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Abstract 

Laser induced fluorescence (LIF) from the (0, 0), (2, 0), (3, 0), and (2, 1) bands of the A2I'13/2 ",-- X 2113/2 system of IO 
was detected. Using LIF detection of IO, the rate coefficients for I + O 3 --* IO + 02 (k 1) and IO + NO --* I + NO 2 (k 2) 
reactions were measured between 240 and 370 K to be kl(T) = (2.3 ___ 0.7) × 10 - l l  exp[-(860 __ 100)/T] and k2(T) = 
(1.02 4- 0.31) x 10-11 exp[(185 4- 70)/T] cm 3 molecule- 1 s-  1. 

1. Introduction 

The presence of iodine compounds in the Earth 's  
biosphere and oceans, as well as in the atmosphere, 
has been recorded for quite some time [1-4].  The 
role of  iodine in the chemistry of  the atmosphere has 
been the subject of speculation and investigations in 
the past few decades [5-7]. Specifically, the role of  
gas phase iodine chemistry in the marine boundary 
layer of  the atmosphere and its effect on the abun- 
dances of  ozone and other chemicals have been 
investigated [8,9]. Iodine containing compounds have 
been shown to be present in the Arctic springtime 
troposphere [10]. Very recently, Solomon et al. [11] 
speculated that catalytic reactions of  the IO radical 
could be, at least partly, responsible for the depletion 
of lower stratospheric 0 3 and the sudden episodic 
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ozone disappearance in the Arctic troposphere during 
the springtime. Evaluation of this hypothesis requires 
kinetic, photochemical, and heterogeneous reaction 
rate data. Two reactions that play important roles in 
the chemistry of  iodine in the atmosphere are: 

I + 03 ~ IO + 02 ,  (1) 

IO + NO ~ I + N O  2 . (2)  

Reaction (1) is a key step in the iodine catalyzed 0 3 
destruction cycles and reaction (2) links NO x chem- 
istry with that of iodine and affects the partitioning 
between I and IO in the atmosphere. 

One of the major difficulties in studying reactions 
of  IO is the lack of a suitable sensitive and non-in- 
trusive detection technique that can be employed at 
atmospheric pressures, in very small volumes, and in 
the absence of surface effects. Laser induced fluores- 
cence (LIF) is one such common and convenient 
detection method. However,  there are contradictory 
reports on the feasibility of  inducing fluorescence in 
the  A21-I3/2 ~ X 2I'I3/2 system of IO. Watson et al. 
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[12] and Kwong and Tse [13] were unable to observe 
LIF; however, both Inoue et al. [14] and Bekooy et 
al. [15] observed fluorescence. Since LIF could be an 
extremely useful scheme for detection of IO in the 
atmosphere and laboratory, we have investigated this 
process. 

A concerted effort has been initiated in our labo- 
ratory to measure the various kinetic and photochem- 
ical parameters needed to evaluate the role of iodine 
in the atmosphere. Here, we report on the LIF detec- 
tion of IO and the kinetics of reactions (1) and (2). 
These reactions were studied because they are atmo- 
spherically important, involve only one unstable rad- 
ical reactant, and have been studied before using 
other methods [16,17]. Reactions involving one un- 
stable radical are easier to study and previous kinet- 
ics data allows us to test our new experimental 
method involving LIF detection of IO. 

2. Experiments and results 

The apparatus used in this study has been used 
routinely in our laboratory to produce OH [18], 
CHaS [19], and CF30 [20] radicals via pulsed laser 
photolysis and to detect them via pulsed LIF. We 
will not describe this apparatus here but provide only 
the information necessary to understand the LIF 
detection of I0 and kinetics of reactions (1) and (2). 

