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Natural bond orbital deletion calculations show that whereas the gauche preference arises from vicinal
hyperconjugative interaction between anti C-H bonds and C-F* antibonds, the cis C-H/C-F* interactions
are substantial (∼25% of the anti interaction). The established significantly>60° FCCF dihedral angle for
the equilibrium conformer can then be rationalized in terms of the hyperconjugation model alone by taking
into account both anti interactions that maximize near 60° and the smaller cis interactions that maximize at
a much larger dihedral angle. This explanation does not invoke repulsive forces to rationalize the 72° equilibrium
conformer angle. The relative minimum energy for the trans conformer is the consequence of a balance
between decreasing hyperconjugative stabilization and decreasing steric destabilization as the FCCF torsional
angle approaches 180°. The torsional coordinate is predicted to be strongly contaminated by CCF bending,
with the result that approximately half of the transf gauche stabilization energy stems from mode coupling.

I. Introduction

Preference of 1,2-difluoroethane (DFE) for the gauche
conformation (Figure 1a) over the eclipsed or trans structures
(Figure 1b-d) is usually identified as thegauche effect. The
existence of a gauche effect appears to have been first pointed
out and given its name by Wolfe1 in 1972. The gauche position
in DFE can be considered as a step in rotation of one of the
fluoromethyl groups around the C-C bond. Infrared, electron
diffraction and microwave experiments,2-5 dipole moment
analyses,6 and diverse theoretical calculations7-24 have securely
established a∠FCCF dihedral angle near 71-72° (taking the
F-F eclipsed position as 0°) for the stable equilibrium
conformer. The energetic consequence of the gauche effect is
frequently characterized as the energy difference between the
equilibrium gauche and metastable trans conformers,∆ETfG.
Experiment2 and a plethora of computational investigations
establish this to be close to-0.8 kcal/mol.

Examples of the gauche effect are found in many molecules
(e.g., the hydrogen positions in hydrazine25 and in hydrogen
peroxide26), but disubstituted ethanes and in particular DFE have
historically been considered the benchmark cases for under-
standing the origin of gauche structural preference. A number
of attempts at its rationalization in DFE have been made,7-12

the most cogent of these involves hyperconjugation.7-9 Brunck
and Weinhold,8 by taking advantage of a feature of bond orbital
theory that facilely allows the hyperconjugative interactions to
be switched off, showed that the trans conformation becomes
preferred when the these interactions are deleted. They argued
that the most important interaction involves charge transfer from
a nearly filled donor bonding orbital (C-H in DFE) anti to an
almost vacant acceptor orbital (C-F* in DFE) involving the
adjacent (vicinal) carbon. Because this interaction is maximized
in the 60° orientation,8 it preferentially stabilizes the gauche
structure. Dipole-dipole repulsion is frequently invoked as the

interaction that forces the dihedral FCCF angle beyond 60°
predicted for DFE by the hyperconjugative model.

The hyperconjugation orbital overlap connection can be
usefully expressed as donor-acceptor interactions between
natural bond orbitals (NBOs).27 The link between hyperconju-
gation and orbital overlap involving vicinal anti donor-acceptor
stabilizing interactions as the determining factor for conforma-
tional preference provides a rationale for the gauche effect in
general. It allows formulation of simple conformational rules
to understand structural trends in ethane-like molecules.8 Even
so, challenges to the hyperconjugation model have appeared.
Wiberg et al.10,11 considered the effect of fluorine orientations
on the strength of the central C-C bond. This model invokes
the electrostatic pull of the highly electronegative fluorines to
warp the C-C bond (see section VI) so that in the trans position
the bond density is reduced in contrast to the greater overlap
appropriate to the bent bond in the gauche position. The logical
outcome is that the gauche conformer is stabilized relative to
trans. Rablen et al.9 carried out a clever test of the hypercon-
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Figure 1. Difluoroethane conformers.
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jugation model by examining the conformational preference of
1-fluoro-2-silyl ethane. Because the C-Si bond is known to be
a much more vigorous donor than C-H, the trans conformation
(where the anti C-Si bond acts as the donor to the C-F*
orbital) should be soundly preferred over the gauche conformer
(where only the C-H bonds are in the anti position). However,
Rablen’s calculations showed that although the trans conformer
is preferred, it is only weakly so. In another recent computational
study Trindle et al.12 concluded that hyperconjugation, though
significant for DFE, is not the sole determinant of conforma-
tional preference; electrostatic attractions play a role. Gauche
preference is also predicted by the electrostatic attraction/
repulsion scheme of molecular mechanics (MM).13,14However,
even though on the surface MM does not seem to explicitly
take into account hyperconjugation, its empirical parametrization
may actually include orbital interactions, sub rosa.

