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The intermolecular complexes of furan with hydrogen halides are examined using ab initio calculations
performed at the second-order Mgller-Plesset perturbation approximation with thet6-&\({l,p) basis set.

Two types of geometry are observed: the atom-on geometry, featuring a roughly planar compl€,with
symmetry and a hydrogen bond between the furan oxygen and the hydrogen halide; and the face-on geometry,
in which the hydrogen halide lies above the furan ring in an orientation almost perpendicular to the plane of
the ring. The furarrHF and furar-HI complexes are each found to have one minimum geometry, of the
atom-on and face-on type, respectively. Both geometry types are obtained for the d@IHBr—furan
complexes. With the exception of furaihiCl, the HX subunits of the atom-on complexes deviate slightly
from the furan ring plane. Each of the face-on complexes shows interaction between the hydrogen of the
halide subunit and the formalbond between £and G of the furan ring. An electrostatic density potential

map of furan was generated for the determination of attractive interaction sites. Interaction energy decomposition
reveals that atom-on complex interactions are predominantly electrostatic in nature, while orbital and
electrostatic interactions dominate the face-on type complexes.

Introduction the Lewis acid lies along the axis of the n-pair; (2) when only
- ) ) . m-electrons are present, the Lewis acid lies along the local
The ability of 7-electron systems to interact with Lewis acids symmetry axis of ther-bonding orbital; and (3) in the presence
has attracted attentidn? because the resulting weakly bound ¢ poth n-pairs andr-electrons, the angular geometry is
hydrogen donoracceptor complexes are believed to play akey getermined by the n-pair. Subsequent studies, however, raise
role in certain chemical reactions, particularly those involving questions concerning the validity of these rifies.
aromatic rings. Heterocyclic aromatic rings and their derivatives As a typical heterocyclic aromatic compound, furan provides
are widely used in organic syntheses. Th_ese compound; alsqy yseful model for the study of hydrogen-bonded complexes
form weak hydrogen-bonded complexes with hydrogen halides. petyeen heterocyclic aromatic rings and hydrogen halides (HX).
The importance of aromatic ring interactions, and of weakly ggyeral experimental investigations into furdiX complex
interacting systems in generamakes the understanding of the  ormation have been undertaken recently. Shea and Kukolich
nature of such interactions indispensable. conducted a Fourier transform microwave spectroscopy study
Like all aromatic compounds, heteroaromatic rings offer a of furan—HCI, in which they found a hydrogen-bonded planar
m-electron system as an attractive site for hydrogen bond complex withCy,, symmetry and an HCI axis coincident with
formation. However, heteroaromatic rings also provide a site the internal axis of the furan ring. Lesarri efakported similar
for hydrogen bond formation at the nonbonding electron pair results for furar-HF. Their molecular beam Fourier transform
(n-pair) of the heteroatoffr.* In the absence of the heteroatom, microwave rotational spectroscopy study found a planar hydrogen-
an above-plane structure is preferred for complex formation bonded furarHF complex withC,, symmetry. In each case,

between aromatic compounds and hydrogen hafid@se  hydrogen bond formation occurred at the site of the furan O
presence of the n-pair binding site may pose complications in atom. Analysis of the rotational spectrum of furarBr by
the behavior of complex formation. Legon et aP revealed a weakly hydrogen-bonded complex with

Several years ago, this issue was addressed by Legon an@ face-on geometry, in which the HBr subunit lies almost
Millen,®> who proposed a set of rules to predict the angular perpendicular to the ring plane. With complex formation directed
geometry of complexes of the typeBiX (where X=F, Cl, by thesr-electrons rather than the n-pair, the behavior of faran
Br, I, CN, CCH). These rules, which are based on the HBr appears to be an exception to the aforementioned rules in
assumption that the electrophilic end of a simple acid HX seeks the prediction of B-HX geometries. Legon et 8lexplained
the region of highest electron density in the Lewis base B, statethat the smaller dipole moment of HBr (than that of HCI or
the following: (1) when the Lewis base contains only n-pairs, HF) was responsible for the observed structure of fudBr.

