J. Phys. Chem. 2002,106,997—1003 997

Negative lon Chemistry of Ozone in the Gas Phase
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A novel ozone source was developed to study the negative ion chemistry of ozone in the gas phase. Rate

constants and product ion branching fractions are reported for 17 negativen@acule reactions involving
ozone (Q). This is the most comprehensive set of @actions with negative ions to date. The reactions
proceed primarily through charge transfer and O atom transfer. The reaction rate constantsGer,@nd

OH™ are large and approximately equal to the thermal energy capture rate constant given by the Su-Chesnavich

equation based on average dipole orientation theory. The negative iops NO,~, Sk, and PQ™ are
somewhat less reactive, reacting at approximatety3¥o of the thermal capture rate. The hydrofluorocarbon
ions CR~ and GFs~ react at 80% of the thermal capture rate, andsithe major product ion formed. NO
CO;™, PGy, CROT, F, CI7, and Br are found to be unreactive with rate constants x 1072 cm? s71,
which is the present detection limit of our apparatus using this ozone source: T Wwas observed to
cluster with Q to form 10;~ with a rate constant of approximatelyxl 10~ cm® s1, which is a factor of

2 above our detection limit, and no other product channels were observed. All of the anions listed above
showed no reactivityk < 5 x 10713 cm? s71, with O,.

I. Introduction Laboratory. This apparatus is described in detail elsewléfe,
and the modifications required to perform experiments with
ozone as a reactant gas are described here. The SIFT is shown
schematically, with modifications, in Figure 1.

lons are created in a remote, differentially pumped electron
impact ion source that directs ions into a quadrupole mass filter
where the ionic species of interest is mass selected. The mass-
selected ions are injected via a Venturi-type inlet into a fast
Slow of helium carrier gas in a meter long stainless steel flow
tube. Reactant gas is introduced into the flow tube through either
of two stainless steel reactant gas inlets and allowed to react
over a known distance at a known flow velocity. The SIFT

lonization in the wake flowfield behind bodies in hypersonic
flight provides radar and optical characteristics that are usually
determined by the chemistry occurring in the ionized wake
region! This region is a mixture of many different products,
including polyatomic molecules, negative ions, and ablation
products. Of these species, ozone)(B of particular interest
because it can attach electrons and is reactive with other negativ
ions. Negative iorneutral reactions involving ozone are also
important in atmospheric and plasma chemisty/Despite the
importance of ozone in these environments, a limited number

f investigations of collisions of ©and n ive ions havi n . S
of investigations of collisions of ¢and negative ions have bee operates at ca. 0.4 Torr helium buffer pressure, and the kinetics

performed, and the number of recent investigations is scarce. . . hserved over ca. 2 ms reaction time. A second quadrupole
Various experimental techniques have been employed to study ) : q P
mass spectrometer resolves the reactant and the product ions,

these reactions including flowing afterg|dw” drift tube, * and which are then detected by an electron multiplier. Extrapolations
ion beam method¥ 18 However, the negative ion chemistry . Yy pler. P
of product branching fractions to zero reactant flow yield the

OT ozone is.not. well resolved due to the scarcity of the data {and nascent branching fraction. The decay in the primary reactant
discrepancies in reported rate constants and branching fractlonsl.On signal as a function of increasing reactant gas flow rate yields
To resolve some of these issues, a novel ozone source wag - -
. ’ . The reaction rate constant. Concentrations are such that [buffer
_develope_d to enable the fac_||e study of the gas-phase negative, [reactant neutral¥> [ions]. Under these conditions pse[udo- ]
lon chemlst_ry of 0zOne. In this paper, rate constants af‘d p.rOdUthirst-order kinetics apply, and the rate constant is g'iven by
ion branching fractions are reported for 17 negative—ion '

molecule reactions involving ozone. This is the most compre- A i]

hensive set of @reactions to date. The new measurements are =1 ° (1)
discussed in the context of previous work where available. BlT | [A%]

