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Absorption cross-section of IO at 427.2 nm and 298 K
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Abstract

The absorption cross-section of the IO radical was determined at a wavelength of 427.2 nm and at a resolution of≈0.08 nm at room
temperature (298±2 K) using the technique of laser photolysis combined with transient absorption spectroscopy. Three previously untested
chemical schemes were used to generate calibrated amounts of IO and two of these were used to derive a cross-section ofσ IO

427.2 nm=
(3.55± 0.35)× 10−7 cm2 molecule−1. The value ofσmax, at the peak of the 4,0 band (located at≈427.08 nm, wavelengths given in air) is≈8%
larger than at 427.2 nm. This result is compared with previous determinations and evaluations. As part of this study the branching ratio (at 298 K) of
IO formation from the reactions of O(3P) with CF3I and CH3I were measured as 0.90±0.05 and 0.38±0.05, respectively. Data on the formation
and relaxation of vibrationally excited IO in the chemical systems used in this study were also obtained.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Recent observations of the IO radical in the marine boundary
[1–3] layer provide evidence for the important role of iodine
chemistry in the atmosphere. The release by marine algae of
organic and inorganic iodine compounds such as e.g. CH3I,
CH2I2 and I2 is believed to be the major source of iodine into
the troposphere[4,5]. Degradation of these species by photolysis
[6,7], reaction with OH[8] or Cl atoms[9] results in the release
of I atoms, which react almost exclusively with O3 to form the
IO radical(R1). The IO radical is removed by photolysis(R2)
and by reaction with itself(R3), HO2 (R4), NO (R5) and NO2
(R6).

I + O3→ IO + O2 (R1)

IO+hν→ I + O (R2)

IO + IO → Products (R3)

IO + HO2→ HOI + O2 (R4)

IO + NO → I + NO2 (R5)

IO + NO +M → IONO +M (R6)

Reactions(R2) and(R5) do not lead to net ozone loss, as
atoms formed directly in(R2), or indirectly via photolysis o
NO2 formed in(R5)react with O2 to reform the O3 lost in(R1).
In contrast, the HOI product of(R4) is rapidly photolysed t
form OH and I with a quantum yield of unity[10], which when
combined with(R1) and(R4), represent a catalytic loss of O3
[11]. Net, gas phase reaction schemes that destroy ozon
also be written for reaction(R3) (depending on the identity an
photochemical fate of the products[12]), and(R6) (depending
on the photochemistry of IONO2). In addition, both HOI an
IONO2 are known to interact with sea salt to release photola
iodine containing, halogens[13,14].

The lifetime of IO with respect to photolysis(R2) and thus
the partitioning of reactive iodine between IO and I depend
the absorption cross-sections in the visible part of its absor
spectrum, and on the quantum yield, which is close to u
[10,15].

The main features of the IO absorption spectrum are
strong vibrational bands of theA2�←X2� transition betwee
about 400 and 470 nm, the first observation of which is attrib
to Coleman et al.[16]. The vibrational bands show varyi
degrees of rotational structure, dependent on the predis
tion lifetime of the upper state. The strongest features in
2 2

∗ 6.

spectrum are the vibrational band head at≈466 nm and further
transitions within the same progression at (approximate wave-
lengths) 456 nm (1,0), 445 nm (2,0), 436 nm (3,0), 427 nm (4,0)
a ional
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structure[17] and has been used to detect IO by laser induced
fluorescence[15,18]and cavity ringdown spectrocopy[19,20].
In contrast, the (4,0) band has no rotational structure. For this
reason, and also because it is one of the strongest transitions
at moderate resolution, the 4,0 band has been the most fre-
quently employed for absorption spectroscopy. The presence
of strong vibrational features in the IO spectrum has allowed
measurements of IO in the atmosphere using the technique of
differential absorption spectroscopy, which relies on accurate
values of absorption cross-sections to convert measured col-
umn optical densities into concentrations. In addition, several
laboratory studies of the important atmospheric reactions of IO
(especially its self-reaction) have utilised absorption spectro-
scopic detection of IO, and have required absolute cross-sections
to derive kinetic parameters.

Clearly, there is an urgent need for accurate cross-sections of
the IO radical in order to assess its role in the chemistry of the
marine boundary layer. However, as detailed below, there are
significant discrepancies in the literature determinations of the
cross-section of IO close to the maximum of the 4,0 band, com-
monly given as 427.2 nm. The cross-section at this wavelength
has been used to place the relative spectrum of IO between≈350
and 460 nm onto an absolute basis. It is unclear whether the
causes of this poor agreement are spectroscopic in nature (e.g.
resolution effects), or are related to uncertainties in the chemi-
cal schemes used to generate IO. The goal of the present study
w or IO
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Fig. 1. Schematic diagram of the experimental set-up. AM, aluminium mirror;
DM, dielectric mirror (coated for 193, 248, or 351/355 nm); MM moveable
mirror; PMT1, 250–600 nm photomultiplier; PMT2, Vac-UV photomultiplier;
LDA, linear diode array; J, joulemeter; P, pressure gauge.

of ≈0.05 nm. The effective resolution of the monochromator
was determined by measuring the shape and half width of the
435.8 nm line from a low pressure mercury lamp at various
entrance and exit slit widths.

After transmitting the cell, the analysis light could also
be directed to a 25 cm monochromator, equipped with a 600
lines/mm grating and a linear diode array detector. In this con-
figuration, the concentrations of stable species flowing through
the cell (e.g. I2) could be monitored over a wavelength range of
≈160 nm.

Pulsed photolysis at 193, 248 or 351 nm was provided by an
excimer laser (Lambda-Physik LPX/Novatube); 355 nm pho-
tolysis was provided by a frequency tripled Nd–YAG laser
(Quantel-Brilliant B). Careful alignment along the central axis
of the cell ensured that the volume swept out by the laser light
completely encompassed that of the analysis light. Typical flow
rates in the cell were 5–6 L (STP) min−1 so that the contents of
the reaction vessel were replaced between laser pulses (typically
at≈1 Hz) during measurement of transient absorption along the
cell length.

For the transient absorption experiments, the PMT signal was
amplified and transferred via a low-pass filter (≈0.1 MHz) to a
digital oscilloscope for averaging, before transfer to a PC for
storage and analysis. Typically, 128, 256 or 512 profiles were
averaged to improve the signal-to-noise ratio.

A limited set of experiments were carried out to examine
t flu-
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4 iplier
as to develop novel, quantifiable generation schemes f
n order to extend the database on this important photoche
arameter.