The discrepancies between the experimental results and the

* Corresponding authors. Email: ybw@gzu.edu.cn (Y.B.W.) and fules proposed to predict the angular geometry ofHX
ftao@fullerton.edu (F.M.T.). complexes demonstrate the need for further study of hydrogen-
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Figure 1. Minimum-energy geometries obtained for furadX complexes using the MP2 theoretical method with the 643tG(d,p) basis set
(side and top views are shown).

bonded heteroaromatic ring complexes. In addition, interaction interaction energy decomposition, performed using a valence
energy data, which may potentially enhance the understandingtriple-¢ polarized Slater-type orbital (STO) basis set and the
of the behavior of such ring complexes, is still not available at Perder-Wang density functional (PW91) the&tir’he molecular
present. Furthermore, no study has been reported on the complexlectrostatics potential map (MEP) of furan was calculated at
of furan with HI, the next hydrogen halide after HBr along the the MP2/6-31%+G(d,p) level and plotted usingolekel 4.223
series. The present study is intended to resolve the ambiguitiesReSults and Discussion

surrounding the structure and stability of the furdihX

complexes. Equilibrium geometries, intermolecular energies and ~ The equilibrium geometries of the furahiX complexes are
their components, and harmonic frequencies are presented foshown in Figure 1. These geometries are classified as either
all stable complexes of furan with the four hydrogen halides, atom-on or face-on types (also referred to in this paper as

HF, HCI, HBr, and HI. geometry types | and Il, respectively). The atom-on type
geometry is characterized by a hydrogen bond formed at the
Computational Methods furan oxygen, with HX lying along th€;, axis of furan. This

geometry type is observed for the furadF, —HCI, and—HBr

Equilibrium geometries of the monomers and complexes were complexes (Figure 1). FuraiHCl and furar-HBr also have
fully optimized with the 6-31%-+G(d,p) basis sét at the equilibrium geometries of the face-on type. The face-on
second-order Mgller-Plesset (MP2) Ie¥alsing theGaussian geometry features a hydrogen bond between the hydrogen halide
98 program packag® Harmonic frequencies were calculated and ther-electron system of the aromatic ring. In this geometry,
to confirm the equilibrium geometries that correspond to energy the halide lies almost directly above the center of the ring, while
minima. The intermolecular energies between furan and HX at the hydrogen atom is oriented toward the edge of the furan ring.
the equilibrium geometries were calculated at the MP2/6- Structural parameters of these two types are summarized in
3114++G(3d,3p) level. The full counterpoise methddias used Tables 1 and 2 and compared with available experimental data.
to consider the effect of the basis set superposition error (BSSE)Definitions of the geometrical parameters and atomic labeling
on the calculated intermolecular energies. The extended transi-schemes for the atom-on and face-on type complexes are
tion state method in ADF2002.2! was employed for the  presented in Figures 2 and 3, respectively.
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TABLE 1. Geometric Parameters for Atom-On Type (Type
I) Furan —HX Complexes Optimized at the MP2/
6-311++G(d,p) LeveP

furan—HF furan—HCI furan—HBr

Ry-o 1.8018 1.9868 2.0445
Ry-o* 1.7873

1.7940
Rx-o 2.7282 3.2618 3.4559
Rx-o* 3.26(1y
Re.wm. 3.7628 4.3498 4.5464
Rc.m* 3.8000 4.3588

3.8067 4.3686
O(x-+-0) 179.0 172.5 171.7
OH-0-8) 11.6 0.7 8.6
0E-o0-p) 1.2 0.0 1.4

aDistances (A) and angles)(are shown, along with available
experimental data (indicated by asteriskiReference 7¢ Reference 6.