Il. Experimental Section wherek is the rate constant,is the reaction time, [B] is reactant

neutral concentration, [&] and [A*] are the primary ion
‘concentrations in the absence and presence of reactant neutral.
The reaction timegz, is the reaction distance divided by the

- buffer velocity multiplied by a correction factor determined from
* Corresponding author. . . .
T Air Force Research Laboratory Space Scholars Program. previous time-of-flight measurements that accounts for the fact
*Under contract to Visidyne Inc., Burlington, MA, 01803. that both the ion velocity and ion concentration are at a

The measurements were made at 300 K using the selected
ion flow tube (SIFT) instrument at the Air Force Research
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Figure 1. Overview of the selected ion flow tube (SIFT) with ozonator and absorption cell.

maximum along the axis of the flow tube. A typical value for 80% of the thermal capture rate and produces a large number
the correction factor is 1.6. The buffer velocity is obtained from of reaction product ions, some of which undergo secondary
the mass flow rate of the buffer, the flow tube cross section, reactions with @ Because this reaction is relatively more
temperature, and pressure in the normal ma#hEhe absolute complex than the others listed in Table 1, it is used as an
uncertainties of the rate constants are 25% and relative example to illustrate the data acquisition and analysis proce-
uncertainties are 15%. dures.

An Orec O3V-0 ozonator was interfaced to the SIFT Figure 2 shows a sample primary ion decay plot for the
apparatus to produce the ozone reactant gas used in thigeaction of GFs~ with both G and Q. The solid lines are
experiment. A commercial supply of;QAirco, 99.999%) was  nonlinear least-squares fits to the data performed to determine
used to manufacture the ozone. The Was produced at a  the rate constants according to eq 1. Th&C ion, like the
pressure of 34 psig and using 0.9 A discharge current. The other anions studied, does not exhibit any significant reactivity
resulting reactant gas is approximately 5%i®O,, which is with Oy. The data plotted in Figure 2 show that the reaction
the same as that reported previously by Fahey ét @he rate constant for &5~ + O, is over 3 orders of magnitude
fraction of G; was relatively independent of the reactant gas smaller than that for &5~ + Os. This reaction rate difference
flow rate over a 100 SCCM flow range. The presence of O s more than enough to compensate for the fact thas ®eing
does not affect the measurements, becauss treactive with  delivered to the flow tube at a concentration approximately 20
the negative ions studied here including product ions. Flow times greater than that ofs0All of the ionic reactants listed in
contamination was less than 0.5%, typically from nitrogen and Table 1 showed a similar lack of reactivity< 5 x 1013 cm3
carbon dioxide trace gases in the ozonator and the tubing.s-1 with O,. Therefore, the use of@s the carrier gas to deliver
Contamination was minimized by flushing the lines and the Oj;to the flow tube does not interfere with the determination of
ozonator regularly to prevent bUI|dUp of contaminants such as rate constants and branching fractions. The use p08Othe
NO2, NGs, and CQ. All fittings and valves used in the O carrier gas does greatly simplify the ozone generation and
delivery system are stainless steel. delivery requirements, ensuring fewer decomposition and

A flow controller regulates the reactant flow into a 10.2 cm  contamination problems.
long, 1.3 cm diameter Pyrex absorption cell fitted with quartz  the normalized GFs~ counts as a function of gconcentra-
windows. The absorption cell is connected to the flow tube jon are replotted in Figure 3 along with the counts for the three
stainless steel reactant inlets by approximately 40 cm of 0.25 major product channels of thes~ + Os reaction. In Figure
in. 0.d. Teflon tubing. Varying the length of the Teflon tubing 3 the GF~ reactant ion signal decreases by about a factor of
from 40 to 300 cm produced no differenced%) inthe results, 5 gyer the @ concentration range shown. Typical depletions
suggesting that no significants@ecomposition occurs in the ¢ the reactant ion signal used in this study were in the factor
tubing. The absolute concentration of ® measured by optical ¢ 4 1o 20 range. The product count rates are summed and