. Experimental

Several features of the experimental set-up were desc
n a previous publication[10,21]. In brief, the central compo
ent of the experimental set-up (Fig. 1) was a≈130 cm long
yrex tube (i.d. = 4 cm) which served as reaction vessel. Qu
nd-windows were used to transmit light from the xenon l
nd the lasers. A small flow of gas purged the insides of t
indows to prevent built up of solid deposits (often encount

n photochemical studies involving iodine oxides) which ot
ise caused slight drifts in the transmitted light intensity.

asers were coupled into the reaction cell via dielectric mir
hich were transmissive at the analysis light wavelengths
aption toFig. 1 for details). The analysis light was provid
y a 75 W, high pressure xenon lamp, which was collima
nd apertured down to≈5 mm before being directed (coun
ropagating to the lasers) on the main axis through the cell

ransmitted light was focussed onto the entrance slit of a 5
onochromator equipped with a 1200 lines/mm grating a
hotomultiplier tube. This set-up was used for the detectio

ransient absorption signals at discrete, selected wavele
n these experiments it was important that the monochrom
ould accurately and reproducibly scan to the required w
ength. The calibration of the monochromator was there
egularly checked by using the nearest line of a low pressu
enray-lamp at 435.8 nm. Use of a relatively highly disper
rating resulted in a wavelength reproducibility and accu
f
s.
r
-

g

he role of vibrational excitation of IO using laser induced
rescence. These experiments were carried out in a set-u
as been used previously for OH kinetic measurements[22]
nd recently adapted to detect IO[23]. Briefly, vibrationally
elaxed IO(v = 0) was detected by exciting the (2←0) transi-
ion at≈445.0 nm and IO(v = 1) was detected by exciting t
2←1) transition at 458.8 nm. These wavelengths were
ided by a Nd–YAG pumped dye laser operating with coum
7 dye. Fluorescence from IO was detected by a photomult
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screened with a 490 cut-off filter. The reader is referred to Dillon
et al.[23] for more details of this set-up.

2.1. Materials

Ozone was prepared in situ by passing a flow of pure O2
over a low pressure “pen-ray” mercury lamp. A flow of I2
was generated by passing N2 through a U-tube containing I2
at ambient temperature. CF3I was added directly via a flow con-
troller. The stated purities of the chemicals used were: I2 (99.8%,
Aldrich), CF3I (99%, Aldrich), CH3I (99.5%, Aldrich), CH2I2
(99%, Aldrich), He (99.996%, Messer), N2 and O2 (99.996%,
Messer), NO2 (99.5%, Aldrich). The I2 was re-distilled prior to
use, CF3I was passed though a cold trap to remove any I2, NO2
was purified by degassing at 195 K to remove N2, O2 and NO.

2.2. Generation of IO

A number of IO generation schemes were employed in our
studies of the absorption cross-section of IO, all of which used
the reaction of O(3P) with either I2 or CF3I:

O(3P) + I2→ IO + I (R7)

O(3P) + CF3I → IO + CF3 (R8a)

)

1 n-
n tha
o ra-
t f
r
t
c r
l hich
u opt
c
(

O

a-
s m o
1

is of
O

O

N

the
p ed
i

O

O

These experiments were designed primarily to investigate the
shape of the 4,0 band of IO and the effect of spectral resolution,
and not to derive absolute cross-sections. They were charac-
terised by a very high chemical stability, which was achieved
by generating O3 in a constant flow of O2 over a low pressure
mercury “pen-ray” lamp.

Note that we did not use the 193 nm photolysis of N2O in the
presence of CF3I or I2 to generate IO, as this scheme has been
widely used before (see Section4).

3. Results

3.1. Shape of the 4,0 band and the effect of resolution

As mentioned above, most determinations of the IO cross-
section have been made in the 4,0 band. Harwood et al.[28]
measured the shape of this band at high resolution using a tunable
diode laser, and found it to possess no rotational structure. The
same authors found the maximum of the asymmetric band to
be located at 427.2 nm, the quoted wavelength of their diode-
laser, measured in vacuo. As our experiments were conducted
using an air filled monochromator at atmospheric pressure, we
expect a shift of−0.12 nm in the position of the maximum[29].
As the 4,0 band is asymmetric, the effect of resolution on the
measured value of the cross-section will depend on the central
wavelength. We, therefore, examined the shape and position of
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→ Other products (R8b

Reaction (R7) has a large rate coefficient[24] of
.2×10−10 cm3 molecule−1 s−1 and only one reaction cha
el, so that the amount of IO formed can be equated to
f O(3P) lost. For(R8) the rate coefficient at room tempe

ure is 4.3×10−12 cm3 molecule−1 s−1 [25,26]and a number o
eaction channels exist[26]. The yield of IO per O(3P) reacted
herefore depends on the branching ratio,k8a/k8, which was also
hecked as part of this study. The amount of O(3P) generated pe
aser pulse was measured in back-to-back experiments in w
nder otherwise unchanged conditions of laser power and
al path, I2 or CF3I were replaced by O2, and the yield of O3
R9)measured.

(3P) + O2+M → O3+M (R9)

The amount of O3 formed was calculated from the me
urement of optical density using a cross-section at 254 n
.16×10−17 cm2 molecule−1 [27].

The O(3P) atoms were generated either by the photolys
2 (193 nm) or NO2 (351 or 355 nm):

2+hν(193 nm)→ 2 O(3P) (R10)

O2+hν(351/355 nm)→ O(3P) + NO (R11)

In addition, some experiments were carried out in which
hotolysis of O3 at 248 nm was used as O(3P) source as describ

n (R12)and(R13).

3+248 nm→ O2+O(1D) (R12)

(1D) + N2→ O(3P) + N2 (R13)
t

,
i-

f

his band by stepping our monochromator in≈30 discrete step
etween 425 and 434 nm, with measurements of IO decay
t each wavelength. For these experiments, the monochro
as set at a resolution of 0.1 nm. The IO generation scheme
as the photolysis of≈1013 molecules cm−3 of O3 at 248 nm in

he presence of≈5×1014 molecules cm−3 I2 at a total pressur
f 60 Torr air or N2 (R12), (R13), (R7).

