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SI-2. Potential energy along the direct

dissociation channels of CH;00H" and details of
the related VRC-TST calculations
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Figure SI-2.1. Energy profiles along the C-H bond in CH;00H" at
various levels of theory. All curves are fully relaxed and ZPE-
exclusive, unless noted in the legend. The asymptote is the zero of
energy.

This reaction is near barrierless at the M06-2X/MG3S and MO6-
2X/6-311++G(d,p) levels (there is a slight barrier at ~3.3 A), while it
is barrierless at the B3LYP/6-311++G(d,p) one. With MP2/6-
311++G(d,p) we found a barrier at ~2.0 A, where the barrier is
correlated with the planar-to-tetrahedral geometry change along
the C-H coordinate. Using CASPT2(3e,30)/aug-cc-pVDZ we also
found this saddle point at ~2.1 A (the active space consists of the o
and o* orbitals of the breaking bond and the HOMO). Such
variations in the location of this very low barrier are not unexpected
and the trends are similar to the findings of Harding et al.' for
neutral species. Using the CASPT2(3e,30)/aug-cc-pVTZ geometries
and ZPE correction we calculated F12 energies for this small barrier
and obtained —0.04 eV, and remarkably, the CASPT2(3e,30)/aug-cc-
pVTZ value is also —0.04 eV. These values in case of taking the MP2
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geometries are —0.03 and 0.13 eV, respectively. We expect no
variational effects to play a role in this region based on the ZPE-
corrected potential energy curve for MP2, because the ZPE-
corrected maximum coincides with the electronic one along the
path, and it is also above the asymptote.

The long-range part of the potential for channel 1a is largely
invariant to basis set, active space, and geometry relaxation at the
CASPT2 level. Therefore, we sampled the potential at the
CASPT2(1e,10)/aug-cc-pVDZ level between ~3.5 and 15 A C-H
separation of the rigid fragments using overall ~4000 sample points
that converged the results to within 5%. At longer distances we only
placed the pivot points on the center of mass of the fragments,
while at closer separations we calculated fluxes with the pivot point
being on the radical carbon atom. In the state counts we also
accounted for the OH rotor, but not the C—O one. We found that
rotation around the latter bond has a very high barrier and also
leads to isomerization at energies higher than the experimental
range.

CH;00H" > *CH;0" + OH (1b)
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O CASPT2(3e,30)/aug-cc-pVDZ
—-—- CASPT2(3e,30)/aug-cc-pVDZ, quartet
-1.0 I I I I
2 4 6 8 10
Roo (A)

Figure SI-2.2. Energy profiles along the 0-O bond in CH;00H" at
various levels of theory. All curves are fully relaxed and ZPE-
exclusive. The asymptote is the zero of energy.

To account for the multireference character we calculated the
energy along the breaking bond at the CASPT2(3e,30)/aug-cc-pVTZ
level of theory in C; point group symmetry (A" state) shown in Fig.
SI-2.2. The active space consisted of the radical orbital and the
bonding and antibonding orbitals of the breaking bond, or, thinking
in terms of the fragments, the radical orbital of the OH fragment
and the two orbitals occupied by the unpaired electrons of the
3CH;0" located on its O atom. The product is CH;0" because the
ZPE-exclusive asymptote at this level is 3.04 eV relative to CH;00H"
and is correlated with the triplet 3CH30+ + OH, for which the ZPE-
exclusive F12//M06-2X energy is 3.10 eV. 3CH3O+ is a stable ion and
isoelectronic with O,; the singlet state at the 3CH30+ geometry is
much higher in energy and readily rearranges to 1CHZOHJ'. However,
since 'CH,OH" is 3.99 eV more stable than >CH;0", it is likely that
the latter also eventually forms 1CH20H+, but in the mass spectrum
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and breakdown curves the two species, if formed this way, are
indistinguishable.

Without orbital symmetries we found that it is difficult to converge
1b. At the same time the
corresponding quartet state, a state that is much easier to
converge, becomes degenerate above ~3 A separation with the

the doublet state for channel

doublet one, and the geometry relaxation effects are also negligible
in this region. Therefore, we sampled the interfragmental potential
at the CASPT2(3e,30)/aug-cc-pVDZ level of theory for the quartet
state between 4 and 20 A center-of-mass separation to variationally
determine the bottleneck for this dissociation channel. We
calculated ~6000 points. Due to the spin-orbit coupling of the OH
radical we also lowered the asymptote by 70 cm-1 (~0.009 eV) but
ignored the rovibronic correction for the OH state count that only
affects the lowest ~0.1 eV part of the kinetics.

CH;00H" - CH;" + HO, (1c)

In addition to MO06-2X/MG3S we also scanned this bond using
MP2/6-311++G(d,p), and found no barrier either. We also found
that above ~3.5 A, where the potential is already very attractive (-
0.4 eV), the fragment geometries are essentially the same as at
large separation, demonstrated by the rigid CASPT2(1e,10)/aug-cc-
pVDZ scans, see SI-2.

0.0
-0.2
E 04 |
3
w -06 |
—— M06-2X/MG3S
0.8 - - = MP2/6-311++G(d,p)
CASPT2(1e,10)/ADZ, rigid
_10 ! | | |
2 4 6 8 10

R, (A)

Figure SI-2.3. Energy profiles along the C—O bond in CH;00H" at
various levels of theory. All curves are fully relaxed and ZPE-
exclusive, unless noted in the legend. The asymptote is the zero of
energy.

For channel 1c we calculated the number of states using VRC-TST at
the CASPT2(le,10)/aug-cc-pVDZ
geometry relaxation effects. The CASPT2 energies are essentially

level without correcting for
the same as the MP2 ones in this case. We found that the results
are fairly sensitive to the dividing surface optimization in this case,
therefore, we sampled interfragmental distances between 2 and 20
A and placed the pivot points on the center of masses of the two
fragments, and at close distances also above and below the plane of

This journal is © The Royal Society of Chemistry 2018

the methyl group at 0.4, 0.8, and 1.0 A. In total we generated 51
dividing surfaces and ~17000 samples.

CH,00H" - CHO" + H,0 (7¢c)

164

154

S = =— MO06-2X/MG3S, S, relaxed scan

’>\ T = —— M06-2X/MG3S, T, relaxed scan
) % M06-2X/MG3S//T
- 14+ CASPT2/VDZ/IT —
o) —— CASPT2/AVDZ/IT
T CASPT2/AVTZIIT
—— CCSD(T)-F12b/VQZ-F12/T
13- AN -
12 4 =

\ \ \ \ \ \
1.5 2.0 25 3.0 3.5 4.0

0O-0 distance (A)
Figure SI-2.4. Energy profiles along the 0-O bond in CH,00H" at
various levels of theory. All curves are ZPE-exclusive, and the
energies are shown relative to the neutral CH,00H. S: geometries
along the singlet scan (the OH moiety simply goes away); T:
geometries along the triplet scan (the OH moiety stays close to the
CH,0 part and abstracts an H).
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