absorption at 248 and 254 nm using a Perkin-Elmer Lambda o mglized to the total number of product counts to produce a
10 UV/vis spectrometer. The concentration of the ozone in the branching fraction plot as a function ofs@oncentration as

flow tube was found using shown in Figure 4. In Figure 4, the"Fand Q~ branching
fractions increase with increasings ©@oncentration while the
[0] = (2-30%) (E) (E) @ CFs~ branching fraction decreases. This behavior is due to
o)l Pac) \Fer secondary reactions of the €Fproduct ion with Q. The CR~

ion reacts with @to produce F (87%), @&~ (12%), and a very
where A is the log absorbance (base 10) output from the Minor amount of CEO™ (1%) as shown in Table 1. The small
spectrometerg; is the absorption cross section for @t CRO™ and GFsO™ branching fractions are relatively inde-
wavelength (cm? molecule’d), | is the length of the absorption p_enc}gnt of (_aconcenyratlon, indicating that these ions are not
cell in cm, Per is the flow tube pressur@ac is the absorption S|gn|f|qantly mvolveq in any secondary.chemlcal reactions. The
cell pressureFac is the total flow through the absorption cell, Solid lines shown in Figure 4 are linear least-squares fits
and Fer is the total flow through the flow tube. The 248 and performed to extrapolate to zero reactant flow to yield the

254 nm cross sections used were 108017 and 1.137x nascent branching fractions that are reported in Table 1.

10717 cn? molecule’l, respectively??23 The reaction rate constants and product branching fractions
of the negative ion reactions withz@sted in Table 1 represent

Il. Results an average of-310 independent data sets, such as that discussed

above for GFs~ + Oas. For all of the reactions studied, the
Reaction rate constants and product branching fractions for neutral fragments generated are not measured, the most stable
numerous negative ions reacting with @easured at 300 K neutral products are assumed and recorded in Table 1. The
with the SIFT are shown in Table 1. Listed in Table 1 is the standard heats of formation used in the calculations are from
reaction of GFs~ with Os, which proceeds at approximately the NIST Chemistry WebBoo¥.In some cases, the count rates
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TABLE 1: Reaction Rate Constants for Reactions of Ozone at 300 K Measured with the Selected lon Flow Tube (SIFT)

reaction products ki[ke (10~° cm®sY) branching fractions —AH kJ/mol

O +0z— 1.7[1.9

O; +0 0.81 63

O; + 0, 0.19 294
O, + 03— O3+ 0O, 1.3;[1.2] 1.00 160
OH + 03— 1.4[1.4

O; + OH 0.90 28

HO, + O, 0.08 100

O~ + HO, 0.02 47
NO,” + O3— 0.18[1.1

NOs;™ + O, 0.99 264

O3~ + NO, 0.01 —14
NO;~ + O3— no reaction <0.005[0.97

NO;™ + 20, 21
CO;~ + 05— no reaction <0.001[0.99

0, +CO+ 0, 98
CO;y + O5— 0.46[0.93

O3 +CO,+ 0O, 0.93 81

CO;” + 20, 0.07 108
Sk~ + 03— O; + Sk 0.22[0.84 1.00 104
PO, + 03— PO + O, 0.40[0.97 1.00 326
PG~ + 03— no reaction <0.005[0.92
CRk +0;— 0.76[0.99