IO profiles thus obtained at each wavelength were then
sed by least-squares fitting to the one obtained at 427
o extract the relative absorbance, which is directly pro
ional to the relative cross-section. Experiments at 427.
ere repeated intermittently in order to obtain a measure o
hemical stability of the IO generation scheme, which was b
han 5% and showed no systematic drift with time. The re
f these experiments are summarised inFig. 2, which plots the
elative absorbance at each wavelength. Once the data o
ood et al. [28] has been shifted by the theoretical va
f −0.12 nm, and a suitabley-scaling factor applied, the tw
atasets show reasonable agreement. Improved agreemen
e obtained either by shifting our dataset by +0.04 nm or the
ood et al. dataset by a further−0.04 nm. As the waveleng
ccuracy of the diode laser used by Harwood et al.[28] should
e considerably better than that of our monochromator sy
e choose to apply the +0.04 nm correction to our data, wh
ithin the expected wavelength accuracy of our monochrom
rom this dataset (Fig. 2), we see that the cross-sections at
inima between the 5,0 and 4,0 band (at≈425 nm) and betwee

he 3,0 and 4,0 band (at≈433 nm) are very close to zero, with v
es of <4% that obtained at the 4,0 band maximum. This is
istent with the spectra obtained by Bloss et al.[12] and Laszlo e
l. [30], which have relative cross-sections ofσ433 nm/σ427 nmof
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Fig. 2. The 4,0 band measured by Harwood et al.[28] and in this work. The
Harwood et al. data, initially presented as in vacuo wavelengths have been shifted
by−0.12 nm to enable comparison to the present dataset (see text for details).

≈0.03, but is smaller than that of Harwood et al.[28] who report
σ433 nm/σ427 nm= 0.1 using a diode array spectrometer. Similar
observations may be made for the cross-sections in the short
wavelength minimum of the 4,0 band. As the diode array spec-
trum of Harwood et al.[28] was obtained at a higher spectral
resolution than that of Bloss et al.[12] (0.44 nm versus 1.9 nm),
the larger cross-sections in the band minima cannot be a result
of poor resolution, but imply that the IO spectrum of Harwood
et al. was contaminated with a broad, underlying absorber.

Having established the band shape, we went on to inves-
tigate the effect of resolution on the cross-section. Using a
similar scheme to generate IO as described above, IO traces
were obtained at different resolution, but fixed central wave-
length of 427.2 nm. At this point it is useful to note that, for the
asymmetric band, the position of theλmax will shift to longer
wavelengths as the resolution is decreased.

Raw data from a set of experiments are displayed inFig. 3.
As can be seen, the only change in the signals when varying the
resolution from 0.11 to≈0.19 nm is an increase in the signal-to-
noise ratio owing to the increase in the light throughput. Within
the scatter, which is determined by the chemical stability of the
system, there is no reduction in the height of the initial optical
density, nor the time dependence of the decay trace. In contrast,
the IO trace obtained at a resolution of 1.1 nm has a signifi-
cantly lower absorbance, indicating a change in the effective
cross-section, which is accompanied by further improvement in
t iffer
e l
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i th o
4 r on
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Fig. 3. Dependence of raw IO signal (absorbance) on spectral resolution at
427.2 nm. Raw data obtained at resolutions of 0.11 nm (noisy, grey trace),
0.19 nm (upper black trace) and 1.1 nm (lower trace).

the maximum. Measurements closer toλmax would sample the
rapidly decreasing cross-section on the short wavelength side
of the maximum to reveal a stronger dependence on resolution.
Conversely, measurements on the long wavelength side of the
maximum will display a weaker dependence. This could be con-
firmed by showing that at 427.3 nm, the same absorbance trace
(within experimental scatter) was recorded for resolutions of 0.1
and 0.4 nm.

This result, and the fact that many previous investigations of
the cross-section quoted measurement wavelengths of 427.2 nm,
guided our decision to make all subsequent cross-section mea-
surements at 427.2 nm and at a resolution of≈0.08 nm in the
weakly resolution dependent plateau as shown inFig. 4.

F riation
i error
b i.e.
t

he signal-to-noise ratio. Results obtained at a number of d
nt resolutions are plotted inFig. 4in which the relative optica
ensity (obtained by least squares fitting of data sets to
ther) is plotted versus resolution. Only when the resolutio
egraded to worse than 0.2 nm do we see a measurable de

n optical density. The observation that the effect of resolu
s rather weak supports the fact that the central waveleng
27.2 nm is not at the maximum of the 4,0 band, but rathe
monotonically declining wing on the long wavelength sid
-

h

se

f
ig. 4. Dependence of the absorbance of a constant amount of IO on va

n the spectrometer resolution at a central wavelength of 427.2 nm. The
ars represent an estimate (≈3%) of the chemical stability of the system (

he reproducibility of the IO concentration).
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3.2. Branching ratio for O + CF3I

Use of reaction(R8) to generate known amounts of IO
requires knowledge of the branching ratiok8a/k8. Gilles et al.
[26], using LIF detection of IO, compared its formation in(R7)
(yield of IO is assumed to be unity) with its formation in(R8)to
derivek8a/k8 = 0.83±0.09 at 298 K and 100 Torr N2 bath gas.
No variation in branching ratio was found between 250 and
370 K at this pressure, and a temperature independent value of
k8a/k8 = 0.87 may be obtained from a weighted average of the
data presented in their Table 6.

Bloss et al.[12] examined the yield of IO from(R8), and
found it to be independent of pressure between 50 and 760 Torr at
295 K. They did not carry out control experiments with reaction
(R7)as external standard, thus the yields are presented relative to
the yield at 100 Torr. In those experiments, a decrease in yield of
≈20% was observed as the pressure was increased from 100 to
760 Torr at 220 K, leading to speculation that a stabilised adduct,
CF3IO, could be formed.

In order to strengthen the database on this branching ratio, we
have conducted back-to-back experiments in which the yield of
IO from(R8)was compared to that from(R7). This is essentially
the same procedure as employed by Gilles et al.[26], but is
complementary in the sense that UV absorption spectroscopy
rather than LIF was used to detect IO. For these experiments the
photolysis of NO at 351 nm was used as O(3P) source(R11),
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Table 1
Yields of IO in reactions of O(3P) + CF3I and O(3P) + CH3I at 298 K

O(3P) + CF3I (R8) O(3P) + CH3I (R14)

Pressure (Torr N2) IO yielda Pressure (Torr N2) IO yield

31.2 0.82±0.05 40 0.39±0.04
58 0.90±0.05 57 0.39±0.03
97 0.90±0.06 97 0.38±0.03

147 0.93±0.07

a Average of up to three determinations at each pressure. The uncertainties are
2σ statistical errors.

IO detection employed, these results are in satisfactory agree-
ment with those of Gilles et al.[26], who obtainedk8a/k8 = 0.87
for CF3I (see above) and 0.44±0.04 for k14a/k14 for
CH3I.