2.1. LIF detection of IO 

IO was generated by reactions (1), (3), (4) or (5) 
in a slow flow of an excess of He and/or  N 2, 

O(3p) -t- 12 ---} IO + I, (3) 

O(3p) + CH3I ~ IO + CH3, (4a) 

products, (4b) 

O(3p) + CF3I ~ IO + CF 3, (5a) 

--) products. (5b) 

Reaction (3) is known to be rapid [16,17] and rate 
coefficients for reactions (4) and (5) have been found 
in our laboratory to be high. These results will be 
reported elsewhere [21]. Ground state O atoms, 
O(3p), were produced by pulsed excimer laser pho- 
tolysis of 03 (at 248 rim) or of N20 (at 193 rim) in 

N 2. Photolytically produced O(1D) was rapidly 
quenched to O(3p) by N 2. I atoms for reaction (1) 
were generated by 351 nm photolysis of CH2I 2. Use 
of multiple IO production methods gives us confi- 
dence that we were detecting IO and only IO. The 
excitation wavelength in the range of 425 to 476 nm 
was generated by a XeCl-excimer laser pumped dye 
laser (coumarin 47 and stilbene 3 dyes). The line 
width of the dye laser output was 0.0025 nm and the 
pulse width was = 10 ns. The photolysis and excita- 
tion lasers were propagated perpendicular to each 
other. The photolysis laser was also passed through 
the reactor orthogonal to the direction of the gas 
flow to ensure that a fresh gas mixture was pho- 
tolyzed with each laser pulse. Fluorescence was col- 
lected orthogonal to the two laser beams, passed 
through a glass filter (either A > 475 nm or A > 495 
nm) to discriminate against scattered light from the 
probe laser, and then imaged onto a photomultiplier 
tube (PMT). The PMT output was either fed into a 
gated charge integrator or to a fast wave form digi- 
tizer. This data was transferred to a microcomputer 
for analysis. 

The excitation spectrum of IO was recorded by 
collecting the light transmitted through the cut-off 
filter while scanning the excitation wavelength. Since 
the fluorescence lifetime was close to (or shorter 
than) the pulse width of the excitation laser, we 
could not discriminate in time between the fluores- 
cence from IO and scattered laser light from the 
excitation laser; both were collected. The scattered 
laser light induces fluorescence from the cut-off 
filter and/or  the cell walls. This light detected by 
the filter/PMT combination was found to be very 
short-lived. In a separate experiment, only scattered 
probe laser light was collected by blocking the pho- 
tolysis laser (i.e. not making IO). This background 
was subtracted from the total signal to obtain the LIF 
signal. The background was typically < 10% of the 
LIF signal at the peak. 

Fig. 1 shows the observed excitation spectra from 
the (2, 0), (3, 0), (0, 0), and (2, 1) bands of the A-X 
system in IO. The spectra have not been corrected 
for variations in the probe fluence, transmission of 
the filter or the response of the PMT at various 
wavelengths. The positions of the band heads are in 
reasonable agreement with literature values [22] 
within the accuracy of our wavelength calibration 
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Fig. 1. Laser excitation spectra of IO A2I13/2 <-- X 21-I3/z, where 
the vibrational transitions are denoted (v' ~ v") in the figure. The 
excitation laser line width was 0.0025 nm. The spectra are scaled 
to the intensity of the (2, 0) bandhead to show the relative 
intensity observed. Wavelengths are in air at 298 K and 630 Tort. 

( +  0.2 nm). Previous studies have observed fluores- 
cence from the (2, 0) [14,15], (0, 0) [14], (2, 1) [15], 
and (2, 2) [15] bands. To our knowledge fluores- 
cence from the (3, 0) band has not been reported 
previously. Since we did not obtain the dispersed 
fluorescence from any of these bands, the exact 
wavelengths of the fluorescence is not clear. 

Qualitative observations about the LIF from IO 
are: (a) The fluorescence from the (2, 0) band was 
very strong. It was easily seen on an oscilloscope 
without signal averaging. The detection limit for IO 
at the (2, 0) band head was typically = 1 × 109 

molecule cm -3 for a S / N  = 1 and averaging 100 
laser shots. (b) The (2, 0) band was the most intense; 
the (3, 0) band was = 100 times weaker and the (0, 
0) band = 15 times weaker than the (2, 0) band. (c) 
All sources of IO yielded the same excitation spec- 
tra. (d) Changes in the delay between the photolysis 
and the probe laser changed the magnitude of the 
signal at all wavelengths but not the relative intensi- 
ties of various peaks. 