F-+CRO+ O, 0.87 384

O; +CR 0.12 28

CRO + 0O, 0.01 556
CRO + 03— no reaction <0.004[0.91]
CoFs™ + 03— 0.70[0.86

F+CR+ CRO+ O, 0.56 144

CK + CRO+ 0O, 0.37 360

O3 + CFs 0.04 29

CRO +0;+CR {0.03 for CRO™ + C,FsO7} 316

CoFsO + O, 556
F+ 03— No Reaction <0.002[1.4

FO + 0, 4
Cl~+ O;— no reaction <0.002[1.2

ClO~ + 0O, 34
Br+ O;— no reaction <0.005[0.97

BrO~ + O, 37
I~ + O3— 105~ 0.01[0.91] 1.00 ~0

10~ + 0O, 46

aThe calculated collision rate constaki, and the measured rate constantare listed in italics. Energetics are taken from the NIST Chemistry
WebBook?* Brackets indicte a product is too small to measure independently. All of the anions listed showed no relactiGity, 10723 cm® s,
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Figure 2. Normalized GFs~ counts plotted vs @concentration (open ~ Figure 3. Normalized GFs~ (open squares), F(circles), Ck~
circles) and @ concentration (open squares). The solid lines are (diamonds), and © (triangles) counts plotted vss@oncentration.

nonlinear least-squares fits to the data performed to determine the ratel e solid line is a nonlinear least-squares fit performed to determine
constants according to eq 1. Experiments are performed with a reactanthe rate constants according to eq 1. The dashed lines are meant to
gas composition of 5% £in O, which is possible since Dis guide the eye.
unreactive. . .

IV. Discussion
are too small to accurately determine the product branching SFs~ Reaction. The reaction of S§ with Oz produces the
fractions. For these reactions, the ionic products observed arecharge-transfer productsOexclusively. The measured charge-
listed in brackets to reflect this uncertainty. transfer rate constant is a factor of 7 larger than that measured
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TV PRI TP PO PSR AT I of 8 x 100 cmP s, 6 x 1070 cmP 5%, and 9x 10710 cni?

1 CFs+0, - s~ for reactions of O, O,~, and OH with Os, respectively.
] g Furthermore, the rate constant measured in this work for O
0.6 7 E + Osis in good agreement with the recent measurement of 6.3
s s F ¢ x 10710 ¢ 571 reported by Catoire et &f.and 7.8x 10710
8 3 F cm?® s~ reported by Fahey et &L.However, all of the flowing
"',5 0'4—5 e CFy 3 afterglow values are about 1/2 to 2/3 of the present values. No
2 3 E obvious reasons are apparent for the discrepancies among the
d—‘f ] £ rate constants. However, the good agreement of oyr &ifte
0.2 F X .
1 % CFO v CRO 4 Oy : constant with two recent measurements of that reaction lend
3 E credibility to the present measurements. In addition, other
0 0—5 m_ reactive channels were observed in the present SIFT work for
B Ay R LAY LS LA EARAN LA R O~ and OH  reactions that were not reported in the previous
o 1 2 3 4 5 6 7 flowing afterglow work. In the flowing afterglow experiments
0, Concentration (x10°" cm™) only the charge transfer products were observed, but other minor
Figure 4. Product branching fractions for-Fcircles), Ck~ (dia- product channels were probably missed due to the presence of
monds), @ (triangles), CEO~ (inverted triangles), and £s0~ more than one primary ion in those experiments.

(asterisks) plotted vs £xoncentration. The solid lines are linear least-
squares fits performed to extrapolate to zero reactant flow yielding the
nascent branching fraction.

lon beam measurements made at elevated kinetic energy
reported rate coefficients that are significantly lower than those
reported here. Lifshitz and co-workétd” report total rate
constants at a laboratory collision energy of ca. 0.3 eV of 5.1
x 10719 cm? s71 and 5.4x 1071° cm? s71 for the reactions of
O~ and OH with Ogs, respectively. These lower values may

by Fehsenfeld,a factor of 5 smaller than that reported more
recently by Huey et a2 and in good agreement with the recent

measurement of 1.% 1071° cm® s reported by Catoire et . ;
al’3 Huey et al. noted that the Oconcentration was not reflect an energy dependence in the rate constant. Alternatively,
' ; the collection of charge-transfer products in a beam-cell