The goal of this study is to use systematic deletion of electron
transfers between selected bonds, lone pairs, and antibonds to
pinpoint the orbital interactions responsible for the potential
surface landscape. The equilibrium conformer populations and
thermodynamic properties are determined by the properties of
the minima on the potential surface. Therefore it is important
to understand the role that cis C-H/C-F* interactions play in
opening the preferred gauche FCCF dihedral angle from 60°
required by the anti C-H/C-F* interaction to the larger angle
found experimentally. NBO theory is used as a tool to analyze
bond warping, and to analyze the effect of hyperconjugation
and steric exchange repulsion on the gauche-trans potential
surface. The FCCF dihedral angle dependence of the exchange
repulsion allows insight into the origin of the metastable trans
conformer. Its origin does not seem to have been explicitly
addressed. Understanding the mechanism behind the energetics
of the metastable trans conformer is no less important than
understanding the cause of the 72° angle defining the gauche
equilibrium conformer. Attention is also paid to skeletal
relaxation effects, which we will show represent a significant
portion of the trans-gauche stabilization energy,∆ETfG.

The all electron density functional, B3LYP/6-311G+(d,p),
was used for geometry optimizations, transf gauche stabiliza-
tion energies, and deletion calculations. This level was chosen
because it provides a reasonable transf gauche energy
difference, which agrees with the experimental value (Table 2),
and a reasonable gauche structure as well as being computa-
tionally efficient. Because potential surfaces by their nature
involve atomic position changes, attention was paid to basis
set dependence by carrying out supplementary deletion calcula-
tions using extended HF/6-311G+(3df,2p) and B3LYP/6-
311G+(2d,2p) basis sets. The only case that showed an
important basis set dependence was deletion calculations
involving the highly electronegative fluorine atom lone pairs.
Steric exchange repulsion and hyperconjugation energies were
calculated from both Hartree-Fock and DFT orbitals (see

section IV) to increase the firmness of our conclusions. All
calculations were carried out using Gaussian 98 version 11.028

with NBO 5.0.29

II. Relaxation Effects

Transf gauche rotation can be usefully decomposed into
both a FCCF dihedral angle transforming rotation from the 180°
trans geometry to the 72° equilibrium conformer and the
nonrotational skeletal relaxations given in Table 1. Optimized
geometries for the gauche and trans conformers (given in Table
1) show that there are three important skeletal relaxations: 1.5°
∠CCH and 0.014 Å C-C bond length decreases and a 3° ∠CCF
increase. Insight into the role that these nonrotational coordinates
play in the potential surface features, in particular the transf
gauche stabilization energy and Gf T barrier, can be seen
from two potential curves in terms of the FCCF dihedral angle,
one with frozen trans skeletal geometry (dashed curve), the other
obtained from global optimized geometries (full curve), given
in Figure 2.

