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We have calculated the frequencies and intensities of the hydrogen-bonded OH-stretching transitions in the
water dimer complex. The potential-energy curve and dipole-moment function are calculated ab initio at the
coupled cluster with singles, doubles, and perturbative triples level of theory with correlation-consistent Dunning
basis sets. The vibrational frequencies and wavefunctions are found from a numerical solution to a one-
dimensional Schro¨dinger equation. The corresponding transition intensities are found from numerical integration
of these vibrational wavefunctions with the ab initio calculated dipole moment function. We investigate the
effect of counterpoise correcting both the potential-energy surface and dipole-moment function. We find that
the effect of using a numeric potential is significant for higher overtones and that inclusion of a counterpoise
correction for basis set superposition error is important.

Introduction

The hydrogen-bonded water dimer (H2O‚H2O) is the simplest
water cluster. It serves as the first step between gas-phase and
bulk-phase water and is likely to be an important atmospheric
absorber of solar radiation.1-3 To accurately model solar
absorption by the water dimer, knowledge of its absorption
spectrum in the infrared and near-infrared regions is essential.
However, at atmospherically relevant conditions, the gas-phase
spectrum of the water dimer is inherently hard to record because
of its relatively low equilibrium concentration compared with
that of the water monomer and because of the overlap of H2O‚
H2O absorption features with those of water monomer (H2O).1-7

Perhaps the most interesting vibrational mode in H2O‚H2O
is the hydrogen-bonded OHb-stretching motion. The frequency
of this vibration is red-shifted significantly compared to the other
OH-stretching vibrations of the water monomer and dimer.4,8

Previous calculations have shown that at high vibrational
excitation, the OHb-stretching transitions in H2O‚H2O are shifted
outside the spectral regions of strong monomer absorption.4,5

The spectroscopy of the OH-stretching oscillator in H2O‚H2O
is complicated by an intensity pattern characteristic of hydrogen-
bound OHb-stretching modes.4,5,9-12 The intensity of the fun-
damental OHb-stretching transition is much stronger and that
of the first overtone is significantly weaker than the correspond-
ing OH-stretching transitions in the monomer. The low intensity
of the first overtone is attributable to a cancellation of terms in
the dipole-moment expansion.10,11As a result, most experiments
in the first OH-stretching region have failed to identify the OHb-
stretching transition in H2O‚H2O.13-15 Recently, a very weak
transition in a neon matrix experiment was assigned to the first
OH-stretching overtone of H2O‚H2O.16

Experimental detection of higher OHb-stretching overtone
transitions in the water dimer has been limited to the band
Pfeilsticker et al. observed in the atmosphere at 749.5 nm (13340
cm-1), which displayed the expected quadratic dependence on

the water monomer pressure.17 This band was assigned to the
third OHb-stretching overtone transition in H2O‚H2O. Attempts
to observe this third OHb-stretching overtone transition in
laboratory experiments have so far been unsuccessful.18 Suhm
has suggested that this 19.4 cm-1 wide band is too narrow to
be from the water dimer.19,20 Ptashnik et al. observed water
dimer bands in the first stretch-bend combination region around
5500 cm-1 with widths of around 30-60 cm-1.1,3 These widths
are comparable to the 70 cm-1 wide OH-stretch-COH-bend
combination band recently measured in the trimethylamine-
methanol complex.12

A comparison of measured and calculated transition intensities
can provide equilibrium constants, which are very difficult to
calculate accurately.21-25 Clearly, accurate knowledge of the
water dimer equilibrium constant is crucial for assessment of
its atmospheric importance. To aid the experimental efforts,
accurate calculations of frequencies, intensities, and widths of
these water dimer transitions are important.

In this work, we calculate the vibrational frequencies and
intensities of the OH-stretching transitions in H2O‚H2O. We
investigate several factors that influence the calculated OHb-
stretching transitions to assess the accuracy of the previously
calculated results and further aid experimental detection of the
H2O‚H2O overtone transitions. These factors include the suit-
ability of the Morse function to describe higher overtones of
this highly anharmonic OHb-stretching mode, the effect of a
limited basis set, and the impact of basis set superposition error.
The calculated OH-stretching frequencies are also compared to
the results obtained for water monomer.

