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1. Standard Gibbs free energies of some reactions for H,O, formation in water

solution and gas phase.
Hy00) — 72 HoOsaq) + 72 Hag) (D
) 1 o ) o 1
AG = E(AGHZOLaq + AGyy, ) — AGyp,0) = 5( —134.1 k] - mol ! + 0 kJ - mol 1)
—(=237.1Kk -mol~') =170.0 k] - mol " = 40.7 kcal - mol ~*
HyO(g) = 2 HaOxg) + 72 Hagg ()
o 1 o o o 1
AG’ = —(AGh,0, + AGir,g) — AGr,05=5(—~105.6 K] - mol ! + 01J - mol )

—(—228.6k-mol~1) =175.8Kk] - mol ~! = 42.1 kcal - mol ~*

HyOqy + 72 Oy(g) — HaOxaq) (3)

o o o 1 o
AG = AGHzOz,aq — (AGHZO,] + EAGOZ_g) =—134.1 k] - mol -1

1
— (—237.1 k] - mol ~1 + > X 0K]J - mol_l)
=103.0 k] - mol ~! = 24.6 kcal - mol ~!

H;0()+ O3(g) = H20saq) + Oz(g) 4)

2
—((—237.1kJ-mol %) + 163.2 k] - mol 1)

o o o o 1 o
AG’ = (AGp,0,aq + AGo,,) — (AGHZO,I + —AG03_g) =(—=134.1k - mol ' + 0 kJ - mol %)

= —60.2k] - mol ~! = —14.4 kcal - mol !

All the above data were extracted from Ref. 1

2. Thermodynamic quantities of chemical species that may be relevant to H,0,
formation
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Table S1. Thermodynamic quantities of chemical species that could be relevant to hydrogen peroxide formation

Chemical species H,0O *OH H,0, H, H;0" OH- e
Gas phase -241.8'1 39.0! -136.31 0 584.22 -143.62
Enthalpy of
F : Interface
ormation
(AHf, kJ-mol!) Bulk -285.83 -0.8+5.9 -187.8 (1) ! 144.3 (aq) * -230.0 277.4
@' (ag)? -191.2 (aq) ! (ag) ! (aq)®
Gas phase -228.6! 3421 -105.6'! 0 606.6 2 -138.7 2
1? ibbs Energy of Interface
ormation
(AGp kJ-mol)  Bulk -237.1 24.3 -120.4 (! 183.9 -157.3 276.9
OR (aq)’ -134.1 (aq)' (aq)* (aq) ' (aq)®
Gas phase 188.8! 183.6! 232.71 130.7! 192.32 17252
Entropy Interface
S° J-K-'-mol!
( mol) gk 69.9 ! 109.6 (1) ! 109 66.9
143.9 (aq) ' (aq) ' (aq) ®
Gas phase
Interface -17.3 -43.9 -424.7 -440.6 -154.4
(cal) ¢ (cal)® (cal)? (stabilized by (VBE, exp) !
- 10
Solvation (igi)%: 1 kT)
Energy”*
(kJ-mol) Bulk -29.8 -13.4 -41.8 9.2 651.0 (aq, -1550.6 (aq, -164.8
(aq, cal) 12 (aq, cal) © (aq, cal) ® (cal) 14 con, cal) ¢ con, cal) 10 (exp) V7
-26.4 -12.5 -36.6 9.79 -461.5 (aq, -438.1 (aq, -148.5
(aq, exp) 3 (1, cal)? (aq, exp) 8 (exp) 13 abs, cal) 16 abs, cal) 10 (cal) 18
-16.32 -439.3 -318.4
(I, exp)” (aq, cal) ° (VBE, exp) !
Henry’s Law Water 0381 9101 7.80x1061°
Constants solvent

(HP, molt-mr
3.parl)
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Gas phase 12.61 13.02 10.64 (cal) 22 15.32 1.90

(exp) ! (cal) 20 10.65 (exp) 2 (cal) 2 (VDE, exp) %
13.02 1543
(exp) ! (exp) !
g);lelrzga;on Interface 10.30 (cal)
25
(eV)
Bulk ~10 10.54 14.5 (cal) %7 9.20 3.3
(exp) ¥ (aq, exp) 2 (exp) 27 (VBE, cal) 28
10.55 9.70 3.3-3.7
(cal) %5 (cal) %7 (VBE, exp) %
Gas phase
Interface
Standard
Reduction Bulk -0.8 2.7 0.8 27 .,
Potential (HO/H,, (‘OH, (H20,, (aq/eqq)
V) OH)! HY/H,0)®  H*/H,0, OH) 3
1.9 1.8

(‘OH/OHY)  (H,0,, H/H,0)
30 1

*The absolute and conventional solvation free energies are presented. The absolute value of a single ion cannot be measured, the conventional value is
therefore often tabulated by arbitrarily setting the free energy of solvation of the proton equal to zero.!®

Note. water solvent unless specified, 1 — liquid, aq — aqueous, VBE — vertical binding energy, VDE — vertical detachment energy, abs — absolute, cal —
calculated.
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