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The first publication reports the measured vibrational frequencies
of the complex CH3CN-BF3 in a sample of solid neon (at a
temperature of about 6K).These data are compared to frequencies
in other environments (e.g., the solid-state, solid argon, and the gas
phase) and collectively, they depict a continuum of structural
changes that occur in various environments. These observations
conflict with decades of chemical dogma in which molecular
structure is viewed as an immutable property not affected by
interactions between a molecule and it surroundings. The second
paper reports a computational study that reveals a few of the key
physical underpinnings of this unique behavior. Also, it resolves a
long-standing discrepancy between the calculated and measured
gas-phase structures of the CH3CN-BF3 complex.
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We have observed several IR bands of CH;CN—BF; in neon and nitrogen matrices. For the ''B isotopomer
in neon matrices, we observed the BF; symmetric deformation band (v7) as a doublet at 600 and 603 cm™',
the BF; symmetric stretching band (ve) as a doublet at 833 and 838 cm ™, the BF; asymmetric stretching
mode (v13) at 1281 cm™! (partially obscured), and the C—N stretching mode (1) as a doublet at 2352 and
2356 cm ™. The nitrogen matrix data are largely consistent with those reported recently, though we do propose
a refinement of one band assignment. Comparisons of the frequencies of a few key, structurally sensitive

vibrational modes either observed in various

densed-ph; or d for two

energy gas-phase structures indicate that inert matrix media significantly alter the structural properties of
CH;CN—BF;. Specifically, the B—N dative bond compresses relative to the gas phase and other concomitant
changes occur as well. Furthermore, the frequency shifts depict structural changes that occur across the various
matrix hosts in a manner that largely parallels the degree of stabilization offered by these inert media.

Introduction

The structural properties of the CH;CN—BF3 complex have
been the subject of numerous investigations dating back over
50 years.!"'® Earlier studics included a preliminary X-ray
structure,’ some solution-phase IR investigations of the C—N
stretching mode,” and a normal-mode analysis.> Somewhat later,
these studies were extended with a more refined determination
of the crystal structure.* and a thorough vibrational analysis of
the solid-state IR spectrum.’ Much recent interest in CH;CN—
BF; arose after the determination of the gas-phase structure via
rotational spectroscopy.® in which the complex was found to
have a B—N distance of 2.01 A, about 0.8 A shorter than that
characteristic of a van der Waals complex, yet about 0.4 A
longer than that of a typical B—N dative bond.” Moreover, the
gas-phase B—N distance was 0.38 A longer than that observed
for the solid-state complex (1.63 A),* indicating that the donor—
acceptor bond ically upon cr ion and
the pyramidal distortion BF; subunit increased accordingly.”

These observations spurred many computational studies of
the complex as well.5713 Int~=~ wnna af
equilibrium structures’™* a
phase structure.® In our initic
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with the structural properties of this complex in inert, noble
gas matrices, which are very much non-interacting “solvents”
that offer very little in terms of dielectric stabilization for very
polar molecules like CH;CN—BF;. The initial observation of
the C—N stretching mode in solid argon indicated that the matrix
effect on CH;CN—BF; was extreme, driving the B—N bond to
the point that the structure resembled that of the crystalline
complex.'® However, we subsequently found this initial work
to be in error when we re-examined the IR spectrum of CHs-
CN=BF; in solid argon.'” However, on the basis of our
frequency assignments, together with calculated frequencies for
two minimum-energy gas-phase structures (at the B3LYP/aug-
cc-pVQZ level) and an explicit examination of how the
frequencies shift with changes in the B—N distance," we were
able to infer that the argon matrix did significantly affect the
structure of the complex. Just recently, Suzuki and co-workers
published an extended set of assignments for the complex in
solid argon, nitrogen, and xenon'® but did not address the issue
of systematic structural changes across these media.