Theory and Calculations

The dimensionless oscillator strengthf of a transition from
the vibrational ground state|0〉 to a vibrationally excited state
|V〉 is given by26

where ν̃V0 is the vibrational wavenumber of the transition in
cm-1 andµbV0 ) 〈V|µb|0〉 is the transition dipole matrix element
in debye.
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fV0 ) 4.702× 10-7[cm D-2]ν̃V0|µbV0|2 (1)
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We use two approaches to calculate the energies and
intensities of the one-dimensional (1D) OHb-stretching anhar-
monic oscillator (AO) in the water dimer. The first approach
assumes a Morse oscillator, with the vibrational energy levels
given by

The Morse oscillator frequencyω̃ and anharmonicityω̃x are
found from the second-, third-, and fourth-order derivatives of
the potential-energy curve as described previously.27-29 The
derivatives are found by fitting an eighth-order polynomial to
a nine-point ab initio calculated potential-energy curve, obtained
by displacing the OHb bond from-0.2 to 0.2 Å in 0.05 Å steps
around equilibrium. This ensures converged derivatives.

In the second approach the 1D Schro¨dinger equation is solved
numerically using a finite element method to give both the
vibrational energy levels and wavefunctions.30 The potential
energy curve used for this covers the range from-0.3 to 0.6 Å
in 0.025 Å steps around equilibrium. This ensures converged
energy levels (better than 0.1 cm-1) and wavefunctions (f better
than 0.1% forV e 5).

The transition dipole matrix element of eq 1 can be expanded
as

whereq is the internal vibrational displacement coordinate. The
integrals〈V|qn|0〉 required for the transition dipole moment are
evaluated analytically for the Morse potential31 and by trap-
ezoidal numeric integration for the numerical potential. The
dipole moment coefficients are found from a sixth-order
polynomial fit to a nine-point dipole moment curve calculated
over values ofq from -0.2 to 0.2 Å in 0.05 Å steps. The
expansion in eq 3 is limited to sixth order.

We have used the harmonically coupled anharmonic oscillator
(HCAO) local-mode model to estimate the effect of vibrational
mode coupling on the OHb-stretching transitions.32 We perform
the three-dimensional (3D) HCAO vibrational calculation only
for the hydrogen-donor unit (HbOHf) of the water dimer. The
expression for the 3D Hamiltonian and dipole moment function
that we use are similar to those used previously33 and are given
in the Supporting Information.

All ab initio calculations were performed at the coupled-
cluster singles, doubles, and perturbative triples (CCSD(T)) level
of theory with the Dunning-type correlation-consistent basis sets,
aug-cc-pVXZ, where X) D, T, Q (AVXZ). In addition, we
have used composite basis sets consisting of AVTZ, AVQZ, or
AV5Z on the OHb‚‚‚O atoms and a reduced basis set, cc-pVTZ
on the remaining hydrogens. We label these composite basis
sets A′VTZ, A ′VQZ, and A′V5Z. The 3D HCAO local mode
calculation was only done with the CCSD(T)/AVTZ method.

The counterpoise (CP) correction scheme of Simon et al. was
used to determine the CP-corrected potential-energy surface.34

In a similar manner, we have determined the CP-corrected dipole
moment as

whereµbAB represents the dipole moment of the complex,µbA

andµbB are the dipole moments of the individual monomers at
their complex geometry, andµb*A and µb*B are the dipole mo-

ments of the individual monomers at their complex geometry
calculated with “ghost’’ orbitals.

Harmonic normal-mode frequencies were calculated with the
CCSD(T)/AVTZ method and are given in the Supporting
Information. All coupled-cluster calculations assume a frozen
core (O:1s). The dipole moment at each geometry is calculated
using a finite field approach with a field strength of(0.005
a.u. All calculations were performed with MOLPRO 2002.6.35

Results and Discussion

In Table 1 we compare the OHb-stretching frequencies
obtained from a 1D anharmonic oscillator (AO) calculation to
those found from a 3D HCAO calculation. In both models, the
AOs are described as Morse oscillators. The difference between
the frequencies and intensities in Table 1 is entirely the result
of the effect of vibrational coupling and mixed dipole-moment
derivatives. The effect of vibrational coupling on the OHb-
stretching frequencies is reasonably small, as expected from the
significantly different harmonic frequencies of the OHb- and
OHf-stretching modes. The transition intensities are reduced
upon inclusion of vibrational coupling for all but the first
overtone. However, this transition is inherently weak because
of cancellations of terms, and hence, it is more sensitive to
coupling.11 The change in intensity is less than 50% for all
transitions investigated. The fact that the intensities decrease is
consistent with the intense OHb-stretching state sharing intensity
with inherently weaker transitions to combination states. These
changes in frequencies and intensities at the CCSD(T)/AVTZ
level are likely transparent to higher-level methods, where it is
not feasible to do the 3D calculations.