By photolyzing a mixture of the CH212/O 3 sys- 
tem in 100 Torr of N 2 at 351 nm, transitions arising 
from the v" = 1 state were observed. The intensity of 
the (2, 1) band was 10 times weaker than that from 
the (2, 0) band. When corrected for the differences in 
the Franck-Condon factors [23] between these two 
transitions and the probe laser fluences, the intensity 

was = 4% of the (2, 0) transition. This is in agree- 
ment with the expected population of the v"=  1 
level for a Boltzmann population at 298 K. Fluores- 
cence from the (2, 2) band has been reported by 
Bekooy et al. [15], but we were unable to detect 
fluorescence from this band. This was due in part to 
the low population of the v "=  2 state at 298 K 
(=  0.2%, assuming a Boltzmann distribution), com- 
pared to the high temperatures (=  600 K) in the 
study of Bekooy et al., and in part because the (2, 2) 
band position (at = 473 nm) lies on the edge of the 
tuning range for our dye. Hence, a sufficient laser 
energy was not available. Also, attempts to detect 
fluorescence from the (4, 0), (1, 0), and (1, 1) bands 
were unsuccessful. 

Using a fast transient digitizer, the lifetime of 
IO(AEII) was observed to be < 20 ns, the time 
constant of our detection system. This short lifetime 
agrees with the value of < 10 ns previous reported 
by Inoue et al. [14]. This short lifetime is, however, 
sufficient to produce easily detectable amounts of 
fluorescence from IO. It also indicates that the LIF 
detection sensitivity will not be reduced at higher 
pressures because electronic collisional quenching 
cannot compete with the dissociative lifetime of IO 
(A2II). 

While Inoue et al. reported difficulties with sev- 
eral methods of IO production [14], we did not 
encounter them. For example, we had no difficulty in 
producing IO by photolyzing a mixture of CF 3 I / N 2 0  
at 193 nm and saw no interference from IF fluores- 
cence. Similarly, we could easily produce IO from a 
mixture of O3/CH3I and O3/CF31 via reactions (4) 
and (5). It should be noted that we always operated 
with low concentrations of IO ( < 4 × 1012 molecule 
cm -3) to minimize the self reaction of IO and limit 
the production of aerosols. Use of low [IO], along 
with the use of He or N 2 flush gases on the entrance 
and exit windows of the lasers, resulted in little or no 
solid deposits on the windows. The unsuccessful 
attempts of Kwong and Tse [13] were likely due to 
high concentrations of O(3p) and IO which led to a 
rapid loss of IO (via the O + IO and IO + IO reac- 
tions) in their system. Due to the lack of details 
about their experiments, it is difficult to speculate 
further. We do not understand why Watson et al. [12] 
were unable to observe LIF of IO from the O + CF 3 I 
reaction. 
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2.2. Kinetics of reactions (1) and (2) 

The kinetics of reactions (1) and (2) were studied 
by measuring the temporal profiles of IO. The tem- 
poral profiles were obtained by varying the time 
delay between the photolysis and probe lasers be- 
tween 10 Ixs and 70 ms. For all of these studies, IO 
was excited at = 445 nm, the band head of the (2, 0) 
band. To determine the temperature dependence of 
the rate coefficients, a jacketed reaction cell was 
used. Fluids from a temperature controlled reservoir 
were flowed through the jacket. The temperature of 
the gas flowing through the reactor in the reaction 
zone was measured by inserting a thermocouple 
probe. 

I + O~ ~ I 0  + 02, (k ) .  I atoms were generated 
by the 351 nm photolysis of CH2I 2 in an excess of 
03. In all experiments, [CH2I 2 ] and [03 ] were main- 
tained such that the O atoms produced by 03 photol- 
ysis were < 20 times that of the initial I atoms 
generated via CH2I 2 photolysis. Therefore, the for- 
mation of IO from the reaction of O atoms with 
CH2I 2 was negligible. 0 2 was added to rapidly 
quench any electronically excited iodine atoms 
(211/2) that were possibly produced, 

211/2 + 02 --~ 213/2 + O2(1A), (6) 

(k6(298 K ) = 4 ) <  10 -11 cm 3 molecule -1 s -a)  [24] 
before it reacted with ozone. 0 2 also scavenged the 
CHEI photoproduct, which otherwise could react 
with 0 3 and, possibly, produce IO. 

