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Table S1 The electronic energy (E

) and Gibbs free energy (G


) barriers for the initial reactions 

of distinct SCIs with HCOOH predicted at the Y/X (Y = M06-2X, CCSD(T) and QCISD(T), X = 

ma-TZVP, 6-311+G(2df,2p) level based on the M06-2X/6-311+G(2df,2p) optimized geometries 

(kcal mol
-1

) 

 

M06-2X/ 

ma-TZVP 

CCSD(T)/ 

6-311+G(2df,2p) 

QCISD(T)/ 

6-311+G(2df,2p) 

E

 G


 E


 G


 E


 G


 

Entry 2 

CH2OO 8.0 10.0 8.6 10.5 8.7 10.7 

anti-CH3CHOO 12.0 13.0 11.0 11.9 10.9 12.0 

syn-CH3CHOO 13.1 14.6 13.3 14.9 13.2 14.8 

Entry 3 

CH2OO 20.6 21.8 20.4 21.6 20.6 21.8 

anti-CH3CHOO 20.6 22.2 20.2 21.8 20.2 21.8 

syn-CH3CHOO 25.7 27.6 25.6 27.7 25.8 27.7 

Entry 4 

CH2OO 4.4 5.8 4.2 5.6 4.3 5.7 

anti-CH3CHOO 4.1 5.6 3.3 4.9 3.4 4.9 

syn-CH3CHOO 8.9 11.1 8.5 10.9 8.6 10.8 

 

  



Table S2 Rate coefficients (cm
3
 molecule

-1
 s

-1
) of each elementary pathway involved in the 

initiation reaction of CH2OO with HCOOH computed at different temperatures 

T/K k (TSent1) k (TSent2) k (TSent3) k (TSent4) ktot 

273 4.3 × 10
-10

 3.6 × 10
-12

 1.0 × 10
-22

 3.6 × 10
-12

 4.3 × 10
-10

 

280 3.8 × 10
-10

 2.9 × 10
-12

 1.2 × 10
-22

 3.1 × 10
-12

 3.9 × 10
-10

 

298 3.6 × 10
-10

 1.9 × 10
-12

 2.2 × 10
-22

 2.3 × 10
-12

 3.6 × 10
-10

 

300 3.5 × 10
-10

 1.8 × 10
-12

 2.4 × 10
-22

 2.2 × 10
-12

 3.5 × 10
-10

 

320 2.9 × 10
-10

 1.2 × 10
-12

 4.9 × 10
-22

 1.6 × 10
-12

 2.9 × 10
-10

 

340 2.8 × 10
-10

 8.2 × 10
-13

 1.0 × 10
-21

 1.3 × 10
-12

 2.8 × 10
-10

 

360 2.6 × 10
-10

 5.9 × 10
-13

 2.2 × 10
-21

 1.0 × 10
-12

 2.6 × 10
-10

 

380 2.4 × 10
-10

 4.5 × 10
-13

 4.5 × 10
-21

 8.2 × 10
-13

 2.4 × 10
-10

 

400 2.1 × 10
-10

 3.5 × 10
-13

 9.0 × 10
-21

 6.9 × 10
-13

 2.1 × 10
-10

 

 

 

  



Table S3 Rate coefficients (cm
3
 molecule

-1
 s

-1
) of each elementary pathway involved in the 

initiation reaction of anti-CH3CHOO with HCOOH computed at different temperatures 

T/K k (TSent1-anti) k (TSent2-anti) k (TSent3-anti) k (TSent4-anti) k (tot-anti) 

273 9.7 × 10
-10

 4.2 × 10
-11

 5.5 × 10
-22

 6.1 × 10
-11

 1.1 × 10
-9

 

280 9.5 × 10
-10

 3.8 × 10
-11

 6.7 × 10
-22

 4.9 × 10
-11

 1.0 × 10
-9

 

298 9.3 × 10
-10

 2.3 × 10
-11

 1.2 × 10
-21

 3.0 × 10
-11

 9.8 × 10
-10

 

300 9.2 × 10
-10

 2.0 × 10
-11

 1.3 × 10
-21

 2.8 × 10
-11

 9.7 × 10
-10

 

320 8.6 × 10
-10

 1.5 × 10
-11

 2.6 × 10
-21

 1.7 × 10
-11

 8.9 × 10
-10

 

340 8.3 × 10
-10

 9.4 × 10
-12

 5.4 × 10
-21

 1.1 × 10
-11

 8.5 × 10
-10

 

360 8.2 × 10
-10

 7.0 × 10
-12

 1.1 × 10
-20

 7.8 × 10
-12

 8.3 × 10
-10

 

380 8.1 × 10
-10

 3.6 × 10
-12

 2.1 × 10
-20

 5.6 × 10
-12

 8.2 × 10
-10

 