Previously, the harmonically coupled anharmonic oscillator
local mode (HCAO) model has been used to calculate funda-
mental and overtone vibrational frequencies and intensities of
the OH-stretching and HOH-bending transitions in the water
dimer.4,5 The results of these calculations are in good agreement
with observed fundamental and first overtone transitions.3,13-16

Calculations that include all 12 vibrational modes in H2O‚H2O
have used correlation-consistent vibrational self-consistent
field,36 harmonic normal mode,37 or vibrational perturbation
methods built into Gaussian 03.16,38 These calculations mainly
yield fundamental and first overtone frequencies and are
necessarily at a limited ab initio level. For the OH-stretching
and HOH-bending transitions, the results obtained with the 12D
methods do not seem better than those obtained with the HCAO
local mode model.5

Morse versus Numeric Potentials.The CCSD(T)/AVTZ
calculated potential energy curve and the corresponding energy
levels are shown in Figure 1. The calculation of perturbative
triples is known to fail at large bond displacements from
equilibrium,39 whereas the coupled cluster with singles and
doubles method (CCSD) does not have this problem. We have

E(V)/(hc) ) (V + 1
2)ω̃ - (V + 1

2)2
ω̃x (2)

〈V|µb|0〉 ) ∂µb
∂q

〈V|q|0〉 + 1
2

∂
2µb

∂q2
〈V|q2|0〉 + 1

6
∂

3µb
∂q3

〈V|q3|0〉 + ...

(3)

µbAB
CP ) µbAB + µbA + µbB - µb*A - µb*B (4)

TABLE 1: Calculated OH b-Stretching Frequencies (in cm-1)
and Intensities in the Water Dimera

AO (1D) HCAO (3D)

∆V ν̃ f ν̃ f

1 3573.3 6.9× 10-5 3564.6 5.7× 10-5

2 6967.9 7.4× 10-9 6978.5 1.1× 10-8

3 10 183.7 8.3× 10-10 10 159.8 5.2× 10-10

4 13 220.7 2.8× 10-10 13 190.1 2.2× 10-10

5 16 079.0 4.6× 10-11 16 052.0 4.1× 10-11

a Local-mode parameters and dipole-moment function obtained with
the CCSD(T)/AVTZ ab initio method for both calculations.
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also calculated the CCSD/AVTZ potential-energy curve, which
is similar to the CCSD(T)/AVTZ curve in the range shown in
Figure 1.

At large positive displacements from equilibrium, the Hb atom
comes into close proximity to the oxygen atom of the acceptor
unit. This causes the OHb-stretching potential to have a different
shape from that of a normal diatomic molecule. As shown in
Figure 1, both walls of the OHb-stretching potential are
repulsive. Atq ≈ 0.9 Å, there is a depression in the repulsive
wall, which is consistent with an unstable H3O+‚OH- diionic
structure. The lowest 6 energy levels lie within the potential
calculated in the displacement range used in our numerical
calculation. The Morse potential obtained from CCSD(T)/AVTZ
calculated points in the(0.2 Å range is also shown in Figure
1. The Morse and numeric potentials are quite similar in the
range covered by the first six energy levels. Not surprisingly,
the discrepancy increases with increasing energy.

The CCSD(T)/AVQZ OHb-stretching frequencies and intensi-
ties calculated for the Morse and numerical potentials are given
in Table 2. For the fundamental transition the frequency and
intensity calculated with the two methods is virtually the same.
The frequencies calculated with the two methods diverge for
increasing∆V, up to 60 cm-1 at∆V ) 5. With the smaller AVTZ
basis set, the difference increases to 100 cm-1 at ∆V ) 5.

This suggests, as expected, that the Morse potential is an
adequate approximation in the lower-energy region of the
potential, but it becomes less suitable to describe the highly
vibrationally excited region.

The overtone intensities obtained for the numeric potential
are about a factor of 1.8 larger than the Morse calculated
intensities. The large difference in calculated intensity is caused
by the difference in the wavefunctions since the same dipole
moment function is used with both methods. Similar to the
frequencies, we would have expected the discrepancy between
the two methods to increase with∆V. The larger than expected

discrepancy for∆V ) 2 and 3 is likely caused by a cancellation
of terms in the transition dipole-moment expansion (eq 3), which
makes these transitions weak.11 In that case, a small change in
the 〈V|qn|0〉 matrix elements can lead to a large change in the
calculated intensity.