M 
CHEI + O 2 ~ CH2IOO, (7) 

C H 2 I  + 0 3  "-~ C H 2 0  + IO + 0 2  . ( 8 )  

Typically, CH2I 2 ((4-16) × 1013 molecule cm -3) 
was photolyzed at 351 nm (E = 3-16 mJ cm -2 
pulse -1) in the presence of excess 0 3 ( (1 .3-32)× 
10 a4 molecule cm-3), N 2 (80 Torr) and 0 2 (20 
Torr). Preparation, storage, and handling of 0 3 is 
discussed elsewhere [19]. The concentration of 0 3 
was measured in the main gas flow by UV ab- 
sorbance at 253.7 nm (0"02353"7nm -- 1.16 × 10 -17 cm 2 
molecule -a) [17]. CH 212 was maintained in a tem- 
perature controlled bubbler, through which a small 
flow N 2 was maintained. The CH2I 2 concentration 
was measured by UV absorbance at 213.9 nm in a 10 
cm long absorption cell I, or(~i~ 2[ 2 z  2 1 3 . 9  n m  = 3.2 × 10-18 cm 2 

molecule -1) [25] and then added to the main gas 
flow just prior to entering the LIF reactor. The 
CH2I 2 concentration was varied by changing the 
temperature of the bath (T = 255 to 277 K). 

Following the photolytic production of I atoms, 
the temporal profile of IO is governed by 

k1[I]0[O3] 
[IO], = [exp( --  k'at ) - exp( - k l0  t ) ] ,  

kl0 - k' a 

(9) 

where we assume that the only product of reaction 
(1) is IO and kl0 describes a first order loss process 
due to diffusion from the reaction zone and reactions 
with other species, 

lO ---> loss. (10) 

In Eq. (9), k' a = k l [ O 3 ]  + k l l  , where process (11) 
represents an analogous loss process for I atoms, 

I -~ loss. (11) 

A typical temporal profile of IO when I atoms 
were produced in the presence of excess 03 is shown 
in Fig. 2. The IO concentration increased exponen- 
tially and then decayed slowly. Such profiles were fit 
to Eq. (9) using a nonlinear least squares fitting 
routine to obtain k' a. Temporal profiles were mea- 
sured at various concentrations of O 3. A plot of the 
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Fig. 2. Temporal profile of IO from the 351 nm photolysis of 
CH2I 2 (4×  1013 molecule cm -3)  and 03 (2.5× 10 is molecule 
cm -3)  in 80 Torr of N 2 and 20 Torr of 02 . The line is the 
nonlinear least squares fit to Eq. (9). The inset is a plot of k' a 
versus [03] at 298 K. The line is the linear least squares fit and 
yields the rate coefficient k I as the slope. 
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obtained values of k' a versus [03] is shown in the 
inset of Fig. 2. The slope of this plot gives the 
second order rate constant k r It should be noted that 
the loss of I atoms via process (11) was very small, 
--- 75 s -  1. Also the loss of IO was very slow (25-50 
s -1) and was probably due to diffusion and the 
IO + IO reaction. Even though the self reaction is 
second order in IO, it could be treated as a first order 
process for small losses of IO. Also there is no net 
loss of IO if the self reaction produces I atoms since 
IO would be regenerated by reaction (1). However, it 
could alter the IO temporal profile. Variation of the 
initial [I] 0 (either by changing [CH2I 2] or laser flu- 
ence) from (2 .5 -13)×  10 n molecule cm -3 did not 
affect the measured rate constant kl, implying that 
IO + IO was not occurring to a significant extent 
during the course of reaction (1). 

