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INTRODUCTION
Water vapor, H2O, is one of the most abundant species in the Earth’s atmosphere (T≈220-298 K, in the troposphere), but
it can also be found in the atmosphere of many objects in the solar system at low temperature conditions (T≤150 K), such
as Jupiter’s and Saturn’s moons. H2O can form hydrogen-bonded complexes with many atmospheric species and
consequently influences the radiation balance on Earth and affects the atmospheric chemistry.
The purpose of this work is to determine for the first time, the formation and OH-reactivity rate coefficients of OH(H2O)
and H2O2 (H2O) complexes at ultra-low temperature.

EXPERIMENTAL SET-UP

T= 21.7-135 K

298 K

The pulsed CRESU (French acronym for Cinétique de Réaction
en Ecoulement Supersonique Uniforme) technique was used to
perform the ultra-low temperature gas phase kinetic experiments
and create a gas jet with a uniform temperature and gas density.
The technique is based on the uniform supersonic expansion of
gas mixture from a relative high pressure in a pre-expansion
reservoir through a Laval nozzle into a vacuum chamber which
provokes the cooling of the gas. The pulsed laser
photolysis/laser induced fluorescence (PLP-LIF) technique was
used to generate OH radicals and to monitor their temporal profile.
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TIME EVOLUTION OF OH IN THE PRESENCE OF H2O
OH + H2O → Loss

• To carry out the kinetic experiments, first,
OH radicals are generated in situ using from
gaseous H2O2 at a wavelength of 248 nm
(KrF excimer laser), generating two OH
radicals.
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• The OH radicals are excited at 282 nm,
which after vibrational relaxation, emits
fluorescence at around 309 nm The laser
induced fluorescence is detected a function
of the reaction time using
a filtered
photomultiplier tube.

OH-REACTIVITY AND FORMATION OF THE

OH + H2O2 → H2O + HO2 kPrec
OH → Other losses

kdiff

ILIF(t) = ILIF(t = 0) exp(−k’t)

k’ - k’0 = keff [H2O]0
k’0 = kPrec(T) [H2O2] + kdiff

keff represents the loss of OH
radicals which is a complex
mechanism that involves many
interdependent processes.

Fig 1. Temporal profiles of the LIF signal
from OH.

OH(H2O) and H2O2 (H2O) COMPLEXES AT 21.7 K - KINETIC MODEL

• Formation of binary complexes: OH(H2O), OH(H2O2), H2O2 (H2O) and (H2O)2.
• Formation of water clusters (H2O)n=3-6 larger than dimers was also considered in the model.
• Reactivity of OH with H2O2 and binary complexes (OH(H2O), OH(H2O2), H2O2 (H2O) and (H2O)2).
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Fig 2. Loss rate coefficient for OH in the
presence of an excess of added [H2O].
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Fig 3. Formation of H2O2(H2O) complexes. [H2O2]0 =
1013 cm-3; [OH]0 = 1010 cm-3
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CONCLUSIONS
1. We present the first experimental evidence of the gas-phase formation and OH-reactivity of H2O2(H2O) and
OH(H2O) complexes at ultralow temperature.
2. We extended the measurement of the rate coefficient the OH+H2O2 reaction from 64.1 to 21.7 K.
3. We modeled the OH kinetics in the presence of a large excess of H2O2 and H2O to provide information about
the kinetics of the formation of these water clusters and their reaction with OH radicals.
4. The formation of the H2O2(H2O) and OH(H2O) complexes is very fast at 21.7 K, ≈ 1×10-10 cm3 molecule-1 s-1.
5. The OH-reactivity of the H2O2(H2O) complex and water dimers is even faster, ≈ 8×10-10 cm3 molecule-1 s-1.
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