The features of both curves closely resemble each other, with
three minima for 360° rotation and maxima at the 120° and
240° F-H eclipsed angles. However, there is a significant
difference in∆ETfG. Frozen rotation reduces the trans-gauche
stabilization energy (0.83 kcal/mol for the fully optimized
potential curve) to 0.42 kcal/mol; however, the 2.7 kcal/mol
fully relaxed gauchef trans barrier is virtually unchanged. We
conclude that skeletal relaxation; i.e., the nonrotational phase
space of the transf gauche reaction path provides a major

TABLE 1: Difluoroethane Optimized Geometries
(B3LYP/6-311+(d,p))a

coordinates gauche (G) trans (T) difference (G- T)

RC-C 1.505 1.519 -0.014
RC-F 1.397 1.399 -0.0025
RC-H 1.094 1.092 0.002
∠CCH 109.68 111.22 -1.54
∠CCF 110.82 108.05 2.77
∠FCH 107.75 108.21 -0.46
∠FCCH 120.71 118.53 2.18
∠FCCF 72.04 180.00 -108

a Energies in kcal/mol; bond lengths in Å; bond angles in degrees.

TABLE 2: Difluoroethane Trans f Gauche Energetics
(kcal/mol)a

model ET - EG
a

exp
ET - EG

barrier energy
EB - EG

a
exp barrier energy

EB - EG

fully relaxed 0.82 0.8b 2.73 3.4b

rigid rotationc 0.42 2.69

a B3LYP/6-311+G(d,p). b References 2 and 3.c Frozen at trans
skeletal geometry.

Figure 2. Difluoroethane potential curve in terms of FCCF dihedral
angle rotation: (solid curve) fully relaxed; (dashed curve) rigid rotation,
trans skeletal geometry frozen. 0°: F-F eclipsed. 120°: F-H eclipsed.
180°: metastable trans conformer. The energy zero is referenced to
the 72° gauche equilibrium conformer.
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contribution (i.e., nearly half) to the trans-gauche stabilization
energy (see Table 2) and narrowing of the Tf G barrier.

The specific skeletal coordinate changes causing the large
nonrotational component of the transf gauche stabilization
energy are given in Table 3. Here only one bond length or angle
is allowed to relax from its trans description; the other
coordinates are frozen. Partially relaxed rotations allow insight
into the roles that individual internal coordinates play in the
transf gauche process, and Table 3 shows that the paramount
relaxations are the angular motions, accounting for most of the
difference between the fully relaxed and rigid rotation descrip-
tions of∆ETfG. Decomposition of the energy alteration caused
by angular relaxation into individual relaxations reveals that two
angular motions have a major effect with CCF angle opening
the largest (note that there are four∠CCH relaxations vs only
two ∠CCF). It is noteworthy that the∠CCF motion increases
separation and alignment of the two C-F bonds in the gauche
conformer (Table 1) consistent with relief of C-F/C-F dipole-
dipole repulsion. The methyl tilt angle change also yields an
important effect.

III. Hyperconjugation Model

The link between hyperconjugation and the gauche effect can
be validated by carrying out two calculation schemes after
removing all the electron charge transfers from bonds and lone
pairs to antibond NBOs: (1) single point energy calculations
at the 72° gauche and 180° trans geometries; (2) full geometry
optimization for the potential curve with respect to∠FCCF
angle variation (Figure 3). The first set of calculations allows
us to focus on the link between conformational preference and
hyperconjugation without complication brought about by the
skeletal changes. When all hyperconjugative interactions are
switched off, the B3LYP/6-311+G(d,p) energy of the gauche
conformer (in the single point scheme) is 7.6 kcal/mol higher
than that of the trans, in accord with the 25 year old Brunck
and Weinhold INDO orbital interaction removal calculations.8

In the fully optimized NBO scheme the gauche conformational
preference is also lost (Figure 3); i.e., the optimized FCCF angle
strongly increases from the 72° gauche geometry to 129° (Figure
3 and Table 4). The 129° near-eclipsed geometry in this
hypothetical DFE molecule is approximately 0.5 kcal/mol more
stable than the trans geometry. Thus both the large∠FCCF
increase and G-T energy inversion provide validation for the
important role that hyperconjugation plays in the gauche effect.

