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The OH radical is a very important species in the biological, J_'e

environmental, and physical sciences. The hydration of OH is
important in the biological sciencebecause the effect on OH by

complexation with a single water molecule may change the Structure 1 CA)
oxidation potential of the radicdl.Hydrated OH may also be

important as an intermediate species in the reaction between OH 9

and HO in the atmosphefeand as a species formed in the b

radiolysi$ and photolysié® of H,O ice. The reinterpretation by Structure 2 (A")
Langford et aF of the work by Gerakines et dlon the vacuum-

UV photolysis of HO ice has indeed shown that a hydroxylater

complex (HO-HO) was formed within the lattice of their laboratory b J
ices. This complex might also be relevant to the interpretation of

the spectra of outer solar system bodies that are often ice-covered Structure 3 (A")

and subjected to strong fluxes of radiatfon. Figure 1. QCISD/6-31H#+G(2d,2p) optimized structures for the;G

Recent work has provided the first assignment of infrared HO complex.
_absorptlon ba_ncGis at 3452 and .3428 ¢rtD an HO-HO complex Table 1. Calculated Binding Energies, Vibrational Frequencies,
in an Ar matrix® To confirm this assignment, the present study .4 |ntensities (in parentheses) for H,0-HO Structures?
investigates the ¥D-HO complex by comparing calculated isotopic

shifts of the OH stretching vibration with those observed experi- LEA) 207 SN
mentally. We also compare the measured decrease in intensity of Eo 5.69 5.37 3.51
the OH stretching vibration upon isotopic substitution (OD) with zi 1??2 8‘2027)) igg:g 5(2)_262)05) 1%75'%((128175_36))
the decrease predicted from calculations. The OH stretching band ,, 184.4 (64.6) 199.3 (174.2) 161.0 (73.6)
at 3442 cm? is assigned to the OH radical of the complex in a V4 427.0 (197) 525.0(170.2) 310.8 (178.8)
third site. s 621.2 (149) 526.2 (167.3) 369.9 (4.1)
Structuresl—3 (Figure 1) represent three true minima on the :je égg?% ggo?;) éggig Egg55?5) égg;é Egé%
H20-HO potential energy surfacdeAll three structures were V; 3877.3 (13.8) 3875.1 (13.8) 3853.3 (94.1)
optimized with the quadratic configuration interaction including Vo 3978.6 (82.3) 3974.4 (79.1) 3967.3 (116)
single and double excitations (QCISD) method and the 6+31G-
(2d,2p) basis set in Gaussiar®8he calculated harmonic frequen- 2 Calculated with the QCISD/6-331G(2d,2p) method. Binding ener-

cies are given in Table 1, and the lack of imaginary frequencies gies in kcal mot™. Vibrational frequencies in cm. Intensities in km mol™.

confirms the structures as minima. Structuteand 2 have very
similar geometries, but belong to different electronic statas,
and?A" respectively. The QCISD/6-33HG(2d,2p) calculated
energy difference betweehand2 is only 0.32 kcal moil. The
calculated harmonic frequencies of the symmetric and asymmetric
stretches in the O unit and of the stretch in the OH unit dfand

2 are very similar. It is therefore likely that different sites within
the matrix, and not different structures, are the cause of the multiple
peaks observed by Langford et6al.

H,0-HO was prepared using a method similar to that described
by Langford et aP. In brief, H,O:Ar mixtures in ratios of 1:100 to
1:500 were prepared from distilled water and high-purity argon.
The HO:Ar mixture (~5—8 mmol 1) was introduced into the
matrix isolation system through a borosilicate glass tube where it
was subjected to a radio frequency discharge from a Tesla caoil.
The discharged mixture was then deposited on to a KBr sample

window cooled to 11.5+ 0.5 K by a closed-cycle helium
refrigerator (CT+Cryogenics 8300 compressor and a 350CP
displacer). A Lakeshore DT-470 silicon diode sensor measured the
sample temperature. The spectra of the matrices were obtained at
0.5 cnt?! spectral resolution with a Mattson Sirius 100 FTIR
spectrometer.

Table 2 shows the experimental and calculated isotopic shifts
of the OH radical stretch of structufe These calculations were
performed using an anharmonic oscillator local mode m#étés.

The calculated isotopic shifts agree well with those we have
measured experimentally. The calculated scaled frequencies for the
OH and OD stretch agree well with the experimental values,
especially if matrix shifts are considered.