3.3. IO cross-section at 427.2 nm

Altogether three chemical systems were used to generate IO
and determine its cross-section at 427.2 nm. In each case, con-
centrations of reactants in the cell were determined by in situ
optical absorption. NO2 was monitored at 400 nm, (σNO2

400 nm=
6.7× 10−19 cm2 molecule−1) [31], I2 was monitored at 500 nm
(σI2

500 nm= 2.19× 10−18 cm2 molecule−1) [32] and CF3I was
monitored at 260 nm (σCF3I

260 nm= 6.31× 10−19 cm2 molecule−1)
[33]. The concentration of O2 was calculated from its flow and
the total flow and pressure in the reactor.

3.4. Scheme 1: (R11) + (R7)

A set of four experiments was conducted using photol-
ysis of NO2 (R11) as O(3P) source and reaction with I2
(R7) to convert O(3P) rapidly to IO. Typical data from an
experiment at 300 Torr total N2 pressure and 298 K are dis-
played inFig. 5. Initially an IO trace was obtained at 427.2 nm
by photolysing≈1014 molecules cm−3 of NO2 in the presence
o -
m
d with
a a
c ed
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2
nd back-to back experiments were carried out to determ

he IO yield in(R8) relative to(R7) as a function of bath ga
ressure. We also conducted some experiments on the form
f IO via reaction with CH3I (R14).

(3P) + CH3I → IO + CH3 (R14a)

→ Other products (R14b

The experiments were carried out with adjustment of
elative concentrations of I2 and RI such that the rates
eaction of O(3P) with RI (i.e. either CF3I or CH3I) and I2
ere roughly equal. This ensured similar production rate

O, and, importantly, the same fractional loss of O(3P) due
o reaction with NO2, which was (10±3)%. Under thes
onditions, the relative IO signals obtained using eithe2
r RI are directly proportional to the relative yields of

rom these reactions. Although CH3I was not employed a
n IO source in the cross-section determinations, owing

ow yield, the study of this reaction allowed us to test
ethodology by providing the possibility for further comp

son with the data of Gilles et al.[26], who also measured th
arameter.

The raw data obtained for both CF3I and CH3I are qualitati-
ively similar to that shown inFig. 3, and as expected revea
maller IO signals when O(3P) + CF3I or O(3P) + CH3I were
sed to generate IO compared to O(3P) + I2. The branching ratio
t different pressures are listed inTable 1. No significant depen
ence on pressure was observed, and a weighted aver

he data results in branching ratios (and associated stat
rrors) ofk8a/k8 and k14a/k14 of 0.90±0.05 and 0.38±0.05,
espectively. Given the different modes of O(3P) generation an
of
al

f (6–20)×1014 molecules cm−3 I2. This results in rapid IO for
ation with conversion of O(3P) complete in <30�s. IO then
ecays on a ms time scale largely due to its self-reaction,
small contribution from reaction with NO2. Note that the dat

ollected within 50–60�s after the laser pulse were influenc
y scattered laser light, which prevented measurement o
ise part of the IO signal. In addition, a time independent, p
aser offset from loss of I2 or NO2 (OD ≈2×10−4) could be
bserved by measuring the optical density change at 434 n

O absorption minimum adjacent to the 4,0 band. For this
on, each measurement at 427.2 nm was accompanied b
t 434 nm, which was subtracted. Note that the cross-sec
btained are therefore differential cross-sections betwee
,0 band and its nearest, long wavelength minima, althoug
ave shown (Fig. 2) that the absorption cross-section of IO
34 nm is very close to zero.

In a back-to-back experiment, I2 was then switched out of th
eactor and the main flow of N2 replaced with O2. The experi
ent was repeated and the formation of O3 from reaction(R9)
as monitored at 254 nm (lower experimental trace inFig. 5).
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Fig. 5. Optical density changes due to the formation of O3 (254 nm, lower
experimental trace) and IO (427.2 nm, upper experimental trace) in the reac-
tions of O(3P) with O2 and I2, respectively. The ozone trace was fit to a kinetic
expression describing the pseudo-first order production (see text). The smooth
lines on the IO trace are numerical simulations using IO cross-sections of
3.3×10−17 cm2 molecule−1 (lower) 3.6×10−17 cm2 molecule−1 (central) and
3.9×10−17 cm2 molecule−1 (upper), respectively.

The O3 trace was recorded at reduced resolution (0.4 nm) to
improve signal-to-noise.

As found at 427.2 nm, correction had to be applied to remove
the effects of laser stray light. This was carried out by measuring
optical density changes at 254 nm in an experiment in which
no O2 was present, and no O3 formation was possible. In both
experiments the laser fluence (averaged over 100 laser shot
was monitored at the exit of the cell to confirm that no drift in
intensity had occurred.

The amount of O3 generated was obtained by fitting the cor-
rected optical density trace at 254 nm to a first-order kinetic
expression describing its formation:

[O3]t = [O3]inf(1− exp(−k9[O2]t) (i)

where [O3]t is the concentration of O3 at time =t after the laser
flash [O3]inf is the O3 concentration after the reaction has gone to
completion and, in the absence of loss processes for O(3P) other
than(R9), is equivalent to the initial O(3P) concentration.k9 is
the rate coefficient for reaction of O(3P) with O2 at the pressure
of the experiment (100, 150 or 300 Torr) and 298 K and [O2] is
the oxygen concentration. The relationship between [O3] and the
measured optical density changes at 254 nm is given by Beer
law:

OD254 nm= [O3]l σO3
254 nm (ii)

,
a
a d to
t ith
N

O

The pseudo first-order loss rate coefficient for O(3P)
due to reaction with NO2 is given by k15[NO2]. Using
k15 = 1.0×10−11 cm3 molecule−1 s−1 at 298 K[34] and a typ-
ical NO2 concentration of (6–16)×1013 molecules cm−3, this
results in a loss rate coefficient of between 600 and 1600 s−1.
By comparison, the loss rate coefficient for reaction with O2
was close to 13,000 s−1, resulting in a maximum correction of
≈(10±2)%. The errors associated with this correction factor
are based on uncertainty in the room temperature rate coef-
ficients for (R15) and (R9), which are very well known, and
the NO2 and O2 concentrations, which are known to better
than 10%.

