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Rate Coefficients for the OH+ CF3l Reaction between 271 and 370 K

Mary K. Gilles,* R. K. Talukdar, and A. R. Ravishankara '

Aeronomy Laboratory, National Oceanic and Atmospheric Administration, 325 Broadway,
Boulder, Colorado 80305 and Cooperegi Institute for Research in zironmental Sciences,
University of Colorado, Boulder, Colorado 80309

Receied: May 18, 2000; In Final Form: July 20, 2000

The rate coefficientk;, for the reaction OH+ CKl — products was measured under pseudo-first-order
conditions in hydroxyl radical, OH. OH temporal profiles were monitored by laser-induced fluorescence (LIF),
and CFRl concentrations were determined by UV/Visible absorption. We determinéd) to be (2.10+

0.80) x 101! exp[—(2000 & 140)/T] cn? molecule® s™%, over the temperature range 271 to 370 K. The
quoted uncertainties are295% confidence limitsya = Aoina). Previous measurementslg{T) are compared

with our values, and possible reasons for the discrepancies are discussed. The heat of formation of HOI is
deduced to be less thanl6 kcal mole?, if the products of reaction 1 are mostly HOI and {CFhese
measurements support the earlier conclusion that the reaction of OH witiplaizs a negligibly small role

in the atmospheric removal of GIF

Introduction the studies of Berry et & and Garraway and Donovhand
that CRl absorbs strongly at wavelengtksl 75 nm as well as
between 240 and 320 nnu (> 10°1° cn? molecule’?),
substantial photolysis of GF must have occurred in both
periments.
Brown et al® produced OH from the reaction of N@vith H
atoms from a microwave discharge and monitored OH radical
concentrations using resonance fluorescence. Hence, they did
not photolyze CH. Their reportedk; is a factor of 2 smaller
than that of Berry et & and nearly a factor of 4 smaller than
OH + CF,l — productsk, 1) that of Garraway and DonovénHowever, Brown et at
observed nonexponential OH loss profiles and speculated that
a chain reaction was responsible for the increase in OH loss
rate at longer reaction times in their experiments. Only Berry
et al® have reported the temperature dependende. Gthus, it
appears thal; (298 K) has not been measured in the absence
of secondary reactions and only a single study has explored
the temperature dependencekpfTherefore, we have measured
k; using a different OH precursor and briefly investigated the
effect of secondary chemistry in previous measuremenks. of

Since CRl was first proposed for use as a fire suppressant,
its atmospheric chemistry has received increased attention.
Laboratory studies of photolysis rates and reactions with
tropospheric reactive species have been used to determine it§*
atmospheric lifetime, ozone depletion potential, and global
warming potential.3 Since OH is a major oxidant in the
troposphere, the rate coefficient for the reaction of OH with
CRil

is of interest.

The measured values for the rate coefficidat,are highly
disparate. Garraway and DonovaBrown et al. and Berry et
al.% reported, respectivelk; (295 K) = (1.2 4+ 0.2) x 10713
cm?® molecule® s73, k; (300 K) = (3.1 4 0.5) x 10 cm?®
molecule® s71, andk; (292 K) = (5.9 &+ 1.4) x 1074 cm?®
molecule! s1. Garraway and Donovédnemployed flash
photolysis of a mixture of @ H,O, and CRl and monitored
the OH reactant concentration by time-resolved absorption at

