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This Supporting Information includes:

e relative energies associated to the conformational change from HAc™ to HAc(c) at
®B97X/6-311++G(3df,3pd) level, charges and spin densities from the natural
population analysis at ®B97X/6-311++G(3df,3pd) level for all stationary points
found in the energy profiles of Scheme 1 and Scheme 2,

e adetailed discussion of the mechanism associated to the direct OH fragmentation and
formation of OH® along with the relative energies of the process at ®B97X/6-
311++G(3df,3pd) level of calculation and charge and spin density from natural
population analysis also at wB97X/6-311++G(3df,3pd) level to describe this

mechanism about formation of OH®,

e relative energies at ®B97X/6-311++G(3df,3pd) level for each stationary point of the
analyzed pathways in Scheme 1 and Scheme 2 to release OH- formation, relative
energies of all the stationary points found in the two mechanisms associated to the
production of OH- at different levels of calculation: LC-oPBE/6-311++G(3df,3pd),
BHandHLYP/6-311++G(3df,3pd), MO6HF/6-311++G(3df,3pd), MP2/6-



311++G(3df,3pd) and CCSD(T)/6-311++G(3df,3pd)//BHandHLYP/6-
311++G(3df,3pd), and Cartesian coordinates of the optimized structures for the

stationary points of the proposed mechanisms.
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Table S1. Relative energies of the anionized acetic acid with respect to HAc™ structure at
®B97X/6-311++G(3df,3pd) level. Zero point correction and thermal corrections to Gibbs

free energy are included. Energies in eV.

System AE AEzpg AG 98
HAc 0.00 0.00 0.00
TShAcHAC () 0.32 0.25 0.26
HAc(c) 20.12 20.12 20.12
diol- 1.13 1.10 1.10

Table S2. Charge (spin density) from natural population analysis at ©B97X/6-
311++G(3df,3pd) level for all stationary points found in the energy profiles of Scheme 1 and

Scheme 2.

System Fragment
OH CO CH;

HAc -0.38(0.16) 0.18(0.01) -0.81(0.83)
TShac/dior -1.01(0.92) 0.51(0.07) -0.50/(0.01)
diol® -0.27(0.03) -0.36(084) -037(0.13)
TSaiovps? -0.32(0.81) -0.27(0.20) -0.41(0.00)
P*---OH™ -0.69(0.42) 0.01(0.63) -0.32(-0.06)
TShacm -0.96(0.97) 0.06(0.00) -0.10(0.02)
I1 -0.89(0.98) 0.01(0.00) -0.12(0.02)
TSymn? -0.76(0.99) 0.41(0.00) -065(0.00)
122 -0.86(0.97) 0.38(0.00) -0.51(0.03)
TSp/dio® -0.94(0.93) 0.39(0.02) -0.45(0.06)




2CO includes the H transferred from CHj3, whereas such H is not included in CHs.

In the following paragraphs we describe the most intuitive reaction pathway leading to the
formation of OH but as a neutral species (OH®). This pathway comes from the direct

fragmentation of OH and the calculated energy profile is shown in Scheme 3, whereas
relative energies including zero point corrections and entropic effects are depicted in Table
S3. The computed mechanism involves two elementary steps. The first step corresponds to
the OH fragmentation to form H,O via H transfer from CHj. In the second and final step one
H of H,0 is transferred to the C atom of COCH, to form the final products [CHOCH,] and
OH..

Table S3. Relative energies at ®B97X/6-311++G(3df,3pd) level of calculation for each
stationary point of the pathways to release OH considering HAc- as asymptote. Inclusion of
zero point correction and thermal corrections to Gibbs Free energy are also included.

Energies in eV.

System Energy

AE AE7pE AG 298k
HAc 0.00 0.00 0.00
TShac/m3 1.51 1.31 1.26
I3 0.42 0.26 0.20
TS/ p- 1.74 1.53 1.51
P----OH* 1.47 1.28 1.24

The first step produces a H,O molecule and the [CH;CO] species, such system being slightly
less stable (0.2 eV) than the initial anionized acetic acid although the barrier to overcome the
TShac 13 18 not really very high, 1.3 eV, which is within our energy window of work (~3 eV)
(see Table S3). Such energy cost is mainly due to the OH cleavage and geometric and
electronic reorganizations. The resulting species of this step is a system consisting in H,O
and the [CH;CO]~ species and natural population analysis in Table S4 shows the electronic
reorganization mentioned above. Indeed, in the anionized acetic acid the charge and spin was

mainly localized at CH; group, whereas in the resulting product, charge is also distributed



along CO and the spin density is now localized at CO. Such NPA analysis also shows the

neutral nature of the formed H,O.

Table S4. Charge (spin density) from natural population analysis at ©B97X/6-
311++G(3df,3pd) level of calculation for all stationary points of Table S3.

System Fragment

OH CcO CH;
HAc -0.38(0.16) 0.18(0.01) -0.81(0.83)
TShac 13 -0.92(0.01) -0.01(0.90) -0.07(0.09)
132 -0.03(0.01) -0.42(0.96) -0.55(0.03)
TSpp0 -0.24(0.76) -0.36(0.22) -0.40(0.01)
P----OH"P -0.11(0.99) -0.50(0.00) -0.39(0.00)

30H includes the H transferred from CH;, whereas H is not included in CHj;.

bCO includes the H transferred from H,O, whereas one H is not included in CHj3.