Removal of only the geminal hyperconjugations leaves the
optimized DFE conformer essentially unchanged from gauche
(Table 4). Thus geminal interactions, which include such bond/
antibond charge transfers as C-H/C-C* and C-F/C-C* have
little influence on the geometry of the preferred conformer.
Removal of the sole geminal lone pair interaction, lp(F1) f
C1-F1* also leads to only minor changes in conformational
preference and insignificant deletion energies.

When all vicinal hyperconjugations are removed, the triple
minima potential of the real molecule is replaced by a single
minimum representing the optimized trans geometry (Figure 4
and Table 4). The energy of the optimized trans conformer is
now 3.8 kcal/mol lower than at the 72° gauche geometry. Of
special interest is that this energy difference exceeds the 2.1
kcal/mol T-G energy difference when all hyperconjugations
are removed.

Because of the importance of skeletal relaxation to the T-G
stabilization energy (see section II), it is instructive to obtain
hyperconjugation deletion energetics for rigid rotation (Table
5), thereby eliminating changes in skeletal bond lengths and
angles. The same energetic pattern (i.e., vicinal interactions are
more important than geminal ones) is shown in Table 5 for
deletions with and without relaxation, indicating that the main
factor in controlling orbital interactions is torsional rotation.

Figure 4 also shows the effect of deleting only the vicinal
hyperconjugation interactions originating in bonds; those orig-
inating from lone pairs still remain. The similarity to the single
minimum potential curve obtained with all vicinal hypercon-
jugations deleted is evident. Further, the energy of the trans
conformer is 4.0 kcal/mol lower than that at the saddle point at
the gauche geometry, close to that found for full vicinal
interaction deletion (3.8 kcal/mol).

The potential curve for deletion of only the vicinal hyper-
conjugation interaction originating from lone pairs (Figure 4)
was calculated with the saturated polarization basis set, B3LYP/
6-311G+(3df,2p), as discussed in section I. The curve is
strikingly different from deletion of only vicinal hyperconju-

TABLE 3: Difluoroethane T f G Partial Relaxation
Energetics (kcal/mol)

relaxation ∆EG - ∆ET

totala -0.40
all bonds relaxed -0.04
all anglesb relaxed -0.25
total methyl tilt -0.13
∠CCH -0.03
∠CCF -0.08
CF-CF spreadc -0.15

a Difference between fully relaxed and rigid rotation energies, frozen
at trans skeletal geometry.b Not including the two methyl tilt relax-
ations.c Twice ∠CCF relaxation.

Figure 3. DFE fully optimized potential curves: (s) full Hamiltonian;
(---) all hyperconjugative interactions deleted. Both curves have the
same zero energy reference point as Figure 2.

TABLE 4: Difluoroethane Optimized Conformational
Dependence on Hyperconjugative Interactionsa

hyperconjugative model
optimized angle

(deg)
preferred
conformer

no deletion 72.0 gauche
no hyperconjugation 129.2 H-F eclipsed
no geminal hyperconjugation 70.2 gauche
no vicinal hyperconjugation 178.4 trans
no remote hyperconjugation 78.0 gauche

a All geometry optimizations carried out at the B3LYP/6-311+G(d,p)
level.
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gations originating in bonds. It resembles the triple minimum
signature of the real molecule with the principal and secondary
minima near the same dihedral angles.

The clear conclusion obtained from Figure 4 and Tables 4
and 5 is that vicinal hyperconjugation interactions originating
in bonds control the gauche effect. We note that the skeletal
changes reported in Table 1 have little effect on this conclusion.
Further, conformational preferences given in Table 6 indicate
that it is the C1-H/C2-F* interactions that are the most
important ones. They are the only vicinal bond/antibond electron
transfers whose deletion causes switching of the preferred
gauche conformation to trans. This comes as no surprise because
they represent charge transfer from a C-H donor bond to a
strongly electron-accepting C-F* antibond. Deletion of all other

vicinal bond interactions retains the gauche conformer as the
preferred geometry.

As a final note, removal of remote hyperconjugative interac-
tions (i.e., lp(F1)/C2-H* or lp(F1)/C2-F*) only slightly alters
the preferred dihedral angle of the gauche conformer (Table
4).

