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Abstract

Using the Hartree—Fock and MP2 methods with bases of up to 6-31++G(2d, 2p) quality, the optimum geometry of
the 1:2 and 2:1 (H20), - - (HF),, complexes of water and hydrogen fluoride is searched in a systematic way. Two
minimum-energy conformations are found for the 1:2 complex connected through a low-energy transition state. For
the 2:1 complex, only one minimum-energy structure is obtained. The analysis of the geometries of the minima and
their vibrational frequencies shows that none of them can be used to explain the existence of the H - - - F—H reverse
complex detected experimentally. © 1994 John Wiley & Sons, Inc.

Introduction

Understanding the structure and vibrational properties of the H;O—HF heterodimer is
important as a step in the study of the hydrogen bond. The infrared spectra of a mixture of HF
and H,O diluted in a matrix of Ar at 12 K shows the presence of three different hydrogen-
bonded complexes (1], H,O---(HF),, H,O--- HF, and HF --- HOH, in increasing order of
stability. The structure of these complexes are those shown in Figure 1: The H,0--- (HF),
dimer has an open structure H,O-.--HF-.-HF; the H,O--- HF dimer has its only HF
molecule, with the H atom pointing to one of the lone-pair orbitals of the oxygen atom,
i.e., the HF behaves as an acid; finally, in the HF --- HOH compiex (identified by a H—F
stretching at 3915.5 cm 1), the HF molecule behaves as a base and is identified as the reverse
complex. Although no data are reported on the (H,0);--- HF complex because they are
masked by the strong (H,0), absorptions, Andrews and Johnson [1] suggested in their infrared
study that this complex should also be present in the mixture.

The aim of this work was to perform a systematic study on the structure, stability, and infrared
spectra of the 1:2 and 2:1 complexes of water and hydrogen fluoride, i.e., the H,O ---(HF),
and (H,0); - - - HF systems. Although the structure of the H,O --- HF complex is well under-
stood in detail, both at the experimental [2—5] and theoretical levels [6—11], the amount of
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Figure 1. Proposed spectroscopic structures of the H>O--- (HF);, H20--- HF, and HE --- HOH
complexes.

information available for the other two complexes is rather limited [7, 12] and incomplete. Be-
sides, as our previous study on the H,O - -- HF complex [14] has shown that the reverse com-
plex is not a minimum-energy structure in the potential energy surface of the dimer, we wanted
to see if a H - - - F—H motif can be found as a part of the geometry of the 1:2 or 2: 1 trimers.

To perform our study, we employed ab initio methods that include a large extent of the
electron correlation, using extended basis sets that give small basis set superposition errors on
the whole potential energy surface. With this methodology, we performed a systematic search
for the minimum-energy structures, and on these points, we carried out a vibrational analysis
of the 1:2 and 2:1 complexes.

Method of Calculation

All computations reported here have been carried out using the Hartree—Fock (HF) and the
second-order Mgller—Plesset (MP2) methods. The MP2 method should give a good estimate
of the correlation energy for these systems, as all of them have a large splitting between
their HOMO and LUMO orbitals [13]. The search for the minimum-energy structures on the
potential energy surface was done by choosing a set of representative structures and fully
optimizing their structure using basis sets that provide a reasonably small basis-set superpo-
sition error (BSSE) [14]. BSSE was evaluated using the full counterpoise method [15]. Finally,
vibrational frequencies and line intensities were computed at the MP2 level using the doubly
harmonic approximation. All computations reported here were carried out using the algorithms
included in the GAUSSIAN-92 program [16].

Results and Discussion

To locate all the minimum-energy structures on the potential energy surface for the
H,0---(HF), and (H>0),---HF systems, we selected a set of representative geometri-
cal arrangements using the empirical rules of Legon and Miller [17], hereafter identified
as structures 1-8 (Fig. 2). Structures 1-5 are representative of the H,O--- (HF); complex,
whereas structures 6—-8 correspond to the (HyO),--- HF complex. On all of these struc-
tures we carried out a first optimization at the HF level using the STO-3G basis set. Then, the
optimum HF/STO-3G structure was reoptimized at the HF/6-31G** level. In both optimizations,
the geometry of the H,O and HF fragments was frozen at their experimental values (roqy =
0.9584 A; <H—O—H = 109.5°% ryr = 0.9568 A). The results from the optimizations (see
Table I) show that the only minimum-energy structures for the H,O .- (HF), complex are
structures 4 and 5, in good agreement with the recent study of Hannachi et al. [18]. For
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Figure 2. Geometrical arrangements employed in our calculations.