308.15 nm. They measurde under pseudo-first-order condi- Experimental Section

tions in [OH], i.e., an excess of GF-and reported thalt; was In our experiments, OH was produced by pulsed photolysis
not a function of photolysis lamp intensity. Berry et®al in the presence of excess £FOH temporal profiles were
employed flash photolysisi(> 120 nm) of a mixture of KO monitored by laser-induced fluorescence. The pseudo-first-order

vapor and CE and monitored OH concentration via resonance rate coefficients for the loss of OH;, were measured as a
fluorescence detection. In these experiments, the valug of function of CRl concentration, and; was derived from a
measured was a function of photolysis energy. Therefore, theyweighted linear least-squares fit kf vs [CRl]. The concen-
measured; at several flash lamp energies and obtained their tration of CRl was determined via UV absorption. By photo-
value ofk; from the intercept of a plot of measurdd vs lyzing HONO at 351 nm, we minimize GFphotolysis to obtain
photolysis energy. This type of linear extrapolation is based on a more accurate value f&; between 271 and 370 K. Further,
the assumption that secondary chemistry of OH withsICF  we report that the value fdt, measured using 248 nm laser
photolysis products is responsible for the increasé;imith photolysis depends on photolysis laser fluence because CF
increasing flash energy. Given the {LEoncentrations used in  absorbs significantly at this wavelength. The OH deteétiom
PE—— p UV absorption apparatuses are described in previous publica-
aon oW ds\/n;y(foé:)euslgg: lence Sggg"‘ﬂjgié‘éc_’:ﬁ:”ﬁe?ﬁgill?e':ggfn'aaggt% tions? Details specific to the present study are presented here.
T Also affiliated with the Department of Chemistry and Biochemistry, Determination of CF3l Concentration. The concentration
University of Colorado, Boulder, CO 80309, USA. of CRsl was determined by UV/Visible absorption using Beer’s
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law over the wavelength range (22850 nm) using a deuterium  [CF3l] (0o/ocr) = ~100 at this wavelengtt).The CRl
lamp and a diode array spectrometer. The entire length of the concentration in the reaction cell was corrected for the pressure
absorption cell was maintained at a constant temperature bydifference (usually 2535%) between the absorption cell and
using recessed windows that constrained the absorption volumethe reactor. At the beginning of the experiment, the ozone
to a uniform temperature region. The absorption cross sectionconcentration was determined from its absorption at 253.7 nm
of CRsl (0266.6 nm (298 K) = 6.44 x 10719 cn? molecule’?) in the 50 cm cell. During subsequent experiments, the ozone
shows a small temperature dependence; therefore, the temperwas flowed directly into the reaction cell. §B] was calculated
ature-dependent absorption cross sections of Solomon'et al from its vapor pressure, the measured flow rates of He through

were used to determine @lFconcentrations. the HO bubbler, and of other gases, and the reaction cell
OH Production. The primary OH source for these experi- pressure was measured by a capacitance manometer.
ments was HONO photolysis at 351 nm. SincelQfhotolyzes 248 nm Photolysis of #D,. A single experiment using 1D

readily in the UV, 351 nm was preferred over 248 ropu§ nnf photolysis at 248 nm was attempted, but due to the low
0351 nm~ 1500} for photolysis. One test for secondary chemistry absorption cross section o8, a large ¢8 mJ pulse cm~2)

is to employ multiple radical sources. This proved difficult in  photolysis fluence was needed. This resulted in concentrations
the present study since the low valuekefrequired the use of  of CFsl photolysis products that were much larger than [@H]
relatively high concentrations of GFPhotolysis of an @H,0 for example, [CE])/[OH]o > 15. It was immediately apparent
mixture at 248 nm and D, photolysis at 248 nm were used that the measured rate coefficient was much larger (greater than
as alternative OH sources. These are discussed in more detait factor of 5) than those done with ozone or HONO photolysis;

in the following sections. H»0, photolysis was not used further as an OH source.