IV. Steric Repulsion Model

Steric repulsion is classically defined as the effect of Pauli
exchange repulsion, a short-range force, which spatially sepa-
rates pairs of electrons. Orthogonalization introduces nodes that
preserve the Pauli exclusion principal by introducing kinetic
energy pressure that opposes inter penetration of matter.30 The
Weisskopf view of steric repulsion is the conceptual foundation
of NBO steric analysis.29,31 Because orbital orthogonalization
is a consequence of antisymmetrization, an appreciation of total
steric exchange repulsion for a given molecular geometry can
be obtained from the energy difference between orthogonal
natural localized molecular orbital (NLMOs) and nonorthogonal
preorthogonal natural localized molecular orbital (PNLMOs)
descriptions of the molecular wave function.32 The PNLMOs
and NLMOs are closely related to PNBOs and NBOs with
somewhat different localizations designed to improve exchange
repulsion estimates. To assess the effect of correlation on the
exchange repulsion, we calculated the steric exchange repulsion
in two ways: (1) with the full correlation potential (B3LYP/
6-311G+(d,p)) and (2) with the correlation part of B3LYP set
equal to zero. Both calculated exchange repulsion-dihedral angle
curves (solid line in Figure 5) are similar, showing a maximum
at or near the 72° gauche FCCF dihedral angle and a pronounced
minimum at 180°, the trans angle. Because there are only minor
differences in the landscape from the two ways of calculating
the exchange repulsion-dihedral angle variation, we conclude
that the exchange repulsion is not correlation sensitive.

The dashed curve represents the potential curve for a
hypothetical DFE molecule with exchange repulsion removed.
The striking feature of the hypothetical molecule potential curve
in Figure 5 is that the optimal 72° FCCF dihedral angle remains
the same regardless of whether steric repulsion is present or

Figure 4. Potential curves with various vicinal hyperconjugative
interaction categories deleted: (s) all vicinal hyperconjugative interac-
tions deleted; (O) only vicinal bond interactions deleted; (---) only
vicinal lone pair interactions deleted. All curves are fully optimized
after specified deletions with exception of dashed single point calcula-
tion curve. The energy zero has been arbitrarily set at the minimum
energy of each curve.

TABLE 5: Difluoroethane Relaxation Effect on Energetics
of Hyperconjugative Deletions (kcal/mol)a

hyperconjugative model FRb RRc FR/full Hamiltoniand

no deletion 0.82 0.42 0.82
no hyperconjugation -2.29 -3.88 -7.56
no geminal hyperconjugation-1.55 -2.05 -2.09
no vicinal hyperconjugation -3.76 -7.04 -11.18

a Total energy difference,Etrans - Egauche, after designated deletions.
b Geometries fully optimized after deletion.c Single point calculation
at 72° and 180° from frozen trans geometry without deletion.d Single
point calculations at 72° and 180° using optimized 72° and 180°
geometries without deletion.

TABLE 6: Difluoroethane Conformational Dependence on
Vicinal Hyperconjugative Interactionsa

hyperconjugative model
optimized angle

(deg)
preferred
conformer

no vicinal C1-H/C2-F* 180.0 T
no vicinal C1-H/C2-H* 78.4 G
no vicinal C1-F/C2-H* 72.3 G
no vicinal C1-F/C2-F* 79.5 G

a All geometry optimizations carried out at the B3LYP/6-311+G(d,p)
level.

Figure 5. FCCF dihedral angle variation of B3LYP/6-311+G(d,p)
steric exchange repulsion (s, right-hand scale), potential curve for a
hypothetical DFE molecule with steric exchange repulsion removed
(---, left-hand scale). The energy zero for the steric repulsion curve is
arbitrarily taken at the 180° trans geometry.
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not. Moreover, it exhibits no minimum at the trans FCCF
dihedral angle. As seen from comparison of Figures 2 and 5,
the effect of removing steric exchange repulsion is to greatly
increase the gauche-trans energy difference, a consequence of
exchange repulsion destabilization of the gauche conformer.