the (H,0), - - - HF complex, the only minimum is structure 7. These results show that, when the
geormetrical restrictions are raised, the trimer evolves to form the maximum number of hydrogen
bonds. Note that there is no minimum in which there is a HF group acting only as a base. Either
it plays an acid role as in structure 4 or has a dual acid—basic role. In consequence, there is no
way the H --- F—H motif can be found in the 1:2 or 2:1 (H;0),, - -- (HF),, complexes. This
fact is meaningful in describing the existence of a reverse complex, as will be shown later on.

A close look at the optimized geometries shows some interesting features: In structure 4,
the two HF molecules act as an acid, whereas in 5, one acts as an acid and the other as a
base. The geometry of 4 belongs to the C,, symmetry group, with one plane being that of
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TaABLE I. Geometrical transformation of the spatial arrangements (see Fig. 2 for their description) during the
optimization process.

Initial Final
1 5
2 4
3 4
4 4
5 5
6 7
7 7
8 7

the water molecule and the other (at 90° relative to the first one) is the plane formed by the
two HF molecules and the oxygen atom. In structures 5 and 7, the system belongs to the C;
point group. However, all atoms except the hydrogens of the water molecules not involved
in a hydrogen bond (in arrangement S atom Hy, and in arrangement 7, atoms Hs and Hg; see
Fig. 3) lay close to the plane defined by the heavy atoms. It is worth noting here that atoms Hs
and Hjy of 7 are placed on the opposite sides of that imaginary plane. The fully optimized planar
form of structures 5 and 7 show one and two imaginary frequencies, respectively, associated
to motions that take H; or Hs and Hg out of the plane.

Once the optimum structures have been identified, we fully optimized their geometry at
the HF and MP2 levels using as starting parameters the optimum HF/6-31G** values. In this
step, the geometries of H,O and HF were also included in the optimization. As the use of
diffuse functions is known to play an essential role in the correct description of the hydrogen
bond [19], we carried out these optimizations with the 6-31++G** and 6-31++G(2d, 2p) basis
sets at the HF level, whereas at the MP2 level, the only basis set used was the 6-31++G**
set. The geometrical parameters obtained after the optimizations are included in Tables 1I, III,
and IV, for structures 4, 5, and 7, respectively. Table V gathers, for comparison, the optimum
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Figure 3. Atom numbering convention employed in the minimum energy structures 4, 5, and 7.
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TaBLE II.  Values of the nonequivalent geometrical parameters for the optimum-energy structure of arrangement 4
(see Fig. 3 for the numbering convention).

HF
MP2
Parameter 6-31G** 6-31++G** 6-31++G(2d,2p) 6-314++G**
Fi—H, 0.906 0.905 0.905 0.937
H;—O0s5 1.896 1.894 1.894 1.804
Os—Hg 0.944 0.944 0.944 0.967
£ 0sH,F 166.3 171.2 172.5 1725
/H405H, 114.8 107.7 110.0 111.8
£/ H705Hg 106.8 106.6 106.6 105.7

X;—X indicates the distance between atoms X; and X;, and £ X;X; X;, the angle formed by atom X; with the X;—X
bond. The molecule belongs to the C;, symmetry group with the two HF groups lying in a plane perpendicular to
that formed by the water molecule. All distances are given in angstroms, and angles, in degrees.

TaBLE III.  Values of the geometrical parameters for the optimum-energy structure of arrangement 5 (see
Fig. 3 for the numbering convention).

HF
MP2
Parameter 6-31G** 6-314+G** 6-31++G(2d, 2p) 6-314++G**

F,—H; 0.912 0.907 0.911 0.942
H,—Fs 1.786 1.851 1.870 1.765
F;—H,4 0.921 0.918 0.922 0.962
H4—O0s 1.734 1.730 1.736 1.610
Os—Hg 0.958 0.945 0.948 0.969
0Os5—Hy 0.943 0.941 0.944 0.964
H¢—F, 2.080 2.230 2.167 2.224
ZF3HyF 150.0 150.9 148.0 149.6
/H4F3H, 92.8 91.7 93.5 90.7
/£ 0sH4F3 154.3 160.9 157.8 160.8
£ HgOsHy4 98.0 89.5 89.5 103.0
/H705H4 123.0 124.6 129.4 122.4
£/ H4F3H,F; -1.9 -22 -2.5 -1.9
£0sH4F3H, 04 2.3 2.1 -29
£ HgOsH4F3 -2.6 -2.7 2.9 54
/. H705H4F3 114.3 121.2 1304 1254