351 nm Photolysis of HONGn the majority of experiments, Materials. He (99.997%) and £(99.99%) buffer gases were
OH was produced by pulsed laser photolysis of HONO at 351 used as supplied. GF99%) was kept in an ice water bath to
nm (XeF excimer laser). suppress any possible ¢ontamination. HONO was produced

by the dropwise addition of NaNQO0.1 M) to H,SO; (40 wt
HONO + hv — OH + NO 2 %, 20 wt %, and 10 wt % solutions were used). A small He

flow, (1—6) sccnT?, over this solution was further diluted with
He, (80-140) sccnt!, and CFRl prior to entering the reaction
cell. NaNQ (assay 97%) and $$0, (assay 70.7%) were used
as supplied by the vendors and mixed with distilled water to
make the solutions for the HONO production. (We should note
that on one occasion we reused theSBy solution from a
previous day for HONO generation: OH regeneration at longer
OH + HONO— products (3) times was observed. In all subsequent experiments, fresh
reagents were used for HONO production, and they were
and the measured OH loss rate coefficient in the absence ofchanged every few hours. In all of the data reported here there
CRsl. Assuming that reaction with HONO was the only loss was no indication of OH regeneration.) Ozone was prepared
process for OH (i.e., neglecting loss of OH due to reactions by passing ultrahigh purity £through a commercial ozonizer
with impurities in the bath gas or in the HONO gas mixture and stored on a silica gel trap kept in a dry ice/ethanol bath.
and the loss due to flow out of the detection region and Several Torr of 0zone was added to a preconditioned blackened
diffusion) an upper limit for [HONO] was calculated. This 12-L Pyrex bulb and diluted with He. Deionized® was kept
estimate was sufficient to calculate a limit for the initial OH in a bubbler held at room temperature through which He was

In the concentration range used, (4&5) x 10 molecule
cm™3, with a typical path length of 15.1 cm, absorption due to
HONO would be<0.0002, and hence, it could not be directly
measured via UV/Visible absorption. Therefore, the concentra-
tion of HONO was estimated from the known rate coefficient
(ks (298 K) = 4.5 x 10712 cm?® molecule! s71)? for the reaction

concentration ([OH} < 2 x 10' molecule cm?3) from the flowed.
measured photolysis laser fluence, the known absorption cross
section of HONO 351 nm = 21.2 x 10729 cn? molecule?), Results

and the assumed unit quantum yield for OH production. The
calculated [OH] ensured that our experiments were carried out
under pseudo-first-order conditiofis.

248 nm Photolysis of an #H,0O Mixture. One alternative In § = —kjt + constant M
OH source was ozone photolysis at 248 nm

The temporal profile of OH in the presence of {Lks
governed by the equation:

where§ is the OH fluorescence signal at timandk; = k; +

O;+ hv — O(lD) +0, (4) kioss Kioss IS the first-order rate coefficient for the loss of OH
due to its reaction with the OH precursor (HONO of) @nd
followed by the reaction impurities in the bath gas as well as flow out of the detection
region. The detection region is defined as the volume produced
o(*D) + H,0—2 OH (5) by the intersection of the photolysis and probe laser beams. The
temporal profiles of OH were recorded and fit to eq | using a
In these experiments, fPwas~1.5 x 10 molecule cm?, weighted linear least-squares method to obigink; values
photolysis fluences werg0.4 mJ pulse! cm~2, and [HO] was were measured as a function of ££LFEoncentration and a

~3.4 x 10 molecule cm?, resulting in [OH} of (2.6—4.9) weighted linear least-squares fitkifvs [CFsl] data yieldedk;

x 10" molecule cm3. The first-order loss of OH in the absence as the slope ankess as the intercept.

of CRsl was due to its reactions with {dk (298 K) = 6.8 x 351 nm Photolysis of HONOAs seen in Figure 1, the
1074 cm? molecule! s71)? and impurities and due to flow and  temporal profiles of OH obtained using HONO photolysis, both
diffusion out of the detection region. For these experiments, in the absence and in the presence oflCWere exponential.
CFsl was measured using a separate 50-cm-long absorptionThe ratio of [CRIJ/[[OH], was generally>5000 in these
cell prior to entering the reaction cell because any slight experiments with the estimated [QHjetween (0.6-1.3) x 101
fluctuations in [Q] would interfere with the determination of  molecule cm?® and [CRlI] from (1.0—11) x 10'® molecule
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TABLE 1: Summary of k; Measurements at 296 K Using HONO

