Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2018

Electronic supplementary information for: Electron-Induced Origins of Prebiotic Building
Blocks of Sugars: Mechanism of Self-Reactions of a Methanol Anion Dimer
Tolga N. V. Karsili,* Mark A. Fennimore, and Spiridoula Matsika*

Department of Chemistry, Temple University, Philadelphia, PA 19122, USA
E-mail: tolga.karsili@temple.edu; smatsika@temple.edu

This file contains information about the orbital stabilization method, molecular and natural
transition orbitals of excited states, additional potential energy surfaces, and cartesian
coordinates of important geometries.

1. Orbital stabilization method for resonances of methanol
The energies and widths for methanol are obtained using an orbital stabilization method.
Stabilization curves for methanol are shown in Figure S1. The top curve is used to obtain the
shape resonances using the ground singlet state as reference in EOM-EA-CCSD. The bottom
curve is used to obtain the lowest Feshbach resonance using the lowest triplet state as
reference in EOM-EA-CCSD. a is the parameter scaling the exponent of the diffuse functions
in the basis set. Analytic continuation is applied to avoided crossings to obtain the position
and widths of related resonances. Analytic Continuation can be used with the orbital
stabilization method where the complex stationary points and energies are located using
various forms of the Generalized Padé Approximation (GPA). 13 GPA has been used here in
the following form:

E2P+EQ+R =0

The quantities, P, Q and R are themselves polynomial expansions of the scaling parameter
(o) with coefficients p;, ri, gj respectively. These expansions are commonly denoted as the
(i, j, k) General Padé Approximations. We have used the (3,3,3), (4,4,4) and (5,5,5)
approximations here. Using more than one version checks the viability of the results. The
results reported in the main manuscript are an average of the three values. Once P, R, Q are
obtained (by fitting to the ab initio data), the location of the complex stationary points (o.*)
is determined. More details of how we use the GPA approximation can be found in our
previous publications.*>

Table S1: Shape Resonance of Methanol Monomer

GPA E: () [eV]

(3,3,3) 1.6472 (0.8958)

(4,4,4) 1.6633 (0.9374)

(5,5,5) 1.6971 (0.9990)

Table S2: Feshbach Resonance of Methanol Monomer
GPA E: () [eV] E: (I) [eV]/shifted
(3,3,3) 0.0588 (0.0056) | 6.6270 (0.0056)
(4,4,4) 0.0515 (0.0638) | 6.6197 (0.0638)
(5,5,5) 0.0760 (0.1416) 6.6442 (0.1416)




The Feshbach resonance is shifted using the energy gap between the singlet and triplet
reference states, which is 6.568 eV. Only the lowest Feshbach resonance associated with
the lowest triplet state can be calculated using this approach.
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Figure S1: Orbital stabilization curves derived from EOM-EA-CCSD/aug-cc-pVDZ+1s,1p,1d for

methanol monomer. Top plot uses the singlet ground state as reference while bottom plot
uses the lower triplet state.



2. Orbitals and natural transition orbitals of methanol and methanol dimer
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Figure S2: Natural transition orbitals at the EOM-EE-CCSD/aug-cc-pVDZ level for the first 4
excited states of methanol

S

Figure S3: Natural transition orbitals at the EOM-EE-CCSD/aug-cc-pVDZ level for the first 4
singlet excited states of methanol dimer



Figure S4: Orbitals in the active space for CASSCF and CASPT2 calculations for (CH30H),
anion close to equilibrium.

3. Additional potential energy surfaces for neutral and anionic pathways
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Figure S5: Ground and excited state energies of methanol dimer along the MEP profile
between reactant and the transition state calculated at the CASPT2/cc-pVDZ level.
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Figure S6: Potential energy profiles associated with the anionic dimer along the minimum
energy profile of the (CH30H); = C2HgO2 + H; reaction, calculated using EOM-EA-CCSD/cc-
pVDZ . Black dashed curve represents the neutral So MEP path, while the black solid curves
represent the shape resonances originating by attaching an electron to the ground state.
Red dashed line is the first excited triplet state while the red solid curve represents the core-
excited Feshbach resonance originating by attaching an electron to the triplet state.

4. Cartesian coordinates

Cartesian coordinates (in Angstroms) of the ground state minimum energy geometry of
(CH30H);
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Cartesian coordinates (in Angstroms) of the first point used in the MEP paths shown in
Figures 5 and 6 of the main manuscript



Cartesian coordinates (in Angstroms) of the neutral TS associated with the (CH;OH), 2>
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C2Hg0O: + H2 reaction
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