X;—X indicates the distance between atoms X; and X;; £X;X;X;, the angle formed by atom X; with X;—X; bond;
and, finally, ZX;X;X;X;, the dihedral angle formed by the X; atom and the plane defined by the X;X; X; atoms, as
measured from the X;X; bond. All distances are given in angstroms, and angles, in degrees.

values of the intramolecular parameters of each isolated fragment with all basis sets and
methods employed here. Figure 4 shows a tridimensional view of the optimized structures of
structures 4, 5, and 7, respectively.

The analysis of the results included in Tables II-IV shows that, for the same method, the
geometry of these systems does not change significantly from one basis set to another. The
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TABLE IV, Values of the geometrical parameters for the optimum-energy structure of arrangement 7 (see
Fig. 3 for the numbering convention).

HF

MP2
Parameter 6-31G** 6-31++G** 6-31++G(2d, 2p) 6-31++G**
Fi—H, 0.919 0.917 0.921 0.958
H;—0O3 1.749 1.847 1.748 1.637
0Os;—Hy 0.952 0.949 0.951 0.976
03—Hs 0.943 0.941 0.943 0.964
H4—O¢ 2.000 2.062 2.038 1.916
Os—H7 0.948 0.945 0.948 0.970
Os—Hj3 0.943 0.940 0.943 0.963
H7—F, 2.038 2.254 2.230 2.112
£L03HFy 157.6 162.1 161.0 161.6
£ Hy03H2 95.1 96.1 98.8 96.9
£ Hs03H; 119.8 1214 124.8 121.0
£L0OgH403 144.4 143.1 1414 143.0
£ H706H4 90.7 98.0 98.1 97.2
£ HgOgHy4 124.4 133.7 138.8 133.0
£LH403H2F; —44 ~0.5 0.2 4.1
£LHsO3H,Fy 108.7 1139 119.9 118.8
£0sH403H; 5.3 2.1 0.4 -14
£LH706H404 —2.3 —2.8 -12 -1.3
£/ HgOgH403 —-113.4 —1253 —-130.2 -121.8

X;—X; indicates the distance between atoms X; and Xj; 2 X;X;X, the angie formed by atom X; with the X;—X
bond; and, finally, £X;X;Xy X, the dihedral angle formed by the X, atom and the plane defined by the X;X; X; atoms,
as measured from the X;X; bond. All distances are given in angstroms, and the angles, in degrees.

most sensitive parameters turn out to be the intermolecular distances and the angles. Our values
also reflect the effect that the hydrogen-bond formation causes on the intramolecular bonds of
each fragment. This is seen in the asymmetry of the two O—H bonds of each water molecule
and in the different values of the H—F distance in the HF molecules of each arrangement,
as corresponds to their different environments. Inclusion of electron correlation decreases the
length of the hydrogen bonds and increases the bond lengths in each fragment, as expected.
To be able to correlate our data with the experimental data, we have to know the relative
stability of those systems and the barrier between the different isomers of the same compound.
Table V reports for structures 4, 5, and 7 the total energy (£, in atomic units), the interac-
tion energy (AE in kcal/mol), the value estimated by the full counterpoise method for the
basis-set superposition error (BSSE, in kcal/mol), the BSSE-corrected value of the interaction
energy (AE.,, in kcal/mol), and, finally, the interaction energy corrected by the BSSE and the
zeroth-point energy (A E, in kcal/mol). The last property has been estimated using the values
of the vibrational frequencies computed using the harmonic approximation. According to the
values of the interaction energy, structure 4 is the least stable one, whereas structures 5 and 7
have a similar stability. This result can be rationalized in the following way: Structure 4 has
two F—H - -- O hydrogen bonds, whereas structures § and 7 both have three hydrogen bonds
of similar magnitude: The first has one F—H.-- O, one O—H---F, and one F—H - - F bond,
and the second has one F—H:-- O, one O—H---F, and one O—H - - O bond. The strength
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TaBLE V. Total energy (E, in atomic units), interaction energy (AE, in kcal/mol), basis-set superposition error (BSSE,
in kcal/mol), interaction energy corrected by the BSSE (AE,,, in kcal/mol), and interaction energy corrected by the
BSSE and the zeroth-point energy (AEzpe, in kcal/mol) computed at the optimum-energy structure of arrangements