The rate coefficient, ki, was measured at various 
temperatures and the results are shown in Table 1 
and plotted in Arrhenius form in Fig. 3. A linear 
least squares analysis of In k I versus 1 / T  gives: 
kl(T) = (2.3 + 0.7) × 10-11 exp[ - (860  _ 100)/T]  
cm 3 molecule -1 s - i  over the temperature range 
T = 240-370 K. The error reported is 20" and in- 
cludes the precision and estimated systematic uncer- 
tainties due to measurement of the 03 concentration 
at 298 K (5%) and temperature (1%). 

I 0  + N O  -~ I + NO2,  (k2). To study reaction (2), 
IO ( =  3 × 10 u molecule cm -3) was produced via 
reaction (3) by photolyzing a mixture of N20 (2 × 
10 i5 molecule c m - 3 ) ,  12 (---~3)< 1014 molecule 
cm-3),  and N 2 (5-100 Torr) at 193 nm (ArF laser, 
1.8 mJ pulse- 1 cm-  2). Preparing, storing, and mea- 
suring of [NO] has been described elsewhere [19]. 12 
was added to the reactor by passing a small flow of 

Table 1 
Summary of the rate coefficients for reaction (1) 

Temper- [03] (10 TM [I]0 (1011 k I +20" a 
ature molecule molecule (10-12 cm 3 
(K) cm -3 ) c m -  3) molecule- 1 s -  1 ) 

239 3.1-34.0 5.0 0.63 + 0.05 
254 1.6-25.8 5.0 0.78 _ 0.04 
273 1.8-27.6 5.0 1.03 _+ 0.05 
298 1.4-30.6 2.7-13 1.38 _+ 0.08 
331 1.2-20.0 5.0 1.70 + 0.03 
368 1.2-10.4 5.0 2.43 _+ 0.16 

a or is the precision of the k' ver sus  [03 ]  plot only. 
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Fig. 3. Plot showing the variation of (a) k 2 and (b) k 1 with 
temperature. The line is the least squares fit to the Arrhenius 
expression: k(T)= A e x p ( -  E a / R T ) .  

N 2 over a trap containing solid 12. Its concentration 
was measured after the LIF reactor by absorption 

508nm = 2.5 × 10 -18 cm 2 molecule - i )  [26] using 0-12 
a Cd light source and a monochromator equipped 
with a photomultiplier tube. O( 1 D) produced by N20 
photolysis was rapidly quenched in < 0.5 txs by the 
large excess of N 2 and production of IO was com- 
plete within ~- 100 Ixs. Although 12 does photolyze 
at 193 nm [27], the I atoms produced did not affect 
the IO temporal profile. The temporal profile of IO 
obtained in such a system is shown in Fig. 4 (curve 
(a)). IO exhibited a fast exponential rise and then 
slowly decayed. Analysis of the IO appearance rate 
from profiles such as these gave a value for the rate 
coefficient for reaction (3) of k 3 = (1.2 + 0.4) X 
10 - i °  cm 3 molecule -1 s -1 at 298 K in agreement 
with literature values [16,17]. 

When NO was added, the long time decay of IO 
increased substantially (see Fig. 4, curve (b)), 
whereas the appearance of IO was unaffected. In the 
presence of NO, the IO temporal profile can be 
described by 

k~[o]0 
[IO], k~ - k~ [exp( - k ' b t  ) - exp( - k ' o t ) ] ,  (12) 

where k'~ = k3[I2] and k~ = k2[NO] + ki0. In the ma- 
jority of our experiments, production of IO was 
much faster than the loss via reactions (2) and (10). 
In this case the temporal profile of IO, after it 
reaches the maximum, is given by 

[IO], = [IO]0 e x p ( - k ' J ) .  (13) 
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Fig. 4. IO temporal profiles from the 193 nm photolysis of N20 
(2× 1012 molecule cm -3) and 12 (4× 1014 molecule cm -3) with 
(a) [NO] = 0 and (b) [NO] = 1.2× 1014 molecule cm -3. The lines 
are the least squares fits to Eq. (12). The inset is a plot of k~ 
versus [NO] at 298 K. The total pressure was: zx, 6 Torr, v, 23 
Torr, and ©, 100 Torr of N 2. The line is the linear least squares fit 
and yields the rate coefficient k 2 as the slope. 