measured directly in Fehsenfeld’s experiments, because the R .
focus of that work was to bracket the electron affinity ofsgSF apparatus Is difficult, a_qd the discrepancy may b_e a reSL.“t of
Furthermore, Huey has remeasured the rate constant for thisthls experimental condition. However, the branching frgctlons
reaction at our request and obtained a value of 1.70-10 reported from the beam experiments for the OHO;3 reaction,
cm® s71, which is in excellent agreement with our value and namely,

that of Catoire et a> Therefore, the discrepancy between the

previously published rate constants and that reported in this work OH +0;—0; +0OH (0.92)
appears to be resolved. _
The value of 2.2« 107 cm? s~ for the charge-transfer rate HO, + 0O, (0.06)

constant is more consistent with expectations based on the values
of other exothermic charge-transfer reactions involving SF
that have been found to be sI&#&627In particular, this value

is consistent with the reported rate constants for the charge-are in excellent agreement with the present results. For the
transfer reactions of $Fwith NO, and C}, which have electron  reaction of O with Os, however, Lifshitz and co-workel&!’
affinities slightly larger than that of €2 This indicates that ~ report the following,

the dynamics of the charge transfer are controlled by conversion

0,” +HO, (0.02)

of SR~ to Sk, rather than from the reactant partners3Rd O +0;,—e +20, (0.59)
SFs~ are known to have distinctly different geometriésind

the slow rate may be attributed to a kinetic barrier and/or poor O; +0 (0.39)
Franck-Condon factors due to a large geometry change between

the anion and neutral forms of SF 0, +0, (0.02)

This relatively slow charge-transfer rate facilitates the use of
Sk~ as a reagent for the detection of atmospheric species bywhich is in poor agreement with the presently measured
chemical ionization mass spectrometry (CIMS). Huey at al. branching fractions, because no reactive detachment was
had ruled out such a possibility in their previous publica- observed for the reaction of Qwith Oz in the SIFT. Electron
tion'? based on the large charge-transfer rate constant reportecietachment is straightforward to detect in the SIFT apparatus,
in that work. The smaller value of the rate constant has allowed because it is associated with a reduction in the nose cone current,
SFs~ to be used as a CIMS reagent in recent measurements ofwhich is continuously monitore#. Therefore, the disagreement
pernitric acid gases in the upper troposphere and polar boundarywith the beam experiments may indicate an energy dependence.
layer2> The abundance of electron attachment at higher energies may

O, O,~, and OH~ Reactions.These species react withgO be a result of a multistep process wherg @ formed with
at the thermal energy capture rate constant given by the Su-enough energy to lose an electron at 0.3 eV but not at room
Chesnavich equatiof$:2° The major reaction channel observed temperature. The predominance of the charge-transfer channel
for all of these reactant ions was charge transfer, with oxygen over the atom transfer channel in the beam experiments is in
atom transfer being the next most important channel. The agreement with the present results.
reactions of O, O,~, and OH with Oz have been studied NO,~ and PO,~ Reactions.The dominant reaction channel
previously in flowing afterglow and ion beam apparatuses. Our observed for N@™ and PQ™ reacting with Q was oxygen atom
results are in reasonable agreement with the flowing afterglow transfer, i.e., oxidation of the reactant ion to anions with very
results of Dotan et &*3%31and Ferguson and co-workers.  high detachment energies. A minor amount, 1%, of the charge-
Specifically, these authors report charge-transfer rate constantdransfer product was observed in the NO- O3 reaction. The
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measured rate constant for the reaction of, P@ith Os is s 113 Again, these values are approximately 2/3 of the present
approximately half the thermal capture rate constant despite thevalues obtained in the SIFT. Furthermore, Catoire et al. were
large exothermicity associated with that reaction. There are nounable to detect the presence of thesC@roduct channel due

other measurements available for comparison for the PO to the high concentrations of G@n the flow tube required to