The important conclusion is that steric exchange repulsion
plays a major if not determining role in stabilizing the metastable
180° trans conformer. However, Figure 5 also shows that
exchange repulsion does not play a significant role in forming
the DFE gauche conformational preference because it is strongly
destabilizing at the gauche geometry. The role of the nonrota-
tional coordinates in exchange repulsion can be obtained by
comparing fully relaxed and rigid rotation repulsion curves. The
features discussed above are qualitatively similar when skeletal
relaxation is frozen out. Thus the main conclusion of the
exchange repulsion calculations, that it plays a key role in
stabilizing the trans conformer, is independent of the coupling
of torsion to other modes, even though the energetic preference
for the gauche conformer is affected by such coupling.

V. Bent Bond Model

The NBO procedure allows an examination of the role of
bent bonds in the gauche effect. In NBO theory, a bent bond is
described as the angular deviation of the two natural hybrid
atomic orbitals (NHOs) making up the bond from the centerline
of the bond. The deviation is then controlled by the details of
the NHO polarization. The DFT calculated carbon NHO
deviations from the carbon-carbon nuclear centerline for the
gauche conformer is 2.1° (bent toward each other) compared
to 1.7° (bent away from each other) for trans.

This result supports Wiberg’s reasoning10,11 that the electro-
negative fluorine atom bends the C-C bond to different degrees
and with different senses in the two conformers. The NHO
deviations are also comparable to the bond path33 ones calculated
by Wiberg et al. (2.8° for gauche and 2.15° for trans).10

However, the calculated overlap integral between the gauche
NHOs, 0.789 compared to 0.786 for trans is increased by less
than 0.4% for the fully relaxed Tf G path and only by a
minuscule amount for the rigid rotation path. Nearly all of this
overlap integral change is linked to the decrease in C-C bond
length, and not to the bond bending.

An attempt was made to “freeze out” bond bending by
transferring the carbon NHOs from the trans conformer to the
gauche one. The overlap increase found for the transferred
NHOs in fully relaxed Tf G rotation is now reduced to only
0.001 from 0.003 for the untransferred NHOs. A parallel rigid
rotation calculation reduces the overlap increase by almost the
same magnitude. The results of the two calculations (transferred
and untransferred NHOs) suggest that the overlap increase due
to bond bending is too small to account for a significant portion
of the ∼1 kcal/mol preferential stabilization of the gauche
conformer.

VI. Discussion

The geometry inversion that occurs in the absence of electron
transfer involving bond interactions (discussed in section IV

(see Figures 3 and 4)) solidly establishes the link between these
vicinal hyperconjugative interactions and the gauche effect.
Figure 6 isolates the intuitively satisfying C-H/C-F* charge
transfers from the other bond interactions. The solid line
represents the potential curve with only the C1-H/C2-F* charge
transfers removed; all other hyperconjugative interactions
remain. This curve with its single 180° minimum and inflection
near 70° resembles the no-bond vicinal interaction curve of
Figure 4. Alternatively, the problem can be viewed through the
dashed curve in Figure 6, which inverts the deletions associated
with the solid curve by keeping only the C1-H/C2-F*
interactions with all other hyperconjugative charge transfers
switched off. This potential curve (exhibiting minima near 95°
and 260°) is noteworthy because the minimum at the 180° trans
geometry, characteristic of the potential for the real molecule,
is absent.

The C1-H/C2-F* interactions can be further parsed into the
individual C1-H3/C2-F* and C1-H4/C2-F* interactions, in-
volving the two possible types of C-H bonds: anti (C1-H3)
and cis (C1-H4) (see Figure 1). The second-order perturbation
energies for these two C-H bond interaction categories given
in Table 7 show that the anti C1-H/C2-F* perturbation energy,
4.74 kcal/mol in the gauche conformer, is more than triple that
for the cis (1.38 kcal/mol), in conformity with the orbital
overlaps shown in Figure 7. Overlap of the main lobe of the
anti oriented C1-H orbital with the back lobe of the C2-F*
antibond is much greater than for the cis oriented C1-H. This
difference vanishes in the trans geometry, where both C1-H
bonds become cis and equivalent.