The long time decays of IO were typically fit to Eq. 
(13) to determine k~. However, at the highest NO 
concentrations and the lowest temperatures used, loss 
due to reaction (2) was competitive with IO forma- 
tion. Here, the low vapor pressure of 12 limited its 
concentration to < 1 × 1014 molecule cm -3. In this 
case the IO temporal profiles were fit to Eq. (12) to 
determine k~. A plot of the k~ versus [NO] at 298 K 
is shown in the inset of Fig. 4. The slope of this line 
yields the value of k 2. Such measurements were 
carried out at various temperatures between 237 and 
347 K to obtain the values of k 2 listed in Table 2 
and shown in Fig. 3. This data can be expressed as: 
k2(T) = (1.02 + 0.31) × 10 -la exp[(185 _ 70) /T]  

Table 2 
Summary of the rate coefficients for reaction (2) 

Temperature Ptot [NO] (1014 k 2 + 2o" a (10-11 
(K) (Torr) molecule cm -3) cm 3 molecule -1 s -1) 

237 100 0.34-3.67 2.09 + 0.21 
256 100 0.37-3.92 2.07 + 0.07 
275 100 0.46-3.85 2.07 + 0.08 
298 5 0.06-0.50 1.98 + 0.09 
298 23 0.35-1.9 1.87 + 0.04 
298 100 0.36-3.41 1.90 + 0.05 
346 100 0.29-3.43 1.66 + 0.06 

a O. is the precision of the k' versus [NO] plot only. 

cm 3 molecule -1 S -1 .  The errors are 2tr and include 
estimated systematic uncertainties in the [NO] ( =  
8%) and temperature (1%). 

3 .  D i s c u s s i o n  

3.1. LIF of lO 

The major finding of this work is that IO can be 
detected very easily using LIF. It is interesting to 
note that we could detect fluorescence from all the 
low lying bands except the one leading to 
IO(AZl-13/2, v'= 1). This suggests that the v'= 1 
state may dissociative more rapidly than the v ' =  0, 
2, or 3 states. We could not detect fluorescence from 
the (2, 2) band, which is consistent with very little 
population in the v"= 2 level at 298 K. Measure- 
ment of the dispersed fluorescence spectra from these 
bands and the lifetimes of the various states would 
be useful in assessing the nature of the upper state in 
IO. Such information would also be valuable for 
optimizing IO detection via LIF. 

The detection limit for IO at the (2, 0) band head 
was typically ~ 1 × 109 molecule cm -3. The noise 
was determined by the scattered light from the probe 
laser. We did not attempt to minimize this noise 
because the sensitivity was sufficient for our pur- 
poses. However, in an optimized system, this noise 
could be reduced by at least an order of magnitude. 
Also, we used a very broad excitation source, i.e. not 
all the probe energy was useful in exciting fluores- 
cence. If one were to match the line width of the 
laser to that of IO and tune on and off the sharp 
lines, the sensitivity for detecting IO can be im- 
proved further. We estimate that suitable improve- 
ments could allow one to possibly detect ~ 1 × 106 
molecule cm -3 of IO. Recent modeling studies [11] 
suggest that this level of sensitivity would be ade- 
quate for detecting IO in the atmosphere. 

3.2. Reaction (1) 

The measured value of k t was independent of the 
variations in parameters such as pressure (30-200 
Torr), [I]0, [CH2I 2] and photolysis laser fluence. 
This invariance suggests that our measured value of 
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k 1 was not affected by any secondary reactions. The 
major uncertainties in the measured value of k I were 
due to the precision of the measurements in the 
temporal profiles, fitting of the profiles to Eq. (9), 
and the uncertainties in the concentration of 03 . We 
estimate the systematic error in measuring the con- 
centration of 03 to be = 5%. 