TABLE 2: Geometric Parameters for Face-On Type (Type
Il) Furan —HX Complexes Optimized at the MP2/
6-311++G(d,p) Levek

furan—HCI furan—HBr furan—HlI

Ry-o 2.7856 2.7824 2.7603
Ry-o* 2.599(3%

Ry-c2 2.4652 2.4949 2.5500
Ry-c3 2.6140 2.6703 2.7918
Ru-ca 2.5738 2.5656 2.5278
Ry-cs 2.7890 2.8223 2.8918
Rq-g 2.4249 2.4357 2.4445
Re.w. 3.4499 3.6507 3.8201
Ox-a-8 89.4 90.2 92.4
On-B-a 75.6 76.4 78.5
Ox—H-8 156.4 159.3 161.1
PH-c-A-B 46.4 39.0 235

aDistances (A) and angles)(are shown, along with available
experimental data (indicated by asteriskiReference 8.
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Figure 2. Definition of the geometric parameters of the atom-on (or

type 1) furan-HX complexes. The anglé,-o-p defines the in-plane
deviation from theC,, axis of furan; the out-of-plane deviation from
the C,, axis direction is defined byy-o-g.

Figure 3. Definition of points A, B, and C and the atom serial numbers

of the face-on (or type Il) furanHX complex geometry.

Table 1 shows the hydrogen bond leng®is o’s, oxygen-
halide distancefx_o's, and center-of-mass distancBsu’'s
for the atom-on type complexes. For furadF (1), the
calculated Ry—o and Rcy. values, 1.8018 and 3.7628 A
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data’ For furan-HCI (1), the calculatedRx—o andRc v, values,
3.2618 and 4.3588 A respectively, are also in good agreement
with the experimental dataAs expected, all bond distances
are shown to increase with the atomic number of the halide.
The bond angléx-+-o), the in-plane deviation of HX from
the Cy, axis of furanfe-o-p), and the out-of-plane deviation

of HX from the furan plané4-o-g) are also tabulated. The
atom-on complex parameters in Table 1 indicate that nearly
linear hydrogen bonds are formed between the furan and the
HX subunits with 0x-n-o) values greater than 171The
0(1-o-) andfe-o-p) angles show the HX subunits lying along
the Cy, axis of furan and deviating slightly from the furan ring
plane, a result which differs somewhat from experimental
observations§:’

All of the face-on type complexes exhib@; symmetry.
Geometric parameters are employed to define the two subunits
and their relative orientation in space. The distances between
the H atom of the hydrogen halide and the carbon atoms of the
furan ring are listed in Table 2. The distance between the center
of mass of furan and that of HX is defined B¢ m. TheRy—p
value denotes the distance between the H atom of the hydrogen
halide and the midpoint of £-C, bond, represented by point
B (Figure 3). Points A and C are the geometric centers of the
furan and HX molecules, respectively. For each of the face-on
type complexesRy—-g is the shortest distance between the
hydrogen of the hydrogen halide and the furan ring (Table 2).
This is consistent with the observation that the HX subunit is
directed toward the £-C4 bond of the furan ring. The relative
orientation of the subunits is therefore described by the angles
Ox-a-B), OH-B-A), and Ox—H-B) and the dihedral angle
¢H-c-a-B). The angledx-a-g) is approximately 90for each
complex, indicating that the halide atom lies almost directly
above the center of the furan ring. The anglg-g-») is less
than 80 for each complex. We note from the dihedral angle
¢H-c-a-g) that the H atom leans slightly toward ti@ atom
for all complexes. It is clear that the HX subunit interacts with
the -electron density near the,€C,4 bond. This contradicts
the rules proposed by Legon et al.,, which would predict
hydrogen bond formation at the furan oxydgéivhile in general
agreement with experimental results, the geometry of faran
HBr (II) differs with respect to the distance between the furan
oxygen and the hydrogen atom of the HX subunit. The
calculated Ry—o distance of 2.7824 A is greater than the
experimental value (2.5993 A)lt should be noted that two
possible values for the angle of the HX unit with respect to the
furan axis,os; = 11.9 and —11.9, are consistent with the
experimental observations. Additionally, one could also expect
large-amplitude zero-point vibrations involving the HX unit.
After consideration of all these effects on the observed geometry,
the calculated?y-o distance is in reasonable agreement with
the experimental result.