In conditions wherek7[I2]� k15[NO2], the initial concen-
tration of O(3P) generated in the laser pulse can be equated to
the initial concentration of IO and thus used to convert opti-
cal density measurements to a cross-section of IO at 427.2 nm.
Typically, concentrations of (4–12)×1014 molecules cm−3 of I2
were used, resulting in O(3P) loss rates of (5.7–16.5)×104 s−1.
The loss rate of O(3P) with respect to reaction with NO2 (present
at between (6–14)×1013 molecules cm−3) was at most 1% of
that due to(R7) and thus can be neglected. However, a com-
bination of non-instantaneous IO formation with a rapid self
reaction and the fact that data could not be obtained directly
after the laser pulse makes extraction of the initial optical den-
sity due to IO rather uncertain. This is further compounded by
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whereσO3
254 nmis the absorption cross-section of O3 at 254 nm

nd was taken to be 1.16×10−17 cm2 molecule−1 [27]. The
mount of O3 formed cannot however be exactly equate

he initial amount of O(3P) as some will be lost in reaction w
O2.

(3P) + NO2→ NO + O2 (R15)
s)

’s

ncreased uncertainty from extrapolation of second-order d
o t = 0, especially if the decay is mixed order due e.g. to rea
f IO with NO2. For these reasons we have conducted nu

cal modelling of the reaction scheme to generate synthet
races with which to compare our experimental data. The
arameters were the initial O(3P) concentration, the NO2 and

2 concentrations, and the set of reactions and rate coeffic
isted in Table 2. Fig. 5 shows the result of three such sim
ations, in which the cross-section of IO is set to 3.3, 3.
.9×10−17 cm2 molecule−1. The simulation faithfully repro
uces the initial height and time dependence of the IO ra

race when a cross-section of 3.6×10−17 cm2 molecule−1 is
sed. Four experiments conducted at three different pres
100–300 Torr) and using initial O(3P) and thus IO conce
rations that varied by a factor of 2.6 gave similar res
hich are listed inTable 3. The average value of the cro
ection from experiments using this chemical system is
3.6±0.3)×10−17 cm2 molecule−1.

able 2
eaction scheme used to simulate the experimental data

eaction Rate coefficienta Reference

(3P) + I2→ IO + I 1.2×10−10 [24]
(3P) + CF3I→ IO + products 4.3×10−12×0.87 [25,26]
(3P) + NO2→NO + O2 1.0×10−11 [34]
(3P) + IO→ I + O2 1.4×10−10 [34]

O + IO→products 9.9×10−11 [34]
O + NO2 + M→ IONO2 + M (1.5–2.4)×10−12b [44]
O + NO→ I + NO2 1.95×10−11 [34]
(3P) + O2 + M→O3 + M 5.8×10−34 [M] [34]

a Units of cm3 molecule−1 s−1.
b Depending on pressure.
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Table 3
Summary of cross-sections derived in the present experiments

Scheme Pressure (Torr) [O(3P)]a σIO
427.2 nm

b

NO2/I2 (351 nm) 100 2.33 3.7± 0.3
300 4.86 3.65± 0.25
150 2.39 3.6± 0.4
150 1.83 3.4± 0.25

NO2/CF3I (351 nm) 150 2.53 3.8± 0.55
150 1.86 3.5± 0.5
150 1.86 3.6± 0.55

NO2/CF3I (355 nm) 150 1.16 3.8± 0.6
150 1.38 3.35± 0.45
150 1.71 3.3± 0.5

O2/CF3I (193 nm) 105 4.85 3.3± 0.4
90 4.43 4.0± 0.4

100 6.22 3.2± 0.3

a Units of 1012 molecules cm−3.
b Errors include estimated systematic uncertainty as discussed in the text.

3.5. Scheme 2: (R11) + (R8)

A further set of six experiments were conducted at 150 Torr
and 298 K using the same scheme to generate O(3P), either
using an excimer laser at 351 nm or a YAG laser at 355 nm
to photolyse NO2, but using reaction(R8) as the IO source.
The extraction of the initial O(3P) concentration was iden-
tical to that described above, and the determination of the
cross-section differed only in that the numerical simulation
contained the 298 K rate coefficient and IO yield for reaction
between O(3P) and CF3I instead of O(3P) with I2, and was ini-
tialised with the measured CF3I concentration rather than that
of I2.

The concentrations of CF3I and NO2 were typically,
(5–10)×1016 molecules cm−3 and (6–10)×1013 molecules
cm−3, respectively. Using the rate coefficients listed inTable 2,
this implies that in all experiments >97% of the O(3P)
would have reacted with CF3I. The O3 and IO traces mea-
sured in these experiments were qualitatively similar to
those using O(3P) + I2 and are not shown. The values of
σIO

427.2 nm derived are listed inTable 3 and seen to vary
between 3.3 and 3.8×10−17 cm2 molecule−1, with an aver-
age value of 3.55×10−17 cm2 molecule−1. This result is in
excellent agreement with that obtained using(R7) as IO
source.

3
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Some of this was most likely due to photolysis of air at 193 nm,
which generates O3 outside of the absorption vessel. The subse-
quent correction introduced significant error into the calculation
of the initial O(3P) concentration, and therefore only a lim-
ited set of data were recorded using this technique. Once the
O(3P) concentration had been established by photolysing O2 at
193 nm, CF3I was added and the monitoring wavelength shifted
to 427.2 nm. With unchanged laser energy, an IO profile was then
obtained.

The data were then simulated using the reaction scheme
listed in Table 2, which takes into account the partition-
ing of O(3P) between reaction with CF3I and O2, and
also the branching ratio of IO formation from reaction
(R8). High concentrations of CF3I were used to scavenge
most of the O(3P). Typical initial concentrations of CF3I of
(1.2–1.8)×1016 molecules cm−3 and O2 pressures of close
to 100 Torr, resulted in≈90% of the O(3P) reacting with
CF3I. The results of these experiments are also summarised
in Table 3. The limited data set shows more experiment-to-
experiment scatter that those obtained using NO2 photolysis,
but returns an average value of 3.5×10−17 cm2 molecule−1,
in good agreement with the other determinations of the cross-
section.