J. Phys. Chem. A, Vol. 104, No. 39, 2008047

Photolysis at 351 nm to produce OH

pressure Y probe fluence photolysis fluence [HONO] [OH] |1 [CR4l] no of measurements  k; & 20°
24.3 20 0.6 55 485.8 1.1 13.2 1.079.24 12 2.2H0.44
255 20 0.6 33 6-78.5 1.0 13.2 19%114 15 2.09t 0.16
29.5 22 0.6 55 5.2 1.0 13.2 a0 12 2.11+ 0.22
23.9 18 0.6 3.3 54 0.6 13.2 221 7 2.11+ 0.34
24.3 20 0.6 4.4 5.0 0.9 13.2 13308 8 1.87+0.32
24.3 19 0.8 4.7 5.0 0.9 258 1.88.02 6 2.3%+0.18
24.3 19 1.2 4.7 5.3 0.9 258 1.88.02 6 2.31+0.37
17.5 12 0.9 1.37.0 6.0 1.2 25.8 7.2 5 b

20.3 12 0.8 55 5.6 1.1 25.8 1.97.28 8 2.6+ 0.42
25.2 10 0.5 5.3 6.6 13 258 2.18.53 6 2.46+ 0.25
25.3 20 2.3 5.9 7.0 15 258 1.45.00 5 2.78+ 0.82
25.0 21 0.3 4.2 4.9 0.8 151 1.66.92 15 2.62-0.13
average 2.35+0.54

aUnits are pressure: Torr; linear velocity, v: cmtsfluence: mJ pulsé cm™% [HONO]:

10" molecule cm®; [OH]o: 10 molecule cm?;

I, absorption pathlength: cm; [GIE 10 molecule cm?; ki: 1074 cm?® molecule® s P In this experiment, the photolysis laser fluence was
varied at a fixed C§t concentration. There was no significant change in the observed OH first-order loss rate coefficisnprecision from the

fit.

TABLE 2: Measured Value of k; as a Function of Temperature and Experimental Conditions Used

T (K) Pressure probe fluence photolysis fluence [HONO] [®H] [CKsl] no of measurements ki & 20°
271 25 0.23 3.9 55 8.0 2.48.37 12 1.19+-0.19
296 105 2.35+ 0.54
315 25 0.25 2.8 6.4 6.4 1.540.3 11 3.40+ 0.27
337 25 0.23 3.0 6.0 6.6 0.5%.59 12 5.6A4 0.31
354 26 0.30 4.6 55 9.2 1.2%1.41 15 7.2 0.48
370 26 0.38 55 4.9 9.7 0.263.12 13 9.12+ 0.22

aUnits are pressure: Torr; fluence: mJ pufsem™2; [HONO]: 10'3 molecule cm?; [OH]o: 10'° molecule cm?; [CFsl]: 10%¢ molecule cm?;
ki 107 cm® molecule? s71. P This is the average value for all 296 K experimefits.is precision from the fit.
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Figure 1. Examples of the decay of OH signal in the presence af.CF
The two decays with [Cf]| = 0 were measured at the beginning and
in the middle of the experiments.

cm~3. The measured values kf (296 K) along with a summary
of the experimental conditions are presented in Table 1.
Since previous measurements kaf have reported either
nonexponential loss of OH, or a dependence of meadyred
fluence, we were particularly concerned about secondary
chemistry that could influence the determinatiorkaf There-
fore, we carried out numerous tests using the HONO sourc
for OH production. To ensure the accuracy of the determination
of the CRl concentration at 296 K, several different absorption
path lengths (13.2, 15.1, and 25.8 cm) were used. To verify
whether photolysis of Gff affected the observed OH loss rate
coefficient, both the probe laser fluence, 0:243 mJ pulsge!
cm2, and the photolysis laser fluence, 289 mJ pulse!
cm2, were varied. In another experiment, [{J;Rvas fixed and
the photolysis laser fluence was varied from-173mJ pulse?
cm~2. no change in the OH loss rate coefficient was observed.
Hence, we believe that photolysis of Mfresent in the HONO

sample did not influence the measured OH loss rate coefficients.