In this manuscript, we present the IR spectrum of CH;CN—
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We have re-examined the B—N distance potential of CH;CN—BF; using MP2, DFT, and high-accuracy
multicoefficient methods (MCG3 and MC-QCISD). In addition, we have solved a 1-D Schridinger equation
for nuclear motion along the B—N stretching coordinate, thereby obtaining vibrational energy levels, wave
functions, and vibrationally averaged B—N distances. For the gas-phase, MCG3//MP2/aug-cc-pVTZ potential,
we find an average B—N distance of 1.95 A, which is 0.13 A longer than the corresponding equilibrium
value. In turn, this provides solid evidence that the long-standing discrepancy between the experimental (R(B—
N)=2.01 A) and theoretical (R(BB—N) = 1.8 A or R(BB—N) = 2.2—2.3 A) distances may be genuine, stemming
from large amplitude vibrational motion in the B—N stretching coordinate. Furthermore, we have examined
the effects of low-dielectric media (¢ = 1.1—5.0) on the structure of CH;CN—BF; by calculating solvation
free energies (PCM/B97-2/aug-cc-pVTZ) and adding them to the gas-phase, MCG3 potential. These calculations
demonstrate that the inner region of the potential is stabilized to a greater extent by these media, and
correspondingly, the equilibrium and average B—N distances decrease with increasing dielectric constant.
We find that the crystallographic structural result (R(BB—N) = 1.63 A) is nearly reproduced with a dielectric
constant of only 5.0, and also predict significant structural changes for € values of 1.1—1.5, consistent with
results from matrix-isolation—IR experiments.

Introduction

Due to its remarkable structural properties, the donor—
acceptor complex formed from CH;CN and BF; has been
studied extensively.'~'7 Significant results include a gas-phase
structure? that depicts an intermediate dative bond, lying between
the van der Waals and covalent limits, and furthermore, this
structure differs markedly from the crystallographic result,®
illustrating that the B—N bond contracts by nearly 0.4 A upon
crystallization.’ Matrix-isolation—IR studies®~® indicate that
even very inert, bulk condensed-phase environments signifi-
cantly alter the structure of the complex, to the extent that such
a conclusion can be drawn from IR frequency shifts. To a great
extent, the ies of the C—N ing and BF;-localized
vibrational modes shift systematically across a range of environ-
ments,” including the solid state,'* and seem to reflect the degree
to which these various media compress the dative bond relative
to the gas phase.

Naturally, CH;CN—BF; also attracted the attention of
theoreticians,'!~'7 but ab initio results differed markedly from
the experimental structure, which has a B—N distance of 2.01
A.# Three studies conducted in the mid-1990s'>~'* obtained
structures with B—N distances between 2.2 and 2.3 A, and in
a more recent study,'* a structure with a B—N distance of 1.80
A was obtained. Indeed, this situation is rather unusual, given
the size of the system and that these studies utilized MP2
calculations with double-C basis sets, an approach that has
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reproduced experimental structural results for many similar
complexes.!* In previous computational work,!? one of us found
that the B—N distance potential of CH;CN—BF; was remarkably
flat and exhibited two nearly isoenergetic minima at 1.919 and
2.315 A (at the B3LYP/aug-cc-pVQZ level of theory). Which
minimum was global (and in turn which equilibrium structure
was obtained) was found to be quite sensitive to the presence
of diffuse functions in the basis set (for both MP2 and B3LYP
results). In most cases, including diffuse functions (signified
by “+” or “aug”) favored the shorter-minimum structures (1.8—
1.9 A) and excluding them favored the longer (2.2-2.3 A)
structures. Indeed, this effect underlies the discrepancy among
the previous computational structures.'2~!5 Ultimately, the flat,
anharmonic potential led us to suspect that the discrepancy
between the experimental and theoretical structures was genuine,
the result of large amplitude vibrational motion along the B—N
stretching coordinate.

The results presented herein further solidify this notion. We
have re-examined the gas-phase potential using several DFT
methods, MP2, as well as high-accuracy, multicoefficient
Gaussian-3 (MCG3)'® and multicoefficient quadratic configu-
ration i (MC-QCISD)"? Furthermore, we
have solved a 1-D vibrational Schrédinger equation for nuclear
motion along the B—N stretching coordinate, thereby obtaining
wave functions, vibrational energies, and average B—N dis-
tances. These simulations do predict a significant difference
between the equilibrium and vibrationally averaged B—N bond
lengths. We have also examined the effects of low-dielectric
media by calculating the free energy of solvation with the
polarized continuum model (PCM) and adding (the electrostatic
component of) this quantity to the gas-phase potential. Average
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