The errors quoted inTable 3include the upper and lower
bounds of the numerical simulations, as shown inFig. 5, and
also include an estimate of systematic error, which differs
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.6. Scheme 3: (R10) + (R8)

Experiments were also carried out using the photolysis o2
t 193 nm as O(3P) source, as described above. In this case,
F3I was used to convert O(3P) to IO, as I2 would be photol
sed strongly at 193 nm. On paper, this is a rather chemi
lean source of IO as no extra reactive species are invo
owever, as in the experiments at 351 and 355 nm, a post
ulse offset was observed in the absence of O2 (i.e. in N2 bath
as where no O3 production is possible). This was especi

arge at 254 nm, the wavelength at which O3 was monitored
here it amounted to up to 50% of the overall change in
,
er

rom one type of experiment to the next. In all experime
ncertainty in the IO cross-section determination arises

he error associated with the O(3P) measurement, which
ainly related to uncertainty in the O3 cross-section at 254 n

<5%) and the statistical error on measuring the optical
ity change at 254 nm, including post laser pulse stray
orrection (4%). Errors that are related to the use of a nu
cal simulation to extract the cross-section of IO are lar
etermined by the branching ratiok8a/k8 in those experimen
here CF3I was used. Given the good agreement with
resent study (k8a/k8 = 0.9±0.05), and with that of Gilles et a
k8a/k8 = 0.87±0.06) which were conducted using comple
ifferent IO formation and detection schemes, we estimat
verall uncertainty ofk8a/k8 to be about 10%. Uncertainties
he 20–30% level associated with the rate coefficients l
n Table 2 are insignificant for the NO2 photolysis experi

ents as the partitioning of O(3P) between the reactant I2 or
F3I and the NO2 is very strongly in favour of IO forma

ion (see above) and changes of even a factor of two in
he rate constant for reaction of O(3P) with I2 or NO2 would
ot be significant. This is slightly more critical for the 193
xperiments, as only 90% of the O(3P) reacts to form IO
owever, as discussed above, the rate coefficients for O3P)
ith CF3I and O(3P) + O2 are well known as are the reac
oncentrations of CF3I and O2. Having established the obv
us sources of uncertainty, we present an average val
IO
427.2 = (3.55±0.35)×10−17 cm2 molecule−1 obtained in the
xperiments using NO2 photolysis as O(3P) source. The da
btained from the 193 nm photolysis of O2 are considered le
eliable, and show more scatter, but are consistent with
esult.
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4. Discussion

4.1. Role of vibrational excitation of IO

Readily identified potential sources of systematic error such
as e.g. uncertainty in the O3 cross-sections or the branching
ratio for IO formation in reaction(R8) (which both propagate
directly through to the IO cross-section) have been discussed
above. We now also consider the potential role of formation of
vibrationally excited IO in the reactions used to generate it, i.e.
(R7)and(R8). This would pose a problem if a significant fraction
of IO is formed vibrationally excited, and if it were sufficiently
long-lived to sequester IO on the time scale of our experiments.
In this case, equating the initial O atom concentration to the ini-
tial IO concentration would lead to an underestimation of the
true cross-section of IO(v = 0). We first note that, according to
the Boltzman expression, and using a IO vibrational frequency
of ≈700 cm−1 [35], the equilibrium concentration of IO(v = 1)
at 298 K is expected to be of the order of 3% of IO(v = 0). Using
evaluated enthalpies of formation[34] we calculate the reac-
tion enthalpies for(R7) and(R8a)as−88 and−10 kJ mol−1,
respectively. By comparison, the reaction of I atoms with O3
is exothermic by 134 kJ mol−1. For reaction(R8a), the excess
energy available (10 kJ mol−1≈800 cm−1) is barely greater that
required to form IO(v = 1), and it is unlikely that a significant
fraction of the IO product is formed in a vibrationally excited
s
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Fig. 6. (A) Fluorescence excitation spectrum of IO(v = 1) with detection at
λ >≈490 nm. (B) Formation and decay of IO(v = 0) and IO(v = 1) using≈445.0
and≈458.7 nm as excitation wavelengths, respectively. The solid lines are fits
to the data using a bi-exponential function (v = 0) and a multiple-exponential
function (v = 1), respectively.

is indeed formed in the reaction of O(3P) with I2 in the present
chemical system and that its quenching lifetime is of the order
of 100�s. The lifetime of IO(v = 1) was independent of using
He or N2 bath gas or the concentration of NO2, suggesting that
quenching by I2 was dominant and implying a close to collisional
quenching rate constant. Whatever the nature of the quenching
process, this data clearly shows that in the experiments described
above to measure the cross-sections of IO, which were conducted
under similar conditions, only thermally equilibrated amounts
of IO(v = 1) were present. A close examination of the data in
Fig. 6shows that neither the IO(v = 0) nor the IO(v = 1) kinetics
are well described by simple exponential expressions at short
reaction times, suggesting that excitation of higher vibrational
levels occurs, and that these are sequentially quenched (i.e. via
v = 2,v = 1 etc.) to the groundstate.
tate. However, as noted above, the yield of IO in(R8)(ork8a/k8)
as been derived by comparison to the yield of IO in the r

ion of O(3P) with I2, which may generate significant amou
f IO(v > 0). If this were the case, then the branching rati
8a/k8 thus derived is too low.

In order to investigate this possibility we employed
eparate experimental set-up to directly detect IO(v = 1) by
aser induced fluorescence (LIF) (see Section2). IO(v = i)
as generated by the 351 nm photolysis of NO2 in the pres
nce of I2 in He or N2 bath gas and IO(v = 1) was detecte
y exciting the (2←1) transition. Typical reagent conce

rations were: [NO2] = (0.3–1.7)×1014 molecule cm−3, [I2] =
0.8–4.7)×1014 molecule cm−3 at pressures of 10–60 Torr.

The IO (2,1) excitation spectrum, which was measure
art of this work, is displayed inFig. 6A and is in qualitative
greement with the spectrum presented by Turnipseed et a[18]
he relative shape of the spectrum showed no variation

ime delay (≈10–500�s) after generation of O(3P), and wa
hus rotationally thermalised.

A typical example of a time resolved IO(v = 1) trace, obtaine
y excitation at the bandhead (≈458.7 nm), is displayed
ig. 6B. IO(v = 1) is generated rapidly, at a rate which w
onsistent with its formation in the reaction of O(3P) with I2,
nd decays within≈150�s to a steady concentration, presu
bly determined by its equilibrium with vibrationally relax

O(v = 0), which does not decay significantly on the time sca
hese experiments. For comparison, a IO(v = 0) profile, excited
t≈445.0 nm and measured back-to-back with IO(v = 1) is also
isplayed. The poor signal-to-noise ratio for IO(v = 0) is partially
ue to use of a laser dye that favoured excitation at 459 nm r

han 445 nm. From this dataset we can conclude that IO(v = 1)



T.J. Dillon et al. / Journal of Photochemistry and Photobiology A: Chemistry 176 (2005) 3–14 11

We also conducted similar experiments to search for forma-
tion of vibrationally excited IO in the reactions of O(3P) with
CF3I, CH3I or CH2I2 and also in the reaction of I with O3.
In none of these experiments were we able to observed non-
equilibrated amounts of vibrationally excited IO. This does not
imply that it was not formed, but that that the quenching pro-
cesses in each chemical system were significantly more rapid
that the formation of IO.