4,5 and 7.
HF
MP2?
Property 6-31G** 6-31++G%* 6-31++G(2d, 2p) 6-314+G%*

Arrangement 4
E —276.070569 —276.101370 —276.111823 —276.691140
AE —-14.79 —1345 ~12.04 —16.27
BSSE 2.28 0.02 0.71 3.00
AE,, —12.51 —13.47 —-11.33 —13.27
AFEzpe —9.86 —8.58 —7.24 —11.34
Arrangement 5
E —276.080714 —276.105555 —276.116090 —276.696534
AE —21.16 —16.08 —14.72 —19.65
BSSE 5.14 0.41 0.31 2.40
AE,, —16.02 —16.49 —14.41 —17.25
AEzpp —15.39 —11.00 —9.55 —14.23
Arrangement 7
E —252.091118 —252.113207 —252.124679 —252.715641
AE —20.24 —16.49 —14.36 —20.69
BSSE 4.29 1.03 0.38 —3.11
AE, —15.95 —15.46 —13.97 —17.58
AEzpg ~14.27 —11.09 —9.18 —14.95

4Computed freezing the core orbitals.

of the O—H---O and F—H- - - F is known to be similar in the water dimer and the hydrogen
fluoride dimer (the MP2/6-311++G(2d, 2p) interaction energy for (H,O), and (HF), is —5.44
and —5.00 kcal/mol without BSSE corrections, respectively [20]), so it is not at all surprising
to obtain the same result when one substitutes a water molecule by a HF molecule in a similar
environment, as is the case of structures 5 and 7.

Another interesting aspect of the interaction energies is the so-called cooperative effect,
i.e., the difference between the value of the interaction energy of the trimer and that of
each dimer (Ecoop = AEgpc — AEg, — AE,. — AE,,) caused by the mutual polarization
of the monomer wavefunctions. Taking as values for AEyaersr, AEwater—waer a0d A Epp yp,
the values for the interaction energies of the water—HF, water—water, and HF—HF systems
computed with the MP2 method and the 6-311++G(2d, 2p) basis set (—7.87 [14], —5.00 [20],
and —5.40 [20] kcal/mol, respectively), one can obtain for structures § and 7 an MP2 estimate
for E;oqp of —1.38 and —2.41 kcal/mol, respectively, from the values reported in Table V.
These values must be taken as a measure of the importance of the mutual polarization; better
numerical estimates require the computation AE,,, AE,., and AE,, with all coordinates frozen
in the trimer geometry using the same basis set employed to compute AE,;,, for the trimer.
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To complete our analysis of the relative stability of the two forms of the 1:2 complex
(structures 4 and 5), we have computed the energetic barrier for the transition from one structure
to the other. The transition state for that process was computed by doing a systematic search
on the potential energy surface along the possible pathways from 5 to 4. The lowest possible
pathway can be described as the rotation of the F;—H, monomer, breaking the H;---F;
and Hg - - F; intermolecular bonds while simultaneously creating the H, - - - Os intermolecular
bond. During that process, the water molecule also rotates along the Hg—Os bond out of the
plane. Once the point was located, its transition site nature on the potential energy surface
was tested, computing the number of negative eigenvalues of the Hessian. The transition-
state geometry is represented in Figure 5. Its total energy is —276.069103 atomic units at
the HF/6-31G** level. Therefore, the transition state is located in the vicinity of structure 4 and
the barrier for the 4 — 5 process is only 0.92 kcal/mol, whereas that for the 5 — 4 process
is 7.29 kcal/mol (at the HF/6-31G** level). Therefore, at the low temperature in which the
infrared spectra is measured, we can expect that most of the 1:2 molecules will be in the
cyclic form 5§ instead of the open form 4. We do not expect that the inclusion of correlation at

PR
{0

Figure 4. Tridimensional representation of the optimum geometry of structures 4, 5, and 7.
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Figure 5. Tridimensional representation of the optimum geometry of the transition state of
lowest-energy connecting structures 4 and 5

the MP2 Jevel modifies the previous conclusions very much given the large energy difference
between structures 4 and 5 also present at that level (see Table V).