Reaction (1) was first studied by Clyne and Cruse 
[28], who monitored the IO A21-I3/2(v=4)~ -- 
X 2II3/2(v = 0) transition as a function of time in a 
discharge-flow system. They deduced that about a 
third of the nascent IO was formed in the v " =  1 
state. Under the low pressure conditions of their 
experiment, vibrational quenching would not be as 
rapid as in the present high pressure study. Clyne 
and Cruse estimated their measured value k1(293 
K) = 8.3 × 10 -13 cm 3 molecule -1 S - 1  to be uncer- 
tain by nearly a factor of two. Thus their value is 
consistent with that measured here. Jenkin and Cox 
[29] used a molecular modulation technique to derive 
k1(298 K) - -  (9.6 +_ 3.0) × 10 -13 c m  3 molecule -1 
s -1, and Sander [26] used flash photolysis of I 2 / O  3 

to determine k I = (9.5 _+ 1.5) × 10 -13 c m  3 mole- 
cule- 1 S - 1 .  Both of these studies used UV absorp- 
tion of the (4, 0) band to monitor [IO]. Although 
slightly lower than our current study, these measure- 
ments are in reasonable agreement with the room 
temperature value determined here. Only Buben et 
al. [30] have measured k 1 as  a function of tempera- 
ture (231-337 K) and report kl(T) = (2.30 + 0.2) × 
10 -11exp[ - (880 _+ 30) /T]  cm 3 molecule -1 S - 1  

using a discharge flow system with resonance fluo- 
rescence detection of I atoms. This measurement is 
in excellent agreement with the value determined in 
the present experiment. Using the data of Sander, 
Jenkin and Cox, Buben et al., and this study, we 
recommend k1(298 K ) =  1 .2× 10 -12 cm 3 mole- 
cule-I  s - l ,  A = ( 2 . 3 + 0 . 7 ) × 1 0 - 1 1  cm 3 mole- 
cule -1 s -1, E/R = 870 + 100 K -1. In the format 
used in current data evaluations [16,17] the uncer- 
tainty factor for k(298 K) is f(298 K ) =  1.2 and 
AE/R = +_ 100. 

3.3. Reaction (2) 

As in the case of the reaction (1), the measured 
values of k 2 w e r e  insensitive to variations in the 
experimental parameters such as photolysis fluence 

( E =  1.2-2.4 mJ pulse -1 cm-2) ,  pressure (5-100 
Torr), [N20] (1-4  × 1015 molecule cm -3) and [I 2] 
(1-4.5 × 1014 molecule cm-3).  Therefore, we are 
confident that our measured values of k 2 were not 
significantly affected by any systematic errors. Ray 
and Watson [31] measured k2(298 K)=(1.67___ 
0 .16 )×10  -11 cm 3 molecule -1 s -1 using a dis- 
charge f low-mass spectrometry system at 1-2  Torr. 
Inoue et al. [14] detected IO by LIF and report 
k 2 = (2.8 _ 0.2) × 10 -11 cm 3 molecule -1 s -1 at 298 
K. In a comprehensive study, Daykin and Wine [32] 
used pulsed laser photolysis to produce IO and long 
path absorption to detect IO and reported k2(T)=  
(6.9 +_ 1.7) × 10 -12 exp[(328 ___ 71) /T]  cm 3 mole- 
cule -1  s - 1  and k2(298 K) = 2.1 × 10 -11 cm 3 mole- 
cule -1 S - 1 ,  independent of pressure. The unpub- 
lished results of Buben et al. [33] yield k2(T)=  
(1.03 + 0.09) × 10 -11 exp[(210 + 80) /T]  cm 3 mole- 
cule -1 s -1 and k2(298 K) = 2.1 × 10 -11 cm 3 mole- 
cule- 1 s-1. The results of all of these studies are in 
very good agreement with our values, with the ex- 
ception of Inoue et al., who report a = 30% higher 
value at 298 K. Using the results from all these 
studies we recommend k2(298 K) = 2.0 × 10-11 cm 3 
molecule -1 s -1, A = (9.1 + 2.0) × 10 -12 cm 3 
molecule-1 s - l ,  E/R = - 240 + 100. For data 
evaluations, uncertainty factors of f(298 K)---1.1 
and AE/R = _ 100 are recommended. 
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