In addition to the experiments on IO(v = 1) described above,
a number of further indirect observations confirm that perturba-
tions due to IO(v > 0) are unlikely to be significant. Using the
reaction of O(3P) with I2, we have recorded IO decay traces
that closely obey second-order kinetics, at pressures between 20
and 600 Torr N2. This would appear to preclude the presence
of a significant amount of vibrationally hot IO which relaxes
on the same time scale as the chemical lifetime of IO. We also
note that experimental studies of the IO + NO reaction carried
out in at low pressures of N2 or using He bath gas have indeed
reported unexpected behaviour, presumably due to slow vibra-
tional relaxation of IO[36,37]. These same studies report that
this problem is removed by using N2 bath gas as pressures of
>60 Torr.

4.2. Comparison with literature

ction
a orte
f es o

research. The literature values for IO cross-sections are listed
in Table 4, which separates the measurements into those con-
ducted at 427.2 nm, and those conducted at the peak of the 4,0
band. Early studies on IO were able to identify its absorption
spectrum and assign transitions[38–40]. These were followed
by the first quantitative determination of the absorption cross-
section by Cox and Coker[41] in 1983, who used the 254 nm
modulated photolysis of CH3I in the presence of O3 as source
of IO ((R15)and then(R1)).

CH3I+hν→ CH3+ I (R15)

Determination of the cross-section of 3.1+2.0
−1.5×10−17 cm2

molecule−1 was by kinetic analysis of the IO absorption trace at
a quoted wavelength of 426.9 nm (resolution of 0.27 nm). These
authors also scanned through the IO spectral features to find the
maxima of the vibrational bands between 415–470 nm. They
observed the maximum of the 4,0 band at the quoted wave-
length of 426.9 nm, indicating a monochromator wavelength
offset of about 0.2 nm. For this reason, we cite their result in
Table 4as having been taken at the maximum of the 4,0 band.
This work was followed by similar experiments using a dif-
ferent photochemical source of IO, the photolysis of NO2 at
350±50 nm, with O(3P) scavenged efficiently by I2 [42] i.e.
reactions(R11)and(R7). A more straightforward determination
of the rate of O(3P) production (and thus the rate of IO produc-
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In this section, we compare our absorption cross-se
t 427.2 nm with other measurements that have been rep

or the 4,0 band, and which span more than two decad

able 4
revious determinations of IO cross-sections

eference σ(427.2) (10−17 cm2) σ(4,0)a (10−17 cm2)

ox and Coker[41] 3.1+2.0
−1.5

enkin and Cox[42] 2.2±0.5b

ander[43] 3.1± 0.3c 3.3±0.3d

tickel et al.[17] 3.1±0.6e

aszlo et al.[30] 2.8± 0.5f 3.8±0.7d

3.6± 0.6g

arwood et al.[28] 3.3±0.7h

3.6±0.5i

3.4±0.4j

loss et al.[12] 1.9±0.17k

his work 3.55± 0.35c 3.8±0.4d

a The maximum of the 4,0 band is at 427.2 nm in vacuo, or 427.08 nm
avelength.
b Errors are 2σ (random).
c Errors are 2σ (random + systematic).
d Cross-section at 427.2 nm multipled by 1.08 to obtain cross-section aλmax
e Using a tunable dye laser.
f Errors are 2σ (random).
g Recalculated using the I2 spectrum of Tellinghuisen[32] to calibrate the IO

h Errors are 1σ (random + 15% systematic).
i Errors are 1σ (random + 10% systematic).
j Errors are 1σ (random).
k Errors are 2σ (random + systematic error on yield of IO from O(3P) + CF3I).
d
f

ion) from NO2 photolysis led the authors to prefer the cro
ection thus obtained (2.2±0.5)×10−17 cm2 molecule−1 over
he earlier work. It appears that in this study, the wavele

Resolution (nm) (fwhm) IO source Calibration

0.27 CH3I + hν/O3 Kinetic analysis

0.27 NO2 + hν/I2 �NO2

0.17 O2 + hν/I2 O + O2→O3

0.01 O3 + hν/I2 Laser fluence

0.3 N2O +hν/I2 �I2

0.14 N2O hν/I2 �I2

0.14 N2O +hν/CF3I O + O2→O3

Diode laser O3 + hν/I2 HNO3 + hν→NO2

1.13 N2O +hν/CF3I O + O2→O3

0.08 NO2 + hν/I2 O + O2→O3

NO2 + hν/CF3I O + O2→O3

r. Note that at reduced resolution, the apparent position ofλmax will move to longer

centration and after correction for resolution effects.
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quoted (426.9 nm), was taken from the previous investigation
and potentially subject to an non-quantified drift in the wave-
length offset (personal communication with Jenkin and Cox).
This would help to explain the differences in cross-section
reported in these two studies from the same laboratory.

Sander[43] determined IO cross-sections at 427.2 nm using
the flash photolysis of O2 to generate O(3P) (R10), which was
then scavenged by I2 to form IO (R7). Calibration of the initial
O(3P) concentration was achieved by replacing I2 with suffi-
cient O2 to stoichiometrically convert O(3P) to O3 (R9). The
cross-section obtained was (3.1±0.3)×10−17 cm2 molecule−1

at 298 K, and displayed a significant, negative dependence on
temperature. A similar value for the cross-section was obtained
by Stickel et al.[17], who employed the 248 nm laser photoly-
sis of O3 to form O(3P) and used I2 to convert it to IO ((R12)
followed by(R7)). Calibration of the initial O(3P) concentration
was by measurement of laser fluence at 248 nm, and knowledge
of the O3 concentration. Laszlo et al.[30] also used the reac-
tion of O(3P) with I2 to generate IO, but employed a different
source of O(3P), the 193 nm photolysis of N2O in N2 bath gas
to generate O(3P).

N2O+hν(193 nm)+ N2→ N2+O(3P) (R16)

Calibration of the initial IO concentration was obtained
by equating its initial concentration to the loss of I
( ing
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tration (determined by monitoring O3 formation when CF3I was
replaced by O2) and knowledge of the branching ratio to IO for-
mation in reaction(R8), which was taken as 0.86 from a study
of the same group[26]. Similar to the present experiments, anal-
ysis of the IO profile using numerical simulation also took into
account the formation kinetics of IO to yield a cross-section of
(3.6±0.5)×10−17 cm2 molecule−1 at a resolution of 0.14 nm.

