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Significant evidence of C:**O and C:**C long-range contacts in several heterodimeric

complexes of CO with CHs—X, should one refer to them as carbon- and dicarbon-bonds!
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Supplementary information

Computational Details.

The structures of the monomers and the binary complexes are energy-minimized using Density
Functional Theory Method (DFT) at PBE1PBE (in short, PBE0)! in conjunction with a valence quality triple-
¢ Gaussian type basis set, 6-311++G(d,p), augmented with 1 set of each of the d and p functions. Uses
of these computational methods have resulted the monomer structural and dipole moment properties
comparable with their available experimental data,? thereby these are probably adequate to the model
the complexes. Hessian calculations are performed analytically to calculate the eigenvalues, and normal
mode frequencies of the monomers and complexes. The positive eigenvalues are found for all the cases
(except for structure Figure 4g, which is a second order saddle point), this confirms the structures
reported are a local minima on their respective PBEQ potential energy surfaces. The recommended
ultrafine integration grid, together with tight self-consistent-field criterion, instead of default settings, is
employed for the PBEO method for Hessian calculations.

For reasons discussed elsewhere,3> Natural bond orbital (NBO) analyses are performed with
RHF/6-31+G(d,p) to evaluate the second order perturbative energy, E®, caused by the charge transfer
hyperconjugative interaction between the electron-donor and -acceptor NBOs. The mathematical form of

E®@ is given by Eq. 1:
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where ¢ and ¢ are the diagonal orbital energies of the donor (/) and acceptor (j) NBOs,
respectively, while g; is the donor orbital occupancy, and F(;j) is the off-diagonal NBO Fock matrix
element. All the calculations are performed using the GAUSSIAN 09 suites of programs.® For visualization
of the normal mode vibrational frequencies, and generation of the molecular electrostatic potential maps,
the GAUSSVIEW 05 7 and MOLEKLE 8 software codes are used.

The Quantum Theory of Atoms in Molecules (QTAIM) calculations are performed using MultiWfn
software,®10 in combination with the AIMALL software.!! For this purpose, the wavefunctions are
generated on the optimized geometries of the monomers and the complexes using PBE0/6-311++G(d,p)
with GAUSSIAN 09. These wavefunction files were served as inputs to the above codes. The various
topological properties of charge density obtained (as in Table 2) were evaluated using Proaim basin
integration method, fine interatomic surface mesh, and very high basin quadrature. The Noncovalent
Interaction Reduced-Density-Gradient (NCI-RDG) plots are performed using NCIPLOT Version 3.0 using
medium size grids,'213 in combination with VMD,14 the latter code was used for generating the NCI-RDG
isosurfaces.

It is demonstrated in several occasions that an examination of the molecular electrostatic surface
potential is very useful for identifying reactive sites (acidic and basic) required for the fundamental
understanding of noncovalent interactions.!>2! This analysis gives the local most positive and most
negative areas of electrostatic potential in terms of exact positions and magnitudes, and with this
knowledge, and using particular substituents, one can even appropriately trigger a particular atomic site
in @ molecule to make it nucleophilic (electron rich) or electrophilic (electron deficient).22-2* For instance,
it was shown that for a system to hydrogen/halogen/s-hole bond with a nucleophilic fragment of an
interacting partner molecule (or that with the other part of the same molecule) the electrostatic potential
on the surface of the hydrogen/halogen/s-hole containing atom must be a maximum (Vg,max > 0) and
that on the Lewis base must be a minimum (Vg,min < 0), where 's', 'min' and 'max' refer to the surface,

minimum and maximum, respectively.222> The V,,max Of acidic sites, as well as the V,mi, of basic sites, are



also shown to correlate well with the empirical measures of electron-accepting and -donating tendencies,
respectively.2>27 Nevertheless, the concept of electrostatic surface potential is widely applied to systems
as diverse as covalently bonded atoms of main group elements of groups 14,1517:18,22 15 28-29 16 30-31 gnd
173233 to explore various types of nocovalent interactions and their physical properties.

The electrostatic potential, V(7), at any point r due to the nuclei and electrons of a molecule is

related to the molecular electron density, p(7), by Eq. 2.
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In this equation, Z4 is the charge on nucleus A located at R, Following the recommendations of
Bader and others,** and using the MultiWfn code,® the quantitative values of V(r) are computed on the
molecular surfaces of the c-hole donor molecules CHs—X, as well as that on the CO molecule, defined by

the 0.001 au (electrons/bohr3) contours of electronic densities.
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