Basis Set Effects.In Table 3, we show the calculated OHb-
stretching frequencies for numeric potentials obtained with
different basis sets. We have used the full AVTZ and AVQZ
basis sets and the composite basis sets A′VTZ, A ′VQZ, and
A′V5Z.

The calculated transition frequencies with the composite basis
sets A′VTZ and A′VQZ are in excellent agreement with the
results of the full AVTZ and AVQZ calculations. This indicates
that use of selectively augmented composite basis sets can
provide frequencies at significantly lower computational cost
and suggests that the results of the A′V5Z basis set are similar
to those with the full AV5Z basis set.28

The calculated fundamental transition frequencies increase
and become in better agreement with the experimental frequen-
cies as the basis set increases in size. This is consistent with
previous studies on small diatomic molecules.40 The difference
between calculated and experimental values seems to increase
with increasing vibrational quantum number, although the
experimental data are still uncertain. The transition frequencies
appear to be converging with increasing basis set size but are
not fully converged. The frequencies at the largest basis set
(A′V5Z) are lower than those observed experimentally. If it was
computationally feasible, an increase in the level of ab initio
theory would likely lower the frequencies somewhat.41 We
believe that this reduction will be of comparable size to the
increase in frequency obtained from increasing to the complete
basis set limit.40,41

In Table 4, we show the calculated OHb-stretching intensities
for different basis sets. The fundamental intensity shows little
change with basis set, as expected. The variation in overtone
intensities with basis set is less than 30%.

Basis Set Superposition Error.The effect of an increasingly
larger basis set on a complex such as water dimer is not as
straightforward as that for an isolated molecule. Basis set
superposition error (BSSE) leads to an artificial increase in the
binding energy of water dimer, which decreases the intermo-
lecular distance and increases the OHb bond length. The net
result of this is an underestimation of the OHb-stretching

Figure 1. CCSD(T)/AVTZ-calculated OHb-stretching potential-energy
curve in the water dimer. The first six energy levels are shown. The
dashed line represents the Morse potential obtained at the same level
of theory.

TABLE 2: Calculated OH b-Stretching Frequencies (in cm-1)
and Intensitiesa

Morse numeric

∆V ν̃ f ν̃ f

1 3584.6 6.9× 10-5 3584.6 6.9× 10-5

2 6984.8 9.6× 10-9 6983.1 1.8× 10-8

3 10 200.5 1.4× 10-9 10 192.6 2.4× 10-9

4 13 231.7 3.8× 10-10 13 207.8 6.7× 10-10

5 16 078.5 5.8× 10-11 16 020.9 1.1× 10-10

a Calculated with the CCSD(T)/AVQZ dipole-moment function and
potentials.

TABLE 3: Calculated OH b-Stretching Frequencies (in cm-1)
with Numeric Potentialsa

∆V A′VTZ AVTZ A ′VQZ AVQZ A ′V5Z exptlb

1 3573.3 3571.9 3584.2 3584.6 3589.2 3601
2 6963.5 6960.6 6982.0 6983.1 6992.3 7018
3 10 166.2 10 161.7 10 190.2 10 192.6 10 205.9
4 13 175.2 13 169.1 13 203.6 13 207.8 13 224.7 13 340
5 15 981.8 15 974.1 16 014.1 16 020.9 16 040.3

Nbasis 157 184 248 344 376

a Calculated with the CCSD(T) theory.b Values are taken from refs
8, 16, and 17.

TABLE 4: Calculated OH b-Stretching Intensities with
Numeric Potentialsa

∆V A′VTZ AVTZ A ′VQZ AVQZ

1 6.9× 10-5 6.9× 10-5 7.0× 10-5 6.9× 10-5

2 1.4× 10-8 1.4× 10-8 1.7× 10-8 1.8× 10-8

3 2.0× 10-9 2.0× 10-9 2.3× 10-9 2.4× 10-9

4 5.4× 10-10 5.7× 10-10 6.8× 10-10 6.7× 10-10

5 8.4× 10-11 9.7× 10-11 1.1× 10-10 1.1× 10-10

a Calculated with the CCSD(T) theory.
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frequency. To investigate the effect that BSSE has on the
calculated transition frequencies and intensities of water dimer,
we have applied a counterpoise (CP) correction.34 We have
optimized the water dimer structure both with and without a
CP correction scheme at the CCSD(T)/AVTZ level of theory.
These two structures are given in the Supporting Information.
The most significant difference is a 0.03 Å elongation of the
O‚‚‚O distance and a 0.0002 Å contraction of the OH bond
length. The binding energy of water dimer with the standard
optimization is 5.2 kcal mol-1, and with the CP optimization,
this is lowered to 4.2 kcal mol-1.