Interaction energieAE, basis set superposition error (BSSE)
values, counterpoise corrected interaction ener§igs”, zero
point energies (ZPE), and energies corrected for both the ZPE
and BSSE were calculated at the MP2/6-3#G(d,p) level
for each of the furanHX complexes (Table 3). Interaction
potentials, BSSE values, and counterpoise corrected interaction
potentials, calculated at the MP2/6-31-+G(2d,3p) and MP2/
aug-cc-pVTZ levels, are also presented in Table 3. All of the
interaction potentials, both corrected and uncorrected, show that
the strongest bond is formed between furan and HF; with the
exception of AECPtZPE each of these interaction potentials is
at least—4.88 kcal/mol, indicating a strong hydrogen bond for

respectively, compare favorably with the available experimental this atom-on type complex. Among the three atom-on type



11378 J. Phys. Chem. A, Vol. 108, No. 51, 2004 Huang et al.

TABLE 3: Interaction Energies AE, BSSE, Interaction
Energies Corrected for BSSEAECP, ZPE, and Interaction
Energies Corrected for Both BSSE and ZPEAECP+ZPEa

furan— furan— furan— furan— furan— furan—
HF () HCI({) HCI(l) HBr(l) HBr(l) Hil)

MP2/6-31H+G**

AE —6.66 —4.91 -501 -—-424 -485 —484
BSSE 1.78 190 254 1.62 2.92 2.39
AECP —488 —3.01 —-247 -—-262 -—-256 —245
ZPE 2.42 111 1.18 1.08 1.12 1.13

AECPHZPE 246 —1090 —1.29 -154 -143 —-1.32
MP2/6-311+G(3d,3p)

AE —6.71 —-462 —-551 —395 -—5.28 —5.73
BSSE 1.48 1.13 1.77 0.92 1.56 2.33
AECP —-523 —-349 -374 —-3.03 -372 —-3.40
MP2/aug-cc-pvTZ
AE —-6.36 —4.54 -5.04 —-471 -5.87 e
BSSE 0.79 0.69 0.87 1.27 1.62 =0. 033874 0.110192
AECP —-557 -3.85 —4.17 343 —4.25 Figure 4. Molecular eletrostatic potential map of furan frend.033 874

to +0.110 192 e/#epao, onto 0.008 e A3 m, isosurface of the electron
density at the MP2/6-31-+G(d,p) level.

complexes, the interaction potential is shown to decrease astpapg| g 4 Energy Decompositions Calculated at PW91/TZP

a All energies are in kcal/mol.

atomic number/radius increases. Level

In (l:ontras:] to .the ato_m-on typg Icorr]n plexes,l the face-on furan— furan— furan— furan— furan— furan—
complexes show interaction potentials that are almost isoener- HE() HCI() HCI() HBr() HBr(ly Hi(I
getic (Table 3). At the MP2/6-311+G(d,p) level, the identity AE -5 570 201 510 413 173
of the halide atom has little effect on the interaction potentials, AEP"’“" 776 533 _338 459 _3924 _338

CPand AECP*ZPE For 6-311#+G(3d,3p) and the clestt ' ' ' ' ' '