For intermediate values of the FCCF dihedral angle between
72° and 180°, the two bond NBOs take on each other’s
orientational character; e.g., the overlap integral for the cis

Figure 6. Fully optimized potential curves obtained: when only the
C1-H/C2-F* interactions are removed (s); when only the C1-H/
C2-F* interactions are retained with all other interactions expunged
(---). Energy zero is arbitrarily taken at minimum of (---) curve.

TABLE 7: C 1-H/C2-F* Second-Order Perturbation
Hyperconjugative Interaction Energies (kcal/mol) and
Overlap Integrals

gauche trans

hyperconjugative model E(2) Si,j E(2) Si,j

anti C1-H/C2-F * 4.74 0.197 0.53 0.056
cis C1-H/C2-F * 1.38 0.090 0.53 0.056
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originating interaction C1-H4/C2-F* maximizes at 120° com-
pared to 60° for anti. At the 120° geometry, the main lobe of
the C1-H4 bond overlaps the main lobe of the C-F* antibond
much more strongly than at the gauche geometry. (It needs to
be emphasized that the anti and cis designations lose their
meaning as the dihedral angle advances toward 180°.)

As an alternate approach to the DFT orbital interactions
described in the preceding sections, we repeated the deletion
calculations using HF orbitals (HF/6-311++G(3df,2p)) with the
same qualitative results as the DFT ones. The raison d’etra for
the HF calculations is that the DFT virtual orbitals are defined
in the field of the molecular ions and the HF ones are defined
in the field of molecules.

VII. Conclusions

The gauche effect has been used for decades to explain
various structural characteristics and chemical phenomena.
Despite the widespread use of the term, its origin and thus the
underlying mechanism is not fully comprehended. In this work,
we analyze several possible mechanisms (found to be important
in studying structural effects) at the same footing using high
level ab intio calculations. These calculations allow us to reach
comprehensive explanations for both the origin of the gauche
effect in DFE and its deviation from the intuitive 60° angle.

Our deletion calculations provide convincing validation that
the C-H bond originating hyperconjugative interactions supply
the backbone for the gauche effect in DFE, and that participation
of both cis and anti C- H/C-F* interactions rationalize the
well established>60° FCCF dihedral angle inherent to the

equilibrium conformer. The existence of a metastable trans
conformer in DFE is linked to lower steric exchange repulsion
at the trans geometry. The metastable trans conformer, in this
view, arises from competition between decreasing hyperconju-
gative stabilization and steric exchange repulsion as the FCCF
dihedral angle increases. An additional conclusion is that
approximately half of the transf gauche stabilization energy
stems from mode coupling.

Our rationalization of the>60° dihedral angle in the
equilibrium conformer does not require a repulsive interaction
(e.g., dipole-dipole repulsion); however, it does not logically
eliminate electrostatic repulsions from playing a possible role
either. It also allows an understanding of the surprising result
of Rablen’s conformational study of 1-fluoro-2-silylethane,9

concluding that the trans conformer is only weakly preferred
over gauche. According to our conclusion, account must be
taken of both anti and cis donor orbitals in understanding
gauche-trans potential surfaces. A cis C-Si/C-F* interaction
is expected to be more favorable than a cis C-H/C-F* one,
weakening the strong trans conformer preference when the anti
interactions are considered alone.

An overarching conclusion of this study combined with
previous work on several classes of organic molecules40 (see,
e.g., refs 8, 9, 12, 31, and 34-39) is that delocalization effects
are critical in conformational preference in a wide range of
molecules. The consequence is that the traditional approach
involving only steric repulsion in dealing with structural issues
in chemistry is inadequate. Delocalization needs to be considered
at the same level of importance.
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