O3 reaction. The N@™ anion reacts slower at 1.8 10710 cnm?® generate the CQ reactant ion, which converted all of thg©O

s 1 and is also associated with a large exothermicity. Dotan et to COs.

al3%3tand Ferguson and co-workéwstudied this reaction in a CFs;~ and C,Fs~ Reactions. Both these ions react at
flowing afterglow apparatus and observed oxygen atom transfer approximately 80% of the thermal energy capture rate constant,
as the major product channel with rate constants 0611010 and only a minor amount of charge transfer is observed. The

cm® s~ and 0.9x 1071 cm?® s7%, respectively, which is in  charge-transfer reaction channel is only exothermic by 28
reasqnable agreement vylth the present measurements. HowevekJ/mol which may account for the fact that reactive channels
as with the reactions discussed above, the rate constants ardominate. The main product channel in both reactions involves
about 1/2 to 2/3 of the present value, and the minor reaction the production of F. Small oxidation channels producing
channel was not reported. CRO~ and GFsO~ are also observed. Another major product
Given the electron affinities of NQand G of 2.27 e\?3 and channel is observed in the)ks~ reaction, namely, GF.
2.10 eV{*¥respectively, the charge-transfer reaction channel  The following mechanism may account for the reactivity of
is endothermic at thermal collision energies. This is supported CF~ and GFs~. First ozone attaches to @For GFs~. This
by the fact that the charge-transfer rate constant reported herecomplex formation step is followed by rapic @lease, leaving
is only 1.8 x 10712 cm® s™1. The maximum value for the rate  CF;0~ or C,FsO~. However, the initial CFO~ or CFsO~
constant can be estimated as the collision rate timég® or produced are internally excited and may be relaxed to the ground
3 x 107*2 cm® s1. The good agreement between these two state or decompose. A-F bond can rupture and the major F
numbers suggests that the charge transfer is very efficient onceproduct is formed. If the €C bond in GFsO~ breaks, CE
enough energy is available. + CR0 is formed. All these channels are highly exothermic.
The NG~ + O3 reaction was also studied using ion beam The sum of the CF and F channels is approximately equal
methodology by Lifshitz and co-worket$At 0.3 eV laboratory to the F channel in the CF reaction, an indication of
collision energy, these authors reported that charge transfer wasotentially similar mechanisms. To form gF in the GFs~

the major reaction channel, reaction, an F may transfer from C§ to CFR0.
NO3;~, CO3~, PO;7,CF:0~, F, Cl—, Br—, and |~ Reactions.
NO,  + O;— NO, + O;~ All these anions with the exception of lare found to be

unreactive with rate constants5 x 1072 cm?® s71, consistent

in contrast to the oxygen atom transfer observed in the flow With previous observatior11.1217While charge transfer is

tube experiments. The rate constant reported by Lifshitz et al. €ndothermic for all these ions, most of the reactions do have
was 9x 1071 cm? L. At the collision energies studied by exothermic channels involving O atom transfer that are not

Lifshitz et al., the charge-transfer reaction is energetically observed, mostlikely_ because they_are spin forbidden. Lifshitz

feasible, which may explain the predominance of this channel and co-workers studiéelthe translational energy dependence

under their conditions. of the halogen anionsF Cl—, Br—, and I with Oz up to 6 eV
The reaction of @ with NO, is known to produce N, laboratory energy and observed charge transfer (@oduct)

and charge transfer is possible in the doreutral collision with thr_(la_ﬁhog:is;n thf 1'1]:[0 l'ﬁ ev clenter of m?ssb(CM) ((ajr!ertghy
complex since the reaction is only 16.4 kJ/mol (0.17 eV) range. the © atom ftranster channe's were not observed in this