AE, AE™, and . 3 1,3p) @ AEwy  —622 -389 -341 -358 -3.56 —3.46
correlation-consistent basis set, greater variation is observed AE,, —6.46 -352 —278 —-308 —-267 -—211
among the AE values for furarrHCI, —HBr, and —HlI. AEon%P 44 42 50 44 52 51
However, these differences narrow when the interaction poten- a Energies are in kcal/mob.AE.s% is the percentage of the total

tials are corrected for the BSSE. interaction energy contributed by the orbital component.
For clusters with both atom-on and face-on type geometry

minima, the strongest interaction potentials are generally energy AE was decomposed into electrostatic interaction
observed for the face-on type complexes. This is true of all AEgesta: Orbital AEqgm, and Pauli-repulsiomM\Ep,yi terms. All
interaction potentials calculated at the MP2/6-3#1(3d,3p) calculations were performed for the optimized geometries using
and MP2/aug-cc-pVTZ levels. However, calculations performed ADF2002.2 at the PW91/TZP level. The energy decompositions
at the MP2/6-311++G(d,p) level give mixed results with the  and the total interaction energies are listed in Table 4, together
atom-on complexes showing strongeE“P and AECPt2PEvalues with the percentage of the total attractive interaction energy,
than the face-on types. From the detailed analysis, it seemscontributed by the orbital component. The results in Table 4
reasonable to conclude from Table 3 that the geometry is show that, for all complexes, both the electrostatic and orbital
transformed from the atom-on type to face-on type for furan interaction terms are attractive, while the Pauli term, which
HX complexes in the sequenceXF, Cl, Br, and . accounts for the interaction between closed shells, is repulsive.
Like benzene, furan is an aromatic compound with a Inthe case of the atom-on type complexes, the electrostatic term
delocalizedr-electron system. However, the aromaticity of furan contributes 5760% of the total attractive interaction. Each of
is weaker than that of benzene because of the relatively strongthe interaction components decreases significantly when going
electronegativity of its O atom and the bond angle-o-c), from furan—HF (I) to furan—HBr (I). The total interaction
which, at 107, is larger than the ideal angle of 6®&s a result, energy follows the same trend. But, in the case of three face-
a large electron density is conferred on the O atom. Evidence on type complexes, electrostatic interaction and orbital interac-
of this is provided by the MEP map of furan, shown in Figure tion each contribute approximately 50% to the total attraction.
4. The MEP plot indicates a positive electrostatic potential The Pauli repulsive interaction increases slightly with the atomic
(shown in blue), corresponding to the regions of the furan number of the halide. The relative changes in the three
hydrogen atoms. Around the O atom and along the G components of the interaction energy indicate that the interaction
bonds, regions of negative electrostatic potential (shown in red) energy decreases slightly from furaHCI (11) to furan—HI (I1).
are noticeable, with the strongest negative potential in the It is clear from the energy decomposition data that the nature
immediate vicinity of the O atom. This result, while in of the interaction is different for the two complex types. For
accordance with the atom-on type complexes, seems to implyatom-on type complexes, the electrostatic component predomi-
that, for the face-on type complexes, the H atom of HX should nates in complex formation. Face-on type complexation is
point in the direction of the strong negative potential on the O governed by orbital and electrostatic interactions.
atom. Instead, the H atom is shown to favor thelectron As expected, furanHX complexation of both types produces
density of the G-C bond, suggesting that the primary inter- significant changes in the HX subunit. The-B{ bond length
molecular attraction for the face-on complexes is not electrostatic increases upon complex formation. The most dramatic increase
in nature. (from 0.9166 to 0.9265 A) occurs when fluorine is the halide
Therefore, the nature of the interaction was further investi- atom (Table 5). Bond length increases of more than 0.0060A
gated by interaction energy decomposition. By using the are observed for the remaining HX subunits. This validates the
extended transition state method in ADF2002.2, the interaction common-sense intuition that the HX moiety plays the most
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TABLE 5: Bond Lengths (A) and Harmonic Stretching 1981, 75, 625. (j) Kolenbrander, K. D.; Lisy, J. Ml. Chem. Phys1986
Vibrational Frequencies (cm 1) of Free and Bound HX 85, 2463. (k) Huang, Z. S.; Miller, R. E1. Chem. Phy1987, 86, 6059. (I)
Subunits Calculated at the MP2/6-31%+G(d,p) Levek Andrews, L.; Johnson, G. L.; Kelsall, B. J. Phys. Chenil991, 95, 2881.
(m) Dayton, D. C.; Block, P. A.; Miller, R. EJ. Phys. Chem1982 86,
furan—  furan—  furan—  furan—  furan—  furan— 3374. (n) Oudejans, L.; Miller, R. El. Phys. Chem. A999 103, 4791.