The probe laser fluence was varied since previous attempts to
measure; in this laboratory using HN@photolysis at 193 nm

to produce OH has shown a dependence on this parameter. In
addition, the linear gas flow velocity was changed by a factor
of 2, 10-22 cm s With these linear flow velocities at
pressures of 17.5 to 29.5 Torr, the gas mixture within the
detection volume was replenished several times between laser
pulses (10 Hz). None of these variations affected the measured
value ofk;. Typical first-order OH loss rate coefficients in the
absence of Cfwere 230-340 s'L. In many experiments, these
loss rate coefficients were measured both before and after
determining a first-order rate coefficient in the presence of a
known [CRl]. This was done because variations in [HONO)]
would affect the value measured fé&f at a given [CHI].
These loss rate coefficients were dependent upon He flow
through the solution used to generate HONO (increasing or
decreasing [HONQOJ), pressure, total flow rate, and temperature.
First-order OH loss rate coefficients measured in the presence
of CRsl ranged fron~500-1800 s at 271 K and from~500—

3500 st at 370 K. Generally, the first-order rate coefficient
for OH loss due to diffusion and reaction with HONO was
<20% of the measured value Kf at average Cif concentra-
tions. The variety of tests performed in the 351 nm experiments,
none of which produced a change in the measured valltg of

e 9ave us confidence in our reported valu&kp296 K) of (2.35

+ 0.54) x 107 cm® molecule s,

The values ofk; measured between 271 and 370 K are
presented in Table 2. These were fit to an Arrhenius expression
using a least-squares analysis ofkn(T) versus 1T data to
obtaink;(T) = (2.10+ 0.80) x 1071 exp[—(2000+ 140)/T]
cm® molecule® s71. Here, the uncertainty in E/R is twice the
standard deviation of the slope and the uncertaint is 204
= 2Aona. Figure 2 displays the Arrhenius plot for these
experiments along with previous determinationskef The
uncertainty ink; due to any fluctuations in [HONO)] at average
CFRsl concentrations was5% at every temperature except 271
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5 T T T TABLE 3: Measured Values of k; (296 K) Using Photolysis
; A of O3/H,O Mixture at 248 nm to Produce OH2
A no. of
R fluence ki measurements [GF [OH]o [O5] [H20]
"’E 1081 Y . 0.02 2.85+ 0.32 5 1.179.57 0.7 3.15 34
v r 0.09 3.46+ 0.54 6 1.39-6.14 26 165 34
o a 0.21 4.25+ 0.49 5 116759 49 148 34
B 4 0.37 5.524 0.82 5 1.02763 35 136 34
% ¥ O This work intercept 2.6A4 0.15
g r : g:gz:;:‘;l aUnits are fluence: mJ pulsecm 2 k;: 10714 cm® molecule s7;
o v Garraway and Donovan [CFsl]: 10%° molecule cm?; [OH]o: 10'° molecule cm?; [O4]: 10
104 - molecule cm?; [H,O]: 10 molecule cm?. Uncertainties are @
65 ] precision of the slope in plots &f; vs [CFl].
sl 1 1 1
2.0 2.5 3.0 35 4.0 Discussion
1000 K/T Three previously reported values far and the results from

Figure 2. Plots ofky(T) vs 10007 from this study, and those of Berry ~ this study, are summarized in Table 4. Measurikg is

et al® Brown et al} and Garraway and DonovériThe temperature  particularly difficult because it is relatively small and £
_dep_endence for this work from the least-squares fit df;lmersus 1T thermally and photolytically unstable. Becasés small, higher

is given bylq(T) = (2.10+ 0.80) x 10" exp[~(2000: 140)/T] cn? concentrations of GfF are required to measure a significant
molecule* s, (20 measurement precision). increase in the OH loss rate coefficient. The larger JCF

7 coupled with its susceptibility to photolysis leads to high radical
concentrations when OH is generated by photolysis, particularly
E at wavelengths<300 nm. Thus, one would conclude that the
pulsed photolysis method might not be ideal for this measure-
ment. However, the earlier flowtube experiments also observed
nonexponential decays at longer times. In the following sections,
we discuss possible secondary chemistry in experiments where
OH was produced photolytically. We also discuss the effect of
small L, impurities in these experiments.