endothermic. This fact, coupled with the observed efficiency energy reg_ime, iqdicating_that a _singl_ﬂtipl_et conical_ intersec-
of charge transfer when energetically feasible, may indicate thattion Is lacking oris associated with significant barriers prevent-
at least some of the reaction proceeds through a two-step,'(?]g lt[“.a productlt?n of '(:j? C:O t' Bro‘th;(g/r']ti IO.tHowevter,t
mechanism, i.e., charge transfer followed by O transfer. Future e 1 1on was observed 1o cluster wi Ith a raté constan

i 11 —1 i i
drift tube experiments may provide the information necessary gf abpproxm?jtetly %X 1(|.T _tcm3 ds ’ V\;E'Ch IS gnh{ ahfactorl of
to resolve the mechanism of this reaction. above our detection limit, and no other product channels were

CO,~ Reaction. The reaction of C@- with Os proceeds at observed. The possibility of [Oproduction followed by @

. . clustering to produce 19 is unlikely based on the observation
approximately half the thermal energy capture rate producing of Lifshitz and co-worker® and due to the weak clustering of
primarily the charge-transfer product; Qwith a minor amount L e . . s b
of CO;™. Fehsenfeld and Fergus@tstudied this reaction in a Oz to negafive ions? The reactions of @with NOs™ and CQ

. . are associated with exothermic channels involving O atom
flowing afterglow apparatus and obtained a rate constant for transfer from the negative anion. These reaction channels are
charge transfer of 1.3 10-%m? s~1, which is about a factor 9 '

of 3 lower than our value, and no GOproducts were ob- also spin forbidden and most likely involve multiple steps, and

: hence, are not observed within the detection limit of these
served. In the experiments performed by Fehsenfeld and -
Fergusorf, the relative reactivity between the GOand the experiments.
known reactivity of O, O,~, and NQ~ with Oz at the time of
their publication was used to determine the reported rate constan. Summary
for CO4~. The absolute rate constant determined by these authors
is limited by the accuracy of the earlier determinations of the  Numerous negative ions reacting with Were studied at 300
reference reactions, which as noted above, are lower than thos& in a selected-ion flow tube coupled to a novel ozone source.
reported in the present work. Catoire et al. have directly The reactions proceed primarily through charge transfer and O
measured this rate constant and obtained a value of 3.¢ 10 atom transfer. However, some of the reactions, such as those
cm® s71 and recalculated the value of Fehsenfeld and Fer- involving CR~ and GFs—, exhibit a rich chemistry with at least
gusor? using the more recent flowing afterglow values for the several products being produced. The reaction rate constants
0O,~ + Os reaction and obtained a value of 3010710 cm3 for O-, O,7, and OH are large and approximately equal to
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TABLE 2: Comparison of the Previous Reaction Rate Constants Measurements to the Present Work for Reactions of Ozone at
300 K (see text for discussion)

k(10°cmPs™?) k(10°cmPs™®) k(10°cmPs™?)
reaction products present SIFT previous flowing afterglow previous ion beam
Sk~ + 03— O; + Sk 0.22 0.1% 0.17, 1.2, 0.032
O + 03— O +0 1.4 0.8 0.2
O,y +0, 0.3 0.01
e +20, <0.005 0.3
Oy + 03— O3 + 0O, 1.3 0.63,0.78, 0.69
OH + 03— O3~ + OH 1.3 0.9 0.5
HO,” + O, 0.1 0.03
O, + HO, 0.03 0.01
NO;” + O3— NOz~ + O, 0.18 0.12 0.09 Not Observed
O3 + NO, 0.002 0.09
COy + 03— O3 +CO,+ 0O, 0.43 0.34,0.13
CO; + 20, 0.03

aReference 8° Reference 12 Reference 25¢ Reference 13\ References 14, 31, and 30Reference 27 Reference 11.Reference 9. Reference
16. kReference 17.

the thermal energy capture rate constant given by the Su-References and Notes
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