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1. Method:

Quantum Chemical Calculations

All computations were performed with the Gaussian 03 program.' The molecular
energies, geometries, vibrational frequencies, vibrational intensities and 'H NMR of
the isolated CH3;CN, [BMIM] —[BF;]” complexes, [BMIM]—CH3CN complexes,
[BMIM] —[BF4] —=CH3CN complexes and 2[BMIM]—2[BF;] -CH3CN complexes
have been calculated using the B3LYP method in conjunction with the 6-31++G**
basis set. The optimized geometries at local energy minimum were ensured by the
absence of imaginary vibrational frequency. Meanwhile, the basis set superposition
error (BSSE) correction was estimated for obtaining accurate interaction energies.

The sum of van der Waals atomic radii of hydrogen and nitrogen (2.6 A) and that of
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hydrogen and fluorine (2.45 A) are used as critical values for judging the existence of

hydrogen-bonds between hydrogen and nitrogen/fluorine.

2. Results
The optimized geometries and respective interaction energies of [BMIM] —[BF4]”
complexes are shown in Figure S1. The absolute value of the interaction energy of the

first conformer is much greater than the other three conformers, meaning it is the most

stable one.
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Figure S1. Optimized geometries and corresponding interaction energies of
[BMIM]—[BF4] complexes. Hydrogen-bonds are denoted by dashed lines,
and the corresponding H---F distances are labeled. The corresponding

interaction energies are shown below the complexes.

The optimized geometries and respective interaction energies of [BMIM][BF4]—
CH;CN complexes are shown in Figure S2(A—D), They give the interaction modes in
the presence of both the anion, the cation, and CH3;CN. The methyl group and the N
atom of CH3CN are found to interact with the ionic liquid simultaneously. The methyl

group of CH3CN locates above the imidazolium ring in Figure S2A and S2B as can



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

be seen more clearly in Figure S2E and S2F. The results are in general agreement
with the "H NMR result. All the most stable conformers in Figure S2 demonstrate that
CH;CN molecule cannot insert into the cation [BMIM] and anion [BF4]. It
illuminates that it is not easy for a neutral molecule like acetonitrile to break apart the

strong Coulombic interaction between [BMIM]" and [BF4] by simple insertion

between them when the concentration of acetonitrile is low.
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Figure S2. Optimized geometries and corresponding interaction energies of four
[BMIM][BF4]-CH3;CN complexes (A, B, C, and D). Hydrogen-bonds are
denoted by dashed lines, and the corresponding H---N and H---F
distances are labeled. The corresponding interaction energies are shown

below the complexes. E and F are the printscreen captures of the top view

of the complexes A and B in respect to the imidazolium ring.
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[BMIM][BF4] are presented in the form of sticks to show more clearly
that the methyl group of CH3CN locates right above the imidazolium

ring.

The optimized geometry of an ionic cluster containing two cations and two anions
is presented in Figure S3A. The [BF4] anions are situated between the two [BMIM]"
cations and interact with them at the same time. The optimized geometry of the
complex between the ionic cluster and an acetonitrile molecule is presented in Figure
S3B. For clarity, the corresponding distances of the hydrogen-bonds in Figure S3 are
not displayed. As seen in the figure, the CH;CN molecule stays on the outer skirt of

the cluster with its N and the methyl group interacting with the ionic liquid

simultaneously.
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Figure S3. Optimized geometries and corresponding interaction energies of an ion
cluster and an ion cluster—CH3CN complex. Hydrogen-bonds are denoted
by dashed lines. The corresponding interaction energies are shown below
the complexes.
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