3 Possible products from GFphotolysis are CE and | or I*,

| (?Py2). CRl photolysis resulting in an excited state iodine atom
1E occurs primarily ati < 300 nm!%11 However, the obvious

reactions,
E 1 1

oE L
0.0 0.1 0.2 0.3 0.4

k;, 10" cm® molecule™ s

I(orl*) +OH—I10 +H (6a)
—HI+0 (6b)

mJ pulse'1 cm’?

Figure 3. A plot of ki versus photolysis laser fluence whep Was

E:‘ggﬁgﬁ? 'I(?r:ezir?t?arggg’t ;g:g;"’:%alba’e gg??g%;ﬁtg_zg)ffrlgﬂ are endothermic given the currently accepted values for the

e molecule® s-L. enthalpies of formation for IO and HIAddition of O, would
deactivate I* produced by GF photolysis through the near

K, where it was<8%. The largest uncertainty in the @F resonant electronieelectronic energy transfer process

concentration is from the uncertainty in its absorption cross 2 3%y _, 1 (2 1

section at 266.6 nm, which is estimated tot&%. (Uncertainty | Py + O, (2) 1 (°P3) + O, (A) (7)

due to its UV/VIS absorbance is estimated to be less than 3%.),, hare k; = 4 x 101

Adding these uncertainties and combining them in quadrature ;i CRs

with 20 precision of the fit gives an uncertainty ki of ~20%

at 271 and 296 K ane-10% at higher temperatures, all at the CR+0,+M—CFKO,+ M (8)

95% confidence level.

248 nm Photolysis of an £H,0 Mixture. At a fixed ozone (ks 296 K, 25 Torm)= ~3 x 1072 cm® molecule** s™+.** By
concentration, increasing the photolysis laser fluence from 0.02 S€questering Gfradicals, we should minimize the possible

cm® molecule! s71.12 O, also reacts

to 0.2 mJ pulset cm2 increased the measured valuekpby reaction of

nearly a fac_tor of 2. Typical first-order OH Ios? rate cogfﬂuents CF,+OH+M — CF,OH+ M 9)
measured in the absence of Liwere ~135 st (those in the

presence of Cff were from 180 to 450°s"). A plot of k; vs To the best of our knowledge the rate coefficient for reaction 9

248 nm photolysis laser fluence is shown in Figure 3 and has not been published. Nevertheless, we expect the rate
experimental conditions are given in Table 3. The linear coefficient for OH reaction with CfO, to be smaller (or at least
extrapolation of the rate coefficient to a photolysis laser fluence different) than that with CE In the 351 nm experiments we

of zero yielded a value df; = ~2.7 x 10~** cm® molecule™* added 5 Torr of @ and the measured value kf was not

s ! as the intercept. We should note that altering the photolysis significantly different than those measured in the absence of
laser fluence varies not only the fraction of £LEissociated O,. Hence, we believe these reactions did not influence our 351
but also [OH} in these experiments. Although less precise than nm experiments. In addition, varying the radical concentration
the value obtained using HONO photolysis, this intercept is in the 351 nm experiments by a factor of 2 (by varying the
consistent with that value d4. photolysis laser fluence) did not affect the measured value for
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TABLE 4: Comparison of Measured kjwith the Previously Reported Value$