Experiments were also performed in which O3 was dis-
sociated at 248 nm(R12) to form O(3P), which then reacted
with I2 (R7). In this case IO was monitored at high resolution
using the diode laser (at the maximum of the 4,0 band) and
calibration of the laser fluence was carried out by photolysing
HNO3 at the same wavelength and monitoring NO2 formation
(using the same diode laser), resulting in a cross-section of
(3.4±0.4)×10−17 cm2 molecule−1. These experiments were
carried out using low concentrations of O3 and O(3P) to avoid
problems with aerosol generation upon mixing O3 and I2. In con-
trast to the work of Sander[43], Harwood et al.[28] did not find
a measurable dependence of the cross-section on temperature.

Bloss et al.[12] made measurements of the IO cross-section
using a monochromator/CCD set-up that enabled measurement
of transient absorption at multiple wavelengths to be made
simultaneously. IO was generated using N2O photolysis and
reaction of O(3P) with CF3I ((R16) followed by (R8)). These
authors adopted a branching ratio ofk8a/k8 = 0.845 from the
work of Gilles et al.[26]. Bloss et al.[12] measured the relative
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R7) which was monitored simultaneously at 530 nm (us
(I2) = 2.56×10−18 cm2 molecule−1). These authors report
alue of (2.8±0.5)×10−17 cm2 molecule−1 for the cross
ection of IO at 427.2 nm at a resolution of 0.3 nm.

Harwood et al.[28] used three different chemical schem
o generate and calibrate IO and determine its cross-sect
he 4,0 band. The experiments were carried out using eit
onochromator operating at a spectral resolution of 0.14
r using a diode laser with a 105 Hz bandwidth as light sourc
nd a photodiode as detector. Before discussing their d

s important to note that, when using a monochromator,
imilar to the works of Cox and Coker[41] and Jenkin and Co
42] these authors generally scanned around 427.2 nm to
he wavelength at which the absorption due to IO maxim
.e. they always measured at the peak of the 4,0 band (pe
ommunication with J. Burkholder). As we have seen ab
n an air filled monochromatorλmax will be at 427.08 nm, an
ot at 427.2 nm. Thus, although these authors quote 427
s the measurement wavelength, it was most probably clo
27.08 nm.

In essentially identical experiments to Laszlo et
30], using N2O photolysis at 193 nm in the presen
f I2, Harwood et al. [28] obtained a cross-section
3.3±0.4)×10−17 cm2 molecule−1 at 0.14 nm resolution
hese experiments required substantial correction to the c

n I2 following the laser pulse, which was due not only to
eaction of O(3P) with I2, but, in some experiments, predom
antly due to direct photolysis at 193 nm.

The photolysis of N2O in the presence of CF3I was also use
y Harwood et al.[28] to generate IO ((R16)followed by(R8)),
ut with its concentration defined by the initial O(3P) concen
n
a
,

it

d
,
al
,

to

e

ield of IO under various conditions and found it to be p
ure dependent at low temperatures, but not at 295 K, imp
temperature dependence in the value of the branching

8a/k8. The cross-sections of IO determined by these au
herefore showed a temperature dependence, which was
eaker than that observed by Sander[43] but still inconsisten
ith the temperature independent cross-sections of Harwo
l. [28].

The data summarised inTable 4 reveals significant dif
erences in the cross-section determinations in the va
tudies reported, with values between 1.9 and 3.6×10−17 cm2

olecule−1 reported. The origin of this apparent poor agreem
ay be spectroscopic or chemical in nature. An examinati
ig. 2shows that the 4,0 band is rather asymmetric, with a
teep short-wavelength flank. A wavelength error can thus
significant impact on the cross-sections obtained, especi

he offset is to smaller wavelengths. As discussed above t
potential explanation for the low value obtained by Jenkin
ox [42]. The cross-section of Bloss et al.[12] is even lower
nd this can be only partially attributed to the effect of spe
esolution. As shown inFig. 4, when using a central waveleng
f 427.2 nm, the effect of reducing resolution from 0.1–0.
.13 nm would be to decrease the cross-section at 427.2 n
30% although we recognise that the correction factor w
ary between optical set-ups due to different entrance slit
ions and the use of either diode array or photomultiplier loc
ehind an exit slit as detector.

A correction of this size would however still leave the cro
ections of Bloss et al.[12] rather low, leaving us to conclu
hat chemical effects may also have played a role. In this
ext, we note that the experiments of Bloss et al.[12] generally
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used significantly higher initial concentrations of IO than e.g.
Harwood et al.[28], Laszlo et al.[30] or the present study,
which will lead to a more rapid decay of IO and probably to
a complex chemical situation. The origin of the apparently low
cross-section of Laszlo et al.[30] may be found by examin-
ing the calibration scheme, which used the change in optical
density due to I2. The authors used a cross-section of I2 at
530 nm of 2.56×10−18 cm2 molecule−1, which is consider-
able smaller than the cross-sections of Tellinghuisen[32] at
this wavelength (3.09×10−18 cm2 molecule−1), which form
the basis of the IUPAC recommendation[34] for this spec-
trum. Use of the correct I2 cross-sections results in a value of
(3.4±0.5)×10−17 cm2 molecule−1 from the study of Laszlo et
al.[30]. If we also take into account that the Laszlo et al.[30] data
were obtained at lower resolution, we can correct their cross-
section using the data inFig. 4upwards by≈5% to derive a final
number ofσ = (3.6±0.6)×10−17 cm2 molecule−1 at 427.2 nm.

The somewhat low value of Stickel et al.[17] may also be
related to the calibration scheme which employed physical rather
than chemical measurement of the laser fluence (i.e. calibrated
power meter instead of in situ chemical actinometry).

It is difficult to find potential sources of systematic error in
the work of Sander[43], which, on paper, uses a very simple
chemical scheme to generate and calibrate the IO signal. The
use of a short wavelength flash lamp to dissociate O2 would
certainly have generated large I atom concentrations in their set-
u ross
s denc
o ror.
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to I
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w

firms the results of selected recent studies, and strengthens the
spectroscopic database on this radical. Disagreements in the
literature values for IO cross-sections have largely been resolved
and the most reliable studies identified, thus enabling a recom-
mendation to be made.
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