Time-Resolved Infrared Pump-Probe Spectroscopy of CINO in Acetonitrile
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Introduction

Understanding the fundamental aspects of phase-dependent photochemical reactivity is a central
challenge in environmental chemistry. For example, the environment-dependent reactivity of haloox-
ides, such as chlorine dioxide (OClO), has attracted a significant amount of attention due to the contri-
bution of these compounds to the stratospheric chlorine budget.! Photoexcitation of gaseous OCIO
results primarily in the formation of OCl and O.%? In contrast, CIOO production is observed in low tem-
perature matrixes.’ Finally, in solution OCI/O, Cl/O, and photoisomer production are all observed.*
Similar complexity is observed in nitrosyl-halide chemistry, and our lab has recently investigated the
photochemistry of nitrosyl chloride (CINO)(Scheme 1).

Scheme 1: The reaction pathways available to CINO

‘:. + upon photoexcitation. In the gas phase dissociation
to form Cl and NO dominates, whereas in matrixes

/\ hv photoisomerization to form CION is observed.
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The photochemistry of solution phase CINO was recently investigated using femtosecond pump-
probe spectroscopy.’ In these studies photoinduced depletion of CINO and recovery via geminate re-
combination was observed. In addition, photoproduct formation in all solvents (acetonitrile, chloro-
form, and dichloromethane) was found, but definitive assignment of the photoproducts was not
achieved. To address this issue, we have initiated a series of FTIR and ultrafast TRIR studies of CINO pho-
tochemistry in solution.

Experimental Setup
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Following 266-nm excitation, a reduction and subse-
guent recovery in optical density is observed at all probe
wavelengths. Additionally, at probe wavelengths be-
tween 1820 cm™ and 1840 cm™ an initial increase in opti-
cal density is evident, peaking at 0.75 ps. The depletion is
consistent with loss of ground-state CINO due to photoly-
sis and the recovery indicates partial geminate recombi-
nation of the photoproducts. The maximum reduction in
optical density is at 1880 cm™, and most of the evolution is
completed within ~5 ps. There is no evolution in the band
shape as observed despite the fact that it is asymmetric
and shifted relative to the absorption band. This may indi-
cate little to no excess vibrational energy is being depos-
ited into the NO stretch of geminately recombined CINO.

AOD (mQOD)

—e—(0.75 ps

2
A
1 'A\\
o —
-1 \¥\/\\‘\\
\
-2
. \
—&— 0.75 ps
—8— 1 ps \ \
-4
2 ps \
5 ps
-5
—_—— 15 pS \/J
-6 l | | |
1820 1840 1860 1880 1900 1920
Frequency (cm™)
7
B

6
—s— 1 ps
1.5 ps
5

|2 e

PR

Figure 5: A) The absolute change in optical den-
sity measured at specific delay times following
photoexcitation of CINO at 266 nm. B) Optical-
density increase corresponding to photoproduct
formation following CINO photolysis.  The
increase in optical density is centered at 1860
cm™, roughly 10 cm™ lower in frequency than the
NO-stretch fundamental in CINO. This feature
decays on the 5-ps timescale to a value of 2 mOD
that remains constant out to the longest delay
times investigated (50 ps).

The maximum reduction in opti-
cal density does not correspond to
the peak of the N-O stretch funda-
mental. Therefore, an optical density
increase must exist on the low fre-
quency side of the N-O stretch.To in-
vestigate this possibility, CINO deple-
tion was removed by adding back
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