The calculated OHb-stretching transition frequencies and
intensities obtained with the non-CP- and CP-corrected potential-
energy curve and dipole-moment function are given in Table
5. The CP-corrected frequencies are higher than those calculated
from the non-CP-corrected potential-energy curve as expected
from the decreased OH bond length. The highest-energy
transitions are the most affected, with a 75 cm-1 increase inν̃
for the∆V )5 transition. The CP corrected intensities are similar
to those calculated without the CP correction. The change in
intensity is∼10% for the∆V ) 1, 4, and 5 transitions and∼40%
for the ∆V ) 2 and 3 transitions. The larger discrepancy for
∆V ) 2 and 3 is likely caused by the aforementioned cancel-
lation effects. The CP-corrected AVTZ frequencies and intensi-
ties are similar to the non-CP-corrected AVQZ results given in
Table 2. This suggests that AVQZ quality results for vibrational
frequencies and intensities in molecular complexes can be
obtained from the significantly less-demanding CP-corrected
AVTZ calculations.

Summary

Experimental observations of the OHb-stretching transitions
for water dimer are limited and only the fundamental transition
has been repeatedly observed.8,42,43 The ∆V ) 2 transition is
very weak and has only been assigned in a Ne matrix study
and not in the previous Ar or N2 matrix studies.14,15,44 The
atmospherically observed∆V ) 4 transition has been questioned
because of its narrow bandwidth and has not been confirmed
by laboratory experiments.17-19 Thus, it is difficult to estimate
the uncertainties in our calculation on the basis of comparison
to experiment.

The 1D local mode description of the OHb-stretching transi-
tions in water dimer is somewhat crude, necessitated by the
desire to assess the effect of high-level ab initio calculations.
The additional coupling in a multidimensional model would alter
the frequency of the calculated 1D transitions. The HCAO 3D
calculations presented include harmonic and cubic coupling
between the two OH-stretching modes and the bending mode
and give us an estimate of the effect of coupling in the HbOHf

unit. Previous calculations on the water monomer show that
the effect of higher-order anharmonic couplings, and a full
variational treatment changes the HCAO fundamental frequency
by as much as 30 cm-1.1,32

We estimate the frequency of OHb-stretching transitions in
two different ways. First, we correct our calculated absolute
frequencies for the deficiencies in our model. Second, we
compare the red shift in our calculated frequencies for the OH-
stretching modes in the water monomer and dimer and estimate
the OHb-frequency by subtracting this red shift from the
experimental values for the water monomer. Both of these
approaches are based on different assumptions, and the differ-
ence in the estimated frequencies provides some insight into
the uncertainty.

We have made a qualified estimate of the frequency of the
fundamental OHb-stretching transitions solely on the basis of
the present water dimer calculations. The effect of vibrational
coupling is to lower the frequency∼10 cm-1, and the CP
correction increases the frequency by∼10 cm-1. Increasing the
basis set from A′V5Z to the complete basis set limit would
probably add around 5 cm-1, and improving the level of theory
beyond CCSD(T) is expected to lower the frequency by around
5 cm-1.41 We see that all these estimated corrections ap-
proximately cancel and that the AV′5Z frequency of 3590 cm-1

is a reasonable estimate for the fundamental frequency, in good
agreement with the experimental value of 3601 cm-1.8

We have compared our calculations for the OHb-stretching
mode in water dimer with 1D calculations for the OH-stretching
local mode in the water monomer. The water monomer
calculations have been performed in a similar manner to our
water dimer calculations, with transition energies and intensities
found from a numerical solution to an ab initio calculated 1D
potential. This comparison is not completely satisfactory because
of the different level of coupling in the water monomer and the
HbOHf unit in the water dimer. The effective vibrational
coupling between the two equivalent OH-stretching modes in
water monomer is more significant than that between the two
nonequivalent OH-stretching modes in the HbOHf unit in water
dimer. Furthermore, BSSE, which has a noticeable impact on
the water dimer results, has no effect on the water monomer
calculations.

In Table 6, we compare the red shift of the calculated OHb-
stretching frequency from the calculated OH-stretching fre-
quency of the water monomer. We find that these frequency
red shifts rapidly converge with basis set size. We can use these
calculated red shifts to estimate the OHb-stretching frequency
by comparing to the water monomer observed transitions.