HE () HCI() HCI{l) HBr(l) HBr(l) HIdl (o) Hinchliffe, A. Chem. Phys. LetfLl982 85, 531. (p) Pople, J. A.; Frisch,

M. J.; Del Bene, J. EChem. Phys. Lettl982 91, 185. (q) De Almeida,
Reomp  0.9265 12816 12798  1.4201 1.4195  1.6127 \y B’ Hinchliffe, A. Chem. Phys1989 137, 143. (r) Bacskay, G. B.:
Riee 09166 12732 12732 14124 14124  1.6054  kerdraon, D. I.; Hush, N. SChem. Phys199Q 144, 53. (s) Araujo, R. C.
AR~ 0.0099 0.0084 0.0066 0.0077 0.0071  0.0073 . U.; Da Silva, J. B. P.; Ramos, M. Nspectrochim. Acta, Part A995
Ueomp 3286 2974 2998 2651 2658 2342 51, 821. (t) Jeomg, H. Y.; Han, Y.-KChem. Phys. Lettl996 263 345.
Viree 4198 3087 3087 2738 2738 2371 (u) Abrash, S. A.; Carr, C. M.; McMahon, M. T.; Zehner, R. W.Phys.
Av 911 112 88 87 80 29 Chem. 1994 98, 11909. (v) Tantriungrotechai, Y.; Tonmunphean, S.;

. Wihitkosoom, A.Phys. Chem. Chem. Phy2002 4, 4619. (w) Read, W.
2The differences between the free and bound bond lengths andG.; Campbell, E. J.; Henderson, G.; Flygare, W.H.Am. Chem. Soc.

frequencies are also shown. 1981, 103 7670. (x) Resd, W. G.; Campbell, E. J.; Henderson].@hem.
Phys.1983 78, 3501. (y) Bredas, J. L.; Street, G. B. Am. Chem. Soc.

important role in the formation of the hydrogen bond, a point 1988 110 7001.
(3) (a) Rozas, I.; Alkorta, I.; Elguero, J. Phys. Chem. A997 101,

confirmed by our v_|brat|onal fr_equency calculatlor_]s. From the 9457. (b) Tarakeshwar, P.. Lee, S. J.. Kim, K.J5.Chem. Phys1998
calculated harmonic frequencies of the-M stretching mode 108 7217. (c) Deeg, A.; Mootz, DZ. Naturforsch B: Chem. Sci1993
in the complexes and free monomers, red-shifts have beeng% 571L- (d)lgggkze,?g.é; %C;rlgtt, S.\lj\./; %vancs, C.lt\)/l.iILeEgOJn,ﬁﬂhgm.

H yS. ett. A . (e ead, . G, Campbell, E. J.; Renderson,
obtained for each of the complexes (Table 5). In accordance 25y = <\ 5 A ok Sod 81, 103 7670, () See, for example,
with the interaction energies, the extent of the red-shift is shown yyjiiken, R. S.; Person, W. B. Molecular Complexes; Wiley-Interscience:

to decrease in sequence from HF to HI, regardless of the New York, 1969; and references therein. (g) Hassel, O.; Strammacts.
geometry type. Chem. Scandl985 12, 1146. (h) Fredin, L.; Nelander, B. Am. Chem.
S0c.1974 96, 1672. (i) Fredin, L.; Nelander, Bvol. Phys.1974 77, 885.
. () Bai, H.; Ault, B. S.J. Phys. Chenl99Q 94, 199. (k) See, for example,
Conclusion Hassel, O.; Rgmming, @Q. Re.. Chem. Socl1962 14, 1. (I) Walters, E.
The weakly hydrogen-bonded complexes formed by furan (A-;)GGrovsr,JJ-;%.;(\;/Vhitet,tNk (fN Héli. Ed- ﬂhPEyS-ZChen%%SEABQ 33%4-
: : m) Gord, J. R.; Garrett, A. W.; Bandy, R. E.; Zwier, T. Shem. Phys.
and the hydrog_en hqlldes have two geometry types. O_ne is theLen_ 1990 171, 443, (n) Gotch, A. S.: Zwier, T. SI. Chem. Phy<1990
atom-on type, in which the H atom of HX interacts with the 93 6977. (0) Baiocchi, F. A.; Williams, J. H.; Klemperer, \I.Phys. Chem.
nonbonding electron pairs of the furan O atom. In this complex 1983 87, 2079. (p) Sapse, A. M.; Jain, D. Q. Phys. Chem1984 88,
type, the HX subunit lies along th€,, axis of the furan, 2970- (a) Cheney, B. V.; Schulz, M. W3. Phys. Chem199Q 94,

o . > 268.
deviating slightly from the furan ring plane. The other geometry (4) (@) Mulliken, R. S.J. Am. Chem. S0d950 72, 600. (b) Foster, R.

is the face-on type, which features a hydrogen bond betweens organic Charge Transfer Complexescademic Press: New York, 1969.
the H atom of HX and ther-electron system of the aromatic  (c) Loudon, G. M.Organic Chemistry2nd ed.; Benjamin Cummings:
heterocycle. The geometries transformed from the atom-on typeMenlo Park, NJ, 1988. _ _
to the face-on type progressively along the series of HF, HCI, (?) E’les'{]aluv. (t3 R; dStgl_n?r, Eh]? ‘(’j"eﬁk.bonqt hygrog‘?” Obof”d "
HBr, and HI. The atom-on type complexes are traditional jggq - o O c oy @nd DIOOGyEXiord Hnversity Fress: xiord,
hydrpgen-bonded comp[exe§ with electrostatic interactions gy spea, 3. A.; Kukolich, S. GI. Chem. Phys1983 78, 3545.
making the primary contribution to comple_x formation. In the_ (7) Lesarri, A.; Lpez, J. C.; Alonso, J. LJ. Chem. Soc., Faraday
case of the face-on type complexes, orbital and electrostatic Trans.1998 94, 729.
forces dominate complexation, resulting in the H atom of the (8) Cole, G. C.; Legon, A. C.; Ottaviani, B. Chem. Phy2002 117,
HX subunit favoring the unsaturated-C bond near th¢g-C 2790.
atom of furan, rather than the furan O atom. (9) Cooke, S. A.; Corlett, G. K.; Legon, A. ©hem. Phys. Letl998

The present theoretical results are in overall good agreementzgllgéjgc' ke, S. A Corlett. G. K.- L A G. Chem. Soc.. Farad
with available experimental observations. There are still some Tréns.)lggg o g COrett ©- K Legon, A G- Chem. Soc., Faraday
d|screpanC|es Wlt'h the detaﬂs fr.om experlmenp It is hoped that (11) Cooke, S. A.; Holloway, J. H.: Legon, A. Chem. Phys. Lett.
the insights provided herein will assist experimental workers 1998 29g 151.
in their efforts to resolve the remaining matter of hydrogen-  (12) Jiang, J. C.; Tsai, M.-Hl. Phys. Chem. A997 101, 1982.
bonded complexes involving molecules that exhibit both  (13) Cooke, S. A.; Corlett, G. K.; Legon, A. @. Mol. Struct.1998
m-electron systems and nonbonding electron pairs. 448 107.

(14) Cooke, S. A.; Corlett, G. K.; Lister, D. G.; Legon, A. £.Chem.
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