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SUPPLEMENTARY MATERIAL

Micro-solvation of CO in water: Infrared spectra and structural calculations for
(DzO)z -CO and (D20)3' co

A.J. Barclay,? A. Pietropolli Charmet,® K.H. Michaelian,© A.R.W. McKellar,? and N. Moazzen-Ahmadi®"*
COMPUTATIONAL METHODOLOGY

To locate the stable structures of both (D,0),-CO and (D,0);-CO molecular clusters we followed
this procedure. First, for each of these two kinds of molecular clusters, 100 different starting
geometries were generated by randomly distributing the corresponding monomers (i.e. the D,O and
CO molecules) upon the surface of a sphere having the radius of a few Angstroms. Then, on each of
these geometries a full optimization was performed, i.e. the geometries of each monomers in the
molecular cluster were allowed to relax. On each of the optimized structures thus obtained, the
calculation of the Hessian was carried out to confirm that the corresponding geometry corresponds
to a true minimum on the PES. Each one of these steps was performed at B2PLYP-D3BJ level of
theory in conjunction with the m-aug-cc-pVTZ basis set.!

For computing the CBS limit of the binding energies, two different extrapolation schemes were
used, both composed of several single point energy calculations carried out on the optimized
geometries obtained at B2PLYP-D3BJ level of theory in conjunction with the m-aug-cc-pVTZ
basis set. For the composite schemes, the aug-cc-pVNZ basis sets with N= T, Q and 5 were
employed.>? Additional calculations were carried out using the cc-pCVTZ basis set.*

The first composite scheme, labelled as CBS-1, is based on separate extrapolation of the CBS limit
for the Hartree-Fock (HF-SCF) energy, Ecps(HF-SCF) and for the correlation energy computed at
MP2 level of theory, Ecps(corr). For Ecgs(HF-SCF) the expression proposed by Fenner® was used,

while for E¢ps(corr) the following inverse cubic function was used:



N3EC%"T - (N- 1)3E160_r11
E ps(corr) =

N - (N-1)3
The CBS limit was expressed as:
Ecps= Ecps(HF = SCF) + Epg(corr)
The effects due to higher-order electron correlation past the MP2 level of theory was taken into
account as the difference between the CCSD(T) and MP2 single point energies, computed using the
aug-cc-pVTZ basis set.

CCSD(T) _
A MPg )= Eccspery = Emp2

For computing the core-valence (CV) corrections, two calculations were performed at MP2 level

and using the cc-pCVTZ basis set, correlating all the electrons, E

ae-MP2, and within the frozen-core
. . E.
approximation, ~fc-Mp2,
cvV _
(SMPZ - Eae—MPZ - Efc—MPZ

The CBS-1 limit was therefore given as

Ecps 1= Epgs(HF = SCF) + Epo(corr) + AGEID + 5,58,

The second composite scheme, labelled as CBS-2, is based on using the 4-5 inverse polynomial

extrapolation for the CBS energy at MP2 level,%” according to the following expression:

Cc

Eqgs= Ey(MP2) + +
(N+DF (N+1)°

The corrections due to higher-order electron correlation past the MP2 level of theory, and those due

to CV effects, are computed as in CBS-1.



On the basis of these two extrapolation schemes (and taking into account the inclusion of zero-point
vibrational correction), the most stable isomers of (D,0),-CO and (D,0);-CO among the different
structures optimized were therefore identified. These two isomers were further optimized at
CCSD(T)-F12c level of theory employing the VTZ-F12 and VDZ-F12 basis sets for (D,0),-CO and
(D,0)5-CO, respectively. Anharmonic corrections were computed (within the framework of VPT2
theory and employing a reduced dimensionality scheme) using the m-aug-cc-pVTZ basis set and the
B2PLYP-D3BJ and B3LYP-D3BJ functionals for (D,0),-CO and (D,0)3-CO, respectively.

All the DFT-D3BJ calculations were performed using the ORCA suite of programs,® while
MOLPRO was used for CCSD(T*)-F12¢ computations;”'? single point energy calculations were
carried out using the Gaussian suite of quantum chemical programs.!' Geometry optimizations were

carried out using the 7TightOpt criteria as implemented in the Orca software.
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Optimized geometries (Angstrom) for (D,0),-CO at B2PLYP-D3BJ/m-aug-cc-pVTZ level of

theory
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Optimized geometries (Angstrom) for (D,0);-CO at B2PLYP-D3BJ/m-aug-cc-pVTZ level of

theory
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