The final step of our calculation has been the vibrational analysis of the optimized structures.
We carried out this analysis at the HF and MP2 levels using the basis sets included in
Tables VII-IX. We have also included in Table VI the results for the monomers to allow

for comparisons.

TaBLE VI Optimum geometry (X— 7 distances in angstroms, ZXYZ angles in degrees), total energy (E, in atomic
units), vibrational frequencies (v, in cin™') and their IR intensities (given in parentheses in km/mol), and zero-point
energy (ZpE, in kcal/mol) computed using the Hartree—Fock (HF) and MP2 methods for the isolated HF and H,O

molecules.
HF
mp22
Property 6-31G** 6-314+G** 6-31++G(2d, 2p) 6-314+G**
HF molecule
H—F 0.900 0.902 0.898 0.926
E —100.011691 —100.024312 —100.027820 —100.215919
VHF 4493 (133) 4473 (176) 4472 (165) 4119 (126)
ZPE 6.42 6.39 6.39 5.89
H;0 molecule
O—H 0.943 0.943 0.941 0.963
/HOH 105.9 107.1 106.1 105.3
E —76.023615 —76.031309 ~76.036990 —76.233376
v,? 4262 (58) 4269 (89) 4259 (88) 4010 (10)
vd 4145 (16) 4147 (20) 4150 (19) 3863 (9)
vp© 1770 (104) 1728 (114) 1758 (100) 1620 (89)
ZPE 14.55 14.50 14.53 13.57

2H»O antisymmetric stretching.
®H,0 symmetric stretching.

°H20 bending.
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TaBLE VII. Harmonic vibrational frequencies (in cm ™), R intensities (in km/mol), and zero-point energy (ZPE, in
kcal/mol) computed for the optimum structure of arrangement 4 using the Hartree—Fock and MP2 methods.

HF
MpP2
Property 6-31G** 6-31++G%* 6-31++G(2d, 2p) 6-31++G**
1 (A1) 32 (12) 359) 35 (8) 33 (10)
2 (B1) 117 (O) 167 (0) 165 (1) 144 (1)
3 (A1) 167 (2) 169 (1) 166 (0) 184 (0)
4 (By) 187 (0) 190 (1) 185 (1) 212 (1)
5 (A2) 199 (19) 235 (0) 245 (0) 231 (0)
6 (B2) 251 (113) 293 (77) 306 (89) 314 (85)
7 (Ay) 590 (359) 622 (337) 627 (277) 653 (296)
8 (B2) 647 (245) 672 (336) 653 (271) 712 (253)
9 (A2) 690 (414) 705 (0) 705 (0) 753 (0)
10 (By) 690 (0) 738 (455) 713 (370) 782 (390)
11 (A1) 1766 (121) 1752 (125) 1767 (110) 1636 (98)
12 (A 4116 (81) 4107 (96) 4110 (86) 3820 (160)
13 (B1) 4226 (152) 4217 (173) 4211 (160) 3851 (1066)
14% (B) 4332 (837) 4279 (923) 4274 (160) 3897 (229)
15% (A)) 4359 (145) 4309 (280) 4303 (280) 3957 (144)
ZPE 31.99 32.15 32.11 30.28

#HF symmetric stretching.
"HF antisymmetric stretching.

TaBLE VIII. Harmonic vibrational frequencies (in cm™ ), IR intensities (in km/mol), and zero-point energy (zPE, in
keal/mol) computed for the optimum structure of arrangement 5 using the Hartree—Fock and Mp2 methods.

HF
MP2
Property 6-31G** 6-314++G** 6-31++G(2d,2p) 6-31+G**
1 161 (10) 84 (16) 83 (15) 111 (17)
2 219 (94) 166 (115) 176 (79) 209 (4)
3 224 (17) 185 (10) 189 (9) 218 (94)
4 265 (6) 241 (12) 245 (9) 275 (15)
5 326 (63) 301 (86) 307 (102) 355 (82)
6 516 (246) 407 (146) 419 (155) 477 (204)
7 546 (88) 507 (96) 531 (89) 583 (99)
8 669 (374) 569 (365) 585 (315) 654 (344)
9 808 (405) 777 (404) 807 (303) 902 (300)
10 1057 (123) 998 (170) 1010 (138) 1117 (144)
11 1776 (112) 1746 (121) 1766 (103) 1646 (89)
122 4019 (579) 4008 (797} 3988 (819) 3374 (1111)
13 4108 (168) 4115 (65) 4113 (61) 3807 (168)
14 4234 (155) 4242 (156) 4228 (140) 3823 (465)
15b 4269 (541) 4283 (513) 4273 (517) 3969 (154)
ZPE 33.16 32.36 32.48 30.77

8H4—F; stretching.
YH, —F, stretching.
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TABLE IX. Harmonic vibrational frequencies (in cm™!), IR intensities (in km/mol), and zero-point energy (ZPE, in
kcal/mol) computed for the optimum structure of arrangement 7 using the Hartree—Fock and Mp2 methods.