kq T (K) Pressure temp range (K) A Ea method ref
12+2 295 dis flow, res fluor (OH) 4
3.1+ 05 300 1.85.0 dis flow, res fluor (OH) 5
59+14 292  0.0450.069 281443 (5.842.3) x 10712 2.7+ 0.3 flash photolysis (kD) res fluor (OH) 6
2.35+0.54 296 17.529.5 271350 (2.10+ 0.80)x 10 4.0+ 0.3 laser photolysis (HONO), this work

laser induced fluorescence (OH)

aUnits arek;: 1074 mé molecule! s7%; A: cm® molecule’ s7%; Ea: kcal mole®. Uncertainties are2precision only for the work of Brown
et al® and this work, & precision for Berry et & and unspecified for Garraway and Donovian.

ki. It is important to note that typical GFconcentrations,
calculated from [CHI], photolysis laser fluences, and its known
absorption cross section, were in the range {B6 x 10
molecule cm? for the 351 nm experiments.

In our 248 nm experiments @MH,0), significantly larger
fractions of CEl were photolyzed, i.e., [Cfp ranged from (0.3
7.0) x 102 molecule cm® even though lower photolysis laser
fluences were used. Unfortunately, @ould not be added to
these experiments since it quenche&3(!D) to OGP) and
prevents OH formation. Another reason to use low ozone

all OCP) before a significant fraction of GHproduced by
reaction 12 or photolysis) could react with 3. Since we
observed; to vary with photolysis fluence when photolyzing
both HO, and Q/H,O sources at 248 nm, we believe that
reaction 9 contributed at least partially to the measured value
of ki, but we cannot rule out some influence from reaction 11
in the GyH,O experiments.

Berry et al® used flash photolysisi(> 120 nm) of water
vapor to produce OH in the presence of excessl @FAr buffer
gas. They observed the measuketb increase with flash lamp

concentrations and photolysis laser fluences in these experiment&nergy and extrapolated the measured value to zero energy to

was to minimize the reaction

I+0;—10+0, (10)

[kio (298 K) = 1.2 x 10712 cm® molecule! s71.° Although
there are no reported values for the rate coefficient for the
reaction,

OH + 10 — products (12)

the 10 product from reaction 10 could react rapidly with OH
and influence the measured value for OH loss rate coefficient.
The CIO+ OH and BrO+ OH reactions have rate coefficients
on the order of 10 cm® molecule’! s71.914-16 One test for
the influence of reactions 10 and 11 was to vary] f@gom (1.5—

4.2) x 10" molecule cm? at a fixed [CRlI] such that the 10

obtain the true value df;. Water absorbs strongly at< 190
nm, and the flashlamp radiation extends to longer wavelengths
whereo(CFsl) > o(H,0). It is probable that significantly more
CFRsl was photolyzed than water because theQH[CF;l] ratio
in their experiments on the average was orB3.5. If [CF;]g is
about equal to [OH) reactiod could contribute to an increase
in the OH loss rate coefficient, if the rate coefficient for the
association reaction of GFadicals with OH is~1 x 10712
cm® molecule’* s~ at 25 Torr. If [CR]o is greater than [OH)]
a smaller rate coefficient for the reaction of £fadicals with
OH could influence the value measured by them.

Thus, there are many reactions that could have contributed
to the measured dependencépbn laser or flash lamp fluence.
In our 248 nm experiments, we observe a dependence upon
laser fluence; however, since we are unable to completely isolate

production rate is altered. The photolysis laser fluence was specific reactions, we cannot identify which reactions are

varied to maintain a constant [Of]The measured OH loss
rate coefficient was not affected by varying the ozone concen-
tration over this range.

