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Molecular Symmetry

Background

water dimer OH-stretching regions (fundamental and first overtone), but a firm

The spectroscopy of water dimer has been studied for than half a century, and its Table 1. Action of the generators* of the
OH---O hydrogen bond is considered by many to be the archetype of hydrogen || molecular symmetry group Gg and G, on the
bonds. A range of experimental jet-cooled spectra have been published of the || internal coordinates defined in Figure 1.

assignment of the observed transitions has not yet been possible due to the lack of

accurate calculations. The water dimer Is a deceptively simple molecule (only six

nuclel and 20 electrons) with eight versions of its equilibrium structure connected
by low-energy barriers. The light molecular frame and the highly anharmonic
potential energy surface results in large amplitude motion, making conventional
vibrational models unreliable. We calculate the spectrum of water dimer in the OH-
stretching regions with a finite basis representation of an effective Hamiltonian.t-3

numbering of the atoms of the two H,O units. The two centers of mass are used
to define the last internal coordinate: R = |[CoM, — CoM]|.t
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Figure 1: Definition of the intermolecular coordinates of the water dimer and the || ~©Generator (12) permutes H, and H,, (34)
permutes H; and H,, E* denotes inversion, and

P;, = (0,0,)(13)(24) permutes the donor and

The Vibrational Model

Flgure 2. The Hamiltonian and the
dipole moment matrices are block-
diagonalized with the use of the Gg4

molecular symmetry group.

Sym.

Sym.

The eigenvectors and eigenvalues
of the Hamiltonian matrix can be
obtained by diagonalizing each
significantly
reduces the computational cost.
Each block of the Hamiltonian
contains Dbasis functions
transform as different irreducible
the  Gg

‘JUmolecular symmetry group.
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Podolsky Hamiltonian with CCSD(T) F12a/cc-pVTZ-F12 potential energy surface: Table 3: Calculated? transition wavenumbers (¥), oscillator strengths (f),
l R ~_1 . . a . ) . . . .
_ _ZU 573 p Gi; 82 ;8 + V., where p; = _lha_q,;’ and rotational band types for selected OH-stretching transitions
g = det(g), 8ij = TaMa 5 5%, Gij = o geroid Transition 7 [em™] f[x10~°] Type
qi 94j Ma 0%a OXa 2Vom, 7045.9 5.5 A/C
Many-mode expansion of G,V, and p, ,, , (the dipole moment function), shown here for V: 2VoH, 7187.6 913 A/C
2V 7221.2 25 A/IC
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12D basis functions expressed as symmetrized products of 1D eigentunctions: Figure 4: Infrared-ultraviolet vibrationally mediated dissociation spectrum
W(ry,r,te, 13,70, tg, R, 3,0, 0, a,7) = of water dimer.1° Reprinted from [J. Chem. Phys. 122, 194316 (2005)],
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1D eigenfunctions (at reference value of all other coordinates) are obtained from: HLO jo2=r H,0 (02> . FZ'ZO('_O?
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Table 2: Calculated® and experimental*’ transition wavenumbers (v, in cm1) and relative | | W
oscillator strengths (f, in parentheses) for the OH-stretching fundamental transitions. e i s i ‘i =5 i
Pump Laser Frequency [cm ]
Transitions 6D* 12D Jet He-droplet Ne-matrix . .
Vo, 3555.5 (100)  3599.0 (100) 3601 3597.4 (100) 3590.5 (100) t aae
VOH, 3651.6 (2.5) 3650.6 (3.4) 3651 3654.3 (3.1) 3660.6 (3.3) Experiment —C-type || Figure 5:
Vo, 3726.9 (24)  3726.7 (54) 3730 3730.1 (66)  3733.7 (46) 2 PG_OF’lHtER“
g simulatec
VoH._ 3746.0 (22)  3742.6 (33) 3745.5 3748.6 (31)  3756.5 (26) = vibrational-
*The model includes the four OH-stretching modes and the two HOH-bending modes. Simulation rotationa
| | | | | o ™ band profiles
1 H O/H e-droplet “ I\\ H 7186 7188 7190 7192 7184 719% 7198 7200 20 10 0 10 20 at 10 K.
\ Pump Laser Frequency [cm™] Wavenumbers [cm'l] /
_4? 3 H,O/He-droplet “ }\ /\ .
V)
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figure 3: Calculated® and experimental spectra’® in the OH-stretching fundamental region. y
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