HF
MP2
Property 6-31G** 6-31++G** 6-31++G(2d, 2p) 6-31++G**
1 159 (9) 102 (11) 100 (7) 127 (1Y
2 186 (183) 141 (169) 145 (142) 196 (164)
3 203 (1) 186 (7) 171 (11} 215 (11)
4 253 (6) 235 (13) 188 (5) 266 (5)
5 271 (89) 246 (125) 248 (117) 293 (111)
6 308 (16) 293 (38) 276 (35) 326 (69)
7 382 (72) 355 (80) 352 (77) 388 (72)
8 548 (321) 438 (187) 426 (186) 500 (189)
9 647 (265) 582 (246) 577 (227) 658 (249)
10 806 (359) 802 (366) 789 (263) 903 (274)
11 1016 (114) 972 (189) 924 (150) 1077 (162)
12 1785 (141) 1748 (194) 1768 (160) 1640 (154)
13 1789 (77) 1758 (39 1777 (34) 1653 (21)
142 4015 (158) 4016 (489) 4031 (275) 3440 (1001)
15 4081 (472) 4068 (466) 4074 (516) 3703 (345)
16 4111 (399) 4112 (160) 4112 (169) 3805 (117)
17 4224 (124) 4231 (160) 4220 (142) 3954 (129)
18 4236 (140) 4247 (155) 4236 (143) 3974 (126)
ZPE 41.49 40.79 40.63 38.77

2HF stretching.

The analysis of the vibrational frequencies shows the presence of two types of vibrational
modes: a first group of low vibrational frequencies, associated to the intermolecular vibrations,
and a second group containing intramolecular normal modes, at frequencies very close to the
values in the isolated fragments. The results are slightly affected by the addition of diffuse
functions or polarization to the basis set; however, inclusion of correlation influences results
to a greater extent, in particular, these of intramolecular modes.

Of particular importance among intramolecular normal modes is the position of the HF
stretching. Looking at the MP2 values, in all complexes its value is shifted to lower frequencies,
as expected. The extent of the shift is known to be proportional to the value of the interaction
energy and this is the result found in our case. In this way, the symmetric and asymmetric HF
stretching of 4 and the H, —F; stretching in 5 lie close to 3900 cm™!. However, their intensity
is small. In contraposition, the H4—F; stretching of 5 and the H, —F; of 7 both are located
at much lower values (around 3400 cm™') and their intensity is very high. The first set of
values is similar to the HF stretching in the (HF), complex, whereas the second set is also
similar to the O—H stretching in the (H,O), complex. It is also important to note that the
computed harmonic MP2 values are expected to be an overestimation of the experimental
results (for the H;O and HF monomers, the error in the stretchings are about 200 cm™) [20].
Therefore, our calculations give results for the HF stretching smaller than those compatible
with an experimental value of 3915.5 cm™.. Such a value can be associated only with weaker
interactions of a HF monomer of the type expected in a reverse complex, i.e., with a HF acting
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purely as a base. However, the results shown above on the minimum-energy structures allow
us to conclude that there is no such a type of structure in the 1:2 and 2:1 complexes of
water and HF.

Concluding Remarks

Our Hartree—Fock and MP2 results on the structure of the 1:2 and 2:1 (H,0), - (HF),,
complexes of water and hydrogen fluoride have allowed us to obtain useful information
for the interpretation of infrared spectra of water and hydrogen fluoride mixtures. Two
minimum-energy conformations have been found for the 1:2 complex, connected through a
low-energy transition state. For the 2: | complex, only one minimum-energy structure has been
obtained. The analysis of the geometries of these minima shows that none of them presents
the H - - F—H motif in their structure. The vibrational analysis indicates that the 3915.5 cm™
frequency, characteristic of a H—F stretching of the reverse complex, cannot be associated
to any of the computed minima. Therefore, the structure of the so-called reverse complex is
still an unsolved problem.
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