400 8.1 × 10
-10

 2.0 × 10
-12

 4.0 × 10
-20

 4.2 × 10
-12

 8.2 × 10
-10

 

 

 

  



Table S4 Rate coefficients (cm
3
 molecule

-1
 s

-1
) of each elementary pathway involved in the 

initiation reaction of syn-CH3CHOO with HCOOH computed at different temperatures 

T/K k (TSent1-syn) k (TSent2-syn) k (TSent3-syn) k (TSent4-syn) k (tot-syn) 

273 7.7 × 10
-10

 9.5 × 10
-13

 4.6 × 10
-27

 7.5 × 10
-16

 7.7 × 10
-10

 

280 7.4 × 10
-10

 8.0 × 10
-13

 7.1 × 10
-27

 6.4 × 10
-16

 7.4 × 10
-10

 

298 7.2 × 10
-10

 5.4 × 10
-13

 8.9 × 10
-26

 5.5 × 10
-16

 7.2 × 10
-10

 

300 7.1 × 10
-10

 5.2 × 10
-13

 9.9 × 10
-26

 4.6 × 10
-16

 7.1 × 10
-10

 

320 6.8 × 10
-10

 3.6 × 10
-13

 3.0 × 10
-25

 3.8 × 10
-16

 6.8 × 10
-10

 

340 6.5 × 10
-10

 2.6 × 10
-13

 9.1 × 10
-25

 3.1 × 10
-16

 6.5 × 10
-10

 

360 6.3 × 10
-10

 2.0 × 10
-13

 2.6 × 10
-24

 3.0 × 10
-16

 6.3 × 10
-10

 

380 6.2 × 10
-10

 1.5 × 10
-13

 7.2 × 10
-24

 2.4 × 10
-16

 6.2 × 10
-10

 

400 6.1 × 10
-10

 1.2 × 10
-13

 1.8 × 10
-23

 2.2 × 10
-16

 6.1 × 10
-10

 

 

 

  



Table S5 Rate coefficients (cm
3
 molecule

-1
 s

-1
) of each elementary pathway involved in the 

initiation reaction of (CH3)2OO with HCOOH computed at different temperatures 

T/K k (TSent1-dim) k (TSent2-dim) k (TSent3-dim) k (TSent4-dim) k (tot-dim) 

273 5.6 × 10
-10

 6.8 × 10
-12

 1.4 × 10
-26

 4.4 × 10
-15

 5.7 × 10
-10

 

280 5.3 × 10
-10

 5.2 × 10
-12

 2.2 × 10
-26

 4.2 × 10
-15

 5.4 × 10
-10

 

298 5.1 × 10
-10

 2.8 × 10
-12

 7.9 × 10
-26

 4.0 × 10
-15

 5.1 × 10
-10

 

300 5.1 × 10
-10

 2.6 × 10
-12

 9.2 × 10
-26

 3.9 × 10
-15

 5.1 × 10
-10

 

320 4.9 × 10
-10

 1.4 × 10
-12

 3.6 × 10
-25

 3.7 × 10
-15

 4.9 × 10
-10

 

340 4.8 × 10
-10

 8.6 × 10
-13

 1.3 × 10
-24

 3.6 × 10
-15

 4.8 × 10
-10

 

360 4.7 × 10
-10

 5.5 × 10
-13

 4.5 × 10
-24

 3.5 × 10
-15

 4.7 × 10
-10

 

380 4.5 × 10
-10

 3.7 × 10
-13

 1.4 × 10
-23

 3.4 × 10
-15

 4.5 × 10
-10

 

400 4.4 × 10
-10

 2.6 × 10
-13

 3.9 × 10
-23

 3.4 × 10
-15

 4.4 × 10
-10

 

 

  



 



 

Figure S1. The geometries of all the stationary points for distinct SCIs reactions with formic acid 

optimized at the M06-2X/6-311+G(2df,2p) level of theory  



 
Figure S2. The geometries of all the stationary points for 2CH2OO + Pent1a reaction optimized at 

the M06-2X/6-311+G(2df,2p) level of theory 

  



 

Figure S3. The geometries of all the stationary points for 2anti-CH3CHOO + Pent1b reaction 

optimized at the M06-2X/6-311+G(2df,2p) level of theory 

  



 
Figure S4. The geometries of all the stationary points for 2syn-CH3CHOO + Pent1c reaction 

optimized at the M06-2X/6-311+G(2df,2p) level of theory 

  



 

Figure S5. The geometries of all the stationary points for 2(CH3)2COO + Pent1d reaction 

optimized at the M06-2X/6-311+G(2df,2p) level of theory 

  



 
Figure S6. The geometries of all the stationary points for distinct SCIs reactions with Pent1a 

optimized at the M06-2X/6-311+G(2df,2p) level of theory 