Langford et aP assigned the bands at 3452.2 and 3428.0cm
seen by previous workei&!“to the OH radical stretch, red-shifted
from the free OH radical stretch of 3549 chby complexation to

T Chemistry, The University of Western Australia. a water molecule. The two bands were attributed to the complex
+ Department of Chemistry, University of Otago. B ; ; ithi ; R

§ Presently Research Fellow, University of Canterbury, Christchurch, New present 'n_ tV_VO c_ilﬁerent S|t_es W'thm the argon matrix. It is clee_tr
Zealand. from the similar isotopic shifts in Table 2 that the three bands arise
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Table 2. Comparison of Calculated and Measured Frequencies
and Isotopic Shifts (cm~1) of the Hydroxyl OH-Stretching Band in
H,0-HO Structure 1 (2A")

experimental calculated®
site 1 site 2 site 3 unscaled scaled®
VOH 3452.2 3428.0 3442.1 3546.1 3479.0
VoD 2542.9 2524.6 2536.4 2643.6 2586.8
isotopic shift  909.3 903.4 905.7 902.5 892.2

% difference 0.75,0.10,0.35 1.88,1.24,1.51

a Anharmonic oscillator local mode model with a Morse potential fit to
a QCISD/6-31%+G(2d,2p) calculated 15 point grig-0.3 to 0.4 A) about
the equilibrium OH bond lengt®. Scaling factorsd) by 0.9719 andvx by
0.8154) are obtained from comparing calculatedndwx to experimental
values for the OH radical. Experimental values found from a Bit§poner
fit to the Avon = 1—6 from HITRAN 2000 database.
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Figure 2. The absorption bands of2@-HO and BO-DO in the OH/OD
stretch infrared region.

Table 3. Comparison of the Band Intensity Ratios of the Hydroxyl
OH-Stretching Band of H,O-HO and Its Deuterated Isotopomer

calculated® site 1 site 2 site 3
OD/OH ratio OD/OH ratio OD/OH ratio OD/OH ratio
0.51 0.62+ 0.1¢% 0.56+ 0.272 0.33+ 0.27

a Anharmonic oscillator local mode calculatiohErrors estimated at the
95% confidence level.

from OH stretching vibrations and the previously unassigned 3442.1
cm~! band originates from the OH radical stretch of the complex
in a third site (Figure 2). The intensity of the band at 3442.T%cm
shows a dependence onp®iconcentration similar to that previously
observeéifor the 3452.2 cm! band, whereas the 3428.0 chband
intensity is independent of # concentration over the range
measured.

In Table 3 we show the intensity ratios of the OD/OH radical
stretching vibration of the complex. Our calculations predict a
decrease in the OH radical stretching intensity by 0.51 upon

deuteration. The agreement is good, especially when the problems

of slightly overlapping bands and low intensities are considered.
It is assumed that prior to deposition, the kinetic energies of the
gaseous OH and @ molecules will be too high for the formation
of the HO-HO complex. In these circumstances the OH ap@®H
molecules should deposit randomly on the cold surface. At 11.5 K

the signal intensities remain steady for many hours, suggesting that
there is no subsequent migration of either OH g©Hhrough the
matrix. Assuming that they each occupy a substitutional site in what
will be a fairly rigid face-centered cubic argon lattieat 11.5 K,
one can readily calculate the probability of randomly depositing a
water molecule next to an OH radical. Thus, in a 1:15@Ar
mixture, ca. 7.4% of the OH radicals have a nearest-neighbor water
molecule to which they can complex. Anharmonic local mode
calculations predict that the ratio of the IR intensities of the isolated
OH stretch to the OH stretch in the complex is 0.028. Our
experimentally measured value is 0.0320.007 after correction
for the 7.4% nearest-neighbor percentage from above.
Structurel has the singly occupied molecular orbital perpen-
dicular to the Cs symmetry plane, while structur@ has this
molecular orbital in the symmetry plane. Thgandvs modes of
structuresl and2 involve the motion of the hydroxyl hydrogen in
and out of theC, plane, respectively. As a result, these two modes
are most useful for spectroscopic identification of structdrasd
2 (Table 1). Unfortunately, in the present work we were unable to
acquire data below ca. 580 cfthand we did not observe any
absorptions from thes mode above this limit.
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