
F 3.21
-Cl 2.96
-CHO 2.15
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Table S2. Sum of Taft o* constants (3.¢*) of the selected 45 ROOHs model compounds.

Model compounds XY >o6* Model compounds XIY >o6*
CH3CH;00H — 0.00 CH(CHs).00H — 0.49
C(CHs);00H — 0.98

NH, 1.60 NH 111
OH 2.32 OH 1.83
OCH; 2.79 OCHj 2.30
SH 2.66 SH 2.17
CH,(X)OOH CH=CH; 1.54 CH(CH3)(X)OOH CH=CH 1.05
PH, — PH, —
F 4.19 F 3.70
cl 3.94 cl 3.45
CHO 3.13 CHO 2.64
NH, 0.62 NH. 0.50
OH 1.34 OH 0.62
OCHs 1.81 OCHs 0.66
SH 1.68 SH 0.62
C(CH3)2(X)OOH CH=CH 0.56 C(CHs)2(CH2(X))OOH CH=CH 0.00
PH, — PH, —
F 3.21 F 1.10
cl 2.96 Cl 0.94
CHO 2.15 CHO 0.62
CH,CHs3 1.68
CH,CH3CHs 1.68
CH(CHs); 1.62
C(CHa)2(O(Y))OOH
C(CHa)s —
CH=CH, —
CHO —
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Table S3. Calculated acid-catalyzed hydrolysis second-order rate constants (ka) and the corresponding lifetimes (z1e) of
selected 45 ROOHs model compounds under two selected scenarios (Inland regions, China (pH 3.8) and Southeastern United
States (pH 0.9)).

Model compounds XIY ka (L mol?s?) Tlle, pH 38 Tlle, pH 0.9
CH3;CH,O0H — 1.58 %102 4.6 x10%d 5.8 x10%d
CH(CHs)00H — 1.12 x1014 6.5 %1012 d 8.2 x10°d
C(CHs;)300H — 5.50 <107 1.3 x<10°%d 1.7 x10%d
NH: 1.01 <103 6.3s <1ls
OH 1.94 x<10° 3.8 x10%d 4.7d
OCHs 4.45 %108 1.6 x<10°d 2.1 x10%d
SH 6.77 <1016 1.1 x10%d 1.4 <10 d
CH4(X)OOH CH=CH; 8.11 <1018 9.0 x10% d 1.1 <102 d
PHz 2.08 <1016 3.5 x10%d 4.4 x<10"d
F 1.07 x10% — —
Cl 4.63 x10%° — —
CHO 1.43 %102 — —
NH; 5.60 x10* <ls <1ls
OH 3.20 <101 55h 24.8 s
OCHs 3.24 <103 22.6d 40.9 min
SH 1.40 x<10° 5.2 x107d 6.6 x10%d
CH(CHz)(X)OOH CH=CH, 1.62 x10° 4.5 %107 d 5.7 x10*d
PH 2.73 <10 2.7 x10%2d 3.4 x10°d
F 1.05 %102 —
Cl 2.88 x10% —
CHO 3.73 x10% —
NH, 3.10 <107 <1ls <1ls
OH 4.87 <10 13.0s <1ls
OCHs 3.93 x10? 2.7 min <1ls
SH 1.36 x10° 5.4 x<10%d 6.8d
C(CH3)2(X)OOH CH=CH; 7.72 <107 9.5 x10*d 1.2 x102d
PH, 2.42 <108 3.0 x108d 3.8 x10%d
F 1.62 <104 — —
Cl 6.65 %1016 — —
CHO 2.54 <101 — —
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NH. 7.38 %10 — —
OH 1.49 %10 — —
OCHs 4.66 %1010 — —
SH 3.03 <10 — —
C(CH3)2(CH,(X))OOH CH=CH; 2.11 %107 — —
PH; 2.19 %108 — —
F 2.04 %1010 — —
cl 5.36 %1011 — —
CHO 1.17 <1010 — —
CH,CHs 2.17 x10! 4.9 min <ls
CH2CH3CHs 1.76 <10 6.0 min <ls
CH(CHs)2 4.16 %102 15.2s <ls
C(CH3)2(O(Y))OOH
C(CHa)s 1.81 x10° 35s <ls
CH=CH; 1.62 %1073 45.1d 14h
CHO 5.80 <10° 1.3 x107d 1.6 x10%d
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Table S4. Calculated acid-catalyzed hydrolysis second-order rate constants (ka) and the corresponding lifetimes (zi) of 8

atmospheric ROOHSs under two selected scenarios (Inland regions, China (pH 3.8) and Southeastern United States (pH 0.9)).

Compounds Name ka (L mol?s?) Tlle, pH 38 Tlle, pH 0.9
trimethylamine-OOHy) 1.56 %106 <ls <ls
a-pinene-O0OHy, 3.68 <1072 2d 3.6 min
trimethylamine-OOH ) 2.05 x10° 3.6 x10*d 45 d
a-pinene-O0Hy) 1.90 %107 3.8 x10°d 484d
isoprene-OOH 1.88 %108 3.9 x108d 4.9 x10%d
dimethyl sulfide-OOH 1.71 <107 4.3 x107d 5.4 %10*d
a-pinene-OOH) 8.99 <102 8.1 x10%d 1.0 x10% d
dimethyl sulfide-OOH 2 8.66 %102 8.4 %102 d 1.0 x102 d
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