Within the local mode picture, the calculated OH-stretching
frequencies in water should be compared with the average of
the observed symmetric and antisymmetric OH-stretching
modes. In the fundamental region, this average is 3706 cm-1.45

If we subtract the A′V5Z calculated red shift and include a
correction for BSSE, from Tables 6 and 5, respectively, the value
obtained is 3575 cm-1, within 15 cm-1 of the value obtained
from our absolute calculation. Clearly these corrections increase
with V and are more difficult to estimate for the higher overtones.

TABLE 5: Calculated OH b-Stretching Frequencies (in cm-1)
and Intensitiesa

non-CP CP

∆V ν̃ f ν̃ f

1 3571.9 6.9× 10-5 3581.1 6.4× 10-5

2 6960.6 1.4× 10-8 6981.6 1.9× 10-8

3 10 161.7 2.0× 10-9 10 198.1 2.8× 10-9

4 13 169.1 5.7× 10-10 13 225.4 6.5× 10-10

5 15 974.1 9.7× 10-11 16 056.5 1.0× 10-10

a Calculated with the CCSD(T)/AVTZ numeric potential.

TABLE 6: Shifts of the OH b-Stretching Frequencies (in
cm-1) Compared to the OH-Stretching Frequency in Water
Monomera

∆V AVTZ AVQZ A ′V5Zb

1 136 141 140
2 298 308 306
3 490 506 504
4 719 742 740
5 996 1025 1025

a Calculated with CCSD(T) numeric potentials.b Water monomer
CCSD(T)/AV5Z frequency minus water dimer CCSD(T)/A′V5Z fre-
quency.

570 J. Phys. Chem. A, Vol. 111, No. 4, 2007 Schofield et al.



The most discussed overtone transition is without doubt the∆V
) 4 transition. The average of the observed symmetric and
antisymmetric∆V ) 4 transitions in water is∼13 829 cm-1.45

If we subtract the A′V5Z redshift from Table 6 and add the CP
correction from Table 5, we obtain an estimated position of
13 145 cm-1. In comparison, if we take the absolute A′V5Z
frequency from Table 3, add the CP correction, and subtract
the coupling from Tables 5 and 1, respectively, we get a
transition frequency of 13 251 cm-1. The corrections from
increasing the basis and level of theory are likely to cancel.
Additional coupling in the vibrational model will lower the
13 251 cm-1 value further and bring it closer to the value
estimated from the frequency shifts. These estimated frequencies
for the ∆V ) 4 transition are∼200 cm-1 to the red of the
previous estimates.4,5

We have also calculated the intensities for the OH-stretching
transition in water monomer with the 1D model. The CCSD-
(T)/AV5Z numeric potential intensities agree well with the
experimental intensities (sum of symmetric and asymmetric OH-
stretching transitions) despite the lack of vibrational coupling.
For ∆V ) 1-3, the discrepancy is∼10%; for ∆V ) 4, it is
∼20%, and for∆V ) 5, it is ∼30%. For the higher overtones,
∆V ) 4 and 5, the use of the numerical potential is important.
The OHb-stretching intensities in water dimer can be estimated
from the calculated intensities in Tables 1, 4, and 5. For the
fundamental transition, the CP-corrected AVTZ oscillator
strength is 6.4× 10-5, which is lowered to about∼5 × 10-5

by the vibrational coupling. Increasing the basis set beyond
AVTZ has little effect on this value. Experimental absolute OH-
stretching intensities for the water dimer are limited to the very
recent helium droplet fundamental intensity of 2.5× 10-5.43

For the∆V ) 4 overtone, the effect of increasing the basis set
and including coupling are about 20-30% and to some extent
cancel, and we estimate an intensity of∼6 × 10-10. This
estimated intensity is about a factor of 2 higher
than the previously published results for the OHb-stretching
transitions.4,5

Conclusions

We have calculated frequencies and intensities of the
hydrogen-bonded OH-stretching vibration in water dimer. The
potential-energy curve and dipole-moment function are obtained
from high-level CCSD(T) calculations. The effect of using a
numeric potential rather than the Morse potential is significant
for higher overtones and inclusion of a counterpoise correction
for basis set superposition error is important. We find that our
calculated frequencies are slightly lower than those previously
calculated and for the fundamental also slightly lower than the
observed frequency. Our calculated intensities are higher than
those previously calculated, which would decrease water dimer
equilibrium constants derived from these transitions.
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