In the second and last step the OH* is produced via H transfer from H,O to [CH,CO]~

species. This last product is 1.0 eV less stable than its precursor and remains 1.2 eV above

the asymptote (HAc". Also, an energy barrier of 1.3 eV has also to be overcome in the
transition state TSy3p.. Natural population analysis confirms the radical nature of the
released OH being the computed spin density 0.99 and the anionic nature the CH,COH
fragment being the computed charge -0.89 in this fragment.



Table SS. Relative energies at ©®B97X/6-311++G(3df,3pd) level for each stationary point of
the analyzed pathways in Scheme 1 and Scheme 2 to release OH- considering HAc™ as
asymptote. Zero point correction and thermal corrections to Gibbs Free energy are also

included. Energies in eV.

System Energy
AE AEzpg AG 985

HAc 0.00 0.00 0.00
TSHAc/diol 3.05 2.86 2.88
diol- 1.13 1.10 1.10
TSagiorp” 3.29 2.99 2.94
P*---OH- 3.26 2.98 2.92
TShacm 0.81 0.51 0.46
11 0.77 0.47 0.39
TStm 3.20 2.72 2.67
12 2.00 1.68 1.65

TS12/diol 2.04 1.72 1.71




Table S6. Relative energies at LC-oPBE/6-311++(3df,3pd) level for each stationary point
of the analyzed pathways in Scheme 1 and Scheme 2 to release OH- considering HAc" as
asymptote. Zero point correction and thermal corrections to Gibbs Free energy are also

included. Energies in eV.

Energy
system AE AE7pg AG %95
HAc 0.00 0.00 0.00
TSuAc/diol 2.98 2.79 2.81
diol’ 1.11 1.08 1.09
TSdiorp® 3.55 3.25 3.20
P*---OH- 3.19 3.05 3.00
TSpac 11 0.81 0.49 0.44
I1 0.78 0.47 0.40
TSim 3.13 2.66 2.60
12 2.02 1.69 1.65

TS12/diol 2.05 1.71 1.72




Table S7. Relative energies at BHandHLYP/6-311++(3df,3pd) level for each stationary
point of the analyzed pathways in Scheme 1 and Scheme 2 to release OH- considering HAc
as asymptote. Zero point correction and thermal corrections to Gibbs Free energy are also

included. Energies in eV.

Energy
System
AE AEzpg AG 98

HAc 0.00 0.00 0.00
TSHac/diol 3.23 2.98 2.99
diol- 1.13 1.10 1.11
TSgiorp*® 3.49 3.22 3.17
P*---OH- 3.31 3.07 3.02
TSHac 11 1.10 0.78 0.73
I1 1.05 0.74 0.68
TS 3.61 3.14 3.10
12 2.22 1.90 1.87

TS12/diol 2.26 1.93 1.92




Table S8. Relative energies at MO6HF/6-311++(3df,3pd) level for each stationary point of
the analyzed pathways in Scheme 1 and Scheme 2 to release OH- considering HAc" as
asymptote. Zero point correction and thermal corrections to Gibbs Free energy are also

included. Energies in eV.

Energy
System
AE AEzpg AG %95k

HAc 0.00 0.00 0.00
TSHac/diol 3.01 2.77 2.78
diol- 0.91 0.88 0.88
TSgiorp® 3.71 3.43 3.40
P*---OH- 341 3.18 3.14
TSHac/ 11 1.29 0.98 0.96
I1 1.10 0.80 0.74
TS 3.36 2.89 2.85
12 2.08 1.75 1.72

TS12/diol 2.23 1.90 1.89




Table S9. Relative energies at MP2/6-311++(3df,3pd) level for each stationary point of the
analyzed pathways in Scheme 1 and Scheme 2 to release OH- considering HAc as asymptote.
Zero point correction and thermal corrections to Gibbs Free energy are also included.

Energies in eV.

Energy
systen AE AEzpg AG %95k
HAc 0.00 0.00 0.00
TSHac/diol 3.04 2.86 2.88
diol 1.14 1.10 1.10
TSgiorp*® 4.01 3.75 3.71
P*---OH- 3.68 3.45 3.40
TShac 11 0.97 0.67 0.65
I1 0.87 0.55 0.42
TSun 3.14 2.67 2.57
12 2.02 1.67 1.58

TS1/diol 2.10 1.78 1.77




Table S10. Relative energies at CCSD(T)/6-311++G(3df,3pd)//BHandHLYP/6-
311++G(3df,3pd) level for each stationary point of the analyzed pathways in Scheme 1 and
Scheme 2 to release OH- considering HAc™ as asymptote. Zero point correction and thermal

corrections to Gibbs Free energy are also included. Energies in eV.

Energy
System
AE AEzpg AG 98

HAc 0.00 0.00 0.00
TSHac/diol 2.95 2.71 2.72
diol- 1.13 1.10 1.11
TSgiorp*® 3.44 3.17 3.12
P*---OH- 3.39 3.15 3.10
TSHac/ 11 1.03 0.72 0.66
I1 0.99 0.68 0.62
TS 3.34 2.87 2.84
12 2.16 1.84 1.81

TS12/diol 2.18 1.86 1.84




Table S11. Cartesian coordinates of the following optimized stationary points at ®B97X/6-

311++G(3df,3pd) level: HAc, TSuacdiol, diol”, TSgiorpe, P*
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