Because photolysis of{at 248 nm also produces ) with
a quantum yield of 0.1, the reaction

O(P)+ CFJ — CF;+ 10 (12)

[ki2 (298 K) = 4.3 x 10712 cm® molecule! s71,17 followed
by reaction 11 could also influence the OH loss rate. In an
experiment where GP) was produced in the presence of,CF
Watson et al® observed IF and postulated it to be formed via
the reactions

OCP)+ CF,— F,CO+F (13)

F+ CRJl —IF + CF, (14)

Reaction 14 is thought to be ragitlki4 ~10-1° cm® molecule?
s71, andksz (294 K) = 3.1 x 10711 cm?® molecule! s71.20 |
the IF molecule were formed in our experiment it would
probably react with OH, since both channels

IF + OH— HOF + |
—HOI+F

(15a)
(15b)

are likely to be exothermic. However, given the valuekof

responsible for the fluence dependence.

Another possible reason for the measuketb increase with
photolysis laser fluence is the production of H atoms from
photolysis of water

H,O + hv — OH + H (16)
which reacts quicklyK (298 K) ~ 1.35x 10~ cm?® molecule™®
s71]619 with CFl

H+ CKl — HI + CF; a7)
Given an average concentration of {LLFf ~1.6 x 101
molecule cm3, <140 us are necessary for complete removal
of H atoms (i.e., 3 1/e lifetimes for reaction 17). The rate
coefficient for the reaction,

Hl + OH—H,0 + | (18)
(kig= 3 x 10~ cm? molecule* s7)?is over a thousand times
larger than the value fdg reported in this paper and more than
500 times larger than the value kf reported by Berry et &.

This implies that [CH]/[OH] o must be>2500 for reactions 17

and 18 to have less than a 20% influence on their measured
value of k;. If only reaction 18 contributed the increase in
measuredk;, the slope of their measured value kif with
photolysis energy should be larger than what we observe, but
the intercept should be the same as our measured value, as long

and CRl concentrations used, reaction 12 should have consumedas the concentration of radicals that react with OH increased
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linearly with photolysis energy. However, Berry efaibtained reaction 1 are HOI and GFThe enthalpy of formation of 16.2

a value of (5.9x 107 cm® molecule® s71; 292 K) cn? kcal mole® for HOI is significantly larger than the value of
molecule® s71, which is higher than the intercept we obtained —8 to —9 kcal mole! recommended by Ruscic and Berkowitz,
in our ozone photolysis experiments-2.7 x 10 cn?® 23 and of —11.7 kcal mole?, given by Glukhovtsev et &F

molecule® s71; 296 K) or the value we measured using HONO However, it is in reasonable agreement with thg4.3+ 1.6

photolysis. The difference could be due to nonlinear dependencerecommended by Hassanzaéfednd excellent agreement with

of measured; on photolysis energy and/or additional OH loss the value of—16.6 £ 1.3 of Berry et aP

processes. In any case, due to the absence of secondary The atmospheric lifetime of iodine containing species has

chemistry, we believe that the 351 nm photolysis of HONO for been discussed in detail in other publicatiénkin general, the

OH production is a more reliable method of determinkagit photolysis rates of iodine compounds are rapid, resulting in

should be noted that Garraway and Dondvetmould have seen  atmospheric lifetimes on the order of days.s0B expected to

a dependence on photolysis energy based on our above analysisiave a tropospheric lifetime of less than 2 dayRrevious

they did not report such dependence. calculation$ assumed a rate constant of 1:2 10712 cnm?®
Contamination of the Cff Sample Another potential problem  molecule? s for reaction 1 and showed that reaction with

in determiningk, is the possibility of } contamination. Because  OH could lower the calculated atmospheric lifetime of0fFy

of the large rate coefficient for the reaction gfwith OH, 2.1 < 25%. The much lower value & reported here will further

x 10710 cm?® molecule s71,2L a 0.01% contamination of in lower the significance of GfFloss due to reaction with OH, as

CFRsl will lead to an OH loss rate coefficient due to reaction compared to its photolytic loss.

with |, that is approximately the same as that due to reaction

with CRsl. In our experiments, G (99%) was kept in an ice Acknowledgment. This work was funded in part by the

water bath to suppress any possib_Jecdmta}minati_on. To test  Upper Atmospheric Research Program of NASA.

for the presence of;] a 